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Preféce

The First International Colloauium on PEPR was héld at Nijmegen,
Netherlands, in June, 1968. Since that time several PEPR systems have
changed their method of operétion or have Begun to process film for the
first time. Irwin Pless suggested that the tihe seemed propitious,
therefore, to hold another colloqﬁium to facilitate the exchange of in-
formation among the groups owning or proposing to own PEPR devices.

The conference was held at Fndicott House, a mansion owned by MIT,
in Dedham, Massachusetts. Attendance was made by invitation only, partly
in an attempt to make the sessions small and informal, and partly because
of the limited facilities at Endicott House. A banquef was held on
Wednesday evening, May %th, 1970, after which V.F. Weisskopf gave a short .
but entertaining and encouraging speech. This speech has not been included
in this Proceedings.

The first day of the conference was reserved mostly for the status
reports which had been requested from each of the owners of PEPR devices.
Wednesday afternoon was reserved for a discussion of bubble chamber physics
problems by representatives of the majof bubble chamber facilities including
NAL. Talks from other CRT devices for processing film were given but no
systematic effort was made to include all such devices, and apology for
limited space and time must be made to those not répresented.

Discussion after talks was recorded and has been edited to make the
spoken word readable and to conform to the comments written out by partij
cipants on the forms supplied during the conference. When the written B
comments appeared as abbreviated versions of the spoken comments, the extra

detail was left in the transcript. Occasionally, drastic editing was necessary



to remove confusion which developed during discussion. A ‘few talks have
been typed up from the recording since no typewritten version was available.
Misrepresentation of the views of participants will have occurred during _
this re-wr1t1ng and the editor takes full respons1b111ty and offers apologles

to those who have suffered.

Grateful acknowledgements are due:
I1.A. Pless for organizing the Round Table Discussion.

I.A. Pless and A. Nakkasyan for the compilation of bubble chamber picture
statistics from data gathered by Irwin Pless from each national laboratory.

R.I. Hulsizer and V. Kistiakowsky for the editing of the transcript of the
Round Table Discussion.

H. Baumel, D. Brick, W. Chien, M. Choe, F.T. Dao, M. Hodous, T.C. Ou, G. Schulze,
A. Sheng, R. Singer, P. Trepagnier for assistance in editing the discussions
after talks.

R. Engler for patient typing of the proceedings.

the staff of Endicott House who gave us a fine banquet and conference and
who found us to be one of their most peaceful large conferences.

B.F. Wadsworth for general consultation. |
The Laboratory for Nuclear Science at M.I.T., of which PEPR is part,
supplied services and the Atomic Energy Commission supplied support® The (

banquet was contributed by part of the registration fee of participants

and by grants from Astrodata, Inc., and the Industrial Liason Office at M.I.T.

Terence L. Watts

August, 1970

* AEC Contract AT(30-1)-2098
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" ....The conclusions which I have reached are that all PEPR groups are
completely independent. They each develop their own hardware and software,

and each installation feels that it is the only successful ome.....
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B,;‘ Welcomirig Speech by Pfdf. P. T. Demos, Director

. Laboratory for Nuclear Science at M.I.T.

It would be difficult.in any case to give a cheerful address
~ under present circumstances. I am wondering whether I shouldn't be
giving a strike or anti-strike talk of some kind or another rather than
welcoming people,

I should recollect a bit. I can go back ten or twelve years,
it may have been more and I recall Irwin coming by and asking to develop,
I think what was a 1 1/2" bubble chamber. He predicted that there might
be some things to come, but I didn't think they would be measured by this
kind of gathering,

e

I must say it has been enjoyable for me, personally.
Administratively a few of us have had to enjoy this sort of thing vicariously.
We've watched PEPR grow; we've seen it become a very effective tool;
o I hope it's everything that it promises, It's been particularly pleasant
to have had international association and participation on this scale; it's
been enthusiastic and I think we wouldn't have been able to get it through
the early phases without much, muech help, Qur Linac, by thcway, is
being built in a similar way. I'd hate to tell you the number of times
we've had people from elsewhere give their time freely to that, soit's
an M.I.T. habit. I am just glad that it has this kind of successon
occasion, - :

I should take the opportunity to congratulate all who have
been party to the success of PEPR and I should certainly commend and
thank Irwin and his colleagues here for a very unflagging kind of devotion
~to it, Living with them has been a running affair, with me doing most of
‘ the running. I don't know if our colleagues from the A.E,C. are here
A yet, I haven't seen any, but I am sure I speak for them in all respects,
‘ but particularly in being proud of the accomplishment, I shouldn't say .
much more than that except that PEPR has always a high priority with
- us, it will continue tohave that, but-my only concern is that we have
the scale of suppprt that will enable us to make those priorities effective.

~ ' I would stop and wish you an excellent conference, certainly
with physics to follow, I hope, and much of it, and again, I am sorry
that we are surrounded with tragic events, I hope they will pass. I
thank you., '
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A
DAY: (Maryland) "Well, I can't ever recall being in more pleasant -
circumstances for a meeting so it's a great pleasure to be here. I am ‘
not sure it's a great pleasure to chair the first session, since it was .
rather short notice, but it doesn't require much speaking. Let me just .

get on to the first report a little bit early, in fact, which is a good
precedent, You'll hear a report from the second oldest PEPR project
first. I guess M.I.T. is too shy to be simultaneously host and report
first. We have a report from Yale, It will come in two parts. The
first one will come from Dixon Bogert.




STATUS OF THE YALE PEPR SYSTEM
S R :
D. Bogert, P. Lucas W. Lund and H. Taft

Yale University, New Haven, Connecticut’

Presented by D. Bogert and W. Lund -

This report shall take the form of a progress report detailing achievements
and de.velopments with the PEPR system at Yale University since the time of
the report to the First International Colloquium on PEPR at Nijmegen in
June 1968. This report will be presented in two parté; the first a repdrt
on physics measurements to date and plans for the future, and the second
a report on some engineering problems and developments accompanying |
the conversion of the Yale PEPR hardware to the 80 inch BNL film format. ‘
o | 1
I. Physics Progress ‘
In the prbceedings of the First Colloquiuml, the programs then in use for
the production measurement of L events in film from the 30 inch BNL chamber

w1th 400 MeV/c K were descmbed Production measurement of L , started about

15 Dec 1967, continued throughout calendar 1968 until 1 Feb 1969 at which time

125, 000 £~ had been processed. PEPR was operated on a 16 hour/day,

5 day/week schedule. About 13% (or 16, 000) were fiducial volume rejects,
leaving 109, 000 PEPR measurements. Of these, 34, 000 were remeasured
for failure to make at least a Oc production followed by a lc decay fit. An

additional 5, 000 events which made only Oc production were added to the

remeasurement sample at a later date. This means that 70, 000 events made

3c, 2c¢, or lc fits at production and satisfactory decay fits to K p-~ 2_7r+
fol]ZbWed by L =+ n7 . Insome sense then, 70/109 is the overall efficiency
for L  under the vertex guidance mode of measuremenf adopted for this
first exf)eriment. |

The required remeasurements were performed on image plarie digitizing

machines whose active components were two pieces of magnetostrictive wire
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strung to form a bipolar coordinate system. After several modiﬁcations, this
system now works quite dependably. Four tables for 30 inch BNL'film and -
three tables for 80 inch BNL film have been constructed and are operated
on-line to a PDP-1 computer formerly used for on-line control of the o -
Frankenstein system at Yale. Remeasurement rafes averaging 180 events/shift
were maintained with a 3 pt/ 3 view format. |

The overall purpose of the £ ) experiment was to obtain gA/gV for the
leptonic decays of the Z . The separation of e andu events from the .
overwhelming sample of 7 two body decays was accomplished with the aid
of manually measured gap length distributions. It is our opinion that meaningful
PEPR ionization measurements on our particular sample of 30 inch BNL film
would have been exceedingly difficult, given the great number of éubjective
decisions that seemed necessary using the digitizing microscope. After
necessary cuts on momentum distributions a final sample of 63 leptons including
44 e and 19 u was obtained. The decay assymétry a = +0.36 %¥0.39 was

leph 39

obtained. This cor;responds to a value of gA/gV = -0.33 the sign is in

disagreement with the Cabbibo theory, but a positive signoézgxsmot be excluded. - ’
A value of @ based on a sample of 60, 000 two body decays of a = -0.067 0. 011
was also obtained. These results and the PEPR programs and performance

are discussed in detail in an article to be published in Physical Reviewz',A and
constitute the first report on physics carried out with the Yale PEPR as the
principal measuring engine.

The period from 1 Feb 1969 to 15 March 1969 was occupied with both hardware
and software modifications to PEPR. The principal hardware modification '
consisted of the installation of a new set of DAC's for the main deflection of
the CRT beam. Software modifications, mostly carried out by Peter Lucas,
were the result of a study of timing of the .then existing PEPR programs. ' These
studies resulted in the recoding of all the programs logically 'below' element
recognition into machine language. Also, table lookup was employed for sines,

cosines, and coded angles. Large banks were zeroed with block transfer

instructions.
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The coding for track follower was substantially reduced by the elimination
of many of the more esoteric logic branches. A net reduction of 1/3 of the

time of the programs to process an event was achieved. 103, 000 T events

were measured using the basic vertex zone guidance scheme employed for

the Z events by 1 Oct 1969. Of these,” 13, 000 were fiducial volume rejects.
About 60, 000 of the’ remaining 90, 000 events were found to be satisfactorily

measured and made unambiguous decay fits. The remaining 30, 000 were

" remeasured on the wire measuring tables. The physics of this experiment

is a study of the leptonic 3—chargéd decay branching ratios and should be’
completed in calendar 1970.

The PEPR programs were further modified by Peter Lucas to permit operator
controlled.remeasurements, using the DEC display CRT but with no direct
film accessibility. From October 1969 to February 1970 such operator

controlled remeasurements were performed on a one shift/day basis. About

50% acceptance was found. This indicates that about one half of the remeasurements

- were of sufficient difficulty that even with an operator, the events were impossible,

largely the result of the inability of the hardware to obtain data on some track
of these events.

The T experiment may be regarded as intrinsically more difficult than the
T’ experiment due to the demanding nature of a branching ratio experiment and
also the higher multiplicity of tracks at the principal vertex.

Since March 1970, the principal effort has centered on the convers1on
of both the hardware and the software to measure 12.8 GeV/c K from the BNL
80 inch chamber. We have elected to pre-digitize this film, in contrast to the
vertex zone guidance of the L and T experiments. Three points on each
track, the vertex and two others, are measured on the magnetostrictive wire

measuring tables. Several reasons, including a large number of short tracks

- and the high multiplicity of prongs, led to this selection of strategy.

The film will be meésured in three different pulldowns per frame, so
that the same 1. 5:1 optics and 5 inch CRT may still be used. The new film drive
has been installed and a substantial fraction of the necessary programming

has been coded and debugged. Simultaneously, a program of increasing the
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range of the hardware résponse and the introduction of peak detecting to

permit more accurate track center measurements has proceeded. A number

of technical problems, centering around the necessity for a wide dynamic

range of perhaps 30:1 are discussed in the second section of this report. ' -
The physics of the 80 inch experiment will include a study of all topologies

so any interaction found during scanning is being pre-digitized. Also, a total

beam count will be performed by PEPR during the measuring pass. At Yale,

we do not feel that we will be able to study automatic scanning until we develop

an operator to film interface. We do, however, hope to develop a satisfactory

approach to i1onization measurement for the events in the pre-digitized sample. °

II. Hardware Innovations for; the Extended Range ‘

The purpose of this section is to report on hardware developments made
by the Yale PEPR group towards improving the operating range of the system
planned for use with the 80'' reprocessed film.

Fig. 1 shows a sample of the reprocessed 80'' film which is a representative
example showing the central portion of the full picture. This film presents
a real challenge from the engineering point of view.

Notice the vertical bands of sharply contrasted hackground tones that
range from clear to opaque black. These are, of course, the ''coathangers''.
Fortunately, the coathangérs are generally vertical and with ahgle discrimination
in the progranlnling, they can be tolerated. Some coathangers digitize as noise
smears while others appear as track elements. Serious problems arise vﬁth
coathangers appearing in the general vicinity of fids as they may digitize as a ‘ -
false vertical arm of a plus fid.

Notice the incremental variations in film background and track strength
encountered along any track element. Tracks in flare area tend to be washed
out while in some bands are distinctly contrasted against the dark black
background. Also, notice there are major differences between fids and,

in fact, often element strength varies from arm to arm of fids.

Py




* 13 *
This picture is self-explanatory but one's concern must be for the overall

dynamic amplitude range of track signals if this film is to be measured.

Fig. ‘2 is a bar graph of some representative raw phototube data

P

g (w/o AGC) which summarizes signal variations. This graph presents only
- a select portion of a larger data Set which itself admittedly is not a large
sampling. But because of a genéral picture unifofmity from frame to frame, we
believe this graph is representative. We expect to verify this with future
work.
This is a plot of some 30 cehtra-l angle pulses with total bar magnitudes
representing the total pﬁlse and pedestal heights. The cross hatch area
within the bar is the track pulse amplitude for that particular sweep, with
the clear bar showing the pedestal height for that area.

. The signal varidtions are summarized in the table. Notice the fid pulsés
vary from 2 to 20 volts (10:1) with track pulses changing from 0.6 to 7.5 ‘
volts (12:1). Combining all elements (fids and tracks) results in a demanding
33:1 ratio. Also, these ratios are further modified by a 4:1 ratio in the
pedestal heights. .

This film with its signal variations creates a real hardware crisis. Let's
o consider even a 20:1 amplitude range. Let's assume you have a discrete com-
ponent system, needing a 2V of signal (min) to overcome forward base-emitter

drops, meaning you must pass a 40V of signal on the ''high side''. With a

necessary frequency response to 10-16 mh, amplifiér design suddenly becomes

a ""nightmare''. We have had success with the Fairchild uA715 IC OP AMP

coupled to a voltage booster but to our knowledge there are no commercially
' ~ available IC or discrete component modules quite suitable fof the job. |
~ Also, note that if peak detection is used, no clipping can be tolerated, making

the prc;blem even more demanding.
Fig. 3 shows the Simplified Block Diagram that is our current Yale PEPR
- system. It represents our attempts to solve the hardware problem related
to this film. It is in the engineering stages but is .operational, being used
for program debugging but needing some refinements before doing physics.
This system utilizes a signal controlled AGC, a new pedestal subtractor and

peak detecting.
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The raw uncompensated phototube signals are applied to the AGC system
which has two Sample and Hold circuits. Their purpose is to locate the most
positive portion of the pedestal and hold this voltage as an indication of signal
strength. Operating in alternate otit-of-phase manner, circuit 1 is Holding
with circuit 2 Sampling, and vice versa. Both outputs are combined to
generate a control voltage for an FET attenuator. Therefore, the AGC is
updated on every other sweep. This is not a new circuit having been used in
our 30'' experiments, but seems to be essential for 80'' measuring, when
remembering the sharply contrasted point-by-point background differences
typical of the 80'' film. The FET normalized signals then pass thru a
computer controlled atténuator where further signal strength modification
can be made by programming. - Signals pass into the new pedestal subtractor
where tracks are separated from pedestals. Next the signal is split going
first to the Height - Width discriminating delay line TEDs (similar to the Mark V
in the Astrodata systems). These TEDs are needed to locate the central
angles pulses. Secondly, tvhe track signal peak is located by the differentiator
and provides a stop-scaler pulse directly related to the true track center by
marking the zero slope with a logic pulse. The signal peak loca‘;ion is stored
in a one-shot delay allowing time for the delay line TEDs to discriminate 5
for central angles. By a sequential gating system using an RST flip-flop as
an anding circuit, only central angle track peaks are passed on to the controller.
A series of 3 one-shots and flip-flops commutate in round-robin fashion
eliminating any dead times.

The circuits needed to form a peak detector are diagrammed in Fig. 4.

A straight-forward simple method of peak detection is used with a uA715
differentiator circuit driving a uA710 comparator fype zero crossing detector.
The zero slope of the incomiﬁg signal is located by mathematical differentiation
and converted into a zero crossing logic level. The zero crossing detector
amplifies this logic signal and drives the subsequent gating circuits. A
capacitor is added as a parallel feedback element to control high frequency
noise normally associated with differentiators. Circuits of this type perform

satisfactorily with amplitude ranges of 25 or 30:1.
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The actual waveforms of peak detection are diagrammed in Fig. 5. This.
illustrates a useful feature of a peak detecting system as the delay line TED
outputs become noncritical in the timing sense. Because these pulses are
used only to gate a F/F, they may occur at any time while the delayed peak
one shot is set. The usual timing“differences between narrow TEDs, broad TEDs
may be ignored. ' .

Also, note that only true track centers are digitized meaning that conglomerate '
waveforms such as ''camels'' found with element. intersections are either totally
rejected or otherwise outputted as a true element center position (a peak).

This is a highly desirable feature.

The so-called Peak Holder is the heart of the new dynamic pedestal
subtractor and is illustratéd as Fig. 6. Its purpose is to separate track pulse
from pedestal using a sample-hold method. A‘ dummy pulse VR is summed
with the pedestal to transpose the negative pedestal-negative pulse, to a
positive pedestal-negative pulse signal. (This will look familiar to those
working a clear film format. ) The circuit now works as a standard peak follower
circuit sampling the more positive pedestal changes but ignoring the negative
going track pulses because of reverse bias on the charging diode. The
resultant output is some proportionality K timgs (VR-Vpéd). K is determined
by resistor values with a derivation included in Fig. 6. This circuit can be
made to follow the general pedestal shape rather than hold a constant value
voltage if the optional leakage resistor is added. This must be selected to
specific needs remembering the capacitor voltage must not follow the"negative
going track pulses. In effect, we have generated a;pedestal pulse without track
pulses. ' |

Fig. 7 shows a typical sum and difference amplifier circuit with
EO= E2+ E3 - El.l Having generafed the (VR - Vped) signal, it is a simple matter
to combine all signals and algebraically cancel all voltages except the track pulse.

Also, notice the dummy puIse V_ is conveniently‘ cancelled away by subtraction.

R
Putting together the peak holder, sum and difference amplifier with a pulse

amp generating the V_, we create the dynamic pedestal subtractor as is shown

R’ :
by Fig. 8. It uses no delay lines, and has wide amplitude range in the mathematical

' sense as pedestals down to 0 volts are tracked.
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Assessment

It is somewhat premature to predict success, but we are encouraged
by pfeliminary results. We need to further eipand the range of the system
and, in particular, expand the range of the H-W discriminating TEDs which . :
now separate the off angles from central angles. This should be feasible
to do as the critical digitizing is done with the peak detector which, by
itself, is not the limiting factor. '

We believe that while our system theory is elementary'—— vit is'direct

and will be effective.
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DIS CUSSION

DAY: (Maryland) Let me start off with a question to Mr. Lund.
I am interested in two things. One is the noise problem and the zero
slope that goes with it, I mean, how do you know whether it's noise.

The other is, what is the dynamic range of the pedestal remover .
itself, ' "

LUND: (Yale) Those are fair questions. First of all

the noise problem, The differentiator is somewhat helped by a

threshold circuit which preceeds it and any signals which fall below .

the threshold level are simply rejected. Also, there is some frequency
composition built into the differentiator circuit which tends to roll off a
very high frequency noise. As for the range of the dynamic pedestal
remover, again this is a mathematical number in the sense that you put
down a zero pulse, but my system using the mu A 715 will go up to about
26 volts pedestal and down to approaching zero'volts, .

DAY: (Maryland) " There any other qué'stio,ng? Yes, Name,
rank and serial number? ' }Y. .
HULSIZER: (MIT) I was just wondering how accurate the wire ’

things are that you use for supplementing the PEPR data,
LUND: (Yale) : 10 microns
HULSIZER: (MIT) 10 microns!

GLASSER: (Maryland) I just wanted to know what the équivalent
dynamic range was in the 30" film. How much change did you find?

LUND: (Yale) I would saythere was about a 10:1
variation in the 30" film, but youcould do a good job with a 6:1 system.
As a matter of fact, our old system was working in about the 6:1 range. e

DAY: (Maryland) If there are no further questions, we'll
call for the next report from Nijmegen.
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This report’is intended to givg-fhe present status of the
PEPR—project'at Nijmegen. Its primary purpose is to inform- -
the other PEPR-groups of our probiems, progress and plans
for the future., It contain§’little or no new technical

information with respect to hardware or software development.

Let me start off by remiqding fou of the Nijmegen PEPR~
set-up as many of you sawAit now approximately two years
ago* (See fig. 1). Apart from replacing our TNO-lens by

a Leitz-lens £/1.9 (.8 magnification), this set-up has not
changed. Sume uf you might also recuall the enthusiastic
remarks I made dufing my talk at the Nijmegen PEPR-

- Colloquium about -the idea of using a satellite computer
set-up. I would hognlike to say that, although we still
believe in this idea, at this moment .we feel like adding
an importarnt -proviso; it is a good idea, provided you own

both the large and the satellite computers. ' ’

- You will recall that at the time of the first PEPR-
Colloquium we had hardware functioning and some crude
area scanning. It took us till Seﬁtember 1969 (i.e.
approx. one year) before we got the very first évents through’
the measuring system and geometry. As for some of the reasons
vhy it has taken us so long, I would like to mention the‘three
most import ant:
a. The time consumed by the very extensive hardware
checking procedures. Since Nijmegen had acquired
the very first ASTRODATA-hardware, we were at that
time rather suspicious about the performance and
were writing and running an extensive set of PDP-based
hardware teéfing routines. In retrospect although
much of the hardware experience gained in this way was

useful in building our 7" C.R.T.-system, it looks as

% Described in the Proceedings of the International Colloquium on

PEPR, which was held at the University of Nijmegen on June 5-7,

1968. Copies of the Proceedings are still available upon request.
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if we have been overdoing this somewhat since really
nothing very serious has shown up as a result of these
tests.

b. The underestimation on our side of the effort required
to rewrite and make run our own set of PDP-T based
assembly language‘programs.

c. Acces-limitations to the main computer. This fact was
imposed on us due to fhe-lgck of funds to acquire our
own large computer.

{
The events we have been tryiné to put through are 2-pronged inter-

actions initiated by 4.2 GeV/c X -mesons in the CERN 2m.H.B.C..
(%)

The software system used consisted of & set of basic assembly
language programs (ELREC, Black-Box, etc.) located in the PDP-7
and a set of IBM 360 based FORTRAN IV-programs which take care
of the track-following, fiducial location and the overall"
measurement - strategy. In addition the IBM 360 also stores the
IPD-input and the geometry-output programs. The IBM-based
programs are partlijust M.I.T.-programs (Strategy, Clear-point
locator, T.F.) and partly programs rewritten at Nijmegen (Fidloc,
Help).

Although we plan ultimately to go to a vertex control strategy,
we’'decided to first start with a clear-point strategy. We
essentially started from the clear-point software package in
use at M.I.T. around the middle of 1968.

%2 The track S/N-ratio for normal developed film varied
between 3 and 8;.for the same film, reverse developed, the
track S/N-ratio went from T to 13. In spite of this increase
it is doubtful that we will keep using reverse developed

film, For our 2m - film at least, the S/N-ratio gain for
reverse developed film was largely neutralised by fluctuations
in background;blackness (especially those, connected with the

change of flash~region).
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Ohe of the firsf things we discovered as we were trying to
put our first events through geometry (ie. thresh) was that
our calibrations were not as good as we had previously

thought. A new effort was initiated around the end of 1969,
an effort which is still not yet completely finished, which

at this moment gives results in pincushion residuals of

.

~ 2.1 y in the y-direction (active.sweep) and ~ 3.0 u in

the x~direction (inactive sweep).

Using these calibration constants and measuring in a 1.5 mm - |
sweep PE-mode (Least~count 3u), we recently measured a couple ~
of rolls (675 tracks). Fig. 2 shows the RMS-aistributioh for

some 340 tracks measured during this run; the RMS-values were

obtained by reprojecting the spatially reconsﬁructed tracks

~onto the film plane. This distribution ‘peaks at n 8 u. The

instant measurement rate was of the order of 60 events/hr,

The 20 sec./view instant measuring speed implied by that

number was roughly devided as follows: ~ 5 sec. filmtransport,

~ 5 sec. I/0, v 1 sec, fiducial location, ~ 6 sec.‘track- -
following, ~ 3 sec. of various.computations. The track

rejection rate by THRESH was ~ 20%.

Let me conclude by briefly describing our hardware and soft-
ware plans for the future. '
1. Our T" C.R.T. hardwere has been tested and is feady to , ' -
go. These tests have shown that the T" Ferranti-tube is quite
sensitive to the distance between front plate and focus coil.
If this distance is optimized we are able to obtain a spot- -
size £17 y over the complete screen. Even with this smaller
spot-size the light-output of the Ferranti-tube is substantially
greater than for our ‘5" Dumont C.R.T.
2. A new film-transport is under construction. Our present
transport uses a stepping motor serving the vacuum capstan and
pPrinted circuit motors for the reels. Maximum film-transport -
speed is ~ 3 m/sec. The frame-by-frame speed however, is low ' |
(approximately 3 - 5 sec. per frame). The new film-transport
will be considerably faster ont the frame-by-frame transport

(approximately 1 sec. per frame).
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3. We have acquifed a larger satellite-computer
(PDP-9 - 24 K words core storage - Two 250 K words disk).
Although we will again build a data-link between this PDP-9
and the IBM-computer, our hope is to be able to put the bulk of
the programs in the PDP-9, so as to be able to measure as
independantly as possible from the IBM 360. The liﬁk would
be kept mainly for I/0 reasons (and:eventually for geometry
on-line).

4. Switch to Vertex-Control Strategy.

Our immediate strategy-goals however, are to clean up and
improve the present clear-point versions and do a small

statistics experiment with the present 5" hardware.
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DISCUSSION N
)

TAFT: (Yale) Would you have any comments to make on
the feasibility of operating PEPR not with a small slave computer >

attached to a large computer but rather W1th control of a small section
of a large computer?

VAN de WALLE: (Nijmegen)  Well, not really, but maybe I should go i
into some of the problems we have with the present set-up that might

also be there when you use a section of a large computer. It turns out
we had so many frustrations with changing systems under our feet without
knowing the details and changing timing and channels, you know, little
things which they usually don't tell customers, that we got a little bit
frightened of using a computer which we don't have complete control of,

LUBATTI: (Washington) I must say that I agree with that, I
looked at this at Seattle, the possibility. of using the U.W 6400, and

I think it would be absolutely disastrous for anyone to try to do PEPR
by taking over part of a large computer. I think one would end up
just with this problem, because the computer centers are forever
changing systems and one really needs to know the system and have
control over it when one is doing PEPR. I will say again, I think it
would be an error if people were to move in this direction.

VAN de WALLE: (Nijmegen) At Nijmegen, there were many changes
made by the IBM engineers which were noticed by no user of the computer
except us, timing changes for instance,




* 35 *

5 May 1970 11:15 a. m.

Session 11

Chairman: R. J. Plano (Rutgers)



PLANO: (Rutgers) I encourage questioning, especially on
troubles, and hope the speakers will spend some time for my own
personal information on staffing problems and on other problems
which may help us avoid some of the troubles we are-having.

i9)

“w




W

* 37 *
Contributed paper for the Second International
Colloguium on PEPR. 5 - 7 May 1970.
M.I.T., Cambridge; _ Massachusetts, USA.

- HEIDELBERG AUTOMATIC RECOGNITION

OF BUBBLE CHAMBER EVENTS

R. Erbe+, E. Keppel+, F. Klein#*, D. Kropp+,

G. Reiss®, R. Schmidt®*, H. Schneider*

¢’
+ IBM, Wissenschaftliches Zentrum Heidelberg

69‘7)5

* Institut fiir Hochenergiephysik der Universitit Heidelberg

April 1970

5t



* 38. %

Introduction

The aim of our group aﬁ Heidelberg is the automatic recog-
nition of bubble chamber events. Figure 1 displays the hard-
wére equipment which is at our disposal: We have an ASTRODATA
PEPR-device with an £/2 lens and a one view film transport
delivered by LEITZ. This is on line to a PDP-10 computer.

For the mayor computing load an IBM 360/65 with 128 K 32 bit
words is available.

Encouraged by the success of R. G. MARR and G. RABINOWITZ )
in automatic track following with the HPD we decided in 1967
to try an automatic film analysis using the PEPR device.

As in principle PEPR is fast enough to pick up all line
elements on the whole picture, we wanted to avoid any roads
or reduced search areas.

The PEPR device seems to be specially suited to such a
purpose due to its built in data reduction by scanning with
a line element. As access to calibrated coordinates in core
memory is very much faster than the access to the equivalent
information on film, we do not use the film as a random
access memory.

Our main strategy is to extract all information from a ,
bubble chamber picture in form of a sequence of line elements
(LE's). Each line element consists of a precision measured
and calibrated x and y coordinate, direction angle o,
ionization measurement, and some quality information.These
line elements are uncorrelated.

From these line elements the physically interesting information
is reconstructed afterwards:

For each of the three views the LE's are linked together to form
tracks. From the relative position of tracks vertex candidates

are derived.-Then going to three-dimensional space genuine . space
vertices are filtered out of the vertex candidates. On the basis

LAl
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of the space vertices the 2 D-tracks are matched. After matching
vertices and tracks the tracks are geometrically reconstructed in
space, thereby resolving ambiguities in the matching procedure.
Remaining ambiguities are eliminated on the basis of topological
checks. All vertices and all tracks that might be interesting for
further analysis are output ??to magnetic tape, ready to go into
9

the kinematics program GRIND (after some selection).

When we were in the process of writing our software, we learned
that the DAPR-Group at Berkeleyz)
very much advanced in the envisaged direction. We profitted a lot

(using the HPD) were already

from their ideas and experiences and their results challenged us.

Our software consists of mainly two programs (Fig. 2):

¥¢
a) The line element acquisition program ARNULF running on
the PDP-10 computer.

b) The event recognition program BERTA running on the
IBM 360/65.

Acquisition of Complete Film Information by Use of a
PEPR Device

A program, called ARNULFf has been written to extract all information
from bubble chamber film in form of a sequence of line elements
(LE's). The picture on the film is devided into a net of scanning
cells of typical size 1.5 x 4 mmz. Within each cell all LE's are

detected, precision measured, bubble measured and calibrated.

The cells éte treated independently from each other. Apart

from this restriction full generality is maintained in choosing
the different features of the PEPR device (e. g. length of LE,
speed and amplitude of sweep, threshold etc.).

The information of one LE, consisting essentially of x and
y coordinate, azimuth angle, number of bubbles etc., occupies
two 36-bit words. Optionally one or two words of bubble bit

’edeveloped by Institut fiir Hochenergiephysik
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pattern can be added. 500 - 1000 LE's per view are output onto
magnetic tape. The LE's from one roll of film (1000 frames,

one view only) fit onto one reel of magnetic tape. The output
is analysed by the event recognitioﬁ progfam BERTA.

Human prescanning is not required. If it is done, the scan
information is transferred to the output tape-and is only used
for frame number selection.

General input parameters can be supplied in the format of
CERN-TC "titles". The total size of the program is 20 K

PDP-10 words. The speed depends on input parameters and film
size and'is typically 4 seconds per view on 80 cm chamber film.

BERTA: A FORTRAN Program for Automatic Recognition and
Reconstruction of Bubble Chamber Events

TWO-DIMENSIONAL OPERATIONS

Combining line elements into track pieces

The data of one view are handled according to the measuring
sequence in which they were written on the input tape (Fig. 4).
The program etarts by combhining TF's (Line Elements) into track
pieces: Looking at the program at a time when some LE's are.
already processed, there are 3 classes of processed data:.

TB's (Irack'ganks), isolated LE's, and removed LE's. The TB's
aro built up as LE's ennnected by "Pointers", i. e. to each

LE belongs one pointer pointing to the next neighbouring

LE (Fig. 5). TB's to be elongated are members of a left-right-
list (Fig.5). "Sitﬁing" on one TB end this list allows fast
access to neighbouring PTB-ends. For each TB an extrapolation
circle or straight line is computed. Each new LE is tested to
fit into all hear by TB-ends. If it fits into one and only one
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free end, it is built in. If it fits into more than one end,
the LE is removed. If it fiﬁs'ihto one end, and this end is
not free (i. e. a LE of the same colﬁmn was built in earlier),
the better fitting LE is taken, and the poorer one is removed.
To decide whether the LE fits into a TB which consists only

of 1 LE, a special test is performed to see if’both LE's are
compatible with a circle. Combinations with small angle
differences are preferred.A LE that fits nowhere creates a new
TB, which is at once ordered into the left-right-list.

After handling the LE's of one colum all extrapolations are re-
computed, and TB's having not been elongafed over a certain
distance are removed from the left-right-1list. The left-right-1list
is updated finally.

Special features are:

Extrapolation circles are normally computed though three care-
fully chosen points. In regions with complications a least

squares fit is used.

When trying to build in the third LE into a TB the TB will be
broken up if the LE fits with only one member of the TB.

Fiducial search

Within predetermined regions in the film plane TB's and isolated
LE's having the known angle orientation are selected by using

ordered lists of track and coordinates.

Straight lines are fitted along supposed fiducial arms. In case
only one LE for a fiducial_arm exists the x, y-coordinate and the
known angle orientation is used to determine a straight line.

The angle of orientation is corrected by a small rotation which is

‘cbmputed by the comparison of the connection line between the

most distant predicted and reconstructed fiducial marks. Crossing
points are computed and a first set of transformation coefficients
is determined. The transformed fiducial positiohs are checked
against the theoretical one. Bad fiducials if existing are removed
and the transformation coefficients are recomputed.
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Having good transformation coefficients the true fiducial positions

on film are determined and all LE data compatible with a fiducial
mark are deleted.

Linking track pieces

Starting with the longest track piece attempts are made to con-=
tinue track pieces with more than 2 LE's at both ends. Only shorter
track pieces are used for elongation attempts.

,Extrapolatién is done exclusively by fitted circles. Candidates
for TB continuation are compared against each other and the
better fitting one is selected. Continuation candidates with

2 or 3 LE's are broken up if only a part of them fits into ‘the
TB to be continued.

The continuation procedure at one TB end is performed as follows
(Fig. 6): First a test is made to determine whether an overlap
region 45° or 1350) of "active" and "inactive" scan may lie
on the end. In the case where this happens the search starts in-
side the track; otherwise it starts at the track end. In steps of
LE-lengths, regions on the extrapolation circle are computed.
Respective angle groups are used to select, tégether with the

X, ¥y coordinates of the search region, candidates for continuation
(Fig 6). Up to 5 LE's of the candidate are tested tb lie on the
extrépolation circle. If a TB candidate is built-in, a new
extrapolation circle is computed. |

Search for kinks
On account of large tolerances needed when forming TB's out of
LE's some TB's may have undetected kinks.

A search for kinks is undertaken by testing carefully com-
patibility of all LE's with a circle.

4]
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Labeling beam tracks

Tracks having beam direction and beam. curvature are labeled.
Beam tracks running through are removed and from now on pro-

cessed in a reduced form.

Ionization, data reduction and transformation to .z = O plane

The bubble density at each track end is computed from bubble

density'information of respective LE's.

The number of LE's per track is reduced to a standard number,
typically 12 - 16.

'EThe coordinates of the reduced number of LE's are now transformed
"“into a common coordinate system in the plane z = O (inner side of
- front window of chamber). '

New extrapolation circles at both track ends are fitted in the

~plane z = O.

. These operations are not applied to beam tracks running through
.-the whole chamber.Only 3 - 4 untransformed coordinate pairs

are kept instead.

Search for vertex candidates

The search for Vertex Candidates starts after labeling those

track ends, which lie within certain film boundaries.

Principle: VC's are possible intersection points of tracks’
complying with two conditions., The point may not lie (Fig. 7)

on one of the tracks, and the distance between intersection point
and end point of a track must be sufficiently small. The position
of a VC which is formed by more than two tracks, is chosen as

the intersection point of the two most favourable tracks.



Favourable properties are:

- large length of a track
- intersection angle close to 90°
- small distance between the two track ends -

All further tracks are attached to the founded VC by distance
test. No intersection points are computed for the latter one.

Logiéal sequence: All relevant tracks are sorted according to
deercaoing lengths. Around earh track end not lying outside
certain picture edges, a rectangular zone (Figure 7) is
‘esfablished. A zone reference list of all other tracks which end

in such a zone is created.

Starting with the longest track, selected from the lengths list,
VC's at both ends of this "primary" track are searched for as

intersection points with the "secondary" tracks as already catalogued‘

in the zone list of the respective primary track end.

To find the most fabourable tracks to create a VC the tracks of
the zone reference list are classified hierarchiéally under A,
B and C (A better than B better than C): '

Class A - secondary tracks lying very close

to the end of the primary track,

Class B -+ secondary tracks not. belonging
Lu A Lbul having an intecrocotion
angle of more than 45° with the
primary track,

Class C - the rest of the tracks.

" The tracks of the classes A and C are sorted according to de-
. creasing lengths; the tracks of class B according ta decreasing
intersection angles. Tracks of class B having a length below a
certain limit or ending too far away from the primary track end.
‘are placed on the end of the list.

hY

< ]




I

@

e

-8 - * 45 *

The tracks from the classified zone reference list are now
tested for intersections with the primary track in hierarchical
sequence. A VC is founded if 3 conditions are met.

1. One or two intersection points of secondary and primary

track exist, or when the missing distance is very small.

2. The intersection point lies outside both tracks; an un-
certainty of the positions of the track ends is tolerated
however.

3. The intersection point lies within the zones of primary
and secondary tracks.

Once a VC is found, the tracks of the zone of the primary track
end and the tracks of the zone of the secondary track end just
used to form the VC, are tested for belonging to this VC. Further
tracks are attached to the founded VC ‘if their missing distance
is compatible with a certain tolerance.

Tracks that have been used as primary tracks are removed from

the zone reference list of their secondary tracks, so that they

are not used again as secondary tracks. If several tracks are
secondary tracks of a common vertex they are also removed from their
mutual zone reference lists. One track is permitted to be

attached to any number of VC's. This procedure is repeated until
each track has been used as-primary track once.All remaining
isolated tracks are marked. This method guarantees the registration
of all intersection points that can be interpretated as VC's.
Recognizing VC's which form a vertex or not and the final attaching
of tracks to vertices is done in the matching section.

Search for short vertex track candidates

Within a distance of about 2 LE-lengths forming an area around
each vertex candidate a search for short tracks (isolated LE's)
takes place. If the angle of revealed LE coincides (within
tolerance) with the angle of the connection line between LE center
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and VC, the LE is kept. A middle. point half wey along the

connection line is calculated to take over the angle information
form the LE's. Then point coordinates are transformed to z = O plane.
Later, after the matching procedure, those LE's ﬁhich»belong to:

an established vertex are selected for further processing.

THREE-DIMENSIONAL OPERATiONS

The matching of vertices

The matching of a point situated‘in a bubble chamber is obtained
by a simple geometrical construction: The 3 views taken from
this point form a triangle, similar to the trlangle defined by
the three parallel optical axes of the cameras. The dlrectlon from
one corner of the triangle to another will be called stereo di-
rection for the corresponding pair of cameras. The triangle con-
tracts to a point if the space point lies on the front glass of
the bubble chamber and is largest when the space point lies<on
the back glass.'This largest triangle defines a "slit" whithin
which the two images of a space point must fall. The matching of
space points con51sts of finding the stereo triangles formed by
the VC's in the three views.

A list of possible pairs of VC's is first compiled for the three
view combinations 1-2, 2~3 and 3-1. The deviations tolerated for
the pairs of VC's are derived from the error parallelogramms de-
termined during the VC search. A loop over the three lists of
pairs selects the VC triples. The remaining VC pairs are completed
to triples by estimating the position of the vertex in the failing
view. We obtain in this way a list of vertex triples which are

at this point considered to correspond to vertices in space. All
remaining isolated fortuitous track intersections are rejected.

It must be noted that several vertex triples may share commen VC's .

r
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Extended track search

The aim of this step is to find those tracks which have not yet
been attached during the 2-D operations to a savgd vertex. These
tracks may have ended too far from a VC. They may also have

been registered as not having ended in the chamber or the VC may .
have lain within the track. These tracks will then be cracked
into two separate ones. Neighbohring-isolated.LE's pointing to a
saved VC will now be inserted in the track bank.

Matching of tracks

The track match operation processes simultaneously the tracks
attached to one space vertex. However, if several vertex triples
share common VC's all track images connected to these triples
will be considered. Already matched track triples are not sent
again to the matching routine; matched pairs must be réprocessed
pénding the possible discovery of the failing view. All combi-
nations of track images (all pairs) for each of the three view
combinations pass through a sequence of tests which develop a
complete list of acceptable track pairs. A pair is 1mmed1ately
discarded if one of the following tests fails:

- 1l. Test on sigh of curvature.

2. Front back test: Both tracks must point at the vertex to
the same side of the stereo axes.

3. Test for track length compatibility: The length of both
tracks must not be too different from each other.

4. Slit-test at the end, middle and beginning of the tracks:
The slits at the end, middle and beginning of one of the tracks
are constructed in turn. The test consists of ascertaining
whether or not the other track view intersects the slits.

5. Helix-test: The separation, defined as the distance between
correéponding points of a space point on the track, varies
along the track pair linearly with the arc length if they
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represent the same helix in space. The prediction of the
midpoint seperation is compared with the observed one.

6. Turn-over test: This test is based on the fact that the turn-
over poihts, i. e. poihts on the track image where the tangeht
to the track image is parallel to the stereo axes, determine a
corresponding point inlépace. Distances between the turn-over
points and'the common stemd axes have to be equal on both views.

Connection of space tracks to space vertices

Once the matches of the tracks attached to a VC triple or a group
of‘related triples are known, fortuitous attachments of track

images to a VC will be removed:

1. :Single views of tracks are&éutomatically detached

from the VC.

2. Pair or triple matches are also detached from a VC
triple if the requirement is not fulfilled that 'the
images of a space track belong to the images (VC's)
of the same space vertex. '

This step cleans most of the ambiguities of related vertices,
since VC triples left with less than two matched tracks (triples
or pairs) will be eliminated. The remaining vertices are then re-
constructed in space, using the coordinates of the VC's. The
result serves as first approximation for a more elaborate vertex
fitting procedure.

Matching of isolated tracks

The track views that have not been attached to a space vertex
(zero prongs, recoil protons etc.) can be sent all at once to the
track match routine. Some extra tests are applied in this case.

[(3)
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Geometrical reconstruction of tracks

A full scale geometry program has been integrated into the
BERTA-system for the following reasons:

a) To give the final and most reliable decision in cases
of ambiguity left over in the matching procedure.

b) To obtain results ready to go into the kinematics
program GRIND. Such results are more easily read
and checked than input for a geometry program. Extra
tape handling can be saved and the feed-back time

is shortened.

c) It was felt that using careful procedures which are free
of iterations the number of tracks failing for computa-
tional reasons could be reduced as well as computing time.

d) To be able to reconstruct tracks having a large turning
angle (greater than 1800).

|
The method employed is that of "corresponding points" applied

in a similar way as in the Hamburg geometry program WELAGA.

Computation of improved vertex position

The spatial position of vertices is carefully recomputed from
the pertinent space reconstructed tracks. Precise vertex co-
ordinates are important to decide whether tracks matched in

connection with the vertex are really belonging to the vertex.

Output

The results are written onto a magnetic tape called "Film

Summary Tape". For each frame it contains a FRAME-bank,
POINT-banks and TRACK-banks conformal to the corresponding

banks used in GRIND. Unambiguous‘events can be sent into GRIND:
directly. Delicate configurations will first need some experiment-

dependent topological interpretation.
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Remarks

Some of the guidelines observed in writing the programs were
the following:

Speed: Since we have to handle é huge amount of data, we have
put special emphasis on efficiency and speed of all programs.
E. g. where ever possible iterative procedures have been
avoided; if possible the evaluatién of functions was réplaced
by a table look up.

Flexibility: The entire BERTA program was coded in FORTRAN IV

language in order to make it transparent and machine independent.

Comfort for the user: All experiment dependent parameters are
input in the form of the CERN TC-"titles" (where possible

identical title blocks have been used as in THRESH4)
GRIND) . Comments within the FORTRAN source statements are ex-

and

tensively used.They are meant to be the main and exhaustive
documentation of the programs. By the aid of runcards the user
can request various printouts and‘plots of intermediate re-
sults to gain an insight into the operation of the program at
critical points. An elaborate system of remark and error words
has been incorporated reflecting a éreat number of conditions
that occurred durihg the analysis. Statistics about the
mentioned remark and error conditions and about time consumption
of individual BERTA operations give a valuable survey on the
tuning of the experiment.

Limitations

Though it was intended to develop a largely experiment-inde-
pendent analysis program, there are a few limitations in the
present version.

a) The program has been based on the very helpful pre-
sumption that the optic axes of the cameras are parallel.

b) Handling of more than three views has not been forseen.
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'¢) Tracks shorter than about the length of the PEPR-line
element (1 - 2 mm on the film) will not be detected.
However, provisions have been made to introduce pre-
measurements or post—measurements_of these critical
tracks, which are easily measured by two corresponding
points.

Time and core requirements

Time checks show that one frame (3 views) will be processed
within 10 - 20 seconds on a 360/65. The complete program
occupies some 90 K 32 bit words of core.

Status

.

The first events giving good geometry results went through
the program in March 1970. We estimate the time needed to
make the program run for one special experiment to be a few
man-months. We intend to have a production version of our
programs that should be usable for a wide variety of ex-
periments, ready by autumn 1970.
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Captions of Figures

Hardware used by Heidelberg
Automatic Event Recognition.

Organization of programs and data.
Information given by ARNULFE for each LE.

Distribution and using sequence of scanning cells.

" The shown sequence also represents the sequence

of processing when forming TB's out of LE's.

Administration of track banks during build up
procedure.

Use of sorted lists when linking track pieces to
tracks. Lists of integer words are built up having

‘the value to be sorted in the left half word and

the TB- or LE-address index in the right half word.
Search for vertéx_candidates.

View 1 of 1.6 GeV/c K P interactions in the 81 cm
saclay H, chamber showing consecutively: film
picture, "line elements as they are input to BERTA,
track pieces formed from these data and complete
tracks.

Film coordinates of a simulated bubble chamber
picture, generated with an extended version of the
program FAKE . The following figures were produced
with a CALCOMP-plotter.

a) view 1 b) view 2 c) view 3
The 3 views of Fig. 12 plotted together in a common

coordinate system (G coordinates). Correspond-
ing track ends are connegted by stereo triangles.

Input data simulation to the program BERTA from the
picture Fig. 12(view 1). The line elements (LE's)

are created along the tracks with gaussian distributed

random errors on position and angle. A fraction of
LEs 'is 'suppressed at random (mainly in the zone of
vertices) another fraction is split in two. Background
LE's are distributed over the whole picture.

Plot of the line elements of Fig. 14 connected to
tracks (view 1).




Fig. 16

Fig. 17
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Plot of the tracks from Fig. 15 after the vertex
candidate search on view 1. The error parallelo-
gramms drawn are enlarged. ‘ '

Simultaneous presentation of the three views of the
bubble chamber corresponding to Fig. 13. The stereo
triangles of matched vertices are drawn in the plot
(a predicted VC-position, estimated from a VC-pair,
is marked by an octogone). The circular arc running
across the figure represents a far track connection
to a vertex triple, detected during the extended
track search.

©

1
A




HARDWARE USED BY HEIDELBERG

L]

/ Y Y
Magtape Magtape ' Magtape Magtape
unit 1 unit 2 unit 3 unit 4.
IBM 360 / 65 128 K~ 32 Bit words

AUTOMATIC EVENT RECOGNITION
PDP 10/40 32 K 36 Bit words . CALCOMP
plotter
PEPR - Device
(MIT, ASTRODATA)
M
lagtape Lens, Filmtransport
unit 1 (LEITZ) | YELETY PlE
- 00 000D

00000




ORGANIZATION OF PROGRAMS AND DATA

Film rolls

Select
Tape
- - - - ¢
0000 o 0 o0 0
| <
ARNULF rogram e ) !
| prograr ; . Calibration
(PDP - 10) ’ paper tape
BERTA program
(IBM 360 / 65) ’
N
_optional _ A
- N
\
o
1
-0 .
V . ]
SELECT program o SELECT program
- ' Mass - dependent -
GRIND program ; THRESH program. F 2
'9
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INFORMATION GIVEN BY ARNULF FOR EACH LINE .ELEMENT

.

Word 1

18 Dbits

18 Dbits

X - Coordinate

averagéd PE-measurement calibrated

Y - Coordinate
averaged PE-measurement calibrated .

Word 2
1jrj1y 3 4 4 4 Y 9 bits
AA /L'criﬁcal no, of LE s orientation angle

threshold

max, no. of

in scan. cell

bubble count
. in 1 degree or
- 1/2 deg. or 1/4 deg.

no. of hits

hits at one for this LE
sweep . :
- flag ”30 PE"
flag "unmeasur_able"
flag "inactive LE"
Word 3 optional .
|
36 Dbits
bubble bit - paftern 1 i
|
Word 4 “optional '
. |
36 bits : o ,

bubble bit - pattern 2 .



measuring sequence of scanning cells

Su =
g pEE ‘ ,/ T ] active scanning cell
il 7 /
) 7/
___J e l/ﬂ,sweep- direction
al —-'—=-1 ””””

ﬂ/inac.’ive scanning cell

< A
/ ~J "~ 'sweep direction

Part 1:

.8
Yactive scan = 50° & £ £ + 50°

]

Part 2:

—F> T -1 1

| | I

1 | 1 1 1 . 1
1 1 | |
1 i 1 1

-

“inactiv€’scan  40° % € £ 140°

typical size of Scanning cell: 15x3mm -
typical step width for LE angles: AY¥=1°

Measuring sequence for one picture =~ Fiqg 4




Connection between LE’s Belonging to one track bank

// use of pointers for concatination

e ——
—— . —~
T
first LE . : ‘ last LE built into track bank

~

Left-right-list A
r 1 1 r v 1 T 1T T 1 T 1T 1§ 1T 1T 17717

0
/———___—\
' i

3

track banks within left-right-list

\/

removed from left-right-list

an 5

Administration of track banks during build up procedure of tracks




,%angle groups

rd ‘ . \‘

ME— 8o

6 N b : .
\‘

<
I/l

'1.) a sorted list according TB lengths

; ' o 2.) 12 sorted lists of TB-ends sorted ‘according X and Y coordinates, ’
i - ' one list for each angle group of 30 degree

Startmg with the "longest track picce shortcr track picces are tried to be
connccted with the longer one :

Linking track plecces to traéks ‘ F'S 6

4

-
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End Zone of
Primary 2

4/ End Zone of

Primary 1

- SEARCH FOR VERTEX CANDIDATES -
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DISCUSSION

PLESS: (MIT) I think this approach is a classic question of

whether it is better to use the film as a memory or whether it is

better to get the information into the core as quickly as possible, .,
For the second case one could then use the core as the memory since
access to the core is presumed faster and more economical than
access to the film., The two comments I'd like to make are on that
classical argument. One, that this a one pass system, that is,
whatever you have you get on the first pass through PEPR. You

lose the possibility of making computer control sensitivity changes.
For example, in a difficult film, where the dynamic range may be very
large, it may be desirable to change the gain of the system as you
track follow (in fact some successful systems in fact do that).

Second, you lose the possibility of analysing ambiguous situations.

For if you have these so-called gaps, you cannot go back to where

the gaps are and change hardware to try to decide whether in fact

there is a gap or not. The guestion of gain is answered, or at least
discussed in the following terms. On most systems that I know the
amount of time you actually spend on the film is about 5% of the total
time. Therefore even if you reduce the amount of access time to your
"memory' you cannot increase the overall speed very much (at most
by 5%). So the question of additional speed of the 360/65 core memory
against the so-called film memory (which takes about 12 microseconds #
to get 3 bits of information) is in a certain sense irrelevant. Would

you like to make some comments to those two points?

KROPP: (Heidelberg) Yes, may I start with the second question?
One idea of chosing thresholds is to preset them, since contrasts
on respective views are more or less constant in fixed areas.

The access to calibrated line element data,
which we want for the BERTA program, is faster by having the data in
core memeory, -

VAN de WALLE: (Nijmegen) Do you have any results on real measurements?
KROPP: (Heidelberg) We only have 3-6 simulated FAKE events through
the whole BERTA system and these are not very accurate, We are still

in the testing phase and don't have any final results. Track residuals
are close to 5 microns,

VAN de WALLE: (Nijmegen) Has any calibration been attempted?

KROPP: (Heidelberg) 1 think the calibration residuals lie close to =
3 microns,
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PEYROU;(CERN) How much time does one event take?

KROPP:(Heidelberg) Measuring one view with a PEPR PDP-10
combination takes about 4 seconds. This means 12 seconds for
3 views plus 10 to 20 seconds to process this data on the 360/65.

GLASSER:(Maryiand) How many track elements do you put out per
view ? - )

KROPP:(Heidelberg) 500 to 1000.

OUANNES:(France) How do you get the bubble density formation
level?

KROPP:(Heidelberg) Yes, after the program has recognized a line
element, the element is scanned by a spot. The density is then
averaged over two regions which are near the two ends of the track.



H. J. Martin
June 5, 1970

TALK AT EEER, COLLOQUIUM

May 5, 1970

There are three topics that I wish to discuss in this status

report on the PEPR system installed at Indiana University. These

Q

' topics are (1) a description of our system, including its history-;
installation date, operation status, ete.; (2) o@r current experi-
mental plans and our projected timetable for processing these data
‘on PEPR; and (3) some of'the details of our software system.

. Figuie 1 is a block diaéram of our system. The Astrodata PEFR
is connected to an XDS Sigma-5 computer. The ccmﬁuter configuration

is shown--two specific comments can be made concerning it:

(1) The 32K memory is a constraint that has influenced the
design of our PEFR software. Approximately 9K of the
memory 1is used by the XDS Baﬁch Processing Monitor; our
PEFR programs are about 20K words long and the remaining
storage is reserved for de-bugging and program changes.
After a software routine has been de-bugged and used for ' v
some time, we re-exapine it and frequently rewrite it
removing-those sections of the routine that have not been
useful in practice. This continuing clean-up of ocur soft-

ware is necessary with the limited core.

(2) The I/O facilities are minimal. The RAD can be used
effectively when handling relatively small amounts of
data. A second magnetic tape is needed to facilitate

merging and sorting of the PEPR output data.
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The system was put together over a period of about nine months.

The PEPR hardware was accepted in October, 1968 and the Sigma-5
installed 1n.January; 1969. We designed and built the interface to ‘
couple the two systems. It was completed and tested by April, i969.
The film transport and optical system were also constructed at Indiana
University and were installed by June, 1969.°

Wha£ has been our experience duriﬁg the year that we have had a
camplete system? The FEPR hardware is reliable'and well-documented.
We have not encountered any major mﬁintenance problems. The TED
package has required slight modifications and éome realiénpent. Our
major effort has been coqcentrated on PEPR software and the development
of an operating system based on the vertex guidance concept used at
Yale.

The first experiment planned for our system is a 300K-picture

exposure at ANL of n+p interactions at 6.5 GeV/c. The exposure was

'completed in February, 1970; there are about 10 beam tracks per

picture, and we expect to measure approximately 150,000 2-, 4-, and
6-prong events during the next 12 to 15 months. We have started to
process date and several thousand eventé are now at different stages

in our system. None of the events have reached TVGP. PEFR measures

"about 200 views/hour and we collect information for three views. About

80%.of the 2-prong events are complete (all tracks seen and measured
by PEFR). The numbers for 4-prong and 6-prong events are 60% and 30%
resﬁéctively. These.percentages are sensitive to the current status
of our programs and are particularly affected by the initial search

pattern for outgoing tracks.



The final part of this report describes some of the details of
our data processing system. ‘ S

We.scan two views of the film and collect pre-digitizationA
information on one view. The scan information that we label as
necessary includes (a) coordinates of the vertex and one fiducial,

(b) a éomment indicating close beam tracks, i.e., within four traék
thicknesses of the interacting beam track, and (é) a comment indicating
&8 short trgck, either stopping or scattered (the comment differentiates
between these cages). We aiso obtain information about the directions ‘
of the outgoing tracks and these data .are used in searching for track
elements.

The vertex and fiducial coordinates are measured on the scan table
using T-squares. These data as well as thelother scan daﬁa, are punched
on paper tape. The scan and pre-digitization rate is 20 to 25 events/
hour. - The weekly rate is about 4,000 events.

We use vertex guidance for the PEFR measurements. The software
systgm.was influenced by the limited memory on our Sigma-5 computer,
a_limitatioh that became particularly 1mport§nt ﬁhen we tfied to include
high-level filtering routines that were topology-dependent and when we
tried to include operator intervention. Our current system divides the
measurement and filtering process into several stages. There are four

aspects of this system that I want to describe:

(1) Scan Points. A scan point defines the center of a region on
film where PEFR will do an areea scan. Other parameters, e.g., dimensions
of the area, number of scan cells, etc., can also be specified. The line

elements  found in the area scan are used to iﬁitiate track following.
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A pattern of scan points is esﬁablished to search for track data.
The pattern mey cover a circular annulus around the vertex point; it
may include circular arcs at different distances from the vertex; it
may include several scan points along the expected beam track direction;
it may include scan points along the extrapolated direction of a track
segment found earlier. The operator can switch to more complex patterns
of scan points when the standard search pattern is not adequate.

(2) Track Segment Processing. A simple track follower is used.

When it is terminated by a congested region, then scan points are
generated along the extrapolated difection and additional segments of
the track may be found. All track segments that extrapolate back to
the vertex are retained.

After the data for all of the tracks are collected, then the
segments are examined for overall smoothness and kinked tracks (decays,
scatters, and track follower errors) are separated into several segments.
When several segments of the same track have been stored, then these
segments are linked together to form a singlé track. The output at
this stage in the data processing consists of track segmernts that
extrapolate to the vertex or pass through the vertex. Nearby beam

tracks are retained.

(3) oOff-Line Guidance. This stage in the data processing takes

place after the measurements from the three views have been merged.
The program includes a set of filter routines designed to remove

extraneous beam tracks and to select the tracks asséciated with the
event. If an outgoing track is missing in one or more of the three

views; then the whole event is rejected. The data for the three views
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are displayed on & CRT and an operator can intervene to override a
filter decision, initiate additional filtering, or manually filter the

data.

(4) oOn-Line Guidance. This stage 18 being developed. It allows

the operator to add scan points, to track follow in a manual mode, and
to séiect scan point patterns. The operator normally makes the decision
to intervene. If the program anticipates operath intervention, it
delays the film advance for several seconds and signals)the operator.

If there is no response, then the program proceeds to the next event.
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DIS CUSSION

MARTIN: (Indiana) Maybe I'll say something about staff. We have
an engineer, a technician and a programmer plus 3 or 4 undergraduate
students who also do programming and some graduate students. My
main comment would be that we've had our apparatus for about a year
during which we have worked on test events. Also the details of the
programs have taken a long time. When we got an exposure at the

end of February we decided that we'd have to make an effort to measure
these within a certain time. However, we found that many of our )
_developments that we thought would be of great aid in some ways blocked
us. We really didn't improve our efficiency by on line guidance, so

that we've taken this out for the time being. In general we found two
things happening: one was that our concentration earlier had been on
individual events and we hadn't really looked to see how important these
things were in handling a large number of events, Secondly, we found
that once we started some events in we were working a lot harder and
pushed a little more.

‘Question from audience: What about on-line guidance?

MARTIN: (Indiana) We are not abandoning it, but we have found that
it is difficult in our limited core to make a decision as to when we
needed it. So we were essentially putting it in and letting the operator
look at every event that came in. On two prong events there was no
need for him to do that and all he had to do was push a button that said
go on to the next event we found that on the events where we thought

the operator would be useful that on 50-60% of these he really doesn't
make a useful decision,

MULVEY: (Oxford) What experience do you have with the on-line
guidance?
MARTIN: (Indiana) We had difficultieé due to the limited core and

" found that a useful decision was not often made,

LACH: (NAL) Would a visual projection for the on-line |
guidance have made a difference?

MARTIN: (Indiana) It would have made a difference, that's right.
The operator would have been able to make decisions much more
rapidly. With our on-line guidance the operator can look at a line

scan of the whole picture on the CRT display and then magnify it and
move along the track or along various regions to follow what's going on.
But we've found that by putting the scan points a bit further out we

can do as well as the operator can,
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PLESS:(MIT) - - 1 think your on-line guidance is similar to
HELP at M.1.T. ? : . :
MARTIN: (Indiana) Yes, it is HELP.

PLESS:(MIT) : In our system we start out with a lot more )

information. The operator is called to interact only about 10% of the

. time. . Probably due to the fact that we use clear points. Since we

are using the same film as you, I feel if you put in clear points your
difficulties would be fixed up. ‘Also, it seems that the operator can't
say that this is a clear point and so can't track follow. A

MARTIN:(Indiana) Yes, he can track follow,

PLESS:(MIT) . O.K., in other words he doesn't painfully
go point by point ?

MARTIN:(Indiana) No, he can go painfully point by point but
usually doesn't. He usually puts in a scan point which will generate
track following,

PLESS:(MIT) The thing that I don't correlate between your
experience and ours, and it may be the fact that we've been in the
business 5 more years, is that, in fact, the operator is required only
10% of the time. Also, in our case, when the operator is called for help,
it's usually reasonably efficient and quite quick. The difference may
be in the approach, ‘and the type of our HELP programs as compared
to your on-line programs. - Finally I doubt it would be an enormous
help to have had, at least at the M.I.T. experience, an optical image,
because if we needed it, we would have put it in. One has the TV
scan and line scan; and reasonable contact with the film gives no
great necessity for implementing an optical image,

MARTIN:(Indiana) Let's say we're watching on the CRT and we

see it's missed a track. Now the operator can stop it at that particular
point, -to help it or just to go on. He has that choice. We usually find
that there were good reasons why it didn't work in the automatic mode
and the operator is going to have to work very hard to improve it, I
felt that a visual aid would help the operator to judge whether it was
worthwhile to intervene, ‘

" PLANO:(Rutgers) - It seems to me that 32K of 24 bit memory is a

severe limitation. Could you comment on that?

MARTIN:(Indiana) We have 32K of 32 bit memory, and this is enough
if the programs are written efficiently, ‘

PLANO:(Rutgers) Are you planning to use your rapid access
discs to read in subroutines as needed or is this not a limitation?
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MARTIN:(Indiana) - We tried doing some overlaying of and it

slowed things down terribly. So we develop programs up until our
limit of core and then we go through and throw out what we replaced,
compress the program back down and let it expand up to the limit again.

ALLISON:(ANL) . On POLLY we do have an optical projection and
it might be useful in this discussion to add our views on the subject. We
‘also have a fairly detailed display for blowing up small areas of film

and for looking for small stubs and local features. We think that a TV
type display or some substitute as we have is suitable and is of much
use when you want to look at some narrow angle feature, where you need
to look at the whole picture in order to see the separation of the track.
The optical display also has some advantages in that if you can't see
something on it then you can tell the operator to glve up.

VAN de WALLE:(Nijmegeri) Could you be more specific about the
rejection rate due to the track follower's problems?

MARTIN:(Indiana) The rejection rate is primarily due to a loss of
tracks which occurs when we have tracks going in the forward direction
(we have a narrow angle between the tracks), What will happen is that
you really won't see the tracks separate from each other until they've

- gone out maybe for 3 or 4 mm from the vertex, That's our problem
and it's a very physics oriented problem.,
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Status of Maryland PEPR
= —_—

Pammerroermrort =

T. B. Day, R. G. Glasser

First let me describe our set-up for those who may be
unfamiliar with it. We have an Astrodata PEPR that is hooked to

.. a PDP-10, the only notable feature being that the State of Maryland

bought the Astrodata device. At the moment we are looking at 70 mm

film in the 30 inch hydrogen chamber using a K beam of about 500 MeV/c.

Unfortunately we had the wrong cameras, so that we had minor problems
with the number of sprocket holes but that's.a minor technical point.

I would like to point out two important facts. One, we're looking at 2.
prongs, where the protons tracks are short. Secondly, the background
is nominally black while the tracks are white. This background has
given us the most trouble so far,

With our PDP-10 we have 48K of core along with a resident
time-sharing or quasi time-sharing system. We don't seem to be
bound too much for core, although Glasser may speak to that later,
mainly due to the use of the POLLY programs, which are relatively
small. We are trying to develop a system which will be nominally
fully automatic. In other wordswe'll load film directly onto PEPR, scan
across beam tracks and follow them out to the end. We will then have
good vertex points and so will then search around for outgoing prongs.
We're spending most of our effort developing this aspect at the moment.
In the coding as a backup system we can also put the data for each
view on cards (or magnetic tape also). We hope we don't have to use
the cards, but now we do have a lot of scanning going on down the
hall. They basically scan against the 30 inch fiducial grid and record
what zone the data is in. Finally we have a great deal of help kind of
programming built into this system. This allows us to magnify the film,
to go one point at a time in order to watch the track follower and to do
all kinds of interesting things. Right now it is used mainly for debugging.

We do not have an optical display although we do have a PDP-10
CRT display which is essentially a very fast TV scan., At the moment
we perform TV scan in real time every time we want to look at
anything. We have the largest sweep possible, even giving up a little
bit of the linearity of the sweep for this purpose, so that at one sweep
we can go 3 to 5.mm roughly and our TV scan therefore is very fast
in heartbeats, At the moment the only thing I worry about is the lifetime
of the tube., Now let me speak about the film's quality. On one frame
that we've been hung up on for months, we can see two tracks which are
almost lined up in angle, and the ratio of the height, which is in a
certain sense a measure of dynamic range in the film, is almost 10 to 1.



* 86 *
\

The general background is very bad so that we had problems in the
signal to noise ratio. Also we had troubles with the pedestal since

as one went from one side of the film to the other the background
changes brightness. Even within the sweep we had this range. In
order to handle this I might just mention a few things that we have
built in, First we have tried as much as possible to use the features
of the Astrodata controller. This has helped a great deal, although
we feel that we haven't explored all its features yet., We have, for
example, in our track following found it quite useful to change the
line length and sweep range as we go along. We have also regularly
changed the threshold of the program due to a sort of a secular drift
of the background as one moves across the frame. We also can make
changes between the real time TV scan, which i§ a spot scuan, aud the
line scans that are used for track following., We regularly alter the
angle range, and in order to get around some of the noise problems
we go back and forth between a 2 micron scan or a 10 micron scan.
We have looked at some of the calibrations, but not too seriously
since our attitude has been to see first of all what we can do with sort of
10 micron mode, We have measured a few tens of events, put them
through geometry, and reconstructed them, These give back beam
tracks which are around 500 MeV/c and that's as far as we've taken
it.

Let me say one final point. Because of the dynamic range
problem and also because of the wide variation in the track resolution
(in the track contrast) we've cranked up our CRT beam current to the
point were it worries me. The problem with this is that although we do
need this high current for weak tracks, the stronger ones may saturate
out the amplifiers. We had two CRT's which developed a permanent
glowing feature due to secondary emission of elements down in the gun,
However the current CRT seems to be holding up so far, '

We have held off ordering a new transport, since the film
format in this part of the country is going to 35 mm. As 1 mentioned
we have 70mm film now, so that we hope we can get a transport which
makes use of the fact that 2 x 35 is equal to 70, as a transport which
can handle two simultaneous views of 35 mm film. Then if we can
ever do the physics first, we can look into a two dimensional geometry
track following kind of problem. ‘

Now in line with the general gloom, let me just mention some
of our problems. Our main problem is that we consider terribly bad
film, Yale said that their 80" film was bad due to the coat hanger
effect, but compared to our's theirs looked beautiful. Of course we
can't state what the difficulties will be when we go from 10 to 100 to 1000

to 10, 000 events since there are all sorts of order of magnitude problems,

L‘f



I

* 87 *

We haven't felt too badly about working on this bad film because

if we can get anything out (with this film ) then we'll be in good
shape when we get good film. Also I emphasize that help features
like looking for short protons are so naturally built into the system
that we anticipate that the problem will be how to wire them out

selectively.-

Finally, a word about staff, We deliberately decided to

- understaff ourselves in .order that the overall physics production

of the laboratory not be harmed. The people working on the project
are Bob Glasser, an engineer technician, George Harris, a graduate
student, Jerry Fram, and myself,
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HULSIZER:(MIT) I'd like to propose a criterion on the question -
of automatic scanning. If you figure that the computér costs roughly
$100/hour to run, and a scanning girl plus the equipment maybe costs
$10/hour, a computer has to do the automatic scanning about 10 times
as fast as the girl in order to make it economically feasible. If you
figure some number like 30 seconds to process an event(that may be
wrong by a factor of 5 depending on whose system you're talking about),
then it seems to me the automatic scanning shouldn't take more than 3
seconds, if you're going to justify the automatic scanning on economic
grounds. I'wonder if you could give us some estimate of how youf
time consumed compares with the figure of 3 seconds plus or minus
whatever error factor you want to put in.

DAY:(Maryland) I deliberately avoided giving any times, since

right now we are looking carefully at each event and displaying as we go,

For example, when we go across beam lines we're also displaying the

points one by one. I think that slows us down considerably, and as

soon as I finish the comment, I'll turn it over to Bob Glasser since

he can probably give you more useful information. From wherel stand _
behind him, the time it takes to find a beam track, follow it out, and then '
store it is about 3 seconds. I define the above scan since this is what |
replaces a scanner.

GLASSER:(Maryland) I would not disagree with any of the numbers that
Professor Hulsizer is quoting. I would just disagree with the criterion,
My feeling is that justification for automatic scanning cannot lie in its
economic feasibility, but what kind of information you get back. We all
have the problems of looking at variable efficiency in the scanners, and
I won't try to say it will ever be more economical to scan automatically
than to multi-scan five times. But at least you have the hope that you
can make the criterion you are using understandable and therefore
quantifiable, so you can use that to get your physics more accurate,
That's the only justification I can give for going to that mode.

;X ]

DAY:(Maryland) How much time does the display cost us?
GLASSER:(Maryland) Anywhere between 90 - 98% of our time.

DAY:(Maryland) Thus it is the display which is killing us
since it is in the seconds category.

ALLISON:(ANL) We have been, for the past year processing an

experiment in an automatic scan mode using basically the same idea

as at Maryland, and therefore I feel that we should be answering this -
question, Basically we find that small variations in film quality, which

hangs over you all the time, completely outweigh whether the film is

pre-scanned or not. Thus with 10% variation in film quality a few bad
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rolls which are being pre-scanned will go more slowly than the same
number of rolls which are slightly better and are automatically scanned,
It is not obvious, as I'll show you tomorrow that looking at the various
experiments that we've processed on POLLY, you can tell which of
them are automatically scanned and which are pre-scanned. 1'd

also like to add that one or two other things. Automatic scanning gets
you more physics in the sense that you get cross sections and beam
track lengths, You also reduce the amount of data handling in that you
don't have to invest any time and money involved in converting scan cards -
to tape. Since scanning data is produced in real time and one measures
straight from it, there are no problems due to different magnification
or other day to day problems associated with handling pre-scanned
events. We found it better than we expected.

DAY: (Maryland) Excuse me, can] introduce a comment? Since
economy has been introduced let me just briefly point out that times have
changed and the situation now is not to try to compete with the human
operation but how to live with it as human operation is subject to attrician.

BASTIEN: (Washington) Did you say that it costs $100/hour for
PDP-6 time.
HULSIZER: (MIT) I was just using a order of magnitude figure for

what it would cost to buy and run a computer,

LUBATTI: (Washington) I would like to comment on Bob Hulsizer's
suggestion that full pattern recognition may be uneconomical. I tend to
agree that one should make use of human intervention, since a complete
algorithm is quite difficult without additional help. Of course if one

has counters in the chamber then these do a great portion of the operators
job.

HULSIZER: (MIT) I raised the economic consideration partly
because it's a number and numbers are easy to think about. But it
seems to me the assumption that you immediately return with when you
counter the economic argument is that automatic scanning is more
objective, However, I don't think we have any evidence, considering
the general nature of bubble chamber film, that an automatic scanning
device is going to be anymore reliable and quantifiable than a human
scanner, In fact, most the troubles that people have, lie with the noise
level in automatic following dewvices, This is going to give the most
unpredictable and unquantifiable trouble in the scanning process. Sol
will now add the scanning quality argument to the economic one,
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ALLISON: (ANL) I like to throw on some more facts here, when
one is automatically scanning down beam track. As you go, you can
build into the program scanning criteria which may involve rejection of
10% of the beam tracks in an unbiased way. In fact, our experience is,
that automatic scanning is 1ook1ng down beam tracks and I wouldn't say
the same thing of looking for vee's. That's another problem though that
would be interesting to try. In a sense of looking down beam tracks,
automatic scanning is much easier than we expected and is certainly
much, easier than measuring events once you found them, however you
found them. It produces data with a well defined re11ab111ty for a
negligible increase. of processmg time ( < 25%).

CAW: (Johns Hopkins) Tom I'd like to know what your beam
current is and what you're scared of.

DAY: (Maryland) ' Well, it corresponds to about 1 1/2 micro amps
D.C. Let me just make a comment back on this other point, we have
never gone into the prior rough measurement situation, not even of the
vertex, Our alternative to finding the beam tracks and following them
is to use a scanned zone so that, of course, is a very fast operation too.

PLANO: (Rutgers) Any other comments?

VAN de WALLE: (Nijmegen) Concerning the comment about zoning
and vertex control, I think it takes about as much time to get the zone
correctly as it takes to get the correct vertex, -Secondly, I can possibly
see another economic reason for doing full automatic scanning in that
one sometimes has to cope with stupid but real walls between budgets
for equipm ent (computers) and budget for salaries,.

PLANO: (Rutgers) - T'd like to add one comment, As computers get
cheaper and people get more expensive the above argument is bound to
change. Any other comments?

GLASSER: (Maryland) I'd just like to say that the argument on
scanning certainly is at the moment (given Plano's warning) true, but

I think that's probably not the right denominator., The right denominator to
use is probably the time you spend measuring. The automatic scanning
time if it's a small fraction of the measuring time, is still worthwhile.

In other words, you may always be talking, on some kinds of experiments,
about a neg11g1b1e addition in cost no matter how you do your scanning,

and I call 50% negligible.
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1.1 COMPUTER CONFIGURATION

We have a Sigma-7 computer and an Astrodata PEPR. The computer
has a fixed point add time of 1.4 microseconds, 48,000 words of 32 bit
850 nanosecond memory; a 3 million byte fixed head per traék (512) disc
with an average rotational delay of 18 milliseconds and transfer ratevof
140 kilobits per second; two 9 track tape drives with 800 BPI packing
density and 90 inch/sec. tape speed; a seven track tape of similar charac-

teristics; a 450 card/second reader; and a 450 LPM line printer.

1.2 DISPLAY SCOPE

All the display scopes I have seen on other PEPR systems have re-
quired CPU attention for eaéh point displayed. This is unsatisfactory for
two reasons: first, it competes with the execution of real célculation;
and secondly, the refresh'rate is held down and conseéuently the mumber
of points which ﬁay be displayed without ammoying flicker.

We have a display scope built by our group with ITT and XDS camponents.
It has a built in channel which enables it to pick up x,y coordinate pairs
stored in memory and display them without interference to the CPU. Since
the computer memory is segmented into "dobrS”, there is in-general no con-
flict over memory accesses. The buffer in memory for holding the x,y
pairs is not allocated until execution of a given run, at which time all
space which is not used for anything else is used. About 2,000 points can
be displayed without flicker. ~ A

We routinely display a T.V. scan or enlarged T.V. scan of the vertex
region with the current sweep cell center indicated by a brightened spot.

The N/Phi plot can be simultaneously displayed. The various banks can be
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displayed and superimposed on the T.V. scan, especially the output bank.
Of course, the T.V. scan is not done in production.  We feel Very strongly
that a good display can be a great help in software development and main-

tainance of machine performance.

1.3 FIIM TRANSPORT

We have an extremely general high-powered film transport which. can
handle 35, 46, or 70 millimeter film sprocketed 6r sprocketless."

The system has a film aéceleration of 1400 in/sec2 (3.65g) to a
maximun speed of 300 in/sec. (25 ft./sec). However, we currently limit
the top speed to about 12 ft/sec

Film position is controlled by the computer through a 24 bit 2's
complement bidirectional counter. Once this register is loaded, film
motion is initiated, rotating an incremental shaft encoder until the count
is reduced to zero. One count corresponds to .56 mm of film motion. The
camputer, of course, is free to do other calculations during this time.

We do all calculations. of film ‘position on a dead reckoning'systén.
The results of a film motion are confirmed by the measured locations of
the chamber fiducial marks.

" The film Brenner marks are not used.

Since the spacing of frames on our 46 mm sprocketless film is non-
uniform because of slippage in the camera, the program must "1eam'; and
coﬁfinuélly adjrusﬂt to this" variation.

" Positioning of the film to a close tolerance is necessary since our

5" CRT can see only 2/3 of a frame and we do not want to move the film during

the measurement of one view.

N
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Film is held in the film gate with both mechanical and vacuum hold down.

1.4 LENS AND SPOT SIZE

We have'a 1.5 to 1, F2.8 lens manufactured by Applied Optics and
Mechanics Co., which‘we'use in the demagnifying mode. The demagnification
of the spot and the aberration of the lens just about cancel out, so we

have about a 25 to 30 micron spot at the film plane.

1.5 PEPR - SIGMA INTERFACE

Our Sigma-PEPR Interface was built by our group fram standard SDS logic
~ hardware, and mounted within the PEPR controller Bay 5. Each communication
with the controller is handled via a single CPU cycle. The data path is
32 bits wide. Fortunately, no 36 bit PEPR register has more than 32 bits
of significant information. The rearrangement of the 32 bits into the

appropriate 36 bit format is handled by the interface.

1.6.1 MARGINALITY OF PR (10 micron) MODE '

In regard to the Astrodata setup, we feel that, especially for our film
on which the tracks are about 25 microns wide, the PEPR hardware is very
marginal in PR (10 micron) mode. We have two reasons for saying this. First,
there is the behavior of the modulation function with precision grids of
different sizes. The precision grid has alternating dark and light bands with
either 25 micron or 50 micron spacing. When PEPR looks at these in PR we
have almost 90% modulation with the 50 micron grid, which falls off fo under
50% modﬁlation with the 25 micron grid. In PE, on the other hand, the modulation
stays close to 90% on both the 50 and the 25 micron grids, which we think
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indicates that the-signal pulse height is being lost in the response time
of the analogue circuitry of PEPR. One of our biggest improvements occurred
when we began track following in the PE mode, and now we try not to operate
in the PR mode. The second problem - and this problem was perhaps more
serious than the first - was the following: given two tracks of the same
density, lying within 150 microns of one another, when sweeping across them
in PR, we found that in only one out of seven trials did the TEDS recognize
the second track. In PE mode, however, the second track was detected in
better than seven out of ten cases. While not perfect, this can be used

for track following.

One way to avoid the band pass limitation, while maintaining the field
size of the PR scan, is to chénge the parameters of the PR scan from'total
coﬁnt 256 resolution of 10 micron to 512 total count, 5 micron resolution.

* This change has been made in our hardware, but we have not as yet evaluated

how well it eliminates the problem.

1.6.2 DATA FLAG

Another modification deals with the sf;;tegy for handling detected
elehents. We modified the action of the data flag so that it does not come
true immediately upon detection of the first element of a given sweep, Sut
waits until the end of the sweep. This modification in logic is effected:
by introducing a new flip-flop whose input terms are the old data flag and
the "nét sweepihg" signal. The advantage of this arrangement is that the )

program loop which unloads the track elements need only look at the angle

associated with the last element unloaded and can then assign that angle to -

the previous elements.



Ul

* 97 *

1.6.3 THRESHOLD

We have modified the controller to give us six bits of threshold
control. The three gain bits function-as low order threshold bits and are
wired into a six bit converter. We use the automatic threshold faéility

very heavily during all parts of the program.

1.6.3.1 SIGNAL CONDITIONER OUTPUT

| In general, we found the actual pulse amplitude out of the
Signal Conditioner to be on the order of 1-2 volts, while we have the
capability of processing a much larger signal. Therefore, we changed
the feedback resistor around the signal conditioner output amplifier by -
a factor of 2. This resulted in a greater dynamic range of useable threshold
values. Typically, the center of our operating range shifted in value from
16-18 to a value of 3642, giving a useful dynamic range of zero to 64

rather than zero to 36.

2.0 PROGRAMMING APPROACH

The ultimate end of PEPR research is measuring without input or oper- -
ator intervention. At the opposite extreme from this is predigitization of
same points on tracks and of the vertex. In the middle is prescanning to
indicate which frames contain an event and roughly in what area the vertex
occurs. We decided to start at this middle level for two reasons. The first
was economic necessity: we could not afford the necessary operator expense.
The second was that Yale University had a program successfully operating
at this level, and we thought we should be able to get it to work for

our film,



2.0.1 SONIC PEN
The sonic pen scanning table now nearing completion of construétion
in our laboratdry may change some of these considerations. A sonic pen

. L. . . . 14
is a pen-shaped device which emits a click (spark discharge) when itstip

~F

is pressed. Two long (3 ft., 5 ft.) capacitance microphones mounted at
right angles to eaf.h ofher on the scan table transduce the click, and the '
k,y coordiﬁates can he determined fram the delay. The high accuracy (25
mils.) and ease of use may be saﬁething to consider when planning the next

generation of software.

: 2.1 PRODUCTION PROGRAM FLOW AND OPERATOR INTERVENTION
Assume that thé Nth frame has been measured and passed by the operator,
then: .
1. The 'fiixn transport is told to move to the next frame (N + 1th) to
| be. measured.
2. An overlay is brought in from the disc.
3. Calibration of all points measured in frame N is done.
4. Calibrated points from frame N are cutput to tape.
5. If necessary, a new scan card is read. Calculation about the- A
distance to move for frame N + 1. |
6. Initialization calculations for frame N + 1. | - .
7. Wait for film to come to rest. |
8. Find and measure fiducials; possibly recondition film.
| 9. Do area scan about vertex (as given on scan card).
| | 10. An overlay is bfought in from the disc.

11. Short track following of all tracks discovered by the area scan
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12.
13.
14.

15.

16.

17.
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and possibly associated with the event.

From information obtained ‘in 11, find plausible vertex.

Follow tracké-associated with event as far as possible.

Make sure an incoming beam is present in event and, if not,
look for one.

Try to be sure that no outgoing track is really a close passing
beam.

If not enough tracks for event topology, reexamine measured but
rejected tracks (coat hangers and beam suspects), possibly
loop back through 11.

Display all found tracks with event candidate brightened and
biinking. Allow operator to pass event or add or delete tracks.
If insﬁfficient tracks for event topology remain, re-try program

from 9. one more time.

18. Recycle to 1.

The routines for 8, 9, 11, and track following are generalizations of

Yale work; thaf for 12 is from POLLY.

There is considerable amount of calculation done between 11 and 16

concerned with being sure that two seemingly independent tracks are not

simply two measurements of the same track.

2.1.1 FIDUCIAL FINDING ROUTINE

The basis of our fiducial finding routine is taken from Yale's system:

however, we require a more elaborate search strategy. The center of a

- fiducial is determined by four measurements, two on each am of the fiducial.

The two points determine a straight line and the intersection of the two lines
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determines the center of the fiducial. When three or more fiducials have
been measured, a least squares fit is made to the known positions of
those fiducials with a rotation, translation, and magnification as
parameters. If the Chi-square of the fit is sufficiently small, a good
fiducial measurement is assumed. V
Notice that recognition of a single fiducial is assumed after the
existence. of only four line elements at appropriate angles is ascertaiﬁed.
When searching for the first fiducial, a series of i6ng linear searches
is carried out in the x direction (direction of film motion) with slowly |
varying y. This type of search is plausible since the largest unknown is
the motion. The other fiducials are searched for with a spiral search

around the nominal center.

2.1.2 AREA SCAN

This routine organizes an area scan in a rectangular region around
the known approximate position of the vertex, and detects elements whose
projections fall within an area such that they could lie on tracks of the
required event; i.e., they must point towards the vertex regioﬁ.

It is known that the vertex lies in a box 2 mm. square on the film.

Using the centre of this box as reference, scan lines are set up asymmetrically

around the vertex. The active scan lines are spaced 2 mm. apart and much
weight is given to the search of forward tracks by allowing 6 of the 8 scan
lines to be on the forward side of the vertex, while only 2 are used on the
beam side. (Thisvis especially important in our experiment, where the for-
ward tracks are often indistinguishably close for a considerable distance

due to their high momentum).
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The inactive scan on the other hand is symmetrically organized around
the vertex, thé eight séan lines being 1 mm. apart.

No looking is done in the active region within 3 mm. of the nominal
vertex since that region is usually densely populated with tracks so that

measurement is difficult and interpretation unreliable.

2.1.3 PRELIMINARY TRACK FOLLOWING
This routiﬁe takes the data found by the area scan and, using the '
furthest out elements as starting points, tries to follow and identify
all tracks in the vertex region. Hgving fouhd a new element, the Phi, x,
y of this element are used as a starting point and the track follower is
called to follow the track away from the vertex in steps of .5 mm, suffi- .
ciently far to obtain a reasonable'parametisation. This track follower is
then asked to reverse the direction of following and to follow the track
in towards the vertex. Tracks at steep angles to the beam direction near
the vertex are followed right throuéh the vertex, if possible, and then
noted as being not very likely candidates for inclusion in the event. For
tracks at small angles to the beam, it is important that the track follower
be prevented from following them close to the vertex as:
1. It.is'a confused region. |
2. The vertéx position is unknown, and there is a danger of the
follower sliding onto an outgoing track. If the follower has
failed to adequately measure a track, the step size is reduced
to .25 mm, and the track follower called again. This process is

repeated until every element found by the area scan is accounted for.
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2.1.4 THE TRACK FOLLOWER
We use the Yale track follower almost intact. . One change is implemented
when starting to follow a track: we try to find an appropriate threshold

to use particular to this track. If your threshold is too low, you get many

hits, but the hits will cover the entire angular window (* 5 degrees) and you _

get essentially no information about what the true angle is. Consequently,

it is a good idea to spend some time when getting started on the track to

decide what is a really appropriate threshold. We sit at the beginning of
the track and we sweep over it until we find a threshold which gives us
between five to seven hits and we decide that that is the nominal threshold
with which we will follow that track. There is also a signal to low level
programs when we are in traék following mode (or when we are in certain
parts of the fiducial finding routine) that there really is a piece of the
track expected. The low level routine then makes repeated attempts to

make a good measurement, lowering or raising the threshold as appropriate.

The attempt at remeasurement is especially valuable in light of the phenomena |

noted in 1.6 and costs very little in time.

The second change is in the prediction routine. What is an optimum
piece of track to use when doing‘predictions? We do a prediction on the
basis of five poinls as does Yale. However, we do not use the last five
points. We updatg the bank on which we do the predictions only on every .
other point so we actually have the most recent point, but the other four
points come from every other measurement on the érack. Thus, we have a
longer piece of track on which to predict. This is a very clear advantage

if you are doing a circle fit. If you are doing a straight fit, it serves

the purpose that one wrong measurement does not tend to make you really start

)
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looking in the wrong place.

| It might be noted that at our energies (6.9 GeV/c) the program
decides (on the basis of sagitta) to use a straight line prediction more
than 70% of the time. With this method of doing predictions, we were able
to tighten down our.tolerances on what the track follower would accept as
a continuation of the track when looking at the predicted point. Thus,
rarely do we ever see the track follower slip off onto a neighboring track.
2.1.5 VERTEX CALCULATION

We first find all intersections of all pairs of tracks. If the inter-
section lies within a reasonable area of the nominal event vertex, this
intersection is a vertex candidate. A confidence level for each inter-
section is calculated such that long tracks intersecting at large angles
bear more weight than short tracks intersecting at small angles. Then a
weight is calculated for each intersection based on the sum of 1/(squares
of the distances between the intersection in questioﬁ and all other inter-
sections).

Then the vertex position is calculated using a combination of the con-
fidence level and weight of each intersection. Now. the distance of each
track from this vertex is calculated ahd up to ten of the cloéest tracks
are remembered in an array in deéending order of closeness to the vertex.
An appropriate number of these (depending on event topology) are used to
calculate a true vertex where the weights described above are not used,
although the confidence level is. If the distances of the tracks from their
common vertex are such that their average RMS error is less than 50 microns,

the vertex is considered good.
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2.1.6 CALIBRATION

The calibrations applied to the final roints are in ihe fofm used
by M.I.T.: a pinéushion distortion; a central interpolation count distor-
tion; an interpolation count significance distortion; a spo;—to;line dis-
tortion: and an angle distortion. |

Although our calibration routine measures and fits polynomials to
all of these distortions, the last two are not used in the production
module. We are planning to usé the spnt-tn-line soon. |

The residuals after calibration to predicted straight line seem:
to be something under 3 microns in both the x directioﬁ and the y direc-

tion. This is done with a spot in the PE mode.

2.2 TONIZATION MEASUREMENT

The ionization program which is at present not incorporated in the
main body of the program is taken from an M.I.T. method, which is that
oncé you know the location of the track, form a line element as close to
parallel to the track; and sweep over it many times and look at the ratio
of misses to mmber of trials as a function of threshold. If there were
no noise this would be a step function. Of course, there is bound to be
noise in the system, so the step will have some slope, and, in fact, I wés
sﬁrprised to see that our slopes were much steeper than those seen at M.I.T.,
typically four or five thresholds out of sixty-four.

This was a fairly time-consuming process and we finally developed an
algorithm which, since it knows the approximate threshold, looks at values
close by and then steps in either direction until all thresholds in the

transition from 80% hits to 20% hits are covered. Since our slope is fairly
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sfeep, ionization of the track is defined as that threshold at which there
are 50% misses.

We have had a graduate student measure a series of tracks with this
ionization program which were also measured on the scan tables, and while
we do not have a quantitative number on what ionizations can be resolved.

the agreement between hand and PEPR measurements was very good.

3. SUMMARY

The film that we are using is 46 mm. unsprocketed film from the
82-inch bubble chamber at SLAC. It is KtP film of 6.9 GeV/c. The tracks
are rather straight. The format of the film produces a fiducial area of
100 mm. by 45 mm. We think that we are essentially in production. We do
not have a match program working and at the present moment we do not have
a TVGP set up with its chamber. We did have a make-shift version of TVGP
about a month ago. We chose a sample of twelve events in which the out-
going tracks did not overlap, so that we could simply sort them by outgoing
angles. We did test those through TVGP and SOUAW and got fits that com-
pared with hand-measured events, so we are faitrly close.

We have measurea about two full rolls of film in esséntially automatic
mode from scan cards with an operator present who just had to-hit the button

at thg end.
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DISCUSSION

LUCAS: (Yale) In operating PEPR at Yale AJOIN
followed tracks often more than once, I wonder if you could comment
on whether this is still true or not, for your program?

CHATZKY: (Johns Hdpkins) Absolutely, I think that if you noticed

in that second slow event 80 or 90% of the time was spent in AJOIN.

I think there are two problems that account for that, One is that,

as I pointed out, I think it is fairly important in order to make a good
measurement, that you flnd a suilable Lhireshold, You don't alwayo got
a good measurement of the track unless you take the time to do a
preliminary scan of a cell to look at how many hits there are in the
various elements and then to look at them again with a good threshold.
Very often a single element won't match very well when you come to
take it out of the bank and that's one problem. '

I think basically it's a bad idea to
scan a whole area, it is much better, as many people, such as POLLY,
have done not to do an entire area scan but to do some smaller scan,
eg. a circle scan, but not . necessarily a circle because it takes a long
time to calculate sines and cosines, maybe a polygon or a square or a
rectangle and look at everything along some line., Then pass through the
rest of your program and see if you already have enough information. If
you don't then go back and scan another part, there is no sense in doing
the area scan all at first. Ithink the idea is to do a couple of line scans
surrounding the vertex and then only go back and do another line if
needed afterwards, and that I think is the other problem, " That as you
can see is a fairly significant change in the flow of the whole program and
as soon as we find that MATCH and TVGP do confirm that we are in
production, we'll go ahead and do that., In the meantime, in the past month
while waiting for MATCH to come up we have Just been flddhng with one
little point or another,

3
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PERE,

W T

The §ptgers
=

R. J. Plano, Rutgers University

We have the standard Astrodata hardware and a PDP-6
computer. We are followiné the M.I.T. point guidéhce programs
quite closely. So far the calibration is working, and we can
interact with the scope to put in guidance points, we have
measured an event, and that's the report. However, I do hope
that some of you are interested in some of the details so I
will go on. The Astrodata hardwére is in particular number 7,
and it arrived on Thanksgiving Day in 1968. We have interfaced
it ourselves to the PDP-6; we've done many of these little jobs
ourselves. The hardware, I'd like to say, behaved very well
and we've had essentially very little troﬁble with it. We've
had more trouble with the point guidance software, but it is
now beginning to work and I'll say more about it. Later I'11
also diséuss a little what we hope to do in the future once we
get into production.

We've hadvthe PDP-6 computer since 1965. It waé originally
purchased to do on-line checking éf standafd measuiing machines
"and that is still doing this. It has 64K of 2 ﬁicrosecond memory,
no fast accumulators, 4 mag tapes, 6 dec tapes and 8 teletypes.
We are a strong believer in time sharing and this is an important
component of the whole plan. We also have a disk coming this
month. On this computer we do not only PEPR; but we do all the

computing associated with the bubble chamber group. In fact we



allow other people in the Physics Deéartment, and even a
little from outside of the Départment, to use the computer,
since the time is as yet available. This is, I think, of some
help to us, as I feel a little guilty if the computer is not
used much, and the disk for example, was obtained partly to
improve the availability and usefulness of the PDP-6 to teach-
ing and other research areas and was justified paftly on this
basis. We've told all these pedple that the PEPR projectAhas
top priority and they are used to,being bumped and conceivably
could be permanently bumped some time in the future. However,
I don't think that will happen. The Rutgers PEPR is not just
a Rutgers PEPR. We are now forming a joint group with the.
Stevens Institute of Technology, including Leonard Koller and
Snowden Taylor with graduate students. The entire staff we
have is as follows: The physicists involved include Koller
and Taylor at Stevens, and myself, Peter Yamin, Robert Knop

and E. Byerly Brucker at Rutgers and about 9 graduate students.

We used to have a senior technician, and if any of you know of

a senior technician who would like to come to Rutgers would

appreciate your help very much. We do have a junior technician.
With this staff we do éll the maintenance work on the computer
and on PEPR, since we have no maintenance contract for taking
care of the computei. Two senior professors, as Tom Day said,
are half a research associate, and one is evén less.

A few technical details may be of interest here. We have

a film advance made by the same company as the John Hopkins film

]

1 }
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advance. It is quite a different}design in that it takes
sprocketed film only, is driven by a stepping motor with steps
of 1/4 sprocket hole and goes at a top rate of 2000 steps a
second which comes out to about 500 feet a minute. It is also
trivial to change between 35, 46 and 70mm. Apart from some
initial troubles, whereby whenever you touched it or closed
the door the electronics blew ouf $300 or $400 worth of $50
transistors, the film advance has worked very well. We haven't
been in production yet so I really have to qualify that. But
it does look very good, apart from the fact that it takes one
half second to open and close the film gate. It coét $11,000

and I am told the next one of this design will cost $15,000.

. Another difference from most groups is that we operate our

PEPR not in direct user or I/0 mode but through a service
routine. This is done partly,becéuse of all the other time-
sharing users to try to avoid killing the system as much as
possible and I believe that has been reasonably successful but
it does slow up the PEPR by a factor of perﬁaps 2 or 3; I
don't have any exact numbers on this. In our prodﬁction, once

we are finished debugging I am quite certain we will take this

feature out and do direct user I/0 from the program like most

other groups do.

Another difference is that we don't have a standard DEC

"scope, but a Tektronix 611 storage scope. This again is motivated

partly by the fact that we have lots of other users and we don't
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wish to tie up the central processor any more than necessary,
but also because it's cheap. The bésic scope éost $2,500 and

we interfaced it for an addiﬁional $1,500. Wﬁat you save'with.
this, of'course, is the refresh time, you use no computer or
other hardware.time‘to do it and there is obviously no flicker.
You can use a light pen, which may not be immediately obvious
because they have a clever feature of a write through spot which
doesn't store and which you can move around at will. This is én
.analog of a light pen hit. You can, of course, either use this
directly or, as we are currently doing, search through fhe bénk'
of coordinates which were displayed and find the one closest to
the light pen "hit". This is slower but works very well.

Our calibration is a direct copy, as with almost all the
software, of the M.I.T. version and we get a standard deviation
of about 5 microns on the scope. This takes about 9 minutes
and I believe is the best measure of the fact that we go two
or three times slower by using a service routine. I am sure
we'il havé no trouble speeding that up when we get going.

The major hold-up at the moment is the bookkeeping sys£eh.
We can now, if we enter_ppints in the scope, measure events qﬁite
reasonablylwell and répidly, but we have not yet interfaced this
entire system with the IPD's. This should be quite easy since
our iPD measurements come out di;ectly on még tapes avoiding
card problems. I hope that this will be done in the not too

distant future.




The physics we had in mind was originally to do, 25 GeV .

protons in - the 80" chamber.. We got an additional run on that

which we thought would be very useful in that we could compare
the . results wiﬁh the many events we already measured by standard
techniques. Unfortunately the new film was taken just'before
the shut-down a year ago and turned‘out to be of very bad quality.
The 80" was extremely non-reproducible and although we sent a
roll to Rutherford to be reverse developed, we decided that
either way it was essentially impossible for PEPR. We aré now
doing iflby hand.

We have currently é proposal for a pp exposure at around
1.3 Gev in the T meson region which we hope to do on PEPR. This
is pr0posed'both at Argonne, which is unlikely due to the lbw
beam intensity, and at Brookhaven in the 31" chamber. We are
asking for 500,000 pictures and we'd like to do a complete de-
tailed study of this region which means that we hope to measure

of the order of up to a million events. This, of course, is a

_somewhat ambitious program as so far we've measured only one

event.
I believe that once we get into operation with the current
equipment we will be able to do something like 200,000 events

a year and to go much faster than that we'll have to do some-

. thing more desperate. What we hope to do is one of the follow-

ing or some combination thereof: one is to get a three-view

PEPR, second is to get a faster computer which is an obvious
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.statement and third ﬁe are thinking of becoming more automatic
by foliowing beam tracks to find events as donefby‘POLLY. We've
done no detailed thinking about this and I have nothing to add
‘to the discussion. In closing I would venture to say that I

see no reason, apaftlfrom the usual réasons, that we cannot be

in preliminary production sometime this summer.
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This paper describes the current status of the Visual Techniques
Laboratory of the University of Washington Physics Department and also
presents results on a vertex guidance system that has been developed in the

past six months at the University of Washington.

I. STATUS OF THE LABORATORY

The charter members arrived last October lst and have accbmpiished the

following objectives:

I.A. Facility
Laboratory funds were obtained from the University to build a facility

within the Physics Building. This was considered essential to maintain close

contact with the Physics Department. Construction began November 1, and was

completed March 15. The total office and laboratory floor space is about

3000 square feet. The computer room has a raiséd_floor and is air-conditioned.

There is also a scanning room with sufficient area for four IPD's, and an

electronics shop.

I.B. Computer
The PDP-10 arrived on November 1, and became operational about three

weeks later. The computer has 32K of 1 microsecond coxe,'lGK.of 1.6 micro-
second core, a 600 line per minute line printer, 4 DEC tape drives, 2 mag-

netic tape drives, and a VR1O CRT display.

. I.Cs IPD Machines )

Two machines are being constructed. The design is similar to that of
the Berkeley SP5 model. The frames have been built and assembled; optics,
film transports and digitizing arms are mounted and being tested. The read
: .out,<which will consist of one incremental tape drive hooked directly iﬁto

the IPD machines, is now being wired and tested.

1.D. PEPR Hardware

The PEPRAAstrodata hardware has arrived; the electronics was debugged
at Astrodata. The interface between the Astrodata and the PDP-10 has been
wired and on line tests with the PDP-10 will begin around June 1. The film

transport is being built by the Bucone Corporation

and will accept 35mm film.

The lens has a magnification of 1:1 (for SLAC film), a resolutioh of at least

-y
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40 line pairs per millimeter and an aperture of £/1.9. It is now being

mounted on the film transport. These will be shipped sometime during June.

I.E. PDP-10 Software

The PDP-10 is equipped with a time sharing monitor with duplex software

" and is compatible with the M.I.T. MACRO subroutines. The bubble chamber

chain of programs (TVGP, SQUAW, ARROW, and KIOWA) has been ‘implemented and

tested. The M.I.T. point guidance system has been partially tested even

though our PEPR hardware is not yet working. In order to do this we obtained,
by courtesy of Professor Pless of M.I.T., fine mesh PEPR data of 98 events

of Ep at 5.1 GeV/c in the 30" Argonne Chamber. The scans consisted of an
average of 1500 (x,y,¢) triples. In addition, the other'p;ograms in the
chain such 'as PREP which takes IPD measurements and trgnsformsithem into

a format acceptable to the M.I.T. Point Guidance System were also tested.
Figure‘l shows a bubble chamber picture of a §p event. Figure 2 shows an
area scan of this event and Figure 3 shows the results of track following

off-line with the M.I.T. point guidance system.

The PDP-10 is . approximately twice as fast as the PDP-6 for TVGP and
SQUAW, and approximately 1/3 as fast as the 360-65 for the same programs.

In Table I is shown a comparison of actual timings for the three machines.

II. VERTEX GUIDANCE SYSTEM

With the fine mesh PEPR data we have been able to develop off-line a
vertex guidance system based on a global approach.(l'z) The system has worked
with a very high success rate on the limited sample on which it has been
triéd._ The input to the system is a fiducial mark and the vertex for each
view.~ These are measured off-line oﬁ an IPD machine (Image Plane Digitizer).
We make area scans in a.circuiar region around the vgrfex, The scan is not
made at all angleg as‘will be seen later. The circular region has a radius
of 1 cm on film. To all elements (x,y,$) found in the area scan, two trans-
formations are appliea (See Section II-A): for each element in the area
one computes potential curvature (3p), and an‘angle (Z¢), based on the vertex
point and the (x,y,¢)‘?oordinate of the element. When the (p,lp)i values

corresponding to each element (x,y,¢)i in the circular scan are plotted on a

two dimensional scatter plot, circular tracks emanating from the vertex are

reduced to a point. Tracks which do not go through the vertex are spread
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as background over the scatter plot.

To make absolutely clear what is meant by these two transformations, -
we choose to show the results of the program on the y-ray of Figure 4. An
area scan of the gamma ray is shown on Figure 5a. The program is given the
position of the vertex of the gamma ray; it then obtains the p and Y values
for each element and plots them on a two dimensional scatter plot (See Figure 5b). .
The two concentrations of points on Figure 5b correspond to thé electron and
the positron. A simple program can easily isolate these two concentrations ©

and obtain whole tracks at once. The resulting tracks are shown on Figure 5c.
We will gonsider the following topics:

~ Basic global transformations

- Description of the current program

Performance of the Program on 98 events

Latest improvements

- Conclusions

II.A. Basic global transformations

II.A.1. ¢'transformati§ns 4 |
The geometry of the ¢ transformation is shown in Figure 6. If an area

scan is made around V it is éasy to show that, for all the PEPR elements

(subscript n) belonging to a circular track (superscript i) emanating from V, (and

ignoring errors), the following relations hold:

(1)

< -

RAEREE N

¢n ls Lhe PEFR anglecy an is the difference between the chord from the vertex
pzlnt to (xn, yn) and ¢n; ¢A
wv is the angle between the tangent to track i at the vertex point and the

is the angle between the x-axis and the chord;

X-axis.

The error on wn is constant over the whole PEPR scope, except very

near the vertex, and is approximately equal to +1.5°;

By = B¢ = £1.5°




The IPD vertex point, known to 60y on film, is assumed to have been

refined to *10uy by a program described in Section II.B.2. If we histogram

"all wn's for the area scan, circular tracks emanating from the vertex

will show as pulses of width 1.5°, independent of the curvature of the

track.

II.A.2. p transformations

On Figure 7 we show a configuration which arises in éhe case of a gamma
ray. Bpth tracks have the same fangent at ﬁhe'vertex point, and therefore
will fall in a single y pulse. It is possiblé to separate them by taking
the elements belonging to the pulse and making a histogram of the curvature

(bp) for those elements. The curvature is computed by the following relations:

2 sin Gn_ o
p = —- (3)

d
n

The error on p is not nearly as well behaved as the error on y:

Apn = —%— cos Gn Adn L “(4)
n : : .

" However, one notices that:

do _2d o .2 o
- day sin(y ¢A) * 3 (5)

" Therefore, the errors on p and Y are very strongly cdrrelated, even though

p and Y themselves are 'orthogonal' quantities (See Figure 5b). Consequently,

it is better to histogram the quantity o'

W -v) , ‘ (6).

(o] )

= +
n pn

where Y is the average value of ‘a ¥ pulse.

II.B. - Current Program

We have implemented these ideas in a program which is now capable. of
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doing a physics ekpériment. This program has the logic for handling the
most general topology. Three view events processed through this program

"have been successfully used as input to MATCH.

II.B. Input to the program

The coordinates of a standard fiducial mark together with the coordinates
of each vertex and the number of prongs emanating from it are given. The
generation number of each vertex is also given; hence, the wﬁole topology
of the event is known. An example will clérify this statement. 'If we look
at Figure 8 we see an event with 5 vertices and 2 trees. It is possible to

complelely specify the topology of the event by the following string:

(a,1,3) (8,2,3) (c,2,3) (D,3,3) (E,1,3) (F,2,3)
Number of tracks
Generation Number

Coordinates

Vertices B,C,F are second generation vertices and vertex D is a third generation

vertex.

II.B.2 Accurate determination of the vertex point

An area scan is performed iﬁ Region 1 of Figure 9. This region has a
radius of approximately 2.5 mm on film. The segments in this area are usually
well defined, hence it is possible to group the elements into segments. Having
done this, segment intersections should then yield a satisfactory vertex

app;oximation. The problem separates into two distinct steps:

1) find the segments

2) find the intersection point (vertex)

Step 1) is best described as the following sequence of substeps:
a) Area scan to get all glements within distance R, of the IPD'd vertex
4point (Region 1 in Figure 9), The distance R2 is about 200 MDC. (1 MDC=12.5u
on film), If there is a second vertex closer than‘R2 then reduce R2 to the
distance between vertices (but not less than about 100 MDC). Exclude all

elements whose angle, ¢, differs by more than say 15° fyrom the direction

of the line between the IPD'd vertex and the element position (x,y), unless

the distance between the element position and the IPD'd vertex is less

L
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than about 60 MDC.

b) Now order the elements by decreasing distance from the IPD'd vertex. s

c) Take the element farthest from the vertex and use it as a point from
which to perform the segment recognition sequence (y-transformation, pulse
recognition and circle fit, see Section II-B-3). Use the previously cal-
culated distance of the element from the IPD'd vertex as the maximum radius
for element selection from the ordered bank. Each element selected from
the bank will have its distance value replaced by its segment number. Then
take the next'unuséd eiement from the bank and again perform the segment

recognition sequence. Do this until the element bank is exhausted.

This cdmpletes;step l). Any segment recogﬁized'tha; does not pasé within
about 30 MDC of the IPD vertex is excluded from further consideration. Also
note that a beam track (or other) passing through but within 30 MDC of the
';PD vertex would bé split into two segments. A test on end points and end
angles can exclude some of these as matching segments. The angle test will
not always get‘a match since the parameter must be very tight in order not

to match segments of the event, although occasionally this can happen. Unless
the event is a 2-pfqng, it is still possible to get intersections and obtain

a vertex position. -

Step 2) is now performed in the following sequence:
a) Intersect all remaining pairs of segments whose end points are within

say 50 MDC of the IPD vertex and whose end anglés differ by 10° or more:

b) Save the intersection point unless it is more than 30 MDC from the
IPD vertex ox unless its position is within the end point of either segment

by more than 5 or 10 MDC.

c) Now calculate the average X and the average Y of the intersections

and obtain minimum and maximum values for both X and Y.

d) If the X dispersion is greater than say 5 MDC then exclude the point

whose X is farthest from the average X and return to c).

e) If the Y dispersion is greater than say 5 MDC then exclude the point

whose Y is farthest from the average Y and return to c).



£) Take the calculated average as the vertex point.

If less than two segments are found or if the coordinate dispersion still
exceeds the limits after reducing to two points then the IPD vertex is not

changed.

The results with this algorithm are quite good even with a sizable error
(up to 20 or 30 MDC, i.e. 250u to 400y on film)on the IPD vertex poéition as
transformed to the PEPR coordinate system. There are'some problem situations,
especially 2-prongs with an outgoing track parallel to the beam that also
havo a closé beam track passing through. However, the current success rate
is 90% on the events considered to date (about 50). It would appear that if
the hardware performance is reliable, i.e. if the information content of the
film is obtained, then it is possible to process this information with highly

reliable results.

II.B.3. Annular scan and pulse recognition

-An area scan is made aroﬁnd the vertex in the annular region shown
on Figure 9, Region 2. This annulus has an inner radius of approximately
200 MDC (2.5mm on film) and an outer radius of R.max of approximately 650 MDC
(1 cm on film). The M.I.T. digitizations happen to have been made along tiers
separated by.approximately 20 MDC (250 microns on film) and with a PEPR line
segment length set to 1000u. However, the Particular values for the parameters
R.max and tier size are quife likely to change in the future. Note that the
area scan time is inversely proportional to the square of tier size. The
area scan is not performed at all angles, but rather in an angular range
given by the following form:

i

_ V?icell -xvertex)z + (ycell ” vertex)2

R
max

A¢° (7)

A

In other words, A¢ will be a linear function of the distance of the cell
center from the vertex; A¢g is currently set to 50°, This tyée of scan.
eliminates a large number of unwanted elements, particularly from nearbf
parallel béam tracks‘and also takes considerably less time. Figure 10

shows a bubble chamber picture containing a 4 prong and a 2 prong events

and Figure lic shows the elements which remain in the annular region around

-
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the 2 prong after the above cuts have been made. Before histogramming,the
elements are weighted by a factor l/cosd)n (active), or l/sincbn (inactive),

to account for the fact that the scan is made along the x and y direction,

i.er traéks at 45° get less elements. This weighipg helps Eut is not essential.
The elemehts are now histogrammed with a bin'size of 0.5° and the hisﬁograms
are examined by a routine called SU?TED, the software equivalentlto the TED
circuits. This routine isolatés peaks ih a histogram. The elemenfs ih each

Y peak are now p' histogrammed. SUPTED is applied to the p' histbgramAand

will in general find one peak plus a few background hits, but occasionally

2 peaks (such as in the éase of a y-ray) or even 3 peaks. It is an experimental
fact that the track segments have become very clean at this stagelbyAvirtue

of this double sorting. The reader may be able to convince himself of this

by looking at the y-p scatter plots on Figure 5, 1lb and 18b.

Finally, Qe note that if the program of section II.B.2 has been unable
to find an accurate vertex point, the original IPD point is used to make the

Y-p trénsformation.

II.B.4. Track fit.

It is clearlthat'there will be pulses which are made up of two paréllel
tracks running very close to one another. 1In order to eliminate the unwanted
parallel elements, we use a slightly modified TVGP circle fit routine (CIRCLE)53)
Since the wanted track has more elements than the unwanted track; the first
fit is weighted toward the wanted elements; then.CIRCLE eliminates all bad
residuals.. The parameter governing the_maximum percentage of points which
can be removed has been increased to 50%. This procedure very rarely fails,
and an example of this is shown on Eigures'IZb and 124 although in this case
there is only one bad residual. Segments are now absolutely clean. The circle
fit routine also gives us a fitted center and radius for the segment. This

information is used to eliminate track segments which do not go through the

vertex point.

II.B.5. Outer area.

For all track segments in the annular area which reach the outer boundary
we can define a'roga with the center and radius given:by CIRCLE. An area scan
is made in the narrow road (see Figure 9,'Region 3), and the same'¢;p-CIRCLE
technique is applied to the elements found in the road. This method of global-

tracking in a road is extremely reliable and simple and could.ceftainly be
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used in point guidance schemes. Its advantages are simplicity and lack

of special cases.

II.3.6. Joining the segments '
Once the segments have been obtained for a vertex, they are joined to-
gether into tracks and the number of points on a track is reduced to approx-

imately 10 or less for TVGP input. The event data bank is then put on tape.

If there are several vertices, steps 1 to 5 are repeated for each vertex.
In this case redundant segments will have to be eliminated; this part remains
to be coded although we anticipate no particular difficulties since we know

the positiaon nf all vertices.

I1.B.7. Brief- description of the logic and some subroutines

This section is strictly for people interested in details of the program.
Since the logic is not trivial it may be of interest to describe quickly the
method used to keep track of the segments in a multivertex event. All digit-

. . . 4
izations x,y,$¢ for segments are stored in a large bank, RSAFE( )

and a pointer

to the beginning address of a segment in RSAFE is stored. The number of elements
in a segment is also saved. A word is kept for each segment specifying its
track, tree, vertex, region (as on Figure 9), and where it begins and ends
within the region; CIRCLE information is also saved. 'Dead' segments can

be removed from RSAFE by means'of subroutine POISON. Routines which manipulate

segments have the following type of calling sequences:

CALL SUB (RSAFE(IPOINTER), RSAFEY(IPOINTER), RSAFEP (IPOINTER),
RDST (IPOINTER) , LENGTHSEGMENT) L
. SUBROUTINE SUB (RX,RY,RP,RDST,L)
DIMENSION RX(1), RY(1),RP(1l), RDST(1l)

In addition to (x,y,$) we save d, the distance of the element from the vertex,
so that the track elements can be arranged in order of increasing distance from

the vertex (for TVGP).

II.C. Performance of the Program on 98 events

In this section we amalyze the performance of the program on 98 events.
These events were scanned at VIL with scanning criteria less stringent than
those of the ﬁp experiment. All topologies were taken (2,4, and 6 prongs).
In some cases we made a point 9f choosing events which would have otherwise
been rejected by standard scanning criteria to see how the program would per-

form under these more difficult conditions.
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We will first lead the reader in reasonable detail through four events

then go through the results for the total sample. .

II.C.1. Detailed examination of 4 events

fhe'first event is the previously discussed gamma ray. On Figure 4
we have the original bubble chamber picture for the event. On Figure 5b
we see the results of a Yy-p scatter plot, on Figure 1l3a and 13b the ¥ and p

pulses, and on Figure 5c the resulting tracks.

Figure 10 contains_two events: a four prong and a two prong. The
coarse area scan for the picture is shown in Figure l4a and ﬁhe resulting
tracks from pulse recognition for the 4-prong on Figure l4b. On this frame
the two prong eVeht,is.raﬁher‘difficult because the forward track crosses
several beam tracks. The Y-p scatter plot for this event is shown in Figure 1l1b,
and the resulting annular area scan is shown in Figure llc. The segments
found in the annular scan are shown in Figure lld. For the forward going
track yY-p hlstogramm;ng found the elements shown in Figure 12b. Then CIRCLE
removed the bad residual as can be seen in Elgure 12c, the distance between
two dotted lines corresponds to 1 MDC (12.5u). ‘The residuals are quite
scattered since no pin-cushion corrections were applied. Finally, in Figure 1l2a,
we show all the segments including those found in the road scans (Region 3
of Figure 9). Note that in the road scan for the beam track, which is narrowly

surrounded by tWo ether beam tracks, there are no bad residuals: The CIRCLE

fit routine has removed them.

Now we wish to show a particularly difficult pair of events (Figure 15).
These events are two six prongs, where both incoming beam tracks happen to be
superimposed; ten prongs are going in the forward direction. If we look at
the area scan.in Figure 16a carefully we see that the PEPR hardware did not
digitize large sections of a forward track. If it were not for this, all the
tracks in the forward direction, in both events, would have been found
(see Figure 16c and 16d). An extra track (vertical arm of the fiducial) has
been found in the second event. This extra track will be removed by MATCH.
These events are particularly interesting since they show the power of the
method for unfaveling events which are‘very‘difficult_fOr a scanner to dis-
entangle, partlcularly 1n a p01nt guidance scheme. We'also notice that

the backward curv1ng track on the first event has falled 'the Argonne
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chamber has a 30 kilogauss field, and when we took the area scans at
M.I.T., not anticipating this difficulty, we used a 1000uy line segment.
This was clearly too large for such curved tracks and digitizations were
either non-existent or very poor on such tracks (iook very carefully at
the left hand side of Figure 16a). This means that we have systematic . 4
failures on curved tracks throughout the entire sample. Despite this,

we will see that the overall performance of the system is excellent.

IT.6.2. Performance of the program on 98 events

©

We eliminate from the tally (Table 2) seven events which are outside
the fiducial volume. Of the 91 events considered in all three views, 75.
pass'all tracks or fail at most one track in one View. TFlve events fuii
coﬁpletely, i.e., they are classified as unrecoverable. Eleven events
fail avtrack in more than one view because the track is either very curved
(1000u line segment problem) or very shorf (lacking TV scans we cannot find
stubs). These two problems will be solved in the next version of ‘the system
(see sections II.D.2 and II.E). It should also be noted that the angle of

elements at the scan's angle boundaries are skewed since hits which could

have occurred past the boundary would shift the average angle toward the

[y}

-this case and will be included in the next version of the p:ogram. Since

the boundaries happened to be -45° and +44° for the current data all angles
from 409 to 480 and from -49° to -41° are incorrent. Furthermore, some of
the events which fail have two tracks in the same ¥ and p pulses. These

are now separated by a subroutine, SPLIT, discussed in the next section.

- The conclusion is that on this particular film,despite the above
handicaps, an 82% operating level is attained. Including 50% of the

'recoverable' failures raises the operating level for this type of film to 90%.

II.D. Latest Improvements ' -

II.D.l. Track splitting-SPLIT

On the area scan of Figure 18a we see two very close tracks emanate
from the vertex; these tracks have the same y and p. The track circle fit
technique will normally eliminate one of the tracks; however, we see on
Figuré 18c that-all double elements have exactly the same x coordinate because
of the very nature of the PEPR scan. The y coordinates are separated in

this case by approximately 100 microns (8 MDC). These two tracks are therefore
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close to the limit of hardware resolution. The TEDS will not fire if two
tracks are closer then 5 MDC. When SUPTED finds a very large § and p pulse,
we split the elements in the pulse into two segments by linearly separating
pairs of.elements having nearly identical x coordinates. A routine has
recently been written by Maria Rosa Pignotti td handle this case fof-ué

to five tracks. (This is analogous to the element recognition problem).

SPLIT is called .before  CIRCLE; on Figure 18d the split upper track is shown.

II.D.2. Improvéd Angle Resolution‘ -

We now discuss a'way of imp;oving the angle resolution. It is clear
from Equations (1), (2), and (6) that any improvement in ¢, will enhance
the efficiency. It turns out that in ELSCN, while making PE digitizations,
it is possible fo reposition the line segment along a line defined by the
PEPR angle, at points spaced approximately 20 main deflection counts to each
side of the central point{ with little cost in time. We can fit a straight
line through theéeApoints and get an angle which is considerably better than-
the standard 1.5o reéolution for the PEPR angle. 1In fact, if the least
count is approximafgly 3 miérons on-film at 40 main deflection counts. one
would expect a resoiution of approximately .5 degrees instead of 1.5 degrees,
We have tested this_idea using the fine megh digitizations; the resolution
does improve by the expected factor. We intend to incorporate this into
ELSCN very shortly.(5)~SPLIT along with improved angle resolution will make
the system effective on.high energy experiments, where traqks are strongly

peaked in the forward direction.

II.E. Conclusion:

We feel that the method of global track following that we have presented
here is extremely powerful because it avoids special cases and is relatively
simple to implement. We are currently inserting the improvements that we have
mentioned .and are*préparing to take data for 600 4-prong and 6-prong events
to process through TVGP and SQUAW. These will include T.V. scans around the
vertices (to find stubs) and 1 mm and 1/2 mm area scans to find very.curved
tracks. It would appear that if the hardware digitizes properly these global
transformations are capablé of extremely high efficiency, possibly 95%, _on
good film such as we have. The method can probably be used even more fruit-
fully at high enexgies where the ciréie approximations a;e'even better. We

estimate that the:p:ogram will process 150 events per hour. The success rates
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are sufficiently high to warrant consideration of an off-line help system

discussed in the next section.: ’ o~

On-line display systems were written to determine program performance.

These displays are quite extensive and have been found essential in generating

new ideas and in debugging. We are, .in fact, firmly convinced that direct
interaction with extensive displays via teletype is the only way to understand
complex programming systems. Some of the displays were photographed and have

been used as figures.

III. Off-line Help With a Disk

We suggest that a disk can be used very cffootively to eliminate re-
measurements. This will allow the PEPR system to measure a roll of film in a
single pass. In other words, no further measurements have to be made as is

customarily done.

Let us very briefly review the 'front end' programs of a standard bubble
chamber data reduction system; the flow is shown in Figure 19. The IPD machines
(Image Plane Digitizers) are used to digitize points on each of three views of
an event. These points are input to the PEPR programs which also have access
to the film. All the tracks of the event are measured by the PEPR system,
usually one complete view at a time. The PEPR measuremenfs are input to the
MATCH program which labels corresponding tracks iﬁ the three views, TVGP .

which reconstructs tracks in space, and SQUAW which does kinematic fitting.

We now discuss a disk system for which a block diagram is.shown on Figure 20.

As a view is being processed two things can happen to an event-view:

" a) It is unambiguously solved. 1In this case, the tracks are written -
out on the disk.at the average of 1000 words/event (basea on 2 to 6 prong events).
b) There is a track missing (maybe even more) or there is some doubt
as to whether the event has been successfully measured. In this case, a fine -
mesh scan of the whole view and a TV scan of the region around the vertex are
output on the disk. We estimate that we will write out at the very most

10,000 words/bad event, and this data will be used in the off-line help system.

For a typical roll of film and assuming a success rate of 85%, we estimate . .

that 3 million words will go onto the disk per 3 view roll of film,

Now MATCH, TVGP, and SQUAW are called and all ‘good' PEPR events are
processed through these programs and the results are returned to the disk.

At this point we know which events have failed TVGP, MATCH, and SQUAW, and

I\r)
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we bring in an operator. The great advantage of this system is that the

operator has available three views of the film on a scanning table. Next
to that scanning table is a CRT display and a teletype through which the
operator interacts with the PDP-10 and with the disk by remote control.
All three views of all events which have failed are now examined with the
aid of very elaborate displays. Most of the displays have already been

developed to test and debug our vertex guidance system. If some tracks

of a view have been failed by PEPR, the light pen can be used to push them

through. If the event fails MATCH, TVGP or SQUAW, all the tracks can be
examined for bad points or various other difficulties and mended. At any
time the operator cén swap in programs like MATCH, TVGP or.SQUAW to see.
if his efforts have been successful. The swapping time for a 35,000 word

program is approximafely 0.5 second.

Ionization is measured only for those tracks in which there can be an
ambiguity. Takihg into account dip this means that for positive particles,
any track with a curvature > 3.0 GeV/c will not have an ionization ﬁeasurement.
Since we always have available curvature infqrmation from CIRCLE we can
determine when an ionization measurement should be made. For those few cases
where there is still some ambiguity the operator. can decide by looking at
the event on the scan table. Of course, the details of what one does about
ionization are strongly experiment dependent. For example, if we are studying

diffraction dissociation of the incident particle at 20 GeV/c, we will very

rarely need ionization measurements and the above system will work very well.

’ . + . .
If on the other hand, we are studying the 7 p interactions at 4 GeV/c, the
above system will almost always require an ionization measurement for the
positive tracks. For such experiments, it will be interesting to determine

if ionization measurements can be made on one view only.

All events 'are completed at this stage and no further remeasurements

will be necessary. The events are then ordered by frame number while sfill on

the disk and written on a magnetic tape for further processing.

This system is: very much like having a three view system without having
to code very difficult programs like three view tracking. Although from the
experience one gains from the human operator, one might develop a three view

tracking routine operating off-line with the data on the disk. We point out on
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Figure 2, that one of the views could remain in the PEPvailm gate at help
tiﬁe if the need arises, although at the moment tﬁis appears to be unlikely.
However, random access tod' one view at help time might be useful and one
might alsé consider doing ionization in one view after SQUAW, if this proves

workable.

Such a system cannot be operated without a disk, since three magnetic
tapes would be required to store the data for a roil, and access to a.magnetic
tape is prohibitively siow, as is the swapping of programs from,DECtapés.

The diék we propose for this system is the DEC RPO2 Disk Pack, which is a
stnrage disk cnntaining 5 x 106 words per disk pack. The averaqe access

time to the first word of a bank of words is 62.5 ms. Once there, the trans-
fer rate is l5usec/word; thus it reéuires approximately 0.5 sec. to transfer

35,000 words.

-Finally, the data transfer rate for a disk is about four times that for
magnetic tape and offers a large advantage, especially for KIOWA runs where

most of the time is spent on I/O.

IV. PLANNED DEVELOPMENTS

We have plans to work in several other areas of Visual Techniques:
a) © We are starting a collaboration'with'the University of Washington
Microbiology Department. We propose to design a scanning device which will
automate tests which determine a patient's sensitivity to various types of

antibiotics.

b) ~ We have starfed a smgll pilot program on teaching elementary and
intermediatewphysics with a computer. Some programs have been written
where the student interacts with the computer through a £eletype and is'
presented with displays on our VR10 scope. The problems treated are colli-

sions (elastic and inelastic) and scattering in any central force field.
c) We are designing a system which will automate the measurement of ¥y
rays in heavy liquid chambers. 7 o
d) Our vertex guidance system will be originally used on 7 d film at

15 GeV/c in the SLAC chamber which we hope to obtain in the near future.

T

L}
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PP-6 - PDP-10 360-65

E TVGP time - 21.0 min. 10.5 min., *© 4.7 min.
SQUAW time , ' 23.0 min. 9.7 min. - 2.6 min.
TVGP ‘core , 27 K 27K . ~ 38 K

SQUAW core - . . 26K . ., 26K v~ 38 K

Table I.— Timings for 107 TVGP events and SQUAW events (2 hypotheses)
through the PDP-6, PDP-10 and IBM 360-65 .
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I

Number Percent
. Good events(l) 75 829 -
Possibly recoverable gvents(z) 11 - 12%
Failures .5 6%
toraL ) o1 ' S

(1) - At most one track missing in one view.
(2) = Several tracks missing because we do not have as yet a stub
search or because the track is too curved (See Section II-C);

most of these events will be recovered.

3) There were 98 events in all but 7 had been chosen outside the
fiducial volume to see what would happen and have not been

counted (most of them failed). -

TABLE II. - Performance of the Current y-p Program
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FIGURE CAPTIONS

The magnification may vary from figure to figure. Using the

fiducials as reference marks may help the reader.

Bubble chamber picture of an antiproton interaction in the
Argonne 30" chamber. In the upper left hand corner a four
prong event is seen; an anti-neutron star appears in the

middle of the picture.
Coarse mesh area scan of bubble chamber picture on Figure 1.

Performance of the MIT point guidance system (using the simulated

ELSCN) on the bubble chamber event of picture 1.
Bubble chamber picture of a gamma-ray event.
Coarse mesh area scan of the gamma-ray event shown on Figure 4.

yYp scatter plot of the gamma-ray event shown on Figure 4.

¥ values run along the abscissa and p values along the ordinate.
The two concent;ations of points at the same value of ¥ and
different values of p correspond to the electron and positron.
Notice the strong correlation between the ¢ and p errors.

For this picture § ranges from -20°‘to 50° and p from -0.003

to 0.003 MDC™ .

The track segments corresponding to the concentrations in the v

Yp scatter plot of Figufe 5b. The two tracks are clearly .separated.

Geometry of the y transformation. V is the vertex point, track
i i§ assumed to be circular, (x,y,-‘d))n is a PEPR element, dn is
the distance between the vertex point an§ PEPR element n, wn

is the transformed ¢n. wn is equal to wi, the angle of the

tangent to track i at the vertex point.

An example of the p transformation. When two tracks have the
same tangent at the vertex their ¢n transform into the same

Y bin. S -
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‘'Figure 8

Figure 9

Figure 10

Figure lla

Figure 1llb

' Figure 1llc
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IPD (Image Plane Digitizer) measurements input to the yp
system: a fiducial mark (Fd), a measurement for each .
vertex point (A thréugh F), the generatiﬁn number of'eéch
vertex and the number of tracks emanating from each vertex

(see Section II.B.1l).

Three fypes of scéns are made for each vertex. The data
from the area scan in Region 1 are used to locate the
vertex point accurately (the IPD vertex is known to only
60 microns). In the.annular region (Region 2), the yYp
transformations are performed to find track segments.

if a track segment reaches the boundary of the annular
:egibn,,as at point E, a road (Région 3) is defined by
the center and radius of the circle fitted through the

track segment elements. An area:scan is made in the

‘road and. the elements found are yp histogrammed to get the

remainder of the track.

Bubble chamber picture showing two events: a four prong
on the left-and a two prong in the center. Note that
the fofwara prong of the two prong event is crossing two

beam tracks.

The three short segments were found when making the Region 1
scan (see Figure 9) around the IPD vertex point for the 2
prong of Figure 10. From these three segments the vertex

point scan is determined to *10u.

_Yp scatter plot for the elements in Region 2 of the two

prong in figure 10. One notices at 70 degrees the point

concentration corresponding to the track going up on Figure 10,

.and around 10 and 190 degrees a number of concentrations which

correspond to beam tracks and the forward prong.

Area scan in‘Region 2 for the 2 prong of Figure 10. These
are the elements used to obtain the Yp scatter plot of Figure llb.
The A cut defined in II.B.3. Eqg. (7), has been applied,
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The track segments which remain in the annular region (Region 2)

and central region (Region 1) for the two prong event.
The two prong eventin Regions 1, 2 and 3 of Figure 9.

The fofward going track of the two prong event before removal

of bad residuals.

Residuals for the forward going track in the two prong event
after removal of bad residuals. The distancé between two
dotted lines represents 12.8 microns on film (1 Main Deflection

Count). Residual pin-cushion has not been removed.

The forward going track in the two prong event after removal

of bad residuals.
The y pulse corresponding to the gamma-ray event of Figure 4.

Histogram of the p values of the elements in the { pulse of

Figure 13a. The y pulse splits into.two p pulses.
Area scan for the picture of Figure 10.
The tracks found for the four prong event of Figure 10.

A bubble chamber picture with two six prong events. The
incoming beam tracks are almost superimposed and there are

ten prongs in the forward‘direction.
An-area scan for the bubble chamber picture of Figure 15.

Track segments resulting from yYp histogramming for the second
six prong on Figure 15. ' We see that all the tracks have been

found except one which was not digitized by the PEPR hardware.

Track segments resulting from yp histogramming for the first

six prong on Figure 15. BAll the tracks in the forward direction
have been found. The backward track has not been found because
its curvature is teoo large. The PEPR hardware could not digitize

properly on this track with a 1 mm line segment.
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Same as Figure 16b, but we show the central points (x,y)
of the elements (x,y,¢) instead of showing the elements.

Four events which have been successful: top right is a

six prong event, top left is a four prong and a three prong
(same as that on Fig. 3, but through our system), bottom
left is a six prong with a scatter, and bottom right is a

two prong with a scatter.

Area scan of an event where two of the forward prongs

nearly coalesce.
PYp scatter plot for the same event.

The elements in the p pulse for the two nearly coalescent
tracks. Splitting these tracks is easy since the x

coordinates of the 'double' elements are the same.
The top track in Figure 18c, after separation.
Standard Bubble Chamber data reduction system using PEPR.

Proposed disk system.
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Same as Figure 16b, but we show the central points (x,y)
of the elements (x,y,¢) instead of showing the elements.

Four events which have been successful: top right is a

six prong event, top left is a four prong and a three prong
(same as that on Fig. 3, but through our system), bottom
left is a six prong with a scatter, and bottom right is a

two prong with a scatter.

Area scan of an event where two of the forward prongs

nearly coalesce.
Yp scatter plot for the same event.

The elements in the p pulse for the two nearly coalescent
tracks. Splitting these tracks is easy since the x

coordinates of the ‘double' elements are the same.
The top track in Figure 18c, after separation.
Standard Bubble Chamber data reduction system using PEPR.

Proposed disk system.
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DISCUSSION

WATTS: (MIT) I'd like to ask two technical questions. How

sensitive is your phi plot to the accuracy of the measurement of the

vertex point first, and second, on the circle display that you displayed,

you had residuals plotted - what was the worst residual? How much in 3
microns on the film was the worst residual ?

BASTIEN: (Washington) The residuals were about 6 microns.

WATTS: (MIT) Why did the residuals go upwards on one side ’
and downwards on an other?

BASTIEN: (Washington) These are not calibrated for pin cushion, .
WATTS: (MIT) O.K. How about the first question.

BASTIEN: (Washington) We have a vertex point which is known to

100 microns on film and we make the scan in region 1 which eliminates

a lot of background, and then we compute an intersection from the tracks.
Then, we have a vertex search that searches for the vertex from all

the tracks that we want, by moving the point around, You compute an
intersection by minimizing the perpendicular distances to the tracks,

it's an old Frank Solmitz routine called MINPRP, after that you have

an accurate vertex point,

GLASSER: (Maryland) How sensitive is this to the case of

reasonably steep tracks where the curvature on a projection changes

quite markedly and also the coulomb scattering which also has the same »
effeet,

BASTIEN: (Washington) I think that we are really going to have to

look at a lot of tracks before I can answer this question, we have only

80 events we've looked at and the scheme works very well. The few =

steep tracks work up to the point where the curvature changes. Also,
the magnetic field in this film is very high and the tracks curve quite

a lot. When we took those area scans, we had only 2 mm line segments,
which is a very bad thing to do and so all the very curved tracks did

not register, but they certainly will if we have the 1 mm line segment.

PLESS: (MIT) On the classical beam track too close, this does
not give a very good resolution, you have to depend upon knowing that the
vertex point is on the right beam track because the rho and the angle are
the same for all beam tracks.



BASTIEN: (Washington) Yes, what happens is that you have to
‘ locate this vertex by means of the Frank Solmitz fit, if you have very

- close beam tracks. May I say it is fortunate that sometimes if the
tracks are too close they won't register at all in the PEPR hardware,

PLESS: (MIT) ’ The point I.am really getting at is that

this system for a number of reasons hinges crucially on knowing that
vertex and if, for example, in beam tracks too close, which incidentally
in your roll of film, I suspect yau don't have, because they were
eliminated at the scan table. ’

-~

LUBATTI: (Washington) Not true.

'BASTIEN: (Washington) - Not only that, we took all the events,
in other words we took the pp scanning rules that were passed out for
our pp collaboration and we took all the events in the fiducial volume,
plus some difficult events to see how the system would perform,

LUBATTI: (Washington) Pierre, your point is that when you
make your small scan at 100 main deflection counts you have that 3
degree cutoff automatically throughout. ' '

BASTIEN: (Washington) Yes, since two tracks will not register
if they are closer than about 40 microns, we chose a 1000 microns
radius which corresponds to approximately 3 degrees and so this is
where we have chosen the 3 degree cut. All other beam tracks are
certainly going to be wiped out by this count unless they are really very
close. Of course, if they are overlying then there is nothing you can do.

-)

s

PLESS: (MIT) It also is just a question about how close is
close.
BASTIEN: (Washington) 4 How close is cloSe is probably 50 microns,

There are other ways.to work on this problem. You can use something
very equivalent to element recognition to separate two tracks that are
very close, by replacing N vs phi space by x vs Yy space., For tracks
30 microns apart we use a trick that is exactly like the element recognition
and we can separate close tracks and afterwards go to MINPRP and
calculate the best intersection. From this you will get the best possible
vertex intersection by minimizi ng the sum of squares of the distances,
This is very powerful. '

’. " VAN de WALLE: (Nijmegen) On these phi histograms that you showed

using data measured by the M.I. T. PEPR, did you use the IPD vertex or
the PEPR measured vertex to make them : S '
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BASTIEN: (Washington) ~We used the IPD vertex. This is a
whole new system, we measured the fiducials from the area scan, in
fact we wrote our own fiducial locator, and then we computed the
expected vertex.  For those familiar with it, PREP is not included in
this system, it's now a very short subroutine in the system.

PLANO: (Rutgers) I don't undéfstand your numbers, if the vertex
is known to 100 microns and line element is a 1000 microns away, you'll
have an error of 6 degrees, you cut at 3 degrees I helieve?

BASTIEN: (Washington) Yes, 2 or 3 degrees.
PLANO: (Rutgers) You pick up the wrohg beam track do you not?
BASTIEN: (Washington) I think maybe I am wrong in the number

of 100 microns, it's more like 5 main deflection events namely 60
microns, 100 microns is the worst case, When this happens, the elements
close to the vertex will be wiped out by the cut.

COX: (Johns Hopkins) You said that you'need 100 microns
accuracy, you don't know quantitatively how much the phi plot spreads
with that inaccuracy?

BASTIEN: (Washington) I don't know yet.

COX: (Johns Hopkins) ' Your method can be used in absence of
knowledge of vertex just taking any point on the track it seems to me,
although the number of calculations you have to do expands by considerable
amount. Thec question is, what kind of time do you need, typlcally, on

the kind of events that you're looking at?

BASTIEN: (Washington) To process these events here takes

4 seconds, butl don't know what that number means, because some
parts of it are very much shorter than if we were on-line and some.
parts of it are very mmuch longer for reasons which 1 don't want to
develop. I don't really know how long this whole thing is going to take
but I suspect it would take conservatively 10 seconds on the PDP-10.

COX: (Johns Hopkins) This is just to do the sorting with the
100 micron knowledge of the vertex point?

BASTIEN: (Washington) No, this includes everything.

COX: (Johns Hopkins)‘ The question I am asking is specifically,

how long does it take to do that calculation to form the psi and rho
histograms?

-
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BASTIEN: (Washington) I am sorry, I don't know, but we'll
find out. : ‘
COX: (Johns Hopkins) Do you have any idea how this compares

with, say, point guidance or with a more standard system ?

BASTIEN: (Washington) ~.I am sure the point guidance would be
faster, :
COX: (Johns Hopkins) But the methods of track following and

track element grouping that are used standardly say by Yale, would be
much slower in your opinion?

BASTIEN: (Washington) I have no feeling for what those programs
do, but I would certainly say that the point guidance system would go
much faster., ' :

DAY: (Maryland) . Could you-tell me what are the distinct
differences between this vertex guidance, and just searching in circle
around the vertex more or less perpendicular to the arc with subsequent
following of all the tracks back? That is, like POLLY does or like we
do? :

BASTIEN: (Washington) | I think the point is that this transformation
gets you all the tracks, straightens out all the tracks,

DAY: (Maryiand)' -+ If you look along the radius to a circle around
the vertex then doesn't that also filter out just the tracks that are pointing
more or less back to the vertex? ' '

BASTIEN: '(Walshington) That's what we're doing.
DAY: (Maryland) What is the transformation doing, that recognizing

a radial line from the vertex with plus or minus 5 degrees with the PEPR
hardware doesn't do automatically for you?

BASTIEN: (Washington) -: But these tracks can curve 60 degrces,
how are you going to find those?

DAY: (Maryland) °  "No, in close.

BASTIEN: (Washington) It is like a spirai reader scan, except

we are slightly better off because we have the better angle resolution,
but in the small area it is exactly. like a spiral reader scan,
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DAY: (Maryland) Then why not follow those tracks out, S‘r do you
leap way out? \

- v \‘
BASTIEN: (Washington) Fine, you could follow the tracks out.
HULSIZER: (MIT) 1'd like to ask the same question another way.

Is it, am I correct in assuming that you're saying that your scheme,
this global scheme would follow tracks out through difficult areas better
than a system that started from a vertex and had to track tollow all the
way to the end of' the track” :

BASTIEN: (Washington) - Yes, let me make something very clear,
other people have developed the systems that follow the tracks and I
think these systems are fine, I wrote one like that a very long time
ago, in fact, we had a vertex guidance scheme that was working
reasonably well in 1963, I have experience with the point guidance
system and I liked it too. Personally, I think this is simpler, because
there are no special cases, :

MULVEY: (Oxford) "~ Perhaps make one comment., Horace Taft

and I have been talking and it may be that although we have the situations
in which, given the vertex, we know there are lots of techniques which
have been successful at finding tracks from that vertex, POLLY and
others, perhaps this could be a very powerful method if you have
unfortunate tracks which are split up by lots of very bad regions so that
you don't get good leverage on any small section. But I think, one
comment I was going to make and which other people have made, is that
if you use this for your total strategy, it seems that you are spending

a lot of time picking up data on tracks which eventually aren't going to be
any use to you,

BASTIEN: (Washington) That's correct.

MULVEY: (Oxford) Now if one starts out knowing the vertex then,

as POLLY and other systems have tried, you might as well make use of
that fact. If you get into trouble then you might try this scheme in a
given direction to see if you can find the track that's really going through
all the piles of mud.

BASTIEN: (Washington) Now what you're saying is fine, in fact,
Prof. Plano pointed exactly the same thing out to me. He said if you

have the segments of tracks close in to the vertex, why not go immediately
into a road scan defined by each of those segments, instead of making

a complete area scan, 1 think that's a fine idea. We will sort out the
elements found in the road scan using our transformations.
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" Don Goloskie and Eugemo Sartori, Dave Brick and myself were the
collaborators from M.I.T. '
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T,

COUNTER CONTROL OF BUBBLE 'CHAMBER
PHOTOGRAPHY
I.A. Pless
MIT
‘/-L

The work tha{;/am going to talk about is to try to solve the pattern
recognition problé%n from the other end. In all the effort to date you

. are given the film and then you try to solve the problem. We have

tried to do something about the film before it is taken. The work I am
going to talk about was done by a collaboration of people from M.I.T.
SLAC, and the University of Washington. The program was c:once1ved
at M.I.T. and was under the direction of Henry Lubatti and he continued
dlrectmg this work when he moved to Washington. Joe Murray,

The idea of trying to do something about bubble chamber film
before you take the picture is not new, both at CERN and at Berkeley

-people have tried to build stepping magnets that were pulsed every time

a track came through the chamber so that you'd get an equal spacing of
tracks. The attempt here is to do the same thing, but do it not with any
steppmg magnets but by selecting out pictures before you flash the camera.
The test of this idea goes as follows: figure 1 shows. the 82'" chamber

at SLAC which has a 6 inch stainless steel exit wall, so no particle

will get through that wall without being slightly battered., Therefore it

was required to put a detector inside the liquid itself, the only detector
that had any hope of working was a solid state detector. Such a detector
doesn't like to work at liquid hydrogen temperatures, so therefore it

was protected. from the liquid hydrogen by a little can with super insulation.

‘We call this the inside out beam finger, since this technique was used,

inside out, as a liquid hydrogen target in a methyl-iodide chamber, where
the bubble chamber was hot and the target was cold. So we have a solid
state detector essentially at 220 degrees Kelvin, the chamber at 28 degrees
Kelvin. Upstream we have a collimator, (a long iron slit that has
essentially 1/4 inch width and 1/2 inch height) and we have a deflecting
magnet that-steers the beam through the defining counter. We have a
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big anti-counter so that if there are any muons, which in fact there
were, that slip by outside the defining counter but come through the
chamber simultaneously with the beam, we know about it. Finally
comes the solid state detector. As you can imagine, since this solid
state detector is only 2 cm. in diameter, and the defining detector was
ultimately 3/8 inch in diameter, there was a lot of maneuvering around
with respect to the position of the slit, the magnet and the defining
counter. You stick the solid state counter into the bubble chamber in
some undefined place and then you move these others around until you
hopefully land the beam upon it.

The logic-is the following: If you have one track that comes through
the defining counter, no particle through the big anti-counter and no
count in the solid state detector then you take a picture, the idea being
that if you have no count in the solid state detector, that particle must
have interacted and must have been deflected from its path. If you are
100% successful, every time you take a picture you'll have an event in
the chamber and nothing else - an incoming track and an event.

Figures 2-6 show some of the results. It took 20 expansions to get
each of these pictures. Figures 2, 3, 4b, 5a for instance, show a single
track and an interaction. Figure 4a shows two tracks; in other

words, in this sense, this picture, although it has a lovely event, is

a failure because we have two tracks in this view, Figure 6a has

an interaction in the wall of the chamber which you can't help.

Figure 6b shows a failure, probably there may be an interaction in

the wall, but nevertheless you do not have any visible interaction and
so the system didn't work. Figure 5b shows a straight track. The 4
anti-counter did not completely cover the whole entrance of the chamber
so this track sneaked by the anti-counter.

The comment that I want to make is that we set up this system with
one counter just to test the feasibility of aiming the beam at the solid
state detector. If you had a chamber that would go 40 times a second
or 20 times a second then you would get such a picture once a second
and that would be a very nice event rate. Since the SLAC machine N
goes 360 times a second it wouldn't bother it at all if we took 40 pulses
per second. However, the chamber cannot do that, so therefore in
terms of chamber time, the present system is not useful, it just takes
too long to get the number of events, Therefore the concept that we are
now pursuing is to put 5 of these solid state detectors equally separated
across the back end of the chamber, with 5 collimators and some logic.
The main idea now would be if that in any one channel you have an event
you take the picture, and you might have up to 5 equally spaced tracks
going through the chamber. If you work through the numerics that doesn't
‘happen but basically what we would expect is about once every fourth
expansion, therefore, on the SLAC chamber, once every 2 or 3 seconds,
one would be able to get a picture of this same quality. Therefore the
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[y

the problem of beam tracks too close, or confusion of the beafn track

with a downstream track, hopefully would not be so important as it is
now, ,

/)
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ARRANGEMENT OF COUNTERS FOR PHOTOGRAFHY CONTROL
AT SLAC 82-INCH CHAMBER.
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DISCUSSION

MULVEY: (Oxford) On some events there will be some sort of
bias presumably. For instance you wouldn't do this for elastic
scattering but then you'd say you wouldn't do that in the bubble chamber

anyway.

PLESS: (MIT) No, the answer to that question is somewhat
surprising. Basically you have to look at the area of the solid state
detector compared to the area of the back of the chamber. We went
through 1000 events and the thing that's surprising is that the detector

is better at detecting small angular scatterings like elastic scattering
than a person is, namely, this system sees kinks and tracks which people
do not. Everyone of the tracks that missed the detector, when we looked
very carefully, a very large percentage of them had a kink which we would
never have seen on even a careful scan. So, in fact, if you wanted to

use a bubble chamber for elastic scattering this is much better for
elastic scattering than without.

SLATTERY: (Rochester) I was wondering how you were going to
arrange for each film to have 5 tracks going through your counters for
each frame. If you are not having a stepping magnet in the front why
wouldn't you have more tracks.

PLESS: (MIT) It will be very rare indeed that there would be
as many as 5 tracks plus an event. On the average there would be about
3 tracks, sometimes there would only be one track, according to Poisson
statistics. Usually you'd ask that, on the average, each channel contain
one track; that means on some pictures you'd have two in that channel,

If there are two in that channel you'd ignore that picture. If you don't
use on the average one per channel, but if you take the optimum number
for the average per channel then you'd get the numbers I quote, namely

a good event every 4th or 5th expansion.

SLATTERY: (Rochester) How would that rate compare if you
actually had a stepping magnet which, say, put 5 tracks in each time.

PLESS: (MIT) Charles Peyrou is here, and he probably can
answer that better than I can, but stepping magnets have gone out of
style because they don't work.

PEYROU: (CERN) Stepping magnets have gone out of style because
they have never been tried.
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ALLISON: (ANL) Concerning biases, it seemed to me that the
question is not of the pictures you did take, ie. how many of them didn't
have events in, but of the pictures you didn't take, how many had events
in because one of the secondary particles went into the detector.

PLESS: (MIT) These were 16 GeV pi minuse's that we were
looking at and they were chosen simply because we were parasiting on an
other experiment so we could get the machine time free. If you take the
area of the back of the chamber, which is probably the correct area at
16 GeV, compared to the area of the solid state detector, this will give
you a rough but pessimistic idea,

ALLISON: (ANL) . It depends very much on the multiplicity.

PLESS: (MIT) - Sure, you have to take into account that area
and the multiplicity.' Incidentally, there is a magnet downstream from
the collimator to sweep low momentum particles from the collimator
out of the beam.

CRESTI: (Padova) Is the beam focussed on the upstream detector
or is the collimator selecting only a small cross- section of a spread out
beam? :

PLESS: (MIT) The beam is focussed on the collimator. The
flux of pions at the energy used in this experiment is 10% of the maximum
flux that the machine can produce. The flux of K™ mesons is also large
enough to be used instead of the pi meson as the interacting particle,
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FILM PROCESSING

This is a status report on the film processing .

at M.I.T.

The point guidance scheme used at the M.I. T,

‘_\

PEPR has been described at previous conferences. Brieﬂy, a point
is measured on a vertex ot an event, and a middle and end polnl uvn
every track independently for each view., These points are measured
on image plane digitizers simultan'eously with the scanning for events.
PEPR proceéses each view separately, track following each track from
the measured point using the vertex and end points of the track as goal
points. Tracks are associatea Betw een views in program MATCH, and
then go into the usual sequence of TVGP and SQUAW. N : | “"

All events in the film aré measured usually,
including strange particles, except on one exbefimeni (pp) w'here 2
prongs are ignored. On some events, the beam track is not measured
if‘ano’cher beam track is too close. The momentum and angles of the
miséing beam track are inserted from a map. If a b“.earn track is not‘
measured, or is short, another beam track is digitized in each view to
act as a minimum ionizing reference track. |

Event throughput is conveniently studied at tvyo
places - PEPR, and scanning and pre-digitizing stage. Overall
thréughput is limited, for us, by the scanning and pre-digitizing

operation. We operate five image plane digitizers somewhere between
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8 and 16 hours per day for 5 days per week. Their instaﬂtaneous rate is
20‘-. 45 events/hr/machine.

It is 6f moré interest here to show the thréughput
of events at PEPR. Fai-gl:lr_;e 1 sﬁows’ tine yveekly throughput for the last
year. PEPR opera{tes 40 hours per week with one operator on a PDP-6
cbmputer. On 5 - {25% of events the operator may have to restart the
trac'kwfollowing r‘ou’éine from a differ-enfc place on the track, or retry
fiducials or note thaty'a spam;ing and digitizing mistake was made, dr :
reject a track too short %or the present prograrh; or time threshold
parameters for differ.ent rolls of film. The rate as seen from the figure,
varies between 50 and 125 events/hr. The inétanténeops rate was |
120 events/hr before January 1970 and 180' events/hr afterwards, for pp
5 GeV/c film. It was 210 events/hr for 7r_p 3.9 GeV/c film after
January 1970,

The film being processed is shown along the "

bottom of Figure 1. All the film came from the 30" HBC at Argonne

National Laboratory. All events are measured in 7 p film but not 2

prongs in pp film, “S_canning and digitizing rates fall somewhere between

the two extremes shown in the figure so that the two phases of 6peration :

are roughly matched., p film processes at' an appreciably faster rate
+ R : :
than 7 p film and pp film.

In January 1970, we i'ntei'lléaved and rearranged

the memories on our PDP-6 and obtained a 50% increase in speed,

Figure 2 shows the sizes and cycle times of our memory blocks. The two




1.65 ysec 16 blocks were inte-rleaved and the 2 psec blocks also. The
interleaving is on the most and least insignificant bits. The increase in
siaeed is caused partly by faster memory and partly by interleaving.

As far as er know, all programs which are heavily used were not in the
.5/\Asec core before the change.

An attempt was made, on all the film we have taken,
to control picture guality. A test s‘;rip from efvery view of every roll
was inspected with a microscope e'lnd‘flying slit for track qualify, and the
number of beam tracks was kept to 6 per picture where possible.. ’fhié
was possible on most runs although the early batches of film had large
variations in beam count. Event processing rate is dependent on picture
quality (no surbrise). |

Figure 3 shows the status of the film we have taken
as of December 30, 1969, r‘I‘he last column gives the number of events
on DST as of that date,

Figure 4 shows the reasons for lost time in the last
three months, PEPR trouble consisted of such things as a glass ‘plate
dropping out of the film transport; such tfoubles are qﬁantized in units

&

of about 5%, because there are about 20 working days per'month. This
last week it has been found necessary to rejuvenate the cathode in the
CRT because the electron beam current had fallen“too low. Itis
pleasant to report that the 4 year old CRT responded satisfactorily,

Figure 5 shows an analysis of the rejected events

for the various batches of film that we have processed. The failure rate

caused by PEPR varied from 12% to 23% of all scanned events.
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At present we are changing to a PDP-10 processor
keeping the same memory blocks and peripherals. This will be complete
very shortly. A second scan table has been built for processing SLAC 82-inch
film. This table.uses the same driving circuits and digital electronics
as the prototype PEPR which processes ANL 30-inch film., The changeover
takes about 2 hours 1nc1ud1ng 1 hour of warm up tlme before calibration,
This new table has been calibrated and will shortly be our main production

effort.

Our Astrodata PEPR has no film transport yet and
is being used for testing a three view program. Three views of ANL 30 - inch

film can be positioned in the film gate simultaneously using a 1, 2/1 lens

magnification. The three view program involves the simultaneous scanning

of 3 views of an event and will be reported on by J. N. Snyder tomorrow.
The program is being implemented by J. N. Snyder, T. C. Ou, and

J. Wo_lfson. The progfam has been _teéted up to the space track following on

one event. It occupies about 60K of core in the PDP-6 without DDT or symbol

tabie.

I ha}ve been asked to inolode a short statement on how
we measure ionisation.l A full statement on the method we use was presented
at:the Ninth Data Processing Conference held at Argonne, October 1968,
Briefly, we scen across the track with a spot aoout the size of bubble at a
spacing of about a bubblev size, We scan the whole length of ; track anci count the.

scans with no data (''misses'') and the total number of scans; the ratio is called

the lacunarity.



* 180 *
-5 -

A minimum ionising track is used to set the threshold
discriminator level whiclh gates the track signals. The level is adjusted until
the minimum track gives a lacunarity of 40 +2%. It has been found that such
a threshold setting gave the largest separation in lacunarity between minimum
and heavily ionizing tracks. After the discriminator level is set lacunarity

is measured on all tracks in the event in all views.

Once tracks are matched from view to view, an
overall lacunarity for each track is computed from total sweep and total
misses in all views, Hypotheses allowed by kinematics are tested for

consistency with the ionization measurements by constructing a sum of"

squares .
N 5 2
1 a
S N .,
N-1,Z (i»logl
. i=1 i

where N is the number of tracks in the event and g is the velocity cal-
culated for the ith track in this hypothesis; adis mirllimised with respect
toa., We chosé o = ,06 for the division between good and bad hypotheses,
In a test, no events were assigned Wrongiy by this cr"iterion because a bad
hypothesis gave ¢ inside the cutoff while a éood hypothesis gave o outside.
H.ow ever 23 events out of 99 contained at least one wrong assignment of a

hypothesis, 4 because no good hypothesis fell insideo = . 06, and 19

because bad hypotheses fell inside along with the good hypotheses,

(3
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This method is good for resolving pions and protons to just
above 1 GeV/c. Systemafic effects make the measurements too inaccurate above
that. Wé have not studied these effects in detail. They only seérﬂ to affect about

4-10% of the events so we look at those on the scan table,
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Core Memory on PDP-6

Memory location Q 16K 32K 48K
Arrangement before 2 2 5 1.65
January 13, 1970 usec psec usec - usec
Arrangement after 1.65 usec ' 2 psec

interleaved interleaved
Position of programs:
.Monitor <>

PEPR

A
\

03
01-70-03-02

Figure 2

64K

1.65
usec

usec

80




Experiment
1

2

10

03
01-70-03-03

Labofatory
ANL
ANL
ANL
ANL
SLAC
SLAC
ANL

ANL

Film Processing Status 31 December 1969

Reaction

+
T p
+

Tp

mp
mp
4

Tp

Tp

3.

9.

GeV/c

g

8

e TN
Taken  Measured
222K 222K
124K 124K
298K 200K
- 279K 0
| 36K. 0
130K 0

220K 1‘16K
220K 0
Figure 3
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Distribution of PEPR Time

Dec. - Jan,

1969 1970

75.5 75..2
11.2 10,7
1 1.1
2.8 .5
5.2 4,6
4.3 5.7
0 2,2

100% 100%

Figure 4

Feb.
1970

'82.3
12.9
1.5
.15
1.7
.75

100%
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Analysis of Rejected Events

Film Events Successful . Rejects Rejects. Miscellaneous
in caused by on Scan Rejects
Sample PEPR Table N
+
Tp 3452 80. 8% 11.8% 2.5% 4.9%
3.9 GeV/c
+ -
T p - 3230 76,5% 14.5% 3..5% 5.1%
3.9 GeV/c -
T p 2874 80, 3% 14, 3% - 3.2% 2.6%
3.9 GeV/c : ’ .
o 3897 71.6% 17.9%- 6. 4% 4, 2%
3.9 GeVl/e ‘ A
+ .
TP ’ 29083 63. 8% 22, 8% - 4.4% 8.6%
5.8 GEV/C . »
PP v - 2867 63. 2% 22, 9% 9.9% ' 4%
5.0 GeV/c : -

Successful events pass through SQUAW

PEPR rejects are failures discovered by MATCH and TVGP.

Scan table rejects vary from experiment to experiment, and include short tracks less
than 1/2 mm on film, and pictures crowded by too many beam tracks.

Miscellaneous rejects include machine failure on image plane digitizers, accidental |
errors by operators,

Figure 5
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DISCUSSION

KOLLER: (Stevens) You had something like 10% for film change,
do you include film transport in the 75% of PEPR working, and if so
what fraction is film transport.

WATTS: (MIT) It was back in about 6 months ago, when we
timed the film transport and it was occupying about 10% of the time
if you just let things run instantaneously and without any pauses for
operator intervention or anything like that, Nuw il's undoubtedly
gone up since then because, a) we interleaved the memories, and
b) we now have a PDP-10; does anyone from MIT know the recent
timing ? '

WADSWORTH: (MIT) I believe the measurement we made at one time
was 25% but I am not quite sure whether you are overlapping it these
days with the mag tape writing and whether you are taking that into
account when you say 10%.

WATTS: (MIT) No, whenI said 10%, with that time we do overlap
the mag tape writing; that used to be about 5% before we've made the
recent changes,

PEYROU: (CERN) I am a little surprised about your procedure
about ionization. Yesterday we heard a talk which was saying that
there were difficulties even for normal amplifiers because there

was a dynamic range of 1 - 22 or something like that in some chambers.
What are you going to do if you ever process the 80" of Brookhaven for
instance,

WATTS: (MIT) I think one does experiments, you fit the
programs you've got to the experiments you have in hand, What
we have is adequate for the experiments we are doing right now,
If one has more difficult film then one certainly has to look into.
changing programs, and also probably changing hardware,

PEYROU: (CERN) "I don't understand, Normally 40% seems to
me a very low level in the following sense, normally bubble chambers
are. operated with something like 15 bubbles per c¢m and therefore
the lacunarity that you would expect is something like 20%. You are
passing many bubbles without counting them, that might be all right,

I am not criticizing that it is not empirically all right, but it is not a

priori what you should expect if you had a perfect bubble chamber; if

you had a perfect, very black bubble chamber you should have 20% or
30% of misses but not 60%.
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WATTS: (MIT) Yes, in this chamber, if you run it at a very
low threshold, the lacunarity would be about 10%, on a minimum
ionizing track, ie 10% of misses over total sweeps. But we're

not sensitive then to the differences between the minimum ionizing
and the twice ionizing and the third ionizing tracks, we are not as
sensitive as we are at 40% and that's why we chose 40%. If one
plots the ratio of the log of the lacunarities versus threshold, . you
find that it's largest at this 40% level.

PEYROU: (CERN) That will mean that the size of the bubbles
is dependent on ionization and I don't believe that,

WATTS: (MIT) The other way around, our 1on1zat1on
depends on the size of the bubble,

PLESS: (MIT) Just let me make two comments about this
question, one comment, we obviously try to run the chamber at

slightly less than 15 bubbles per cm, which is very hard to do but

we aim for sort of like 9 bubbles per cm. but are not always
successful, We have found from experience that if you run the

bubble chamber light, the discrimination between particles, between
beta's is much better, however, when we fail to get less than 15
bubbles/cm the thing we found experimentally, and later we can make
theories on why it works, is that if you took four prong 4C events
where you knew what the particles were and we took the large guantity
of these and ran these events with a different thresholds checking the
separation, and we have display routines and all sorts of nice programs
to be able to do this conveniently, checking the separation as a function
of threshold then as a function of the measured although fakely measured
lacunarity of the incoming beam track, we found that we could properly
identify these four prongs events most satisfactorily when we set the
threshold so that at the beam track we were measuring a lacunarity

of 40%. Now the statement that is made, that the size of .the bubble.

so to speak is independent of the ionization, that the size of the bubble
for a heavily ionizing track, providing you don't get into the case where
the bubbles merge together, is the same as for a minimum ionizing
track is a correct statement. However, if you then take a look at the
quality of the film, if you take film and underdevelop it, one of the things
that you notice is that the heavily ionizing particles, because of the
non-linearity of the film, stay preferentially as compared to the
minimum ionizing tracks. Now obviously the film is already developed
before we get it, on the other hand, the sensitivity of the equipment is
such that as you increase the threshold, the heavily ionizing tracks
remain, the lightly ionizing tracks disappear, I mean,from the display,
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and this is an experimental fact. We therefore take advantage of this
experimental fact which is not too well understood theoretically, and
we checked it against 4C events for which we did not have to know the
ionization to identify the particles and it seems to work exceedingly
well for the 30" chamber at Argonne. When we get to work on the 82"
chamber at SLAC we may be in terrible difficulties and this is one

of those things we have to find out,

LORD: (CERN) Could you say how much time the ionization
measurements add to the time to measure an event.

WATTS: (MIT) Let's say I chose a figure like 6 seconds per

event in a view and then track following is probably about 3 seconds
something like that, ionization is probably about a second and a half
to two seconds maybe, sometimes it is as long as the track following.

VAN de WALLE: (Nijmegen) It may be easier if you would give a
fraction of the time, how does it influence your rate for instance?

WATTS: (MIT) On the PDP-10 the instantaneous rate of 322
events an hour changes to 410 - 440 events-an hour if you leave out
1on1zat10n

BETTINI: (Padova) Do you measure ionization on every view ?
WATTS: (MIT) Yes every track, every view
BETTINI; (Padova) I don't understand the reason. On an average

track you have something like 300 to 500 independent measurements.
How does the systematic error on the ionization compare with the
statistical one. All these numbers are not independent because of the
same image of the bubble in the 3 views.

WATTS: (MIT) There is some statistics associated with a

cathode ray tube device as a random number generator, well it's

very hard to convince programmers of that, so there is some statistical
work associated with just merely just doing the thing over again at the same
point, T admit it's not too large but it's there, On systematics, we

are affected by systematics, for instance we have noticed a difference
between views, and I am sure I've actually seen on some tracks, a .
difference along the track, so there are systematics but we c.lose our

eyes right now,
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BETTINI: (Padova) How often do you scan to reduce the statistical
error to have many hits and how do you control the systematic error,

WATTS: (MIT) Every 25 microns.
BETTINI: (Padova) Why 25 and not 50 or 100?

WATTS: (MIT) That's about our bubble size, that is about the size
of the bubbles,

BETTINI: (Padova) Do you need that accuracy, do you need that many
scans? ’

WATTS: (MIT) Oh, I understand, I am sorry, you mean couldn't
we do this on half the track or 2 mm of track here, 2 mm there; I don't
know, we haven't tried it, probably we could, '

4
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Automatic Scanning and Measurement of Bubble Chamber

Film on POLLY II
YT
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. ABSTRACT

An exposure of 600, 000 hydrogen bubble chamber pictures

of 2.3 GeV/c pp interactions in the 30-inch Argonne-MURA

- chamber is being scanned and ‘measured for 2, 4, 6 and 8 prong.

interactions by POLLY II, a computer-controlled CRT device.
The performance of the automatic scanning and measuring is
assessed on the basis of the first 160, 000 events processed.

The control program searches for beam tracks and finds
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4intefactions without prescanning. It digitises the tracks,
measures bubble density and outputs master point informa-
tion ready for direct input to the geometrical reconstruction
program. The operator is an integral part of the >_sys;tern
and is available to give assistance when required. Film

is processed at 70-100 events per hour.

INTRODUCTION

POLLY Il is a precision' CRT flying spot digitiser used for the .
automatic scanniﬁg and measurement of bubble chamber film at the
Argonne National Laboratory. The device, of which POLLY Il) was
a prototype, is on line to a 48 K Sig.ma 7 co,mputer.A Extensive innova-
tions in the FORTRAN control programz) have enabled us to measure
film which has not been prescanned at all -- thus in a single pass
of the film, under computer control, fhe stages of scanqing, measure-
ment, and track del;lsity detg'rmination are completed. Full-scaie
production on a 2.3 GeV/c pp experiment started in April 1969, By
January 1, 1970 a total of 160, 000 events had been scanned and
measured in 2135 hours (an average of 75 events/hour). In this paper
we discuss the performance of the POLLY system on the basis of
this experiment. It should Be pointed out, however, that POLLY II
measured four other experiments auring the year (1.5 GeV/c Tl'+d, .
5.5 GeV/c K d, 5.5 GeV/e K'p, 5.5 GeV/c pd) for which the film
was prescanned (vertex position on the first view only). This amounted
to a further 8‘0, 000 events. During the year cqntinﬁed program develop-

ment has led to further improvements in both the quality and the rates

of scanning and of measurement.
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THE SYSTEM

The POLLY system is concerned with the interfacing of three
elements: the film, the operator and the computer. Information has
to be extracted from the film by the computer -- the operator is a

backup system. The interface structure is shown below:

OPERATOR

Fold

FILM -T> COMPUTER

We now discuss the nature of the four interfaces A - D,
Interface A is an optical projection of the film allowing the
" operator to look directly at the whole picture.
Interface B is a 9" Ferranti precision cathode ray tube (type 9B/71Q0).
A spot on the tube is imaged with 2:1 demagnification onto 70 mm film and
swept through a raster scan of a small area at the required angle by
magnetic deflection coils around the neck of the tube. The photomultiplier
output is compared with a discriminator level to yield digital data about
the position of bubble images on the film. This operation and the resulting
digital data is' called a "slice scan'l’ 2).

Interface C is an IDI display CRT (type 21EM10P7) with characler
and vector gencrators. It is used to show the operator what the program
is doing, what information it has obtained already, what its problems
are and to display areas of unfiltered digitisings relative to which the

operator may make precision measurements. An example of this is

shown in Fig. 1. The area displayed is 3.8 mm in diameter on film.



Fig.

A display built from real time unfiltered digitisings. The
area shown is 3.8 mm in diameter on film. The small
crosses represent final track master points for output to
TVGP. The display can be '"moved' under the central
cross by the operator's track ball.
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The picture is built up by individual slice scans to form a real time
picture. The operator can ''drive' the picture under the cross-mark
to make a precision measurement of a vertex point or whatever may be
requested by the program. .

Interface D consists of an array of 32 buttons forming a word
which can be read by the program, a track bail driven pointer which
is associated with a reticle on the optical display, and an orientation
knob. The track ball feeds an X-Y register which can be loaded or
read by the program. The reticle is used to indicate features to fhe
program, but not to make precision measurements. The program
can selectively illuminate buttons so that the operator is presented
with é meaningful selection of possible courses of action.

The logical structure is summarized in Fig. 2.

During operation the system is in one of four states. They are
distinguished by whether the computer or operator is in control and
by whether the optical dis piay (interface A) or the precision CRT

({interface B) has access to the film.

State Control Computer Operator Interfaces
I Operator Idle Active A,C,D

1I Operator Looping Active B,C,D

III Computer Active Watching B,C

v Film transport - - -

Fig. 3 shows a photograph of the hardware with diagrams of the light
paths for State I ("Display Mode' - Interface A) and States II/III ('""Measure

Mode'" - Interface B).
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c) Light path when digitising film.
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Fig. 4 is a view of the operator's console., The screen on the
left is the optical projection; the one on the right the display CRT.
The track ball is in the center and the array of 32 special purpose
buttons is on the right.

Most of the time the operator is powerless and the system runs
in State III or State IV. Only when the control program diagnoses a
possible problem does the system drop down into States I and II (~ 25%
of views measured, depending very much on tilm quality). Once,
however, the operator is given control, he can guide the program,
slice scan by slice scan if necessary, to overcome problems which

are beyond the current program's logic.

PROGRAM STRATEGY

Most bubble chamber events are easy to measure and only a
small fraction of tracks causes problems. This leads to the use of
fast simple logic until trouble is encountered. The operator is viewed
as a very sophisticated, relatively cheap and very slow ""peripheral"
whose role is to fix up those situations which do not yield to this
approach. In order to keep him fully info-rmed and to enable him
to react as quickly as possible, a great deal of thought and effort has
gone into his interface with the program. This man-computer interface
has a significant side-effect; it allows the programmer elaborate real-
time debug displays which play an important part in the development
of the program. Of equal importance is the feedback from full-scale
production which has been proceeding in parallel with further program

development. This philosophy has allowed us to ""bootstrap' our way




Fig. 4.

View of the operator ccasocle.



* 200 * 10

into the use of more sophisticated methods, so that now the operator

is idle for significant periods of time (depending on the film quality). »
An important advantage of the CRT is the use of the random

accessibility of data on film. Thus the total data storage in core is »

less than 3,000 words excluding the display buffer. Ip this way we

avoid extensive bookkecping operations and save computer storage.
To avoid reading in large quantities of experiment-dependent

data, many consfants in the program are '"learned'. These include

the shifts and magnifications of the chamber image on the film, the %

depth of the beam plane in the chamber, the density of minimum ionising

|
\
\
|
|
|
\
tracks, the angle of beam tracks entering the chamber, etc.
A single I/O instruction to the POLLY hardware produces digitisings

from a set of scan lines forming a '"'slice scan'"., FEach scan line is

represented by one word in core which has a capacity for data from

one track crossing. A slice scan, therefore, appears in core as a vec-

tor with one element per line. The software uses the slice scan in two ‘
different ways. These may be called "searching' and '"following' and |
are illustrated in Fig. 5(a) and (b) respectively. In searching the program
is trying to make confact with a new track as quickly as possible. It is
fast because the hardware only need be initialised occasionally and the
software need only count lines and look for the presence of groups of |
digitisings without detailed analysis. Once a track has been found,

the "following' method is used. This is slower but more precise

because the software uses the edge and width count information for

each digitising. -
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a) SEARCHING

%QQQQ

b) FOLLOWING

The use of long narrow digitising area for finding
tracks or fiducial arms.

(b) The use of short digitising area for precision measure-
ment of tracks or fiducial arms.

Fig. 5, (a)
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The whole operation may be separated into three phases --
scanning, fiducial measuring and event measuring. The scanning phase
produces one or more approximate production vertex positions. For
prescanned film the scanning phas'e is omitted and the approximate
vertex position and topology are read from a tape.

Automatic scanning is done on the first view only. The program
does a track search along the ler;).ding edge of the fiducial volume. It -
then follows each beam track candidate, first upstream out of the
fiducial volume and then downstream until it loses it or reaches the
far end of the chamber. The program saves time by leaping down the
track digitising only 25 to 50% of the track, taking about 150 milliseconds
to reach the far end. Beam tracks closer than 250 microns on film and
off momentum tracks are ignored -- care being taken to cover the
possibility of a forward high momentum secondary from an interaction
near the edge of the fiducial volume. Next the program searches for
secondaries issuing from the end of each beam track that terminated
within or near the fiducial volume. It follows each of these for a short
way, ignoring those that pass right through the expected vertex region,
and looks for those that intersect the given
of one another or at the end of the measured beam. When this condition
is satisfied, the rough vertex position is stored away. There are also
problem cases which include suspected forward secondaries mentioned -
above, zero prongs, very small angle elastics and other cases where
the required secondary tracks are not found. For these the operator
is asked to point out the vertex using the track ball, or to press the

""abandon' button, if there is no event or it is to be ignored (zero prongs
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and small angle elastics in our case), About 15-20% of the events
are fixed up in this way -- it takes the 'opérator 1 -2 seconds to make
the decision in most cases. The total path length of good beam tr;cks
within the fiducial volume is calculated. A running total is available
for cross section purposes. |

A map of ten fiducials with their a;rm lengths and angles is fed
into the program as data. A searching slice scar-1 is used as shown
in Fig. 5(a) to find the fiducial and then each of the four arms is
measured with a single slice scan as in Fig. 5(5). As many as 8 and

at least 5 fiducials are measured on each view. The film is accurately

‘positioned by measuring two fiducials emplaying a more extensive

search pattérn.
The track .measuring"'sequence consists of the following operations:
i) Search for tra;:ks along the sides of an octagon centered
on the approximate vertex pos‘ition (see Fig. 5a).
ii) Follow each track found outwards and then back towards
the vertéx (prévided the tfack has not ali’eady been measured
and that it passes close enough to the ve'rte'x region).
iii) Identify tracks passing right through the vertex region
and those measured tw.ice by mist#ke.
iv) Attempt to calculate a vertex position by considering
the intersections of all pairs of tracks. If successful,
eliminate tracks that do not belong.
v) Decide whe_ther to ‘return to (1) ?o look for more tracks.
The complete sequence is looped through for up to seven different

track searching qctagbns. Their radii are 6000, 3000, 2000, 1000,
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300,l 9000, and 15000 microns. If after any octagon the vertex has been
found and all the tracks of the topology ha\;e been .me‘asure,d, the sequence
is terminated. If the topology is not known, all octagons are cqmpleted.
Thirfy to forty percent of the views in the p experi,.qnént only required
the first octagon. | '
The next stage is a meticulous checkout of the tracks as follows:
Beam t;'ac;k i‘de_ntiﬁcation; ‘ <
Charge balance;
Agreement with to’poloéy (as found ofx view 1 or as given); -
-E-xistence of Qell—deﬁned vertex point; |
Stopping points .;'neasured as suéh. | E -
.Other problems requiring operator attention are‘ also found:
Tracks which, though consistent with passing through
the vertex, do nolt extrapolate to within 100 microns
| of it;
Tracks with fewer than 8 points;
Tracks v'vhich end in '"confused" rAegio‘ns;
Tracke which might be stopping (on newly scanned
events]). |
If there éxre r;o such problems, the program flashés the , =
completed measurement on the screen for the operator's benefit
and continues to the next view. , -
If there are prc;blems, the program displays i.ts measured tracks
andvits list of prbble.m‘s to the operator and switches to State I (display
mode)hto:'allow the operator to study the situation. If the trouble is

with the vertex definition, the program goes into State II inviting the
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operator to give a precision vertex measurement. As soon as the
operator has pressed a button, the program performs the indicated

tasks and starts the checkout process over again. Every time the

‘ operator adds or deletes tracks the vertex position is recalculated.

The program will not continue until all the '"fatal' errors are

removed.

THROUGHPUT

Fig. 6 shows the weekl}.r average measurement rates for various
experiments over the period April-December 1969. The first four
exp’erimenté were prescanned for the following topologies A(thg letter s
refe‘rs to stubs). |

5.5 GeV/c K d . 3,3(s),4 prongs as well as

1, 1(s), 3,3(s).prongs + V°

1.5 GeV/c 1r+d 3(s), 4 prongs ‘
5.5 GeV/c pd ' . 1(s),2 prongs
5.5 GeV/c K p . 2 prongs

The 2.3 GeV/c pp experimelnt,was automatically scanned for. 2, 4,

6 and 8 prongs:, elastics with recoils LessAthan 1.5 cm being excluded.-
The thfoAughp'ut_ is ‘particularly sensitive to low track densities

(as in the cas-e‘ of the 77 d efcpe.‘rim'e-nt)," pbor’ corl1trast fiducials a;nd

features presently requiring operator assistance (such as vee vertices

“and stubs). It is relatively insensitive to the number of beam tracks

provided these are well spaced (10 - 12 per picture), and to whether -

~the film is prescanned or not.

" Fig. 7 shows a breakdown of where the time goesfwhen POLLY

is scanning and measuring at peak tate. These numbers vary widely
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NUMBER OF WEEKS
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0 | 1 l J
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ol 55GeV/c K™p .
0 l | l 1

2.3 GeV/c
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S —
o) L | | ]

20 40 60 80 100
EVENTS/HOUR-WEEKLY AVERAGES

Fig. 6. Measurement rates for various experiments over a
nine-month period.
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FRAME
AND :
~2 FRAMES/ MEASURING
EVENT ~5secs/VIEW
~ 3—4 VIEWS/
' 13 % EVENT
OPERATOR '

~4secs/
\.EVENT

BREAK DOWN BY FUNCTION

22 %
FILM

TRANSPORT
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for different topologies and film qualities. Under more adverseé condi-

tions, the program 'tries harder' but also requests operator assistance

more often during the measuring phase -- the operator time might rise

as high as 30%. The CPU is busy about 75% of the time.

4

During actual track following the CPU is busy 95% of the time

and the POLLY hardware is being used 55-60% of the time. Tracks

are followed at 60 milliseconds per centimetre on film.

ACCURACY

The calibration program, an overlay of the standard PO.LLY

measuring program, measures 90 to 100 points on a standard grid.

From these it evaluates misadjustments of the ra.rrip speeds and delay

circuits and checks the stability of the deflection and hysteresis effects

in the coils. Finally, using average values for the grid point coordinates

measured many times over in a pseudo-random order, it calculates

a correction polynomial. The following residuals are typical (in units

of 1 micron on film = 2 microns on the tube face):

A grid point measured many times in the same way.

A grid point measured many times but with different
widths and orientations of slice scans.

A grid point measured many times but with all the other
. points being measured in random order inbetween.

100 grid points fitted to best rectangular grid.
100 grid points fitted to a third order polynomial.
100 grid points fitted to a fifth order polynomial.

100 grid points compared with the previous day's
fifth order polynomial. ’

RMS
0.5-1.0p
0.7-1.5p
1.5-2.0p
10- 20
1.5-2.0p
1.0-1.54

r
W

kY
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We have observed drift effects associated with tube warmup which
disappear after the tube has been on for a few minutes. We conclude
that the deflection is stable and reproducible to better than 2.5 microns
t.)ver the field of view (diameter 64, 000 microns). ' N

Fig. 8 shows the helix fit residuals .for track reconstruction
as 'given by the geometry program TVGP. The distribution peaks
neér 5 microns and does not have a long tail'. Events fitting the final
state pp — wt e '-n'-rro at 2.3 GeV/c with a single constraint show

-_0,. . .
+1r m ) invariant mass histogram.

a strong signal due to w° in the (m
Fig. 9 shows this histogram in 2 MeV bins. The experimental full
width of the signal is 22 MeV to be compared with the natural width

of 13 MeV. Much better resolution is of course obtained for variibles

not involving a missing neutral or annihilation.

SCANNING AND MEASURING EFFICIENCIES

‘We have evaluated the efficiency of automatic écanning in two
ways. In the first we rescanned several rolls of film by hand. A total
of 9% (March 1970) to 15% (November 1§69) extra events were found
which POLLY had missed3). The exact aefinition of the fiducial volume
and scanning rules (beatn tracks less fhan 250 p apart éxcluc’.ed) gave
rise to borderline cases which have been included to derive an upper
limit for the scannirig lo"ss We have found that POLLY fails to find
and follow from 4 to 7% of all beam tracks and consequently misses
from 4 to 7% of all events in an unbiased way. Discounting this loss,
we conclude that the scanning effi;iency is b;atter than 90%.

In a ;s econd evaluation we compared the total number of events

found by POLLY (including C—prongs and short elastics not normally
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Fig. 8. TVGP helix fit residuals from a typical sample of

tracks (8-10 points per track).
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Fig. 9, The ° peak from the reaction pp - 21'r+21r-1ro at
2.3 GeV/c. The curve is a Breit-Wigner of width
22 MeV/c2,
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measured), the to_tal beam track length recorded by POLLY as scanned
and the known total cross section for pp at 2.3 GeV/c which is 84 mb4). “
In this exposure a Cerenkov counter in the separated p beam vetoed the
camera flash whenever any beam contamination was detected. We v
* therefore assume that the path length is all p. Ina sample of 8007 metres

of track POLLY found 2349 evenfs indicating an observed cross section
of 81 (+2) mb (March 1970). We applied the same check on a roll of
5.5 GeV/c K p film using the same rather large fiducial volume. A
total of 272 events were found in 3143 metres of track. This represents =
24 (+ 2) mb to be compared with the known cross section of 24.3 (+ 0.8) mbs).
However these figures are not uniquely related to the scanning efficiency }
since there is the possibility of bias in the recordiﬁg of scanned beam |
track length as well as the loss of events,

The manual rescan showed that 1/2 - 1% of events scanned'a'nd
measured was measured with the wrong topology, measured twice in
error or simply did not exist. In many cases ‘such errors would be -
the fault of the operator.

From 2 - 3% of events were abandoned dur.ing the .meas'urement
process. Frequently this was due to off-m}omenfum beams or totally
o'.bscured tracks. We estimate that a third or less of these might A «
have been usefully measured on a conventional machine while they

could not be measured on POLLY. -

The failure rate in geometry has shown continued improvement:

Run .2 Prong 4 Prong 6 prong Total No. of Events |
it A 11. 6% 16.4% - 26.9% 14.5% 70639
o 6.0% - 12.6% 20. 5% 9. 6% 66997 )

part III  4.6% 10.8%  19.9% 8.0% 4740
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So far only a sample of the failures have been remeasured on POLLY.

Of this sample two-thirds passed geometry the sec'o_nd time.

IONISATION

As POLLY follows a‘track, it records the number of hits (H)

“and misses (M) and the average track width (W). The projected

6)

ionisation is given by

k. )
= __I_In( M

1 +M

. proj. W

where kilisl a constant to be determined for each view. There are no
problems associated with geometrical factors since the track is always

digitised by sweeping the spot at right ang‘le.s to the track. To reduce

systematic effects, ionisation.information is ignored at the ends of the

track and near the edge of the chamber. During the measurement

of a viéw the program holds the discriminator level constant. If it is
chahgéd by the oper:ator,. then W compensates for the effect of change
in the apparent bubble size.

After kinematic fitting to a given hypofhesis, the ,projecf;ed
ionisation is computed for each track on each view. In co‘mpa.ring
these values with the measurements, the following assumptions. are -
made:

i) The error on the measured ionisation is taken as 1.2
times the st;atistical error, as determined from the Q’idth
of the ionisation stretch function.

ii) Differeﬁt views of a given track yield indepel.'ldent ionisation

estimates.




* 214 * - 24

iii) Tracks with ionisations greater than 3.0 are treated
specially to avoid problerﬁs due to. "saturation'. |
Tracks which are found to have large dips are excluded from -ic;nisation
analysis.. A total x 2 is calculated by summing over all track/views
. and minimised with respect to the three-view normalisation parameters,
ki.~

Fig. 10(a) sho@s the xz brobability for some 200 fits of 4, 6 and @
8 prong events to four constraint hypotheses. We attribute the peaking
to the second assumption made above, which is unsatisfactory when the
problem is no longer dominated by systematic errors. Four events
had ionisation probabilities below 0. 1%.

Fig. iO(b) shows the measured ionisation for ‘beam tracks from
a general sample of events, The factors ki have been calculated by
fitting the ionisation of the secvondary tracks. The curve is a
Gaussian (o0 = 0.17).

Fig. 10(c) is a histogram of measured errors for secondaries
with ionisations less than 1. 9 -- it is compatible with the width of the
Gaussian in Fig. 10(b).

Fig. 11 is a plot of the measured jonisation projected back
onto the track and averaged over the 3 views against fitted mc;nnentum. - : -

The K tracks are taken from a much larger sample of film than the «

and proton tracks. ‘ -

8. CONCLUSION

This report has discussed the performance of POLLY during 1969.

Since then further work has brought new improvements. More than

21000 events were measured in two weeks in March 1970 at over 100
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Fig. 10. (a) The ionisation 'xz probability for 200 4- and 6-prong
events with 4 constraint kinematic fits.
(b) The measured beam track ionisation from a general
sample of fits, normalised to the secondary tracks.
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less than 1. 9.
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events per hour. The present software is set up to scan N-prongs and
measure either N-pfongs or N-prongs with a single V°. The extensic;n
of the program to handle multiple V© events with oi" without prescanning
is envisaged as the néxt stage Qf development. Problems a#sociated
with large c.h.a.rnbfers',. ""coat hangers' and s'cotchli.tte~ illu{ninatipn have
been studied., and tracks hav.e'.be-er.x followed successfully oﬁ film from
the Argonne ‘12' cha.rpber,‘ fhe‘ BNL 80-ir;ch cha.mbgr -and the C'ERN
l-metre model. |

A new device, POLLY III, is nearing completion of the design
stage a_ié ANL (March 1970) and four manufacturers hav.e shown interest
in tendering for its productioﬁ. POLLY III will have four film trans-
ports, an iﬁdexed mfrror and one precision CRT. Standard slice scan
analysis will be hardware-wired. We anticipate 15 to 20% improvement
in overall speed on line to the same XDS Sigma 7 with similar film.

In summary, by pursuing a philosophy of sophisticated operator
interaction and simply programmed logic, we have learned how to
implement progressively rﬁore sophisticated algorithms to reduce the
use of the operator. The close liaison between prod_ucﬁon and develop-
ment has bee{1 another faclor in the de?elc)prnent of the ﬁl'esei1t system
which can process events completely at more than 100 events per hour so

that most frames of the experiment are never seen ’L’;y the human eye.
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BUDDE: (CERN) You said that you missed about 10% of the events .
in the scanning stage, have you looked at those 10% of events to find
your scanning biases? Which kinds of events have a tendency to fail?

ALLISON: (ANL) I showed you an example in one of those earlier
slides of an event that it nearly missed because it overshot the vertex
by 6 or 7 mm. This is the kind of problem that occurs in that it just
manages to make the far side of the fiducial volume by taking in a few
mm,. of some secondary track. Now we've made the program aware
of this so it effectively tries to work with a larger fiducial volume, but
mainly the problems are those of forward secondaries near the edges
of the fiducial volume. But when we look at elastics making some
reasonable momentum transfer cut we don't see any problem, although -
we are having problems with elastics further on in the system. So we

think we've seen the major aspects of this problem and cured them,

but I am sure there are still some left.
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.
OXFORD PEPR SYSTEM
=

J.P. Berge, J.F. Harris and J.G. Loken . N
Nuclear Physics Laboratory, Oxford Unlverszty.
(presented by J.F. Harris)
INTRODUCTION - - ‘ | .
The purpose of this paper is to report the performance of our PEPR
system in meaeuring some 13,000 ﬂ—p 2 prong events} fhe exposures ware
at 690 and 740 Mev/c in the Saclay 80cm chamber. - |
Working with zone guidance of 4mmx 4 mm on a single-view the sysv.-o
measured events at an average of 150 events/ﬁoﬁr including on-line
vperator. helpingg The pass rate through Match and Geometry was 87%. ~
Working with the vertex predigitized.to lmm on a single view, and
anti-selecting at the scan table events with a confueed beam, the curreat
system measures at 400 events/hour without operator assistance. In tii.s

mode the pass rate through Match/Geometry was 91%.

GENERAL SYSTEMS DESCRIPTION

The flow of information from the scan table to PEPR and hence to
‘Match and Geometry is shown in Fig. 1. |

The zone guidance information fer about 5,000 events is loaded ounic
aﬁ IBM 2311 disk pack. As PEPR measures the views in succession the view
measurement data is merged into the file. -

One's knowledge of the vertex position improves as we go from view

<2

to view and thls is utilised in the event recognition strategy.
The MATCH program developed at Oxford by Peter Berge is a vitai

part of our system. It enables the PEPR autdmaticfmeasuring software to
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put out extra tr¢rks in cases of ambiguity, and aldo it can salvage.events
with one or more event tracks missing in ‘a single view.

Fig. 2 illustrates the hardware facilities used bylfhe system. If
one is running in the -'help' mode an operator can‘aésist the autéisystém
ﬁith'difficnlt events via display, lightpep and keyboard.' o

The currentAproductidn load runs in 30K including a 4K bank for
‘display storage. It is written entirely in Fortran IV except for the
routines for basic scanning and measuring, film transport and displays.

Fig. 3 illustrates the Saclay frame format'with theyreference

fiducials and databox at the left of the image.

PEPR SOFTWARE

*

"The first production system for measuring with the current hardware,
chfistened PEPHLP, ran from June 1969 t§ September . 1969. It was developed
as a stepﬁingAstone toward the goal of an automatic zone guidance system.
The event recognition in this system was provided by ghe;operator
identifying the vertex and one point on each track of fhg‘event. This was
accomplished by pointing with a lightpen at a display of data obtained
by scanning the 10 x 10 mm region‘around'the vertex withla spot.

As well as providing a basic framewqu for futuré development this

system checked out the data flow through PEPR from the scan table to

Geometry. During its lifetime the system measured 7,000 events at a rate

of between 20 and 50 events/hour depending on film quality and the operator.

To step from PEPHLP to the current system, (whose general flow is

shown in Fig. 4), the following fundamental developments were made:-
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(1) New (Bast basic scanning and measuring routines -

(ii) New fast track follower

(iii) - Vertex oriented event recognition strategy

Developments (i) and (ii) were entirely 'home-grown', but -development
(iii) was based on the proven strategy developed by the POLLY group at

Argonne.

J.2 QScanning and Measuring routines

These basic routines utilise the lmm line element to scan for databox
lines, fiducials and tracks, anq'where approﬁriate to measure them.
Both routines provide software selection of narrow ‘and broad pulses.
Currently a pulse is classified as narrow if it is.less than 60U wide
at } height. Between 60p and lZQi a pulse is classified as broad. This
facility-is very important when track following; broad data is treated as
'noise' and appropriate logic is entered.

The operation of the scanning routine SCAN and the measuring routine
MSCAN is illustrated in Fig. 5.

SCAN input defines scan co=ordinates (a,b), an angle.range m. to

1

My, and an angle increment n. It scans at the addressed point from m. .to

1

m, every n degrees. The area covered on filﬁ is approximately lmm x lmm. As
da;a is gathered it is histogrammed into bins 48u wide by planting the
current angle into the bin defined by the data interpolation count. If
the bin is already occupied the data is ignored. This technique has given
a very fast basic element recognition.

MSCAN is used essentially in the measure mode for fiducials and
tracks once SCAN has located the fiducial roughly or located a starting

point on a track. The normal mode of operation is to scan at a single
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angle at the addS%ssed point with gates of *50u. It may also be used to
measure angle as well as position by scanning through a range of angles,
and defining the angle of the data by the centre of the angle range over

which hits are obtained.

3.3 Track Followiﬁg
| TRACK is given a starting eleﬁent (A, B, ¢) by SCAN and starts tracking
with steps of imm using linear prediction. When me ﬁave been covered it
uses a three point circle extrapolation predicting ahead } of the current
prediction chord. It continues in this mo?e with the step increasing in
size until it reaches an allowable maximum of aSou; 4um. Then the last
16mm of track a;e used for ghe prediction, the 16mﬁ sliding along with the
track. Another cut-off for the prediction arc is 10° of track. For
'curQy tracks this cut-off is reached before the chord'length cut-off and
the maximum step is equivalent to about 29 of turning angle.

The -gates for a scan are computed as a function of the step DL
and the prediétion arc length L. The minimum gates allowed are =50u.
MSCAN is called to scan at a single angle with 'narrow' pulsé selection.

| When either a gap or 'noise’ is obtained when tracking it attempts

‘to back-up first closer to the last point. If this is unsuccessful ;n
attempt is made to bridge the confused region Sy predicting past it up
to a maximum step of %E-where the prediction errors are about +120y.

Tracking occurs in three‘phases - first téwards thé vertex, then
away from it, and finally, if necessary, a retry towards the vertex. On
reaching the tentative vertex region an event association check is made
by seeing if the track passes through the 'error box' associated with the

vertex. If it does not. then tracking is terminated.

'
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All tracking is.pgrformed in uncalibrated deflection co-ordinates.
With the current parameter settings for track following this has proved
gnﬁirely satisfactory. Track‘follower typically ptovideslabout tweaty
points/track. At the mdmgnt these are filtered to ten calibrated points.
Kink detection is performed on the curve defined by the ten calibrated
points. The algorithm requires the track to fit a smooth circle. The
tolerance is about'ZOu for beam tracks but gets much larger for lower
momentum. A kink on a beam Wwill usually be defeCted if the scalter is

greater than 1°,

3.4 Some basic measurement times

Typical.measurement times for databox, fiducials and tracks are
-given in Table 1 below.

. Table 1

Typical measurement times (for Saclay T p)

Estimates
. . for
Function Time on PDPé6 .
. Processor
= 2 x PDP6 |
Total | Hardware | 7% llardware time Total
Time Time Unoverlapped " | Time
Databox reading = 100ms 10ms 1007 55ms
Meagure 5 fiducials 150ms 10m§ 1007 80mé
Track beam across .
chamber in 'tentative' 70ms 6ns 502 36ms
mode )
Track beam across A
chamber in"beam follow 40ms 3ms 1007 21ms
mode
Digitise 30mm of track
at 20y spacing 120ms 35ms 27 60ns

©
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These times are largely limited by the speed of the PDP6 processor,

‘and thus an improvement of 2 in the speed of the processor would give

very nearly a factor of 2.in speed.

The quoted track following times are for following a beam across
the Saclay film format, a distance of ahoﬁt 46mm} Following a longer
distance, as on the'format for the CERN 2 metre chamber costs an extra

0.7ms/mm. However, when deaiing with the CERN 2 metre format film one

need only follow about 20mm of traék in the event .search mode. Once

the event has been found the extra length of track can be followed = for:
a 4 prong this would take an extra 100ms to follow an average of an

extra 30mm on each track.

3.5 Event strategy

Tracks are searched for approximately radiating from a crude vertex

- (lmm to 2mm on film), and are followed as.they are found. The search
pattern is a variable number of circles centred on the vertex as shown in
'figure 6. Through tracks are 1inked and deleted, and an accurate vertex

. determination is attempted after each circle is computed. ' If a good

vertex is found with all the correct tracks passing through it, the event
is considered measured; if not, the search continues with another circle,
or until hope is abandoned. In addition, for the present experiment it

was found necessary to initiate an extra beam search at large radii for

. difficult events.. If these efforts fail, at this point an operator may

help the system when running in the "HELP" mode.

Since the fundamental principles have been described in talks about

POLLY it is not necessary to describe them further here. However, it
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should be pointed out that the routines had to.be considerably developéd

and modified for the following reasons:

1) The PDP6 computer is slower that the I-7
2) The PEPR hardware is much faster than POLLY

3) The PEPR line has usefui advantages

Using points 2) and 3) to full advantage has enabled an extremely fast

system to be developed in spite of point 1).

3.6 Operator help facilities

.a)

b)

These were used in 2 modes for the T p production.

To indicate the vertex with the light-pen on the first view. The

‘operator need only indicate the vertex to an accuracy of better than

lmm. He is presented with a display of the 7 x 7mm area centred on
the uncertainty box provided by the scan zone information. This

is illustrated in Fig. 7.

The overhead in this operation is about 2 secs/frame.

When the automatic event strategy failed to identify the event
unambiguously then the operator was given the opportunity to'assist-
the system by a required comﬁination of vertex identification, track
addition and track deletion: The operator is given an appropriate
message such as 'TIWO FEy TRACKS', 'NG BEAM' or 'MEASURE VERTEX'. An
example is shown in Fig. 8. | |

Typical reasons for operation intervention were

(i) Confused beams - in this case the operator makes no attempt

to assist since the automatic system has already tried

special beam search logic.




(ii)

(iv)
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Very weak track due to poor illumination in chamber. 1In

this case the operator tries to identify the traék; and

an éttempt is made to foliow the track = if necessary

the threshold is droppéd to a very low lével; up to'5

tries being made at successively lower thresholds.

. Production track goes through very confused region. The

operator attempts to select a clear point with the light

pen. .

Illegal beam~ a check is made for the beam momentum. If

this is outside the allowed error limits then the system allows

" the operator to check the event. In many cases the cause

(v)

'is a "'rogue' beam which also causes problems in succeeding

views since in all probability it is outside the normal
spread in z .of beams. Thus the extrapolation from the 1lst
view to the 2nd does not reflect the correct error on the

vertex position.

Scanner error = an event was passed through with a very

short stopping secondary which was impossible to measure

-with the line. This was outside the terms of reference of

PEPR measurement, and so no attempt to help was made.

By far the largest category was (i); X
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4 PEPR PERFORIANCE

A summary of PEPR measuring performance over a 10,000 event batch
is given in Table 2 below.
Table 2

Week 9.2.70 - 13.2.70

Experiment 17 (740 MeV/c. ﬂ-p R.D. Eilm, 2=prongs)

s

Elapsed time | PDP6 Time | Lost timex
" (Hrs) (Hrs) (Hrs)
80 _ 64.6 15.4

*Time-sharing of processor operator
training + breaks film changing.

-

Auto events | Helped events | Total events

8,728 1,370 10,098

Total events/PDP6 time ¢ 156 events/hour

Helped events/total events: 13.5%

The history of these events through Match, Geometry and Kinematics

is shown in the first entry in Table 3 below
)

Table 3

Event History

Fail - Fail Fit Multx-z:utral
Match/Geom |Kinematics |Kinematics doubt Ful
All events'’ 137% 1.5% 78.5% 7% -
Selected scan A
sample 5% 27 847 9%
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Helix Fit Statistics.are shown for PEPR measurements on.Fig. 9.
They peak at 7ﬁ and have a 17 tail beyond 25&. All PEPR measurements'were
done using a Gﬁ least count..

For comparison a sample of 170 events were mgasured on -a manual
machine with a least count of Zﬁ. The reéulting helix fit statistics are
.shown on Fig. 10. Even with the limited stétistics it can be seen that the
peak is shifted to 11ﬁ.

» . The contribution to the helix fit errors purely from uncertainties

in the chamber constants has been estimated as about 5 - 6u.

4.1 Match/Geometry reject reasons

Poa N " 137 of all measured events fail in MATCH or GEOMETRY
Percentage , ‘ : . \

of all  of reject
evepts events

1) -~ 2% 15% Gross failure
1/3 events cannot be found
1/2 too few tracks are found on 2 or more views

1/6 fiducials can not be measured

2) 5.17% 39% 'VERTEX LOCATION PROBLEMS
1/3 tracks in some view fail to intersect
2/3 Vertex points in the several views are not corresponding

points

3) 37 237 FAIL IN MATCH

T . 4) 27 152 2 View measurement failures apnd troubleg
1/5 2 view mezsurement fails MATCH °

4/5 poor stereo on some track measured in 2 views
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5 0.2% 27 Assorted Measurement Failures and Program Shortcominzs

(Charge balance failure, uo beam track, atc.

6) 0.67% 67 GEOMETRY FAILURES

1/3 MATCH passes marginal unassociated track images

2/3 probable Gecmetry afithmetic'troubles

4.2 Performance Summary

A reasonable measure of efficiency of performance by a measuring
system is the percentage of all events that have to be.reinspected and
remeasured after the ‘first measured attempt. At our momentum, less than
17 of all two prongs are from events with two or'moré neutrals; all the
rest are from elastic scatters or single.piqn préduction. Thus, to a
good approximation, we should expect all events‘to fit some produqcioﬁ
hypothesis. We have found that measurements of similar events at close
beam momenta with our image plane digitizexs have to be repeated between
25% and 307 of the time. In the case of the PEPR measuremeﬁts, the
unsatisfactory results are between 157 and 20%Z. Thus, PEPR is.now, on its
first production mecasurement output a better system than our manuzl - v
measuring system, even ignoring the superior quality of the PEPR measurement

themselves. i - N

5 POST MORTEM DEVELOPMENT AND SYSTEM EVALUATION
A brief study was made of the effects of imposing more severe
scanning criteria in selecting our data sample. - Three rolls containing 659

events were studied, of which 62 failed in MATCH.

Events were excluded where the event:-
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are given in Table 4 below
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(1) was iﬁcorrectly zoned on the scanning list .
(ii) ‘ did not héve the.beam track élear by ét 1east'100ﬁ on film for

at least 5 mm in at least 2 views \
(iii) did not have all production prongs longer than 3mm in all 3 views
(iv)  was not the correct topolégy (e.g. a Dalitz pair or a 4 prong)

This anti-selection reduced the sample to 545 events, a reduction
of 17%Z. Almost all discarded events were for.reason'(ii).

‘The performance of Fhe 545 event sample is given in the second

enﬁry in Table 3. It was clear that the easiest way to significantly

improve our performance was to be slightly more selective in scanning.

5.1 Automatic running with preFdigitised vertex
As a result of our study oh our test sample of 659 events
we decided talevaluate the performance of the system running completely
autoﬁatically with the vertex digitised to lmm accuracy‘on the first
view,
A summary of the criteria for the run and the rebulting performance

Table 4

Scan criteria for aufomatic run on T p (no opefatdr help)
1 No track image shérter than 3ﬁm in any view
" 2 Beam must be clear of other beams in at least
2 views (by 100u for at least 5mm)

Selected Sample (2 rolls) 315 events. -

PEPR measuring rate 380 events/hour

‘MATCH pass percentage 917’
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Thus this run gave a satisfactory performance through Match +
Geometry at a greatly enhanced meagsuring rate. The percentage of ‘events

rejected due to the scan criteria was about 157, mostly for criteria.2.

5.2 Time Breakdown for Software

A breakdown of time utilisation is given in Table 5 beiow.

Table p

Time breakdown for 7 p

Running with pre-digitised

‘vertex on one view (to lmm -accuracy)

Activity 7% Total time
Film transport ‘ 40
Track following 22
T?ack searcp + 17
kink detection
Databox + fidugials 8
Storing *+ calibratijg 4
track data ‘
Various book keeping 4
+ 1/0
Threshold setting 2
Vertex check - 2
Track linking 1

Measuring rate: 380 events/hour

with ionisation: =340 events/hour

It is obvious from this table that the easiest way to speed up
the throughput (from the software point of view!) is to have a faster film

transport. For the T p experiment there was, on average, an event every
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"four frames, the average event to event film transport time being 1.2

gseconds.

Another way to speed up the measuring rate is to code the vital parts

" of TRACK in assembly code, while still retaining the logical framework of

TRACK in Fortran IV. This will be done in the near future.

5.3 Some 'Wishful Thinking'

It is interesting to'predict the measuring performance of the
current software + hardware system if it were driven by a computer whose CPU
performance .is twice that of the PDP6. Another desirable feature would be
an event to event film transport average time of } second, this being
accomplished by a faster film transport and an average, ‘say, of 1 event
every two frames. . .

Such an eétimate is given in Table 6 below.

| Table 6

Measuring System

Current Oxford hardware + software
Computer X (S 2 x PDP6)
Fast film tr;nsport
Input
2, 4, 6 prongs pre~digitised to lmm in one view gvertex only)
-confused beams antiselected
-frequency = one event/2 frames

Performance Estimate

Event recognition and measurement 1.0sec

Tonisation (30mm for 5 tracks) 0.3sec
Film transport time . 0.5sec
Average time/frame - , .-‘1.88ec

Measuring rate = 675 events/hr (?!)
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CURRENT DEVELOPMENTS AND A FORWARD LGOK

All scanning and measuring for the T p experiment was periocrmed
with the lmm line element. The baéic-spot scanning and measuring
routine has been written, and is currently being used to gather data for
our ionisation algorithms which are in the process of developgént. e
will be also used to find and measure short tracks (less than lmm) waich
‘cannot be found with the lmm line. The basic spot routine SPOTTY will
also be used for measuring end ppihts on tracks, and following very curly
tracks which, with the lmm iine, give broad pulses. The lower iimit
for the 1lmm iine is about 3mm radius of curvature on films.

The.next experiment for ‘our current sysgem‘is.a 3.6 GeV/ce K-p
exposure in the CERNlZ metre chamber. Both normal and reverse developed
film will be procéssed, a total of 100,000 events. It is hoped to go
into pioduction on this experiﬁent by May. |

Once the K-p'experimént,is solidly in producgion\development work

- will begin on developing automatic scanning techniques.
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DISCUSSION

TAFT: (Yale) Are there comments or questions on
Frank Harris' talk other than ionization on which we'll have a few
remarks after Barney Brooks,

ALLISON: (ANL) That was very impressive, I am glad I'm
coming to Oxford. I would just like to point out one thing, could you
tell us what percentage of a given track, going say half way across
the chamber, you in fact digitize. Except when one is scanning beam
tracks we digitize densely, that is to say we digitize all the track we

can, partly because we are trying to pick up ionization information but

also we are trying to get good fits, but you seem to have those anyway,
so maybe this isn't doing us any good, so I'd like to hear.

HARRIS: (Oxford) Well, we're putting our 10 master points, and
in fact, I shouldn't even say 10 master points. When we track follow
we may pick up as many as 20 or 25 points and we just pick 10 points
equally spaced We don't, in fact, do any averaging, wh1ch again
would g1ve us in principle increased accuracy.

ALLISON: (ANL) That wasn't guite what I meant, I mean as you
are going along the track, To begin with when you don't know quite which
way the track is going, you have to just move slowly.

HARRIS: (Oxford) At the begining, the track follow step is 1/2 mm
till it gets up to 2 mm. That's a parameter in the program., Then the
prediction step gradually expands. From prediction step of LL we
predict L./4 ahead; L expands up to a limit and there are two cutoffs

on the limit, 10 degrees of turning angle or 16 mm. So when it really
gets gomg we're predicting from 16 mm, jumping 4 mm ahead,

ALLISON: (ANL) At the end of the track, how much of it have you
done? '
HARRIS: (Oxford) The average track length is, say 20 mm, ‘at the

end we've got spacing of 4 mm, I don't know how you define what fraction
of track that is.

ALLISON: (ANL) O. K'. so steps of 2 mm half way‘down.

WATTS: (MIT) May I just add a comment to that you're sweeping
with a 1 mm line segment? :

HARRIS: (Oxford) 1 mm

WATTS: (MIT) The line segment averages over 1 mm so if the

average step is 2 mm, you digitize perhaps half of the track,
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simplicity we decided not to play around with varying length of the  line
segment. If we were to go to higher energies we'd make the line longer,
because we use this narrow TED selection. With the 2 mm line length,
at TED widths of 60 microns or less the 2 mm line will only get hit .
at plus or minus 1 degree which gives us a very fine probe when we're

scanning at a single angle. . '

|
|
HARRIS: (Oxford) Can I make another comment about that, for ‘
|
|

VAN de WALLE: (Nijmegen) I also have a question about &our sweep,

do you sweep in only one mode? : p
HARRIS: (Oxford) Yes, I should have said all of this is being done
except that we gate it. It is always physically sweeping one millimeter ' o

except that we are gating it when we're track following or measuring
fiducials.

VAN de WALLE: (Nijmegen) And you slowed it down to 60 microsecs.

HARRIS: (Oxford) We've slowed it down to 60 microsecs, ie a
.factor of 5. PR and PE both sweep at physically the same speed. In
fact, my feeling is we could slow it down by a factor of 3 again, and
it wouldn't make any darn difference. We just don't need to run that

fast.

ALLISON: (ANL) 1'd just like to make a comment on that final
thing that we speeded up POLLY by the hardware sweep speed by a
factor of 2 keeping all other parameters constant and you had to know
the 'program and things very well to see that anything had changed
whatever, either in the quality or in the spced of throughput.

|
|
|
|
" in the PR mode with a 6 micron least count and only one sweep range
. WATTS: (MIT) You sw eep with one angle when you are track

following? v
HARRIS: (Oxford) After the first 2 points.
WATTS: (MIT) Yes, right, and so you put on an N versus phi -

display and said it was very good, I wonder if you know exactly how good
it is.

HARRIS: (Oxford) - ‘We aren't using the spot at all so you can have no
pinwheel but you can still have N versus phi effects. We've got no pinwheel
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effect in our system. We seem to have done a very good job of
lining up the tube. I've looked at the maximum pinwheel right at
the edges. It is something like 15 microns, so we don't have to
worry about that effect.
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1  Introduction
During the commissioning of the Oxford PEPR I a number of significant
| N

hardware modifications have been made. These have resulted in an improved

performance and they suggest changes to the PEPR II system, now under

construction.

It is the object of this report to outline the PRPR T mndificationo and -

to describe the essential features of PEPR II.

2 PEPR I -Hardware

The basic hardware configuration of PEPR I has remained unaltered.

However, the following changes and additions have been made:

‘(a) Ferranti Cathode'Ray tube (with Back Focus coil)
(b) EHT Shunt Regulator

(c) Light servo

(d). TV system

(e) Analogue dynamic focus

The CRT .that we have been using for the last twelvg months in our production
PEPR is a Ferranti 5G 75 Q4 MA. We find it a worthwhile improveﬁent over
- the Dumont KC 2411: its performance is summarised in Table 1 below.

It gives the same light output from a 14-19ym line as the Dumoﬁt tube gives

from a 26ﬂm line.

2,1 Improvements in CRT performance
|
l
We use exactly the same line-up of CELCO magnetic components as at MIT,
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except for one addition: a high-quality focus coil mounted over the electron
gunl. This extra component makes the spot three or four times brighter

than it is on a standard Ferran;i CRT of this type, and it completely

removes a rather bright "halo" (due to sécoﬁdary electrons struck off G2)
which ptherwise appears round the spot—or line - when the CRT is driven beyond

some 17v. (0.17 of cutoff).

The reason for this (Fig. 1) is that the Ferranti type 71 and 75 electron
guns (unlike the Dumont one) use an electrostatic lens formed by two tubes,

at final anode potential and G, potential respectively, to form a second

2

- crossover in the electron beam. The main focus coil acts as a lens whose

\

"object" is this second crossover and whose "image" is the final spot on
the phosphor. The advantage of using a second crossover is that it can
be made smaller than the first crossover formed by the. emission triodé.

In turn, this makes the final spot smaller. How much smaller the second
crossover becomes is detgrmined not only by the demagnificafioq produced
by the electrostﬁtic lens, but also by the abérrations introduced by i;.
We found that the‘theoretical demagnification m of the 75 gun was 1/12,‘
but the second crossover was not less than 1/5 the size of the first.

The difference is due to the aberrations.

Fig. 1 shows how we have i;traduced an extré focus coil to form the second
crossover. The advantage is that now the demagnification is under the users
control, and few aberratiops are introduced because of the much higher
quality of the magnetic lens. The electr;static lens is.still there, of
course, but since we forﬁ the second crossover aétually within its gap it

is now acting as a '"field lens" rather than as an "objective'" so that its

aberrations have only a minimal effect on the image quality.
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For the magnetic lens, we are using a CELCO B-1613-1 with 1.2A in one gap
only. This gives an ove;all demagnification m, of about 5 to’'l. The size
of the second crossover is roughly ;hé same as in the un-modified gun.

But as in light optics, the intensity of this crossover isAproportional to
the sduarg of the.magnificatién: thus we get an increase of intensity (beam
current/unit solid angle) of (l%)z. Taking into account the increased
distance 1 between crossover and limiting aperture, we find the final

\

increase in the beam current due to adding the coil is:

2 -2 2

Tpo W M Loom, -
" & =@ @ =32
b1, Y1 T 2 1

which agrees well with what we observe.

A minor bonﬁs is that the beam leaving the limiting aperture fills a smaller
solid angle - this reduces the effect of aberrations in tﬁe main focus coil
and yoke.' A more important bonus is that the extra focus coil acts as a
crude spectrometer, which filters out of the beam any slow secondarieé
originating from G2 (see Fig. 2). This allows us to use grid &rives up to
40 volts - 0.4 of cutoff - without any visible secondary—eléctron halo.

At sﬁch a drive the maximum light output that.is safe fof the phosphor -

caﬁ be got out of a lm or 2mm long line; i.e. at least 7 times more than
that obtained from an unmodified 75 gun tube driven to 17 volts, where

secondary- electron halo just begins to appear.

At present we use a final anode current of 160pA when forming a lmm line,

and the transient performance of the EHT supply - Walden 545A - is inadequate.

To overcome this deficiency a shunt regulator has been incorporated. This
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circuit consists of a high voltage triode (connected as a shunt load to the

power supply) and an operational amplifier.

The amplifier monitors the total current drawn from the supply, and adjusts
the triode grid drive to maintain the load as a constant value.

Without the regulator, switching from spot to line resulted in a EHT voltage
change of 140 volts with a time constant of 20m sec. The regulator reduced

this error to less than 500mV peak to peak.

2,2 The light servo

The light servo was first implemented to compensate for variationms in the
CRT grid base. - These changes were attributed to thermal effects resulting
in small distortions of the gun structure and they produced changes in the

light output from the spot of 2:1 at a fixed grid drive.

The servo (see Fig. 3) consists of the three standard momitor photomultipliers,

a summing amplifier and servo amplifier. The monitored signal is compared

-against a reference input and the error provides the necessary grid drive

to the CRT.

The servo response time is less than 0.5 microseconds and consequeuntly it

_can compensate* for phosphor variation which have wave lengths similar to

-tracks. This operation eliminates the need for making the film channel gain

proportional to light output and allows the gain function to be placed

under software control.

* At the current scanning speed of 33 microns/microsecond
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2.3 TV System

As an aid to hardware and softﬁare development an analogue TV system
(see Fig. 4) has been built. This uses the normal CRT and photomultiplier

to provide grey level pictures.

The scan cén cover the total format at a rate of one‘f:ame‘(looo lines)

per second or 1 cm squaré (500 lines) 20 times per second. The line scan is
triangular which minimizes the required deflection amplifier bandwidth.
However, this necessitates a stepping frame scan to maintain parallel

sweeps.

The centre of the picture cell is determined by the current values of the

A and B registers. With the aid of a speed ball and simple MACRO program

the A/B values may be changed dynamically~providipg easy access to all
parts of the format.

.
A system of comparators detect when.the analogue sweeps pass through zero
and display a cross to indicate this point. To determine the co-ordinate
of a [eature on the tilm, the centre of the scanned area is changed (using
the speed ball) until the point of interest coincides wigh the cross.
This position must correspond to the new A/B values (as the analogue sweeps

make no contribution at this point) and can be read by software.

As a consequence of installing the TV system we have to provide an analogue

dynamic focus supply. This unit monitors the total deflection current

and with the aid of a quarter square multiplier provides an X2 + ¥2

“function to drive the standard CELCO power amplifier.
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3 Performance of PEPR IIL

The PEPR II system currently under construction at Oxford will contain -

the following new components:

(a) A Ferranti 9 inch, 75 gun, Q4 CRT
(b) A'l.S:l objective lens designed by Dr. C. G. Wynne* (Imperial
College)

(¢) A new signal processor

3.1 9 inch CRT and optics

The CRT and magnetic components have already been intensively studied..
and the results have been reported by Willderz. Table 1 reproduces the
< essential line width valuesi, with the equivalent performance of the PEPR I

system for comparison.

Table 1 CRT line width performance

CRT line width Image Plane line width
.Centre Edge i Centre Edge ‘
PEPR 1 : ) .
5" CRT 14.6um 19um 15.6um 22um
1:1 optics
PEPR II o o . .
9"CRT 151m 20um 13.4um 17.4um
1.5:1 optics

Line widths measured at 607 intensity.

* Currently under construction by Wray Optical (Rank) Ltd.
t The image plane line widths relating to PEPR I are measured values and
for PEPR II they are predicted assuming the theoretical OIF of the lens.

5" CRT 50mm radius, 9" CRT 94mm radius.
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The above results were obtained using standard CELCO components and with -

the application of a Back Focus coil and dynamic astigmatism correction.

The lens has been designed for the convolved (Q4) phosphor - (Sl1l1)
photocathode spectrum* and has a front focal distance of 41.92 cm, a throw

of 97.74 cm and an aperture (at infinity) of £/2.8. P

The predicted OTF gives a modulation of 50% at 40 cycles/mm (in the image N
plane) and an acceptance test deﬁonstrating not less than 40%i hés bheen

specified.

With this combination of CRT and lensiit will be possible to cover two ' e
views of the QERN 2 metre chamber, accessing the third view via a moveable

platen./ Recent results3 have indicated that a reduction'of 50%Z in théy_
working light level would not be detrimental to the system performance.

Therefore, we are considering the introduction of a pellicle, producing

two image planes each capable of covering two views of the 2 metre chamber.

Although no definite decision has been made, with respect to the optics
for looking at film from the Big Huropean Bubble Chamber (BEBC). The ' X
most likely solution will be a 2:1 demagnification from the 9 inch tube

which will cover the BEBC format including the proposed data box.

Extrapolating from our 1.5:1 lens it appears reasonable to expect an image

plane 1line width not more than 15 microns, and with an adequate signal/moise

ratio the detection of 10 micron tracks appears quite feasible.

* Spectrum peak at 0.410 microns and 10% points at 0.386 microns and

0.473 microns

t The corresponding value for the 5 inch 1:1 lens is. 257 at 40 cycles/mm.
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In view of the large dynamic‘range of the data from BEBC* film it is

considered essential to produce a signal processor with the maximum

flexibility. This will ensure an optimum performance under varying

conditions and in the limit allow the weakest track to be detected.

To ensure an adequate S/N ratio an averaging technique has been employed.

This allows the scanning time to be optimised as a function of the film

quality. Fig. 5 shows a simplified block diagram.

3.2.1 General médes of operation

There will be three basic scanning modes and the essential characteristics

are given in table 2.

Table 2 PEPR II Signal Processor

Sweep

Sweep

Mode of Operation

. . K . . .| Resolution| Normal | Averaging mode
Scanning Time distanece: . d
mode usec in , moce
. microns. S/N Range max
microns
S/N
FIND 50 2000 20 N 1-64 V64 N
TRACK 50 400 4 Y5 N 1-10 |/50 N
SUPER TRACK 50 100 1 Y20 N 1-10 200 N

The FIND mode, which is used-to locate starting points for the Track

Follower must sacrifice time to improve the S/N ratio. To ensure maximum

]

* Track contrast, track width, and background transmission

i Sweep time to be multiplied by number of sﬁeepé averaged in "Averaging

mode".
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flexibility, an analogue hit detector is followed by digital averaging
which takes the form of a 6 bit 100 word summing store allowing an

averaging range of 1 to 64 times. /

Track and Super Track which provide adequate sweep distances while track
following, give an improved S/N ratio without a time penalty. However,
they can be used in an averaging mode, limited to a range of 1:10.

In this mode of operation the pedestal-free signal is digitized with a
resolution of 1/100 of the sweep distance and the numbers resulting froﬁ'

successive sweeps are summed by the summing store.

3.2.2 First stage analogue processing
. The first stage of analogue processing consists of format selection (light
or dark field), gain adjustment, data overflow detection and matched

-

filtering.

The data overflow detector is a simple comparator which sets a flag if the
"signal has exceeded a prescribed level. This will allow the software to

adjust the gain and hence eliminate errors due to saturation.

The filee¥s will have a conventional sine-squared impulse response and be

selected to match the scanning speed.

3.2.3 Background.Transmission

To overcome the problem of rapid variations in the background a detailed
record of the local area is obtained during a dummy sweep using a

defocused spot. The enlarged spot acts as a low—-pass spatial —-frequency
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filter, recording background changes which have wave lengths substantially
longer than the tracks under consideration. The resulting signal is
digitized with a resolution of 1/100 of the total sweep distance and

placed in a 6 bit 100 word recirculating background store.
Subsequent data sﬁeeps in the same local area use a reconstituted background
to'provide a pedestal signal, which can be subtracted from the anélogue

input, resulting in a pedestal-free track signal;

3.2.4 Width informafion

When using a scan iine of variable orientation, track—signallwidth'
discrimination is essential., However, a sudden change in thevtrack width
may indicate the presence of a second traék or artifact. To allow the
software to make the maximum use of this information the track width will
be recorded and can, if required, be read into the computer aiong with

the track interpolation data.

3.2.5 Density Measurement

With a pellicle providing two image planes it becomes practical to make
accurate measurements of film density. Fig. 6 shows the basic scheme in
which hybrid analogue/digitai integrators measure the photon flux in the
reference and film channels. The film channel scaler is preset to a
total photon count which will ensure the required measurement accuracy.

The operation starts with turning on the CRT and the scaler is counted down

~to zero at which time the CRT is turned off. The count then contained in

the reference channel is directly related to the film transmission.
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DIS CUSSION

KENYON: (Washmgton) - Why are you using Q 4 phosphor on your
new system? ‘ '

BROOKS: (Oxford) I don't know of a better phosphor, |

KENYON: (Washington) I see, not a slower one that would have
less........ : '
BROOKS: (Oxford) The situation is this, I am not saying that Q 4

is the optimum phosphor. It is a very difficult and complex problem,
you can't just talk about light output or spot size, or sweep speed, you
have to take all of them together in some rather complex way, you've
got to consider if you like, how many events I can measure with this
tube in one year and you could, theoretically, derive an expression
which would tell you which was the optimum phosphor. I am not
prepared to spend a year to do that.

KENYON: (Washington) No, I was curious, I thought perhaps

P 24 would have been better as far as your lens design was concerned.
Another question, what are you doing about drift in your photomultipliers
if you make density measurements,

BROOKS: (Oxford) Yes, I knew you were going to ask that question.
Well, if you remember this is not bubble chambeér film so I am inventing
the problem. One can arrange to have whatever you're looking at to
have a clear region, or you even take the film out altogether and at
regular intervals you turn it on for some fixed period of time and both
systems are supposed to be identical, both channels are identical

and you let them run, you make a measurement and find out the
difference, because the photomultipliers are the open loop part of that
system and then you can either just remember the difference and take
note of it, or you can correct the gain and have it automatically happening
at some suitable interval. :

VAN de WALLE: (Nijmegen) On that phosphor problem, I mean

the slowing down factor that you are considering is typically from 5 .
to 10. What I think I recall, and maybe you can say whether it is right
or not, is that the P 24-has a decay time which would imply a slowing
down of more than 10, I think it is more like 10 to 15.

BROOKS: (Oxford) I think the P 24 is perhaps one microsecond.

Well, the whole point is, for a long time we said we had signal to noise
problems, we are now wearing a different hat, we now say we don't

have signal to noise problems and to a large extent one of the big problems
with changing phosphors is the cost and the time it takes to have lenses
designed, you commit yourself to a lens and you've got to live with it.
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ALLISON: (ANL) You remarked that the vertex errors dropped -
“when you reduced the light you were putting through the system. What
happened to the spot size when you reduced the light?

BROOKS: (Oxford) It doesn't change, believe it or believe it not, it
doesn't change, As 1 pointed out, the line gets smaller than the spot

and of course we are pushing much more current through the whole tube
at that point,

ALLISON: (ANL) I see, and the relationship between the line
and the spot remains the same? '

. \
BROOKS: (Oxford) We've run both the line and the spot at all levels .
of intensity which we feel are safe and we can't detect any difference in |
the spot size or line size,

ALLISON: (ANL) I'd just like to make another comment. Since

on POLLY we have a system where we are trying to do production, we
haven't been able to do or even think about a lot of things that you've

been able to do, but some things have happened very often by accident, .
For instance, after a couple of weeks when we've measured 21000 events
on un-scanned film; I wake up in the middle of the night wondering whether
the spot was still focused and when we went and looked at it, it turned

out that we had a spot about 50 microns across; this had been doing
wonderful physics for us, and it didn't seem to matter and it seemed not
to make any difference when we sharpened the thing up, we couldn't

see any effect on the throughput.

BROOKS: (Oxford) Well, I would make two co'mments on that.
ALLISON: (ANL) Thul was wilh very good filim, of coursec.
BROOKS: (Oxford) Well, that was the comment, -you beat me to it. -

I think the big problem with spot sizes has really nothing to do with
sort of fundamental things and noise ratio, but it's essentially the
resolving of very closely spaced beam tracks which you don't have,
The other point is that you were saying because it was a production
system that you don't have the opportunity. It's, in fact, only because
we have a production system that one can do these kinds of statistics.
I would never have considered measuring 200 events 10 times at
different light levels if we didn't have a very fast production system,

TAFT: (Yale) A It seems to me that this is a philosophical
argument, but I would like by way of leading into something which we

may have a couple of minutes to spend on, to ask Allison: When you

were running with a 50 micron spot, was your ionization still satisfactory?
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ALLISON: (ANL) To see the effect of a 50 micron spot we have

to go all through the loops of kinematics and come all the way back. We
don't know when the spot, when the focus degraded; we had an emergency
power shut down a couple of weeks before, so we may not have been
running like this for very long. But the effect of it would be to make
the chi square probability distribution even more peaking at low and
high values because each sweep of the track would again, for the same
reason, not be an independent estimate of the ionization, so that's what
I would expect to happen, it may be that what we were seeing in the
ionization was as much a fact of that as the fact that we were treating
the three views as independent.

TAFT: (Yale) We have about 10 minutes, lunch has been set
for 12:50 p. m., and there have been a number of comments about
ionization. In order to try to finish off the subject I'd like to ask
Peter Lucas to make a comment on some preliminary work we've done
at Yale and then perhaps anyone else that wants to comment. on the
ionization should feel free to do so.

LUCAS: (Yale) Before commenting on the ionization I'd like

to just comment on the effects of de-focusing, When we started our
measuring at Yale there was a programming bug which computed the

focus current as the strongest when it should have been the weakest

and the weakest when'it should have been the strongest. PEPR ran for

a month like this and was much faster this way than when it was corrected.

The ionization work that we did is indeed )
preliminary, we've only done it on two different tracks. The two different
tracks were, as a matter of fact, separated by 2 1/2 years, so that
it's preliminary indeed. The chief statement of the results, however,
could be the following: We didn't actually try to control it with digitized
threshold gains, etc., but on the other hand we did control it with knobs
and we've come to the conclusion that the track can be made either

totally white or totally black by twiddling a knob only a small fraction of

the amount with which we normally twiddle it just in going from one roll
to another so that the affects of this are incredibly sensitive, The
scheme we used was similar to the one described by Terry Watts. We
attempted to simply scan along a track and come up with either hits or
misses. Using the spot, we moved one main deflection count insofar

as possible along the direction in which the track was moving so that the
hardware scheme would be very similar to that which Terry described,
In connection with this, however, we were worried about one thing:
Since we are using exposures which had a large number of tracks in the
chamber and the beam was not parallel, we were very worried about
biasing the results with crossing tracks; the main programming effort
went into resolving problems about crossing tracks. A crossing track
can give a hit were it doesn't belong, it is less likely to give a miss where
it doesn't belong, so that it would certainly bias the results, One thing
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we found by pursuing this was that in attempting to decide whether

there was a crossing track we used our programs in a slightly different -
‘manner; in particular, the timing of the rate at which we referenced the

film was considerably different in this mode than in the usual measuring

mode and the results were that it was very irreproducible; namely,

when a hit was obtained using an area scan or track follow mode we used ~
a slightly different mode to try to just reproduce it and make sure we

had the track whose ionization we were attempting to measure. It

would often go away or become doubled, while in the usual mode it

was not doubled. This suggests that there were indeed time constants

of rather long duration which existed through many parts of the hardware, 5
and this indeed turned out to be the case. I1f, however, we could work
our way around this on at least our one track, the results were that

if we could find level settings at which we got what looked like reasonable
ionizations on any one track, that they were indeed reproducible; namely
hits, misses, and regions of confusion all seemed to be reproducible,

but the overall problem seemed great enough that we decided not to
pursue it further, :

One last comment is that in doing Dixon Bogert's
sigma minus decay experiment in order to identify leptons, the
ionization was actually determined by Horace Taft using bubble counting
through a digitized microscope. And the comment as to the result of
that is that the structure and shape of the bubbles were such that had
PEPR tried to do it, the results would almost certainly have not been
of any value,

TAFT: (Yale) That was for the Brookhaven 30" chamber
under very poor conditions. Are there any other comments on
ionization anyone would like to make, or questions to ask?

ALLISON; (ANL) I'd just like to make one or two comments because,
" in particular on ionization, the POLLY situation is different because,

you know, even when one is just measuring, the ionization comes out

very naturally, and so we have it all the time, and we actually use it o

during the track following and pattern recognition process. If you have ‘

a couple of tracks with a one or two degree intersection, then there is ‘

an area where it is only by means of looking at the ionization that POLLY - ‘

can distinguish that there are indeed two tracks there and not one; POLLY

knows it was following one track and the ionization in this area has

suddenly become higher and it interprets that there is a crossing track.

Now I am not certain to what extent the PEPR angular spread here will

in fact tell you the same thing so that you don't need this information.

The second thing is, during ionization, when doing it on the fly like ' *

this, one has to be very careful as to what to do with the discriminator

level because, of course, if you change the discriminator level to get




through a bad region you'll also muck up the ionization. Now, in
fact, one can do something about this. It was shown some time
ago by Strand at Brookhaven, that if you divide the log of the
lacunarity by the average track width, I mean width in a POLLY
sense, where this is presumed constant if you have constant
discriminator level, this in fact, will give you a much better,
will give you a good representation of the ionization when you
vary the discriminator level a bit, or as they put it when the
bubble size changes a bit, since one is only talking about effective
bubble size, whether the bubble looks larger because it is larger
or whether the spot is larger doesn't, I think, matter,
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PLESS This afternoon we will have a round table discussion
among the people who have the responsibility for the broad programs
of the major laboratories that supply bubble chamber film. As
starting points for the panel, three subjects have been suggested that
are of considerable interest to an audience which consists of the people
who are going to analyze this film. The first subject is the impact

of the measuring capabilities of the PEPR groups on bubble chamber
physics. The second subject is the expected impact of the large bubble
chambers on the way we think of bubble chamber physics. Explicitly,
as stated in the letter which I sent, the questions are; will the bigger
bubble chambers replace the smaller bubble chambers and will the

‘amount of physics (which I defined as the amount of film that would be

available to the general user) go up or down or stay the same? The

third topic, which I think is probably the most delicate but therefore probably
the most interesting, is whether the men on the panel can give us any

idea of how they see the future going with respect to bubble chamber -
physics for the next three to five years. If possible, maybe they could

give us some idea of how the physics, the amount of film, the crews,

the beams and anything else pertinent are related.

One thing that was very clear from the talk among the
PEPR groups was that the quality of the film was important. Either the
film was very good and things went well or it was very poor and then
things didn't go so well, Therefore another question that could be
addressed is what further or future developments could be suggested to
make the quality of the film better suited for automatic reduction and
whether these could be implemented at the labs., This would result in
more physics per unit time and, presumably therefore at lower cost,
since time in fact means money.

Let me now introduce the members of the panel:
Joe Ballam from SLAC, Charles Peyrou from CERN, Tom Fields
from Argonne, Alan Thorndike from BNL and Jim Sanford from NAL.
I think they represent the major labs in the Western world that produce
lots of bubble chamber film. The ground rules are that each of these
men will have fifteen minutes in which to discuss any subjects they
choose. They are not required to talk about the topics previously
mentioned. If any member of the panel wishes to interrupt another
briefly, this is permitted. I will try to keep things on schedule so
that we can have three speakers before the coffee break and two after.
That will leave adequate time for discussion with the audience about
any particular points of concern. There is a time buffer between the
end of the panel and the begining of cocktails which we can use and if
people are really excited we could even use part of the cocktail hour,
but I don't think that will be necessary.
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As an introduction I have written a table on the
blackboard which condenses information on ultimate performance
received from nine PEPR groups. I will not say which nine and
I will not break the information down by individual groups.

Total 3 Ph. D.| Total Years
Events
Upper 1000K 650K .10 55 4
Averdge BOOK 400K 6 30 2.5
Lower 160K 300K 3 13 0

When these nine groups are fully operational they intend to analyze

a total of four and a half million pictures per year. Their combined
budgets will be $3, 600, 000 and the work will involve about 270 people
of whom 54 will be Ph.D. physicists. It will take an average length
of time of 2,5 years to reach this plateau of operation. The center
row of the table corresponds to these figures and gives the average
value for total events, annual budget, Ph.D. physicists in the group,

. total manpower including the Ph.D.'s and years to reach the plateau
- for one group. The upper row gives the largest figures received for

each quantity, and the lower row, the smallest, Neither the upper
row nor the lower row represents a particular installation, they just

indicate the spread in the values received. The spread in dollars, from

$300, 000 to $650, 000, is quite small while the spread in the amount of
events is quite large, 160K to 1000K. The average values really
represent most PEPR installations quite accurately. Although the
numbers are not necessarily accurate, they represent the hest estimates
of nine different institutions presently owning PEPR,

(Question from audience); What is the average number of pictures
per event?

PLESS: I would say that the number is about two pictures per
event, Charles is disagreeing, he probably has a better number,

PEYROU: I think that it has to be one picture per event if you want
to have that many events,
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PLESS: - All right, it has to be one. This topic may be included
in your discussion.

I think we should start at one side of the table and go
around in order. So the first speaker will be Joe Ballam,

BALLAM: I thought that I would first give you some idea of what
bubble chamber picture production might ultimately be expected at
SLAC in terms of both accelerator and bubble chamber performance

as well as what the financing might be, I will give a realistic estimate
of possible performance but what may prove to be an optimistic estimate
of financing., 'Let me show you a little calculation of picture rates which
I made. 1 used the actual numbers for the period of operation July: '68
to July'69

SLAC POTENTIAL
PICTURE RATES

Based on fiscal year 1968

1) Average expansion rate 1,5 expansions/sec

2) Accelerator efficiency = 0,55 actual pulse/scheduled pulse

3) Beam and chamber efficiency = 0, 45 pictures/actual pulse

4) Overall efficiency = 0. 25 pictures/scheduled pulse

5) The number of pictures/chamber/year = 1.5 (expansion/sec)
x 0. 25 (efficiency) x 3 x 109 (seconds/year) x 0.6 (fractional
time scheduled) = 6,7 x 10° pictures/chamber /year,

6) If two chambers operate and each is scheduled 80% of the
time that the accelerator is scheduled then:

 the number of pictures/year = 10.7 x 108 pictures/year
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We ran at an average rate of 1.5 expansions per second for both

chambers. The accelerator efficiency is the actual number of delivered e
accelerator pulses divided by the number of accelerator pulses that

were scheduled over this period and the result is about 55%. This is

a different kind of efficiency from the kind implied when you say the

machine - was operating 90% of the time. As you know, SLAC runs at =
360 pulses per second and so this efficiency figure does not necessarily

represent the efficiency of the accelerator for all experiments but

refers only to those pulses scheduled for bubble chamber experiments.

The next factor depends on the bubhle chamber beam lines and the

chambers themselves. We divided the number of pictures that we s
actually took by the number of good accelerator pulses and arrived at

an efficiency of 45%. Our overall efficiency is therefore 25% It was

also about 25% over the years of bubble chamber operation at LRL and

so 25% seems to be a universal number. Now we calculate what we

expect of our chamber. We take the expansion rate times the efficiency

- times the number of seconds in a year and multiply by the fraction of

time the accelerator was scheduled. The number used here is 60%.

This depends on the budget and it is unlikely that in the future we are going
to do much better than that at SLAC. The result is 6.7 x 10° pictures |
in a calendar year, We have two chambers at SLAC and we can assume * |
that we could schedule experiments in each for about 80% of the time ‘
that the accelerator is scheduled. You probably can't do much better

than that because of the logistics of beams and incompatible experiments,

S0 in the end we arrive at 10. 7 million pictures per year. I think that

is a realistic number for'SLAC in terms of what we have already done.

We can keep the chambers scheduled 80% of the time the accelerator is

scheduled because the accelerator is only scheduled 60% of the time., This

leaves 40% of the timeto make modifications, clean the glass, and do all

the various things that we and the experimenters want done with the chambers.
Therefore if we had enough people to run both chambers at the same time,

it could be something that we in fact could do. There is also the possibility

of increasing this number. I think that with some hard work we could

get the average cycling rate up to twice a second and, of course, the -
machine scheduling could go up from 60% to 80%. So the number 10,7

million pictures per year could actually be increased by some factor.

FIELDS: Could you compare the number of pictures you actually
took during that period with your number, 10,7 million?

BALLAM: I was going to. At SLAC we are financed so as to

limit the number of pictures taken. Also, we are at present financed
so that we do not have enough people to run both chambers at the same
time, One chamber can be kept full of hydrogen on a stand-by basis,
while the other chamber is operated. That requires fewer people since
you don't have to fill the cooling tanks and change cameras as often.
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Running only one chamber at a time we took some five million

pictures during that year.

So I think the number of pictures we took is
commensurate with the estimate of a capacity for 10,7 million, The
fact that we did not take more has to do with tight money. We hope
that we can improve the situation some by changing film format and
making the operation of the chumbers more efficient than it is now.

I think that with the money we used to obtain 5 million pictures last
year, we could get 6 million pictures this year, There is some
agitation in the laboratory to try, in fact, to get the number of pictures
up to 7 million next year, That would be our capacity.

The following is a chart of particle beams available
for bubble chamber experiments. You can see that all energies are -
covered up to the highest energy, if you include the new r-f beam
which is under design for the 80" chamber. ' Perhaps Thorndike will
comment as to whether it is approved for construction, At SLAC a
beam _has been approved for the 40" chamber which will take care of w
-and m between 2 and 15 GeV and an r-f beam is proposed that will
provide K mesons at discrete energies around 8 and 14 GeV. Then
there is a neutral beam that provides K°'s from 2 to 10 GeV, By
changing the angle of production you can change the peak of the distribution
of K 's from 2 GeV up to nearly 6 GeV. The r-f beam for the 82"
chamber provides 7 and K's at discrete energ1es and protons at 9 GeV.
Finally, there is a laser photon beam.

Looking at this beam chart, it seems to me that the
bulk of the pictures we are talking about would have to be taken with
Tbeams except for the photon beams which are available at SLAC. If
you look at the compendium of bubble chamber pictures prepared by
Irwin Pless for this conference, you can seethat between zero and
8 GeV there has been a fairly good spread of T - p exposures in the
United States. However, my contention is that there have been only
three experiments done so far with the kind of statistics that people

.are now interested in; one with something like 450K pictures, one with

500K at 4.5 GeV and the big one at Berkeley at 7 GeV. For T - d,
practically no high statistics experiments have been done. So, in

terms of high statistics experiments, by which I mean between 500K .

and 1, 000K pictures, we want to fill up the range between zero and 16 GeV,
and, at Brookhaven, even beyond. There appear to me to be at least 10 or
12 energies that should be done providing there are people who have the
capacity for getting the physics out of the exposures,
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If you look at the m° - pand 7 - d exposures, I
don't think the situation is very much different. There is only one
decent exposure at 4.5 GeV with hydrogen and nothing with high
statistics in deutérium. With these needs, I would conclude that
SLAC+cou1d do some 14 or so exposures of 500K to 750K pictures
with 7 and 7 at any energy you want between 4 and 16 GeV and that
this could be done in a period of something like two or three years,

By that time it is possible that this kind of physics, as analyzed by

bubble chambers, would be exhausted, Otherwise you would have to

think of experiments with an order of magnitude more statistics and 3
if you talk about 10 million pictures per year for a group, or experiments
with ten million events, it doesn't match with anything, either the
capabilities of the PEPR groups. or the capabilities of the bubble
chambers. When I look at the physics that comes from high-exposure
experiments look at the 700K exposure run by LRL at SLAC in which

they found the non-splitting of the Ag, I find that to do a better experiment,
you would have to increase their statistics by at least an order of
magnitude,

There are still some K~ experiments that we can do at .
SLAC but only at discrete energies. Beyond that, I can say that for
high statistics experiments that can be handled very well by automatic
devices, that is a very heavy, solid, three year program. After that
I can't see much further., It could turn out that there will be still more
exciting things to do in this program, but I do not know,

Another thing is the possibility of using counters to

.trlgger the taking of pictures in bubble chambers. There is an

experiment at SLAC which has been approved for 16 million expanswns
with only 800K pictures expected. The lights and camera will be
triggered by a fast going particle that goes out through a thin window
in the back of the chamber. With spark chambers downstream of the
exit window you determine the momentum and angle of the fast
forward-going particles and with the bubble chamber you look at what
has been left behind in the hydrogen. This is an approach which has
not yet been tried at SLAC, but we are going to see if it makes any
sense from the point of view of the physics that you can get out of it.

: Another thing I would like to mention is that there are
a lot of plans to use visible hydrogen targets inside of bubble chambers
where the target is surrounded by track-sensitive neon., In that case you
get into the business of looking at electron pairs in a heavy liquid. In
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order to determine which 770 an electron pair comes from, it is nice
to measure the energy of the pairs at least to a precision of 15 - 20%
as well as their direction. I do not know what this means in terms
of automatic measuring because the tracks of the electron pair do not
go very far before they suffer scattering or bremsstrahlung. The
angle between the electron tracks at the production point is small, and
determining this angle and the location of the vertex by extrapolating
easily-scattered tracks back to the vertex will be hard. Because of
this and the increased number of vertices that have to be included in
a fit, the programmlng would be a different kettle of fish than the
normal work.

The last thing, just to finish up, is that we are building
a rapid cycling chamber which is to be used as a target as well as a
chamber., Itis 15" in diameter and 4 to 5 inches deep with a thin
window all around. The particles leaving through the 360° window will
be detected intrigger counters that will control the lights and camera
advance for the chamber. This kind of chamber is also going to be
used in a hybrid system with spark chambers, The whole problem of
matching events measured in a target chamber with taped output from
wire chambers is another problem that I think still has to be solved.

That is all. I would be willing to answer questions,

PLESS: At the end of each speaker's presentation let's

have perhaps two really burning questions. Is there anyone who has
a burning question. (no response) If not, then why don't we go to
Charles Peyrou and see what happens there,

PEYROU: I think I will start with a question to Irwin Pless!' table,

I am slightly puzzled by the number of Ph. D, 's you have to get your
pictures. By European standards your number is very small, What I
mean is that in Europe the number of people who are involved in bubble
chamber physics publications is too large, but that here in your chart

it seems to me that it would be too small, The "'average' group plans
to take 500K pictures with about 5 channels, each about 100K, One
physicist to think about 100K pictures and to extract the physics out of it
scems too small, When I was doing physics myself, the usual thing

was to have at least one other physicist vis-a-vis to discuss the problenis
to see if you were saying something stupid or not. These guys are
probably also worrying whether or not PEPR is giving the right results
on top of trying to understand the physics. What are they .going to do in
the afternoon?

PLESS: I think that is a very appropriate question for the audience
and since I stated very explicitly that I am not going to identify any group
on the chart with respect to the sizes shown, I will not direct questions
to specific groups, but during the discussion part of the program I think

we could nail that point down.
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PEYROU: (contd.) " Now the situation at CERN is as follows. For

the time being we have two hydrogen chambers operating. They are

the 2m and the old 80 cm of SACLAY. The 1.2m chamber is finishing

its program this year and will be replaced by Gargamelle., The 80 cm

is scheduled to be stopped for many reasons that are obvious. It

is therefore now just producing the pictures that you would need in the

next years and that no other chamber can give, These are slow or
stopping K's and anti-protons, What we are doing is to use a chamber
which is finishing up, in the territory where it is best and where it is

bad to use the 2 m chamber because it would just be a bad 80 cm

chamber when used for stopping anti-protons, The program is to complete
three milllon pictures of low encrgy anti-protons and K~ in two years, .
Then it will be stopped.

The 2 m has taken 3.3 million pictures last year which
is about the maximum that you can expect without double pulsing, We
tested and ran at least two or three weeks of double pulsing last year
and now the normal mode of the 2 m is double pulsing, provided it does
-not take more than fifty per cent of the profits. If we want to run 12 GeV
anti-protons which requires the whole machine, clearly we cannot double
pulse, but even if we were only taking half of the machine for one pulse,
we would not be allowed to double pulse. We would love to triple pulse,
but since we use fast extraction for the bubble chamber, we take out a piece
of the flat top. The fact that we are doing double pulsing does not mean
that we will take 6.6 million pictures, because of efficiencies, but if
everything goes as fine as last year we will take 5 million pictures a year,
We will probably not make 5 million this year because we are starting
very late and we have a big overhaul to do, but we should plan on the basis
of 5 million pictures a year with the scheduling committee, We have
taken 10 million pictures since the chamber started,

By early 1971 we will have the Big Europcan Bubble

Chamber called BEBC for short, which is 3.70 m in diameter, While
BEBC is very similar to the Brookhaven 4 m design more than to the
Argonne 12', it has a field of 35 Kilogauss, or even 33. 333 Kilogauss ‘ -
because in the approximation where the velocity of light is 3 x 108 m/sec, -

it makes the curvature 1 m/GeV/c, so we will stop the field before it

gets to the maximum value. In talking about this chamber I am, in a

sense, going to the second or third topic before finishing the first. We

do not expect the chamber to give many pictures at the start because we
want to use it to try new tricks, which is the third topic. We do not want -
to just use it as a larger 2 m. We want to try gamma-ray detection, for
example. Whatever, we do, though, T hope that in 1974 it will be in full
production. At that time we will have 5 million pictures per year from
the 2 m and 3 million pictures from BEBC because I do not want to
promise double pulsing with BEBC. It is not expected that it will be able

to pulse every 100 msec. If it could be double pulsed after 200 msec,
we could do that if the flat top is going down then. We should devise a
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good way to superpose a bubble chamber pulse in the middle of the

flat top. We have schemes for it, but they do not work with r-f
separators since they have a spill which is too long. I believe there
-are some ideas at Brookhaven and maybe Thorndike will comment on
that. If some ideas work out, we will go to double pulsing, but that

is for later., Our plans are actually to have around 1974, 8 million
pictures: 5 million for the 2 m, 3 million for BEBC. I would like

to have these pictures produce 8 million events. .It is clear that in the
high statistics business you are going to process every single encounter,
even including elastic scattering. There is absolutely no reason that

in a chamber of the size of the 2 m and especially the size of BEBC, you
should not-have one event per picture. If you have one every two pictures,
that is toobad. I donot see any reason not to have that kind of yield, Of
course that will yield much too much for certain channels and not enough
for others, but that I cannot arrange; I cannot arrange cross-sections.

I can produce many miracles, but not that one. '

I believe that Europe processed 4 million events last
year with the measuring machines they have already, which are mostly
not PEPR's. So all we can expect in Europe is 8 million events., I
think it is much better to process very fast events on a fast machine to
get a sort of general view of what you are doing, than to assemble.
events of a mammoth collaboration of 10 labs, each having produced 50K
measurements,

To come to your two topics, I am much more optimistic
on bubble chambers than I used to be two years ago, 1 think. 1
maintain that practically nothing is done in strong interaction physics but
with bubble chambers. There are experiments from elastic scattering
from polarized targets and charge exchange, -there is a missing mass
experiment. Of course, I know strong interactions is boring because
if you do strong interactions, you have to understand the Veneziano
model. Strong interactions is done essentially all by bubble chambers,
period. Even the best data on elastic scattering at high energies, comes,
as far as I know, from bubble chambers., Weak interactions is a completely
different problem, they do fine work. . Strong interaction physics will be
done with bubble chambers or possibly bubble chambers plue the CERN
OMEGA project, although I consider the philosophy of the CERN OMEGA
project not too different from bubble chambers. In terms of philosophy,
I do not see how it is going to be done for a long while other than with
bubble chambers. So I think we have a bright future,

The only thing which is a little disquieting is what happens
'~ as we approach what some people call Asymptopia; I call it the Desert
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experiments that progress geometrically in energy, then even with
Batavia, you are not going to go very far with bubble chambers. You
will end soon, It will go 16, 32, 64, 128, 256 GeV, and then that is it. i
One million pictures at each energy and done. If on the contrary, the . b
physics effects vary arithmetically with energy, then you are still in ‘
business for 100 years with no problems. I do believe it will be ;
interesting. ' | 1

There is one thing which is not on the agenda on which - -
I have some ideas. It is the use of bubble chambers with big accelerators,
a topic which is unfortunately not my concern, but is yours. I have.
heard that wise gentlemen assembled in Aspen and decided that the use
of bubble chambers with big accelerators is not quite good except for
neutrino physics. Butl do not know of anything at all that they propose
to replace the bubble chamber, just like Churchill said about democracy:
it is the worst system of government except all others. With a 500 GeV
accelerator, a bubble chamber is the worst instrument except all others.
I do believe, personally, at the start-up of a big accelerator, that the
best instrument is a bubble chamber, Whether giant chamber or a '
smaller one with a very high field, this I have not decided yet. Of course,
you will not measure the very high energy stuff, but everybody knows the
best physics done with an accelerator of 25 GeV is at 5 GeV, so at the
begining of the 500 GeV you are going to do 50 GeV experiments. If you
can do good 16 GeV experiments with a conventional chamber now, you
can then with BEBC or a high field chamber have the same precision.

There is another thing you can do at high energy; the very
high energy stuff is going to go forwards, on the average, so you can put
a window inyour chamber, put a spark chamber downstream and then
measure the curvature on a 60 m lever arm,

About the big chambers and the physics from them. | .
Personally I do not think we have built them just to operate on neutrino
experiments. At the begining, for example in the Brookhaven report on
the 25' chamber, plates and other devices have been omitted. Everyone
who has built big bubble chambers says he is going to do neutrino physics.
I think all these schemes, the hybrid scheme, or the plates game, have
to be tried, That's why I do not see any great production with BEBC at
the start if I can help it, despite the pressure that there will be. We have
to try gamma-ray detection. Furthermore there is one thing I believe
very much, but which will need even higher statistics; that is systematic
use of secondary interactions. I have read many reports which say that
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the poor BEBC has only 35 Kilogauss and since 20% of the tracks

are going to be deflected by secondary interactions, they are in bad

shape to measure events with sufficient accuracy. But I do believe

that if you use the secondary interactions, you are in better shape.

You can make identifications of particles, you can get rid of ambiguities,
etc. You must remember that since our primaries at CERN are not

going to be larger than 15 GeV, the secondaries are not very energetic.
Therefore the chances that the secondary interactions will satisfy a

4C fit are large. This of course makes life wonderful for programmers:
super-Grind with multi-vertex fits will be fascinating, You have to allow
for a growth in ability to use the new chambers in good ways. Just think,
we are still improving the optical constants of the 2 m chamber and the
80". I think really nobody knows what the big chambers are going to do.
The real basis for building the big chambers is the following: let's try it
and see, Let us try to get precision. This seems to be reasonably sure
now., The problem of thermal distortion seems less serious then we

were afraid of, judging from the trials which have been done in the U.S,
and the work we did with our model at CERN, Let us also try various
ways of using them. If the worst comes to the worst, they are super 2 m,
super classical chamber, and maybe better, But if we can do something
with n eutron detection and gamma-ray detection then we will make a jump
forward which of course, may mean a drawback in statistics at first,

In the begining you will have so many vertices of gamma-rays and neutron
scatters that you will not be able to use PEPR. You will have to use a poor
girl with a light pen, very slowly pointing to all possible secondary vertices,
It will be awful, but of course we will catch up and learn how to do it right.
That's about all T have to say.

THORNDIKE: Is there any estimate of the degree to which the big CERN
chamber will be committed to neutrino experiments during its first few
years of operation ?

PEYROU: There will be a Gargamelle experiment which however
will not be in hydrogen. Batavia will have an experiment with neutrinos
of 100 GeV or 50, We might have one experiment,

BALLAM: Are there any attempts to marry PEPR devices and
the big chambers?

PLESS: Mulvey's group at Oxford said they were going in that
direction, this morning,

FIELDS: I would like to comment briefly on three matters. One is
bubble chamber picture production and its outlook at Argonne, second is
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to say a few words about the status of the 12' chamber and third, to
make a few general comments about the future of this business,

On the first subject, there are two operational chambers
at Argonne. The 30" hydrogen chamber has been running on about a
50% duty cycle for the past year or so, and alternates with the other
active chamber, the 40" Michigan-Argonne heavy liquid chamber, The
30" does multiple pulsing: double and triple pulsing are its usual
operational modes, 1 would say that, within the next year, the 30"
chamber will be run continuously and the 40" heavy liquid chamber may
close down. This has not been determined definitely, and the physics
community can have a major effect on such decisions. It would be
interesting to move the 40" HL.BC to another separated beam (1-2 GeV/c), .
but it probably makes more sense to build that same separated beam for
the 12' chamber, operating in a hydrogen-neon mode. So that is the
situation as far as production in existing chambers goes. ‘

|

The 30" chamber now has a thin exit window and a
fast neutron and K9 downstream spark chamber detector. Mistretta et al
from Wisconsin have used this system to tag pictures which contain events
with fast, forward neutral secondaries, as well as to measure the direction
of the neutral particle. They seem to be having reasonable success with
that and have been running for the past month or two. There is certainly
more that can and should be done along such lines.

We expect the 12' chamber to yield physics pictures in
the near future. The rough schedule is that there is hope of taking
pictures of 12 GeV protons and perhaps of neutrinos on hydrogen this
summer. There is a planned K9 decay experiment, using a beam of
mono-energetic K9, which is liable to occur within the next year. Another
factor in the 12' bubble chamber time scale is the r-f separated hadron
beam, which is probably another good year away. It will give separated
K beams up to about 8 GeV/c, and ™ beams to 10 GeVl/c,

As far as the 12' chamber itself goes, all of the major
systems on it seem to work satisfactorily. On matters of turbulence and s
track visibility, it looks quite encouraging. We have taken some test
pictures recently, and the details of the pictures are relevant here,

Fig. 1 shows a recent picture, with about ten incident
tracks of 12 GeV protons. Several cosmic ray tracks are also visible.
There are two wires of 400 u micron diameter stretched at the bottom of the
chamber, These provide a good monitor of turbulence and general picture
guality. At the bottom of the chamber there is some boiling, but most

e e o e i
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of the lines are seams between Scotchlite panels. There are vapor
pressure thermometers hanging down into the chamber.,

There is an intensity variation across the picture
arising from the relative refractive index of the Scotchlite and the
hydrogen. One of the things we have planned is to put in a variable
density filter near the focal plane of the camera to even out the intensity
variations. The first crude try has been made by just cutting out some
neutral density filters and installing them. Fig. 2 shows the result."
With a more refined arrangement of this sort, we expect to be able to
achieve good contrast throughout the picture. Nonetheless, these pictures
will offer a challenge to automatic measuring machines.

My last comment involves some speculations about
the future. In the first place, with various automatic measuring
machines becoming operational over the next few years, one can
anticipate a factor of two or perhaps three in the number of plctures
needed by bubble chamber physics groups in the United States. Secondly,
harsh reality is that the number of bubble chamber pictures being taken
" in the U.S. is not increasing. According to the 1969 HEPAP report,
U.S. bubble chamber picture production in CY 1967 was 15 million and
in CY 1968, 19 million. I understand that the figure for CY 1969 was
about 13 million. These numbers represent perhaps half of the ,
maximum theoretical capacity. Thus, a purely statistical look tells
us that a severe mismatch between analysis power and total picture
production is developing.

Coffee break.

PLESS: Could you give us similar numbers with respect to
potential production and hopes for actual production of bubble chamber
pictures at Argonne, similar to what Ballam and Peyrou gave for their
laboratories. :

FIELDS: The plans are sufficientlir indefinite, as I mentioned
that it is difficult to give actual production goals. Maybe what I can
do instead'is to indicate realistic upper limits on what the chambers
can do.

The two relevant chambers are the 30" hydrogen chamber
and the 12' hydrogen chamber. The 30" hydrogen chamber was taking
pictures for all but two months of 1968, In that year there were two
changes of plates inthe chamber. It took 3.3 million pictures. I think
it is safe to assume that something like 4 million or so is a realistic
upper bound for the 30", In 1968, of those 3.3 million, 400 thousand
were taken in the single pulse mode, all of the others were taken in
double or triple pulse. The basic numbers are that when running
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simultaneously with counters, the accelerator has a three and a half
second repetiticn rate. On special occasions, with no flat top, the
ZGS runs with a 2 second repetition rate.

For the 12' I would hope that 2 million pictures per
year would be achievable in the near future. From the tests on the
12' chamber, there is no reason to believe that it will have great
difficulty multi-pulsing. Probably we will be able to double pulse.

PLESS: Alan Thorndike

THORNDIKE: Let us just give a quick look at what BNL has for bubble
chamber equipment at the present time. There are 30" and 31" chambers
for small ones, with one crew, so we operate one or the other of them,
but not both. In the most recent operation of the 31" it was running well
in a double pulse mode. Weé are supposed to be able to do the same thing
for the 30" but this has not actually been done with an experimental run
yet, The 80" chamber is available with a crew and eventually it should
be possible for it fo run in a double pulse mode, We have had some
references to what we call track sensitive target, a hydrogen vessel
inside the overall chamber which might have a hydrogen neon combination
to give improved detection of gamma rays, neutrons, and Kg's. The
track sensitive target is something which we are working on actively.

I think it is very important to the future., We don't have one to put into
the 80" chamber at this moment but we have on that's drawn up. We

are making it, and we think it is going to work sometime. There is also
the 7' chamber in experimental operation. It has been having extensive
revision of its expansion system, and if all goes well, we will be cooling
down for the nexttrial in about a month. Where does this fit into the
overall high energy physics picture?

Brookhaven is coming along fairly well on the conversion
program, which is aimed at giving a substantial increase in beam intensity
which is most of interest to the counter and spark chamber experimenters,
but of some help in bubble chambers, In particular, it makes double
pulsed operation more feasible. It does, potentially, give something like
a factor to two increase in beams available for spark chamber experiments
so it can mean an overall increase in the program. However, at this
time, our support in dollars for operation has been just about constant and
since dollars buy less, that is a real reduction. We have less people to
support what is potentially twice as big a program and that causes a lot
of difficulty. In terms of general priority, I think the lab's position is to
keep the AGS running full time as the highest priority of all, and we do
have every intention that it will continue to run in three shifts around the
year except when there is some reason to shut down for either repairs
or completion of the improvement program, or some special reason. In
fact, the present schedule is that it will run for about the next twelve
months, then there will be the second and final shutdown for the AGS
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conversion, which is spoken of as being something like four months.
To get back to a priority list, there is an activity, perhaps a bit
remote from what we've been talking about, which normally comes
second on the list, and it is to be kept in mind because it does
compete for people and to some degree money, although not on a
very large scale. This activity is the continued investigation of

new accelerator developments and in particular the possibilities of cold
magnet synchrotrons which might permit more economical higher
energy machines. There is a limited program of development of that
sort of thing going on at Brookhaven., At the moment however, there
are no specific proposals for things that might be built at BNL.

Next on the list is larger bubble chamber construction.
This has not proceeded as well as we had hoped. About five years
ago Brookhaven's first proposal to build a large chamber was handed
in, but we have not received any official support for doing that, so we
haven't been able to build one. The 7' chamber's development was
carried on out of the capital and operating funds of the Lab, This
has been our best effort in that direction in the real world, Last fall
there was a good deal of discussion concerning where we stand and
what are our long term plans under these conditions, This led to
what I jotted down as a ''1969 plan' when I put some things on my .
sheet of paper for an outline, One main element in this is that in the fall of
1971 there would be a shift 6f the 80" bubble chamber into a new north
experimental area, This is motivated by the desire to bring things
together in a more rational fashion and to provide a single beam coming
out of the AGS for bubble chambers, with some new and interesting
secondary beams. The package was to have a high momentum separated
beam that was being referred to as the new rf beam. We would try to
have that ready as quickly as possible, which means the end of the
calendar year 1971. At Brookhaven there is a great deal of interest in
bubble chamber neutrino experiments and a neutrino beam would also
be included which might be somewhat later, like the begining of calendar
year, 1972, We also had in mind a lower momentum separated beam
that would be third on the list with no very clear prediction as to how
soon it would be available,

On chambers, our thinking is that it is realistic to -
provide operating crews for two chambers at Brookhaven, The main
expense of running a bubble chamber is the salary of the people who
keep the chamber working. The plan calls for two crews, one of them
basically able to run the 80" chamber, and the other able to run either
the 7' chamber or one of the smaller chambers, if desired. So the plan
involves moving the 7' chamber to the same region, converted from
being an experimental device that could be run for short periods with
great labor to being a production facility with a complete refrigeration
system. A regular operating crew for the 7' is not currently possible
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but with the concentrated facility, both the 7' and the 80" could be kept
running. We would hope at the same time to increase the 7' chamber
significantly in size to something that would be on the order of 12

or possibly 14' in overall dimension, but similar in construction to
what it is now. It appears that the31l'' chamber would go into mothballs
by this time, because it uses beams that are available in other places,
We would keep the 30" with its low momentum b eam . just as it stands
for the time being, and perhaps move it eventually to the north area.

.

In terms of what we thought reasonable for rates, we A |
seem to have a new constant of nature, which is that a good bubble |
chamber ought to take four or five million pictures a year. That was
the number that we came up with for the 80", assuming that double
pulsing works relatively well and can be done some reasonable fraction
of the time, The best year we have had in the past gave something like ,-.

2.7 million. so that very roughly applying a factor to 2 to what we did in
the past seems reasonable. However, we have never done that well, so
maybe that's being optimistic. In terms of the 7' we were asked to make
an estimate for HEPAP and the numbers that we came up with were a
million and a half pictures in calendar year '72 as the first year of
operation and perhaps 4 million after a couple of years if everything
went well. Looking some years ahead, maybe 5 million from the 80"

and 4 million from the 7' plus possibly some pictures from the 30" if
there was someone who had a good case that he wanted us to run it.

But to run the 30" we would have to have an intermission on one of the
other big chambers; we wouldn't have a separate crew available for the
30", We would hope on this time scale to have the capability of running

a track sensitive target in either the 80" or 7' chamber and to have made
the 7' bigger. I think this does reflect a feeling that one of the things
bubble chambers may want to do in the future is to try and give as
complete information as possible about neutral secondaries as well as
better statistics. The track-sensitive target in a fairly large chamber,
which gives you a chamber to detect and measure everything, is a step
in that direction, It would present lots of problems for people interested
in software,

é

Now, where do we actually stand at the moment? We
are in a position of agonizing reappraisal, because the amount of money we .
think we are likely to have seems to gradually shrink a little bit each time
the suhject comes up again, and the cost and time involved in doing anything
seems to get a little bit bigger each time it is considered. So it doesn't
seem to us at all clear now that the plan I described is something that
we can really do on a time schedule that would be satisfactory. In particular,
the manpower to construct this new north area, with new beams in it, .
may really just not be available at Brookhaven. In any case it would
certainly conflict strongly with other parts of the program that have
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considerable emphasis behind them, so that it might be very hard

to move the 80" chamber into a new position during the 4 month

shut down of the AGS. When we started it was felt that it could be
done while the machine was off the air, Now it looks as though it
would take probably at least twice that long., Also as we begin to

get specific estimates on how much this would cost, it looks as if

it might cost more than we have. So 1 think the decision of whether
that plan is to be'implemented in 1971 or possibly put off until a later
date is a very open one at the moment. The question of how much is
practical in terms of a modification or extension of the 7' chamber
also depends primarily on how much money and m}anpow er we have
available, so it is all part of the same general uncertainty, It is
clearly the direction that we want to move in, but it is not very clear
how far and how fast we can accomplish it. That is what I know
about it, '

PLESS: If there are any questlons from the floor I would
entertain two of them.

(Question from audience): I heard you say that the first neutrino
experiment with the 7' chamber will be at the begining of '72, I
thought it was to be immediately after the AGS starts again.

 THORNDIKE: We have hopes that when we turn on for the next
‘month that the chamber will work beautifully. If all goes well, and

if it works beautifully, we will see how soon we can arrange to head
some neutrinos in its direction and how many of the currently approved
300K pictures (out of the million that were proposed) we can take
before something breaks. Your guess is as good, if not better than
anyone else's, as to what will happen.

PEYROU: If it is not going to make the neutrino pictures before
'"72 it might change my statement about BEBC. We might be interested
in that case,

THORNDIKE: We are going to do our best, clearly. How well we
will succeed we will know in another year,

(Question from audience): With regard to the new rf beam, if you
don't move the 80" chamber into the new area for awhile will you try

to move the new rf beam into the present location, or is thatimpossible,
from a geographical point of view.

THORNDIKE: 1 think that is impossible because the distance is not
long enough. At any rate if we don't make the move, then, in all
probability, we will leave things the way they are, I might mention that
at the moment, the backlog of requests for 80" bubble chamber pictures

stands at 10 million. Since we only took 1.5 million during calendar 1969,
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we have a seven year backlog at that rate. I hope we can-do a lot
better than the '69 rate. Since there is a very extensive packlog
for things the chamber cculd do right where ii is, it is not clear
that it is desirable to move it to a new place where it can do other
things and not finish the backlog.

PLESS: ‘Now, Jim Sanford will talk about NAL's plans.

SANFORD: At NAL, led by Bill Fowler and our new bubble chamber

group, we have started plans which will lead to the rapid construction

of a fifteen foot long cryogenic bubble chamber. This is patterned w
very closely after the bubble chamber design that is being developed

at Brookhaven, earlier versions of which led to the 14' diameter

chamber and then later to the proposal to build a 25' chamber for NAL.

When it was apparent that the 25' chamber proposition would not be included N
in the President's budget, those of us at NAL decided that the way to

proceed would be to build a bubble chamber out of the available equipment

and construction funds that the lab already had authorized or had at .
least a good expectation of getting. The present plan is for a 30 thousand
liter cryogenic chamber estimated to cost 5 million plus manpower for
design and construction. We will split the money between equipment funds
and construction funds and intend to have a bubble chamber ready to go )
in the high energy area in 1973, Now this is a fast schedule but then the
whole project is moving very rapidly these days. We can only meet this
schedule by using design features that have been incorporated into
chambers that you have heard about today, or plans that have been made
for chamber modifications. There will be six cameras using 70 mm film,
of which 3 will be used, at a given time. The possibility exists for
interleaving of pulses where three cameras might be used to take neutrino
pictures and the other three cameras might be used to take pictures of
strong interaction particles in the same machine pulse, Whether that

is feasible or not I think depends upon whether the liquid configuration
inside the chamber is suitable for neutrino experiments and for strong
interaction physics at the same time. We hope to use this 70 mm film in
such a way that groups can handle this film without developing an

entirely new analysis system. In terms of the possible output of such

a device, I, like the others on the panel, put some numbers together,

Of course, it is very difficult to predict on a new accelerator exactly «*
what year might achieve a certain level of operation but then looking

ahead to 1874, which should be the first stabilized year, assuming we

start running for high energy physics with a chamber like this in early

1973, by 1974 we would be up to something like 4 million pictures a year.

Now since the pictures would very likely be split between neutrino physics

and strong interaction physics I estimate that there would probably be -
two million available for .hadron beams. Let me mention something

about the beams that we are hoping to have since some of this might not

be familiar to you. Needless to say, with a high energy accelerator
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we are emphasising the high energy beams. 1t is of course true that
there is a very large flux of lower energy particles from such an -
accelerator but I think that would be an inappropriate use of NAL.

We have 3 beam possibilities in mind, The dominant one in the
experimental area is the neutrino beam, since that sets the overall
configuration for the experimental area, This area is about a

thousand meters long containing a decay tunnel 600 m long followed

by an iron muon filter of 300 m. Therefore as far as the bubble
chamber is concerned, the flux of neutrinos is between 3 and 40 GeV
even though there is a long tail up to high energies that undoubtedly

will be exploited in a number of counter experiments, I think the

bubble chamber will work in the region around 10 GeV where there

is a substantial amount of flux, Paralleling that beam there will be

an rf separated beam which I quite honestly believe may in the

begining not be separated. It's a matter of how rapidly the equipment
can come together. If it is run unseparated in the begining, it will"

be able to transport particles up to a secondary momentum of 100 GeV/c.
Of course, that would include protons, and # and L up to that energy.
By the use of S-band deflectors which are the familiar ones,  we would

be able to separate K's between 30 and 50 GeV., With higher frequency
rf separators, such as X band, we would be able to go from 30 to 90 with
virtually no regions that are not covered. There will be adequate flux for
bubble chambers. Since the upper limit on unseparated beams seems to be
about 90 GeV we are not going to fix that beam such that it can go much
higher than that. We have another possibility, at the end of the K pipe,
to get out protons or 7 's up to the full energy of the accelerator so that
they could be brought into the bubble chamber.,

FIELDS: What does that mean, full energy?

SANFORD: ‘This experimental area will be capable of operating at

500 GeV. That is to say 500 GeV protons. Whether it is important to
have 500 GeV protons for the bubble chamber in the begining is something
we have not sat down and worked out. We have worked out the design

for 200 GeV protons and 7 into the chamber.

I have mentioned three beams: the neutrino beam, a

separated beam which will go up to 100 GeV, and an unseparated beam

which at.the present time is designed up to 200 GeV, but I believe

will be extended higher for use in the bubble chamber. I'm not going

to speak very much about other chamber possibilities at NAL, except
that it is a subject which is under continuing discussion. Proposals

will be coming in rather soon from experimental groups and we at

NAL will be very much influenced by the nature of these proposals with
respect to the need for the second chamber. Desire has been expressed
for it but I think the proof of that is in the proposals. If there are
available dollars and a chamber suitable for bringing to NAL we will
find a place to put it, ’



Of the new developments with respect to chambers I
think the strongest one is the hybrid system where one will use a
bubble chamber to determine the vertex of the interaction point, but
spark chambers and magnets downstream from such a device for
analyzing the high energy particles. We have not embarked on a
plan for building such a device, but there has been strong sentiment
expressed in our summer studies for doing such a thing. That's a |
device the bubble chamber people look at and see a bubble chamber,
while counter people look at it and see a hydrogen target.

Leaving the machanical problems for a moment I
want to say that I think that bubble chambers are in a defensive
position at the present time in terms of support. I have sensed this
from a number of discussions that have been held on program
committees and elsewhere, and I think if bubble chambers are going
to be able to supply the film that is needed for the analysis you are
working on, more support and help needs to be given to bubble chamber
operations and to the people who are responsible for providing them.
It is just not feasible nowadays for bubble chamber staffs to be
increased. New ideas, techniques, and methods to improve the picture
taking capabilities of these devices is extremely important. Hopefully,
one can bring down the cost of taking the pictures. I think that is
something that one tends to push off in a corner and assume that it
will just be taken care of automatically. In fact as we see, the output

. from chambers has not been going up and help is needed there, 1

also hope that more people can turn their attention to the need for
justifying the use of chambers as a means of doing physics, both at
the new accelerators and at the old accelerators. We must be a little
more articulate in this regard because nothing is automatic any longer
in terms of getting a new chamber or even of improving an existing
one. Arguments are faced on all fronts, so in order to run well and
avoid a mismatch between the chamber outputs and the capabilities of
our analysis systems, I think we need to clarify the justification and
the arguments for chamber operations as satisfactorily as possible. I

 think that's all,

PLESS: Let's play the game according to the same rules,
Any explicit questions to Sanford about NAL?

BUDDE: (CERN) What kind of magnet do you plan for the new
chamber. Maybe you said it but I missed it.

SANFORD: Excuse me, I did not say it. A super-conducting
magnet with a field of 30 kilogauss.
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PLESS:; There's one more.

VAN de WALLE: (Nijmegen) If you need a second chamber, what
would prevent you from moving the 12' Argonne chamber to NAL?

SANFORD: There are two considerations that have been looked
into, quantitatively. The first is that it is an important part of
Argonne's program, as we have heard here, and the country is going
to lose that capability by moving it. The other point is that the cost
for moving it has been estimated several different ways and all of
them come out t0 be about 6 million dollars. It's an unbelievable
number when you first hear it, but the bulk of it has to do with the
fact that one of the main features of the chamber is that it requires

a large building. Pieces of the magnet require a one hundred ton
crane and it is built in a style thatJanchors it to that particular part -
of Illinois where it is at present. When we considered these two
things together, it seemed that with some of the new ideas that exist,
the intelligent thing to do would be to. build another chamber for
approximately that amount of money.

PLESS: " I think that answers that.
BALLAM: I was going to make up a very small chart for the
panel, that would show how many pictures are planned for calendar

1971,

PLESS: ' Why don't we start with Peyrou first, then go around
the table. He wants to know how many pictures you actually plan to

“take in calendar 1971,

PEYROU: I plan to take 5 million with the 2 m,. I mean with the"

help of God.

PLESS: " Of course,

PEYROU: 1.5 in Gargamelle and 1.5 in the 80 cm.

PLESS: Tom you're next.

FIELDS: I didn't get a chance to think, but I won't let that

stop me; I said 3 million with the 30" and 2 million with the 12',

PLESS: You want to look into the cry'stél ball, Alan?



* 298 *

THORNDIKE: Well let us see. The figures I had noled down carefully
avoided 1971 because that's a bad year during which the AGS won't be
running for a fair fraction of the time. Taking that into account I guess
one would say maybe three million from the 80" and one half million
from the 7', and probably two million from the 30" and 31'". I have no
idea in what proportions.

BALLAM: And at SLAC the 40" would be, say 2 1/2 million and
the 82" would be four million,

COMMENT: --- seems like a price fixing conference ---

BALLAM: The reason I did this was for the immediate future for

people who had PEPR's and so forth, I didn't add it up, but I guess
anybody could. That makes 8 million in Europe, which doesn't affect
too many people here and 17 million in the States. This assumes that
the chambers will work quite well, and so forth.

PLESS: I think the question assumed a reasonable probability
that there is money for it and that acts of God are not unfavorable.

BALLAM: I think the labs know their budgets pretty well, at least
for fiscal 1972, so we can regard this as a reasonable upper limit; you
have to apply a factor of less than one to get reality.

PLESS: I would like to break that factor into two parts, one is
acts of God, and one is money. Let me start with you, Tom. In terms
of money, what kind of factor would you say?

FIELDS: This is what we have budgeted to do by various means,
by mothballing the 40" chamber and so forth,

PLESS. An excellent angwer. 1o we get the same kind of
answer from you, Joe? '

BALLAM: As far as SLAC is concerned, that we have been thinking
very hard about trying to finance and schedule 6 1/2 million pictures.

I think it is a realistic number barring any national sledgehammer on us.

PLESS: If they come around halfway through and say you are
going to lose 30% of your money, well that's not good. You have to

realize that this program represents essentially closing three chambers,
the LRL 25" chamber, the heavy liquid chamber at Argonne, and effectively

one of the small chambers at Brookhaven. The Brookhavennumber
includes some 7' running but a very small amount,

Y

‘e
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There is a disparity between the 13. 3 million that
was run in 1969 and the number predicted but you have to remember
that during that period the 72" chamber was down and being transferred
to SLAC in '68. Between '68 and '69 we dropped from 19 to 13. 3
million. :

FIELDS: There were a number of complications in the statistics
and the biggest one is that the PPA chamber was included for an
actual 4.6 million in '68 and an actual 0 and anticipated 0 in calendar
169, If you exclude that, then the actual picture production was
constant from '68 to '69.

PLESS: I think that brings out that picture taking has been
semi-constant for the last couple of years. The number of pictures
being more or less realistically proposed for calendar '71 is an _
increase over calendar '69 which is a good sign rather than a bad
sign. However, let me turn to Charles, he was the next one to have
a question he would like to ask, '

PEYROU: . Well there is a comment I would like to make. There .
is one thing which is never realized in the progress of bubble chamber
physics. It is that many experiments we have done in the past required
a lot of pictures and a lot of scanning to study a particular reaction, but
lots of pictures were not analyzed because of lack of measuring power.
Now with PEPR's we can do much more physics with the same amount
of film. The other question is to Sanford. My question is just a little
bit nasty, but here it is. I can understand how it would cost 6 million
dollars to move the 12' chamber from ANL to NAL, but I do not
understand how you can build a 14' chamber at.a new accelerator for
only $5.5 million. o

SANFORD: With respect to the cost of constructing it, I think that
the estimate is based very much upon the cost of building the 7' at
Brookhaven and extrapolated from that. Now the 7' hasn't been working
yet, so we'll have to take that into account. ‘ o

PLESS: To get the topic back on to what I think is the main
statement of this discussion, namely the interaction between.labs and
the users. Are we or are we not matched? 1 think this is a good time
to come back to the original question that Charles asked about the table
where the average number of physicists was quoted as 6 per group.
Obviously the labs are going to feel very uncomfortable if they are
turning out lots of pictures to a group that is inadequately staffed to
handle it and I've asked a good friend of mine from Oxford,

Professor Mulvey, to answer that question if he would.
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MULVEY: (Oxford) My impression on looking at the numbers, is

that it means that about one physicist per 100K pictures, one Ph.D., L
that is. Of course, we know there are also graduate students who
usually make the most important contribution, so at least there is one
extra graduate student per Ph.D. My feeling is that it is not an
unreasonable number in the present context of the physics that might

be done by the groups that we are discussing here. This selection of
nine groups doesn't give you the sort of sample that you would get if

you took all the groups in Europe at present, There, a lot of groups
"with a number of physicists using a small number of machines each
measure relatively small number of events each year. So if you take

an overall sample, the numbers come out to be more physicists per

100K events. My impression is that with the sort of physics experiments
that will be done by the groups that we are now discussing, and others ' -
like them, one Ph.D, per 100K pictures doesn't seem an unreasonable
number. Somebody commented on the number of authors on present-day
papers. These always contain a large number of graduate students as
well, Also sometimes, since the experiments in the past have always
taken a long time, it is not unusual for some of the authors to have been in
on the begining of the experiment and then to have left, but their names
are still there. So there are several factors which mean that the number
which Charles commented on is perhaps reasonable. The sort of
experiments that one is looking forward to doing are experiments in which
the physics demands large statistics. We know a number of groups over
the world that will be able to handle these experiments better than before.
The worry is that some of the smaller groups are going to find life

rather difficult.

o

In a certain sense the numbers that have been mentioned
as the number of events to be measured are rather modest. It is clear
that people are taking the number of hours in a day times the number of
events per hour and then multiplying by conservative factors. We noticed
this at CERN a couple of years ago when we made a survey of the various
groupo and asked them how many events they had measured in the year
that had just finished and how many they expected to measure when they
got all their things working. Very few groups made theoretical calculations.
They made guesses on the numbers and events they thought that could be w
handled by the physicists, They recognized another limitation that
everybody realizes to some extent, namely, the availability of film.

Perhaps another limitation which I feel to be serious is
the amount of computer time that we shall have for the post-measurement
physics analysis, With these big experiments being more and more v
sophisticated, one takes a lot of computer time to get the interesting
physics answers out of a large sample of data.
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Since I've got the microphone here, I am tempted to
go on and make some other comments. One is thatI very much agree
with the suggestion that one should look more at triggered experiments -
to make more efficient use of the time and to reduce the somewhat
ridiculous cost of film. Another remark is that there is going to be a high
field rapid cycling chamber which perhaps has some possibility of being
used as a hybrid chamber with thin windows. I hope that it can be used with

. external counters. This thing could be built at the Rutherford Lab

for use possibly at CERN
PLESS: Would anyone in the audience like to say something?

ALLISON (ANL) I've got a whole list of non- burmng questions,

but I hope that they might inflame some discussion, With the 12' chamber
coming up we've been thinking about things like automatic scanning and

big chambers probably as much as anybody, although we haven't done
anything in practice, of course. One advantage of considering something
like automatic scanning in a big chamber is that you have a demagnification
of 50 to 1 on film and so when you search along your beam track in the

film plane you are looking for a lot of cross section and automatic scanning
should pay off. You will find events very often. There is another problem

‘of how many beam tracks per picture one could stand on a frame, That

has come up in the discussion and it seems to me that the whole problem
is proportional to the number of beam tracks you can scan in one picture.
We have them very nicely defocussed and parallel, spread out in a thirty
inch chamber at the present time. The automatic scanning went
sufficiently well that in the final run we ran with more beam tracks, and
we asked for more beam tracks per picture. The problem with something

- like the 12' chamber is to spread them out over 12' which is pretty wide

aperture-for the beam. And this brings up the whole problem of stepping
magnets and things again. AndI am not a beam expert, but it does seem
to me that stepping magnets are a good thing, We can put more and more
into a bubble chamber with the beam tracks separated, and thus can do more
and more physics per - square centimeter of emulsion and per expansion

and so on. I would also like to suggest that with automatic machines
fisheye optics presents no real prablems because it is a function of position
oh the film and can be mapped out, Also, automatic machines are going

to have an additional advantage over human operators in the problem of
increasing chamber to film demagnification for economic reasons. A lot
of us have been forced to consider taking 35 mm film where we previously
had 70 mm film. There is an enormous amount. of money to be saved here.
I have strong prejudices against it, from the point of view of our particular
machine but I have difficulty in justifying those biases in terms of actual
numbers. My interest is in terms of what other people think about this.

. Should one consider using a tube with a 20 micron spot looking at 35 mm

film with 1 to 1 magnification or is'this sort of thing not going to make for
good physics. My biases tell me that one would not do so badly on precision
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but one would have a lot of trouble on recognition, for example in

recognizing short tracks and problems like that. It will be here

that I expect the trouble to come, and it will need more fix up time »
and more help in such situations but I guess this is particularly

addressed to the PEPR groups as to what their feelings are on this.

PLESS: Does anybody want to make any comments? I think o -
there were several interesting points brought up by that list of
non-burning questions.

PEYROU: On the question of many primaries, one should save
Government's money by using as many as you.can. The question of
having them spread with a stepping magnet is a complicated business.
But what you can always do io to use a sweeping magnet, that is you can
just increase the spread by using sweeping magnet. If you use a -
sweeping magnet you don't need the stepping magnet any more hecause

your separdtion is then so large that overlapping tracks would be very

rare. But you cannot use it with r-f separators, remember that,

You'll have to sweep in‘nanoseconds. It can be done, but it is a little

more tricky. There was another question. What was the last one?

has. Is this particularly a problem for CRT's?

PEYROU: This is an unpredictable business, in the following
sense, Everyone worked with the four classical chambers and took
years to get the proper optical constants. They they thought that
the big chambers would have serious distortion from theoretical
turbulence, but all of a sudden you get into business and you find
the precision is better than you thought,

PLESS: - 1agree with that comment, The crucial thing, I

believe are the optical constants of the chamber. The people who

own the chambers and are responsible for them can help in getting .

those accuralely. Wec can disrnss that, Now are there any other *
comments or questions to the panel from the floor? ' '

LUBATTI: (Washington) 1 would like to speak to the question Cw
raised by Peyrou having to do with the size of the group. I have had

some experience working with large collaborations. In factI have

been on papers where we have had 25 people and I know that very

often on some of these papers, perhaps 4 or 5 people actually

contributed to the real work of seeing that particular piece of research

through to the publication. And then I ask why it is that we ended up .
with so many people? It makes a lot of sense in the classical bubble

chamber operation; when one is trying to handle 1/2 million pictures,
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one is forced into the situation of having many scanners and having

a lot of people who are in fact doing lots of administrative tasks, but
not so much physics, In Seattle, we are starting with 3 Ph.D.'s and
we have essentially done all the material work necessary to bring:
PEPR into production, Once we are in production, some of us will
have to start teaching so we will become 1/2 or 1/3 time physicists.
1 hope to add two post-Ph, D. 's to the staff, and then stop there. At
the 5 Ph, D. level, having about one student per man, I think that

we can easily handle 300 to 500 thousand events per year. We must
bear in mind that as you increase the statistics in any one channel
the details of the analysis don't change too much. One still has to fit
the same curves, one has more statistics of course, one has to pay more
attention to detail but the work does not go up 11near1y, at least not in
my experience,

BALLAM: I would really like to disagree with that because the
minute you get into a high statistics experiment the physics changes.
The minute the physics changes you need some people sitting around
thinking about how you are going to handle the physics -- what
interpretation you are going to give to it and how you are going to
re-analyze and re-do the data in different models. You have to talk
to different theorists and so forth and so on. So, it seems to me that
the need is not for more clerical people because it's true that once
you have a system going it grinds along pretty well because you
understand the systematics of your scanning girls or what have you
and you understand how to handle the data. That is fine, but you need
twice as many people to sit down and think about what to do with it all.
I found that to be true the minute we got into some high statistics
experiments at SLLAC; the quality of the physics just changed and I think
that's very important.

PEYROU: Well, I agree completely with you, but on top of it,

even if you forget about the difference between low statistics and high
statistics, one of the best periods of my life and one of the most
productive was when I was in America, I ended the year with two-
papers, one based on 20 events and one based on 5 events but thoroughly
understood, and it was signed by 4 people, one Professor, two young
Ph, D.'s and one graduate student. I always considered this is the ideal
sort of publication.

The point I am making here is that when you have 500K
events you have not 500K events of one type of physics like we had
20 lambda's. You have a lot of junk, and you want to use all that junk
because you are not likely to get any more film, I make the very
optimistic assumption that there will be five interesting topics each’
with 100, 000K events which is, of course, an ideal situation and I was
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saying you need to have free three full-time physicists to analyze
that stuff. It is the ideal constituency of people who will try to
discuss and meet each other and finally write the paper without too
much ado. I agree that if you write a paper with 20 people that

this is a most time consuming affair. Mine is just an ideal model.

I simply don't believe that you are going to do much physics with
fewer people. 1 do not believe a man can look at 100, 000 events,

to to the computer, come back and sit down and get done good
physics without talking to someone about it. If you believe that the
other fellows are going to hear your problems when they also have
their 100, 000 events to worry about you are a fool. This is my point.
That is why I do believe it is all right already with the two Mulvey &
suggested, the graduate student and the boss, providing the boss

has a lot of time to think and not only to make administration. Of

course I know there are many other people invelved, like programmers

and sometimes programmers have good ideas about the physics, but

‘that was my comment.

LUBATTI:(Washington) Let me just add, I think we are all in
agreement with essentially what I said, that is, that 5 Ph.D.'s and
roughly one student per Ph.D. is about where the cutoff is.

AUDIENCE: Per topic?

LUBATTI:(Washington) Yes, per topic, O.K. that's right,
one has to choose his topics.

PLESS: Is there anyone else that would like to make a
comment? John Mulvey back there, and I think there is another
hand up after him.

MULVEY: (Oxford) I just wanted to ask a question that hasn't

been raised and it is irrelevant and nothing to do with the panel,

but one thing that we might begin to think about. It relates to some
extent to the size of the groups. Some people involved in this total -
effort, we, for example, might begin to think about other applications
of the systems, hardware and software that we have built up to handle
bubble chamber film. We will not be running our actual measuring systems
100% of the time. We have brought a number of brilliant engineers and
other people together, who are always improving the systems, and
while it is necessary to look at the big bubble chambers and many

other problems that are still left, I was wondering if anybody in the -
audience has any comments about what they are doing or what they might
think of doing in using these systems for applications other than bubble
chamber physics. I know POLLY and it's predecessor at Argonne has
already done work of this kind. I don't know whether, Mr. Chairman,

[
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you think we have 5 minutes for people just to mention various ideas
that they have had or heard of.

PLESS: I think certainly that we can spend a few minutes on
that, does anyone want to make a comment, does anyone actually
have active plans at this instant? There's a hand back there, that's
Ray Kenyon, ‘

KENYON: (Washington) I have worked in CRT scanning for a

few years. One application that I have worked on was the CRT scanner
for Don Glaser at the University of California., That scanner was

used in the field of molecular biology which is a perfect place for a -

CRT scanner because many of the things in molecular biology and micro
biology require counting cells or bacterial colonies. In the medical field
we thought of pattern recognition in the field of pathology and in addition,
I have done work myself on the side in hematology, actually, blood typing.

PLESS: O.K. Tom Fields would like to make a comment to that also.

FIELDS: There has been a CRT machine at Argonne for some time
(CHLOE), operated as a computer center facility, which has been used for
two purposes in high energy physics, namely spark chamber film and
oscilloscope film. It was also used by biologists and other people for
automatically scanning their film. It is now retired and is being replaced
by ALICE. This is a CRT machine in the applied math division with a
broad range of application, which should be operational within the next

few months. -

I would like to ask Joe Ballam or anyone else to comment
on their experience in using these bubble chamber machines for streamer
chamber film. , : '

BALLAM: ‘Well, John Brown of SLAC will discuss the plans to use
a HUMMINGBIRD device for streamer chamber pictures. The LRL
people are also using a Spiral Reader for it and have been successful

' in reconstructing streamer chamber pictures with rather a small amount

of difficulty. 1 do not think in general that streamer chamber pictures

will represent an insurmountable kind of trouble for any of you who have
been involved in this business. There is the problem of flares in streamer
chambers which may require different kinds of programming. There will
be some different kinds of obstacles than you have in bubble chamber pictures.

As long as I've got the microphone, I want.t.o ask 'a
question of the audience in general. I have tried to help you by squeezing




out from myself and other people in the large laboratories the numbers
of pictures that we think we can take, but I don't have a corresponding
number from you besides the chart. I don't really know how many events

you expect to analyze in calendar 1971. I do not mean future eventualities,

but I would like to know what is the match between the 19 million pictures
multiplied by some number which is less than one and the actual number
of events that's going to be analyzed. The biggest effort I have seen so
far in terms of starting an experiment, doing the work, and finishing it
up, was somc 1.3 million pictures that group A of LRL analyzed.
There were 13 GeV K and 7 GeV 7 reactions, It took them esentially
two and a half years with 2 Spiral Readers and some pretty savvy people
in the business to do this experiment. I am not at all sure that this
experiment is finished yet: I don't know how many events they've actually
analyzed. I know that they have presented charts of pictures involving
3000 or 30,000 events in a given channel, and that is real channels, like
the 4C channel K" 7 7 p or something like that. I would like to hear
from people what the match is in calendar 1971,

DAY: (Maryland) I like to speak to the point of other applications
before we get on to this. There is an application which probably some of
you who are regularly exposed to astronomers will recognize, and that
is that there are an awful lot of star plates around, some of which have
never been looked at. There are very interesting problems which are
hung up on making absolute measurements on small things like absolute
motions of galaxies and clusters and variable star times and things like
that so, in fact, if you ever mention in passing to astronomers that you
have a device like PEPR, they really start turning different colors.

PLESS: O.K., if you have any spare PEPR time you know where
to get customers. Let me try to answer for Joe, and then we!'ll ask

for others. I think it is fair for the chairman to answer that question
first for lots of reasons. We are talking about calendar 1971, 1
personally feel very committed to do 300, 000 events for calendar 1971.
Now whether we do it or not, we will know in about a year and a half,
but that certainly is what we are committed to do,

LUBATTI: (Washington) I like to speak to this comment about
LRL because I happen to have some information. I remember a year
and a half ago at the New York meeting somethmg like 5 or 6 months
after they had finished that horrendous K" run, Stan Flatte presented

a scatter plot with some 20, 000 four prongs in it, so they did get a fair
sample out fast, I also happen to know that soon after that, Stan Flatte
got involved in another experiment at SLAC and Art Rosenfeld is
involved in the laser beam. He is also involved, of course, in the 7
run, Lina Barbaro-Galtieri for example, is involved with Bob Tripp's
big exposure and I could just go on down the-line, I think it is unfair

to point to the LRL people as a typical example of a bubble chamber group.

i
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That is really quite a huge enterprise and a lot of these people have

taken on tremendous interests: all of them are doing several experiments.
I could even name other people who are working half time with Luis.

Bob Watt and other people are working and solving problems for Luis

in positioning his new spark chambers, I know all these people well
because I've worked with them in the past and I always like to see -

what they are doing because they always do interesting things. The

only point that I want to make is that they are all marvelous physicists
and just like all of us they have tremendous interests and so they do

lots of things. I -think it is a little unfair to use them as an example of
someone who has dragged their feet, they just have not been uni-directional,

BALLAM: I was using them as an example as people who didn't
drag their feet; I thought they did a fantastic job.

LUBATTI: (Washington) I think they could have done it even
faster if they weren't doing ten other things, and Il think when Irwin
says he is going to get 300K out I believe him, because he is not going
to do anything else, he's going to push on it. '

PLESS: ‘ Is there anyone else that wants to stand up and be counted?
You are not required to, but is there anyone that wants to stand up and be
counted? After that there is one other topic that we should address .
ourselves to and then we are going to close this panel. The topic that we
want to address ourselves to is the pessimism, if I may use that word, of
Jim Sanford regarding the bubble group and the rest of the world if

. I can use that phrase, First, Dixon,

BOGERT:": (Yale) I am not quite sure we'll phrase it in the form

" .of calendar 1971, butI will say that in the next-12 months starting,

say June 1, we will process about 150 to 160, 000 events from 200, 000
pictures,

PLESS: Good. Anyone else want to make a simple clear statement
like that?

THORNDIKE: Well, I could make a comment about Brookhaven's
data processing which is not by PEPR, but is a 81gn1f1cant part of the
overall use of pictures.

PLESS: That's clear.

THORNDIKE: For 1971 I think a fair number of events processed
would be about 500, 000 for the two bubble chamber groups at Brookhaven

PLESS: 250, 000 each?
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THORNDIKE: It probably would not divide precisely equally,

but the total is just based on a very modest extrapolation of the present
production rate, Maybe while I have the microphone, I can introduce

-one other question. When we totalled up the picture taking capabilities,
we left out one big accelerator, namely the accelerator at Serpukhov, and
I wonder if anyone has any comments as to whether it will contribute
anything during this period, say the next 5 years, to the group of people
here, '

PLESS: . Joe, would you know ?

- BALLAM: No, I think Charles would know that better than anybody
else. ' :
PEYROU: Seven second repetition period, that is the only answer
I know.
PLESS: O.K. the answer seems to be unclear, but it is down by

at least a factor of 2 from any other accelerator. There is another hand.

McILWAIN: (Purdue) This is not based on a PEPR but on 5 SMP's.
We measuredl80,000 events in calendar 1968 on a fairly steeply rising
production curve, We have levelled off this year, so the yearly rate is

around 200K to 250K, To do that we have to be able to keep the girls

we have and it is not at all clear that we will ‘be able to do that.

ALLISON: (ANL) I am probably gbing to disagree with some numbers
that Tom has given, but in the last year we measured 250K events, 1
think we start running into real trouble with our Sigma 7 if we were

going to measure more than 500K events, so we'll certainly be somewhere
in that region. I hope towards the upper end of it., That probably depends
on our ability to finance the processing of data further on in the part of
the system that has nothing to do with the measuring machines,

PLESS: Excellent, O.K., then let me get to what is the last
comment. It is a question which T think is very important. It is
addressed to the pessimism about the bubble chamber group's ability

to withstand the criticism or to get the funds and support relative to

the counter groups. Incidentally that pessimism clearly rings through to
me when discussing the bubble chamber program at Batavia where what
is projected is 4 million in pictures total with half of that being neutrino
work, There is no indication, at least to me, that we could improve that
number very much with just one large chamber there. SoI would like

to first ask Sanford, if I may, an unloaded question. As you see it from

the National Lab, at Batavia, considering the various pressures from
counter people, from bubble chamber people, and the young guys, from




A 5

4

the old guys and the people who were young bubble chamber people and
now are old counter people (I do not know of any of the reverse -- people
who were young counter people who are now old bubble chamber people
but I know certainly a lot of the other): How does the situation appear

to you as sort of an overall impression? Is there any new blood that
you.see coming into the field, beating on NAL's doors saying that we
want more bubble chamber pictures for our universities?

SANFORD: That's an unloaded question?
PLESS: That's an unloaded question,
SANFORD: Before I answer that unloaded question let me say

something about that 4 million pictures that you may have missed, I

did not count the potential for multiple pulsing in that estimate. I do

not think multiple pulsing has really yet produced a significant amount

of additional pictures, soI have not wanted to count that in at this moment.
If one does take that into account, it would of course not help the neutrino
situation.particularly, but it could very significantly improve the number
of strong interaction physics exposures

PLESS: Could you make a comment about the necessary targeting
and how much you steal from the flat top to achieve multiple pu1s1ng at
this machineas say compared to the PS at CERN,

SANFORD: It is the same story really, It is the tug of war between
the flat top users -- the counter program -- and the bubble chamber
groups. I would say that everything that Dr. Peyrou said is going to be
applicable at NAL as it was at Brookhaven in the years of experience that
I had there, NAL has one external proton beam. One can bring that beam
out and split it according to program choice, not according to radiation damage
within the accelerator or distributing the protons between internal targets
and external targets. That is a more efficient way to make use of the
protons, that is, as an external beam. I think we will gain some by that.
As to the mechanism of doing this, it will be quite possible to have
bunches of protons coming out every hundred milliseconds over a period
of a second or so. So, in principle, one should be able-to take 10 pulses
over that second. 1 think that at the end of the 10 pulses the chamber
just sort of gasps and so Fowler tells me maybe we will only do three
pulses or something like that, I did not count that in the 4 million, After
all, one of thebig troubles with doing multiple pulses is that the film still
gets used up and that is a significant cost item. I do not know whether
we can afford the finances to do the multiple pulsing, One may do
multiple pulsing for a short period of time and then do other things with
the accelerator. To the question of competition between counter groups
and bubble chamber groups, I did not mean to be pessimistic in raising
it, I wanted rather to bridge the gap a little bit between those of you who
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are designing the systems to use the pictures and those of us who are

trying to build the accelerators to build the detectors, We cannot take

anything for granted in this business; we see bubble chambers that are -
being turned off, like the 25'"" and one of the Brookhaven smaller chambers,

and maybe others yet to come and I think that one needs to make one's

feelings known as to what the implications of that will be upon the physics

output. Also, because we have such an investment in the analysis -
systems that are underway don't hang back if you have good ideas to

express. I believe that it can help us when we are trying to seek

approval for operating funds to keep chambers going or authorization

for new chambers. These things are not happening automatically,

by any means.

On thc question nf the halance between bubble chambers
and counters, we all know a great many people who have in the past done -
bubble chamber work and who have changed over to counters, These
people, having worked with bubble chambers in the past and now working
with counters are older individuals and are now sometimes on program
committees or on other groups and they spread the word as to why they
changed. 1 think that new groups and younger groups have not really
been heard from very much yet, in terms of their need for pictures.
This is why I was pleased to be able to come here today to see some of
the numbers that are being talked about, At program committee meetings
it is very easy to talk persuasively about a very specific counter
experiment, but the arguments for the bubble chamber experiments are
much broader unless one picks out just a particular reaction and speaks
only of that, To get high statistics, one needs a great many pictures and
I think that the base for bubble chambers is in the fact that there is so
much in those pictures, more than just what you are using at that given
moment. I think that one has to emphasize that one will use those pictures
for all these different purposes rather than just the one that has been proposed.
In this way we can show that we are squeezing out of this as much physics
as possible, I do not want to be interpreted as being pessimistic at all
about this. I think it is possible to be articulate and persuasive about the
need for bubble chambers but I think that more people must speak up
nowadays, to keep this field at the productivity of which it is capable, and to
keep the output from the accelerators going strong, and to match the output

of the data to the capacity of the measuring systems, .
PLESS: Would you like to make a comment Charlie?

PEYROU: Yes, this is a favorite subject of mine. I thought the

fact that bubble chambers are on the defensive was only an illness of

Europe. We all the time say, well, look we are so modest, we take ) -

only 20% of the machine intensity, all the rest is for you. Of course,
money, money we cost, The true practice is the following, we are all
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suffering from the Rutherford-Faraday complex: we like nice }
experiments done by one man. The bubble chamber is not like that.
The only man who was intelligent, I am sorry, 1 apologize, who was
intelligent in bubble chambers was Don Glaser and after that Alvarez
and all the rest is nothing. But the fact is, strong energy physics

is done by us, not by them, and 1 defy anybody to prove me the contrary
and I believe that the strong interaction physics is the greatest mystery.
After all, weak interaction works more or less, O.K. nobody knows
how it works at very high q and I apologize to the electromagnetic
people, but the mystery is strong interaction.

There is also no lack, as far as imagination is
concerned. Imagination comes into the PEPR's and the HPD's and
the Spiral readers and the programs, but it is not seen. I think
we should completely abandon that defensive complex. We are doing
the best experiments; it cannot proved to the contrary. I betl can
walk on even the Brookhaven floor which I think is better than CERN's
on certain points, and I can find an experiment and prove that one can
do it cheaper and better with bubble chambers with less bias and more
precision - any experiment I find on strong interactions.

PLESS: How would you like to come work for Batavia?

SANFORD: May I make a comment? One of the healthiest things

I see coming along is some of work on ideas for hybrid systems which

I think will help to bring some of these diverse interests together, I
was not being entirely facetious when I said that the counter groups

look upon this thing and see a hydrogen target in a hybrid system and
and bubble chamber people look at it as a bubble chamber with some
detectors downstream. It is quite possible to be doing physics with

that device when you are not taking pictures, between the 100 milliseconds
when you pulse the chamber. Even when it is a rapid cycling which can
go faster than that, you can also be doing other physics. You will not
see and you will not have a picture of the vertex, so you will not have
some of the same physics insight into what is going on but it will be
possible to also use that as a single arm spectrometer, for example,

in a missing mass experiment, using the same device. I think that may
be a very profitable multiple use of these pieces of expensive equipment.
I am looking forward to some new development in that direction.

PLESS: Does anyone else like to make some comments from the
floor about this problem and/or the NAL in particular? Lubatti from
Washington.

LUBATTI: (Washington) Yes, in fact, I have felt this way for some
time and I have mentioned this to Joe Ballam on occasion. In fact,

Charles Peyrou was giving the opposition a little bit too much, when he
said that they can do elastic scattering and charge exchange better. The




reason I say that is that I remember just recently I was at Berkeley

_for a User's meeting and the people in the Powell-Birge group showed

some results that they had. They had taken a bunch of low energy
film from the 25" between 1 and 2 1/2 GeV, mainly to do an elastic
phase-shift analysis. They took all of the 2 prongs and measured
them all very fast, Then it turned out that in that sample they had
a tremendous amount of elastic scattering at every energy that just
came out on the DST. They plotted it out and looked at it. When
they looked through the literature they found there were just two
counter experiments in that energy range. One had 5 times less
statistics, and one had 3 times less statistics. Recently I was at
the Philadelphia Conference where they were discussing one of the
great enthusiastic things in strong interactions these days -- the
omege rho interference. I noticed that there was a counter group
that started an experiment in 1965 and they have just now gotten
results, They have roughly the same statistics on di-pion production
as Wally Selove has from a bubble chamber run he took last year.

I could find other examples, but I don't think that is the point, I
think in general, when the counter people began telling us in 1964,
'65 and '66 that they could beat the bubble chambers with statistics,
people bought that argument. 1 have not yet seen an experiment where,
by the time they get through folding in their inefficiences and their
geometrical corrections, they have comparable statistics to a good
typical bubble chamber experiment that can be run in a month at
any accelerator and analyzed in about eight months. A

PLESS: I think since the hour is late, let's take one more
comment and I think then we'll call it quits, Allison?

ALLISON: (ANL) 0O.K. I would just like to sound another note of
optimism, When 1 sat down to try and write a thesis about 2 years ago
on a final state involving 5 or 6 particles, I found a complete absence
of theoretical models of any kind beyond thermodynamic ones to compare
with such data. It seems to me in the last few years there has been an
enormous improvement in the theoretical models which compare with
multi-body final states that have a large number of prongs, and this
sort of stuff cannot possibly be done by any other technique than bubble
chambers, at the present time. It involves detection simultaneously of
a large number of particles. It seems to me that this development, if
it goes on this way, is very good for bubble chamber techniques.

PLESS: O.K. Remy will be the last speaker, except for me,
of course,

VAN de WALLE: (Nijmegen) I am not going to contribute anything new,
I would just like to amplify that when we were doing an experiment at
5 GeV we were measuring a lot of two prongs and found that we had a
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lot of elastic scatterings which we did not care too much about, but
when we started looking at them it turned out we had them down to a
momentum transfer which was much lower than any counter experiment
had done before, so we started to look at them in a neater way.

PLESS: O.K. I would like to thank the panel for their excellent
presentations and their fancy foot work and close this discussion.
Thank you. ’ ‘




COMPILATION OF BUBBLE CHAMBER

STATISTICS

Concerning the c‘xompleteness and the precision of graphs:

1) The following data is plotted:

CERN and Saclay 1967 1968 - 1969 :
BNL- . 1907 1068 19A9 1970
ANL 1967 1968. 1969
LRL 1967 1968 1969

" SLAC 1968 1969 1970

The number of pictures on the graphs are not the actual experimental
values. They are weighted by the size of an 80" bubble chamber:
example, the actual 100, 000 pictures in a 30" bubble chamber are
reduced to (100, 000 x 30/80) pictures.

The 1970 graphs represent in general the "accepted'' number of | '
pictures of a proposal. But, if an experiment already has completed

a larger number of pictures, then we have used the completed number
of pictures. ‘ : '

We have averaged the momentum of the incoming beam to its mean
value, even when the momentum range is large.

When not enough information is available for combhined experiineits
we have made assumptions.

Example, if, for (7r+p), (n-p) interactions 100, 000 pictures are
taken altogether.

Then we assume 7 +p->50, 000 pictures
T p-+50, 000 pictures

2) The classification of the data is done by histograming with a
computer. The bin for the histograms are chosen to be 0. 300 BeV/c.
The lower bin limit is the plotted value on the graphs. Therefore,
the maximum systematic beam momentum shift one can expect is

-0. 300 BeV/c. \
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--.—. Our CRT film digitizers are connected online to an IBM 360/91 multipro-
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STATUS OF ;IUMMINGBIRD FILM DIGITIZERS*

John L. Brown

Stanford Linear Accelerator Center
Stanford University, Stanford, California 94305
In this report I would like to review briefly the status of CRT film digitizers
at SLAC. 1 will start with a short description of the hardware, and then summarize

our experience to date on three different experiments. I will omit any discussion

‘of the Spiral Reader, although it is also a part of SLAC's automatic data analysis

effort.
I. BRIEF DESCRIPTION OF HARDWARE AND COMPUTER CONFIGURATION

A. 360/91 Computer

grammed computér. The overall computer configuration is shown in Fig. 1. It
is obviously a fairly complex system; most of it need not conceijn us, however,
save for the '2250 display scope (which is used for online interaction), two disk
drives (used for storage of prograr;s and data) and a high-speed selector channel
tv which our hardwaro ie connected via a 2701 parallel data adapter.

‘In its current configuration the 91 is a fairly powerful machine, with the
throughput of roughly 2 CDC 6600's, It is a multiprogré.mmed machine, usuallf
processing half a dozen jobs at once: a mixture of batch and express jobs, terminal

programs and one or more "online' programs. Typically up to a thousand separate

K ' ;
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jobs are processed each day. The facility is open for normal operations from
about 10:00 am to 3:30 am Monday morning to early Saturday mofning.

A recent development in the operation of the facility, whose irﬁpact upon auto—
matic data analjsis has not yet been evaluated, is the ré.tionihg of computer use.
For a number of months users have had an accounting of their running on the 91.
Use is'm_eas-ured in so-called ""computer unifs", determined by a fairly elaborate
algorithm based on one's use of core, CPU cycles, 1/0 accesses, and so forth.
One month ago users were restricted to using only a predetermined number of
computer units per quarter. To the extent that demand exceeds supply, this is

going to provide quite an impetus toward efficient programming.

B. Hummingbird II
‘ The Hummingbird IO is by now rather an elderly CRT flying spot digitizer. It -
uses a 7" Ferranti 7/29A0 cathode ray tube to generate a 65 X 105 mm raster
using essentially 1:1 optics. The deflection and focusing coils are manufactured
by Celco, while the analog electronics are homebbuilt. The digitial logic is based
oﬂ DEC cards, although as we shall see later, it is being converted to IC logic.

The film transport is rudimentary, using a stepping motor to drive 70 mm per-

forated single strip film.

The raster is composed of 4096 least counts. The least count on the film in
the X direction (along the line) is ~4.7 p, wh.ile.in the Y direction it is 25u. Only
static pincushion correction is used, so the raéter is fairly noticeably distorted.
At the start of each line a y-coordinate is read dut to the channel; if the spot crosses
a black mark on the film, the x coordinate ofv the center is read out. The center
coordinate is determined by deléying the PM pulse and detecting the crossing
point, pi‘ovided'the signal exceeds a certain threshold. No pulse-height or width

information is supplied. Thus the output to the computer consists of a string of
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twé—byte words as follows:
... O, Yj’Xj, 1’Xj, 9° 'Xj, o’ 0, Y].+1,Xj+1’ 1t 'Xj+1, o’ OA, Yj+2’ .
The zeroes are used to identify the following half word as a y coordinate.
The scanner is capable of executing a fairly limited repertoire of commands

from the computer:
(1) raster-scan an area beginning at Yi and ending at Yf, with the PM gated
on between Xi and Xf;
(?) select a line density of every line, every other line, or every fourth line;
(3) set the PM threshold to one of sixteen fzalues;
(4) advance (or back up) the film up to 20 frames, in increments of 1% of a

full frame advance.

C. Hummingbird III and TV Display

Hummingbird III is very similar in overall design to HB II. It uses a 9"

Litton L-4192 pentode CRT with a P2.4 phosphor-to generate a'sﬁl)t-which is imaged
- with custom made 1:1 Zeiss optics onto a film platen — field lens — photomultiplier

unit. The film drive is designed to handle 3-strip perforated 35 mm film. It
contains a pneumatically driven carriage asseinbly which ﬁloves up and down in
a vertical plane toposition the appropriate view (or a calibration pattern) over the
fixed vacuum platen. Celco focusing and deflection coils are ﬁsed, driven hy
electronics based on Beta Instrument Company circuits. Digital logic is made
from IC's. The logic' design is such that it will eventually link both HB's to the
91 channel.

HB3 was designed for use with bubble chamber or streamer chamber film,
which can produce upwards of 50K digitizings per frame. Since the IBM 2250

display scope can only hold about 1300 points in its buffer, a differeni type of
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display would be desirable. We have constructed a digital TV display using a
conventional industrial TV monitor with a 512 x 512 raster. The i)ic‘ture is stored -
on a fixed-head disk (manufactured by'Data-Disc) which. refreshes the interlaced
image every'thirtieth of a second, as a .norm.al TV set 'does. A lightpen is attached
which stores its recorded data on a separate set of tracks. Also available are a
separate sef of tracks 'for'display of points with enhanced brightness. A 'programi
functioh‘ ké&board is also included. This TV scope is capable of displaying iOOK .
points withoﬁf: ﬂicker. " There is a fairly high software overhead in converfing a
FORTRAN array of points, vecfors, or charactérs into the apprc}priate b1t string

for storage on the disk.
II. u-p SPARK CHAMBER EXPERIMENT

Our first experiment, completed last December, was a spark chamber' experi-.
ment designed to study u-p elastic and inelastic scattering, to see if the muon _and
electron exhibited any differences in this respect. A sketch of the experimental
layout is showp in _Eig. 2. The muons, after scattering from the target, passed
through two spark chambers, a 54" momentum-analyzing magnet, two more con-
ventional chambers, and then four more chambers interspérse& with absorber to |
distin‘guish muons from pions. 90° stereo views of all eight chambers were taken.
In addition there was a proton recoil chamber mounted underneath the targef which
we did not use in our analysis. There were a toté.l of 10 fiducial marks (each in
the shape of a V)', and a data box containing a BCD representation of the roll and
frame number. o |

The overall program design changed somewhat as we moved from the interim
360/75 to our current 360/91 computer. In the final.version the program was a

single package occupying 300K bytes of core. The program drove the scanner in




a buffered manner, i.e., while the current frame was being processed, the next

frame was being digitized. Since only one frame in three contained a real event,
the film had been rapidly prescanned by human operators. The first processing
of a frame (typically containing 4000 digitizings or "hits'") consisted of stringing

hits" together into small straight line segments (called '"blobs’"). The 400 or so

"blobs" which resulted represented fragments of tracks, fiducial marks, data box

bits, scratches, etc. The fiducial marks and data box were then found and checks
made for flducial scparation, data box parity errors, etc. Next the remaining
"blobs' were sorted into the cxpected chamber locations and connected where

possible to form ""'segments, "' i.e., images of a single track in a particular view

of a particular chamber. Then segments were joined to form compléte trajectories,

after making allowances for displacements and rotations caused by the spark
chamber optical system.
If thé progrém could not come up with a single unambiguous "'goldplated"

" event, ﬁatching the description on the input scan card, then the program halted
for opera'tor interventi;)n at the 2250 display scope; this was the case on 75% of
the frames, so the data analysis was scarcely "automatic." The operator could
link "blobs" into "segments' or "segments' into tracks using the light pen. With
this manual intervention, the program could process events at the rate of 60-100
per hour.

In the course of processing some 125K frames on this experiment from
March 1968 to December 1969, we came by several hard—learnéd lessons.

a. The progrum design, which started of course before the experixhent wag
run, naively assumed that the pictures would be "perfect.” We didn't allow for
the fact that half the fiducial marks (made from electroluminescent striﬁs) would

burn out in the course of the experiment, as would a number of the bits in the
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data box. We didn't make allowances for "ghost! tracks caused by reflections in

the Lucite wall's of the charhbefs, and we had trouble as well with‘ variation of
spark ihtensity as a function of the number of tracks in a chamber. Occasional
low chamber efficiency also caused us to miss tracks. |

Some .of tﬁese problems ca;n be circumvented. For example, you can cover
the Lucite walls with black paper to cut down reflections, but you have to think of
it before you take the pictures, not afterwards. Some problems can be dealt with
in the scanner hardware (e.g., be&er track-center circuits whiéh work over a |
wider range of image contrast), and some can be ove,rcomé in software (e.g.,
better track—finding algorithms that don't assume effectivélyA that every gap in
every chamber will fire). It does seem to be a fact of life that you don't le’arn'
these lessons from.reading about them; bﬁt only by having thém happen to you.

b. A second problem which we generated for oﬁrselves was to try to cover
up failures in the scanner hardware with sof_tware "fixes.' The particular problem
we had was quite complex and difficult to explain, and would probably not bg of .
general interest. It had to do with the way in which we calibrate fhé scanner,
which is to scan a pattern of 54 crosses whose center positions are accurateiy

known in a rectilinear coordinate system. A fifth-degree polynomial is used to

transform HB coordinates into true film coordinates, with the transformation

coefficiénts being determined from a scan of the cross pattern. What hap'péned
to us was that, due fo gfadué.l misalignment, the.spot size in the corners of the
raster got so large that the crosses in that area weren't properly digitized. The
calibration routines then omitted them from the fitting procedure uéed to find the
transformation coefficients. If the various distortions (such as pincushion) are
large, however, (and they are since we don't use dynamic distortion corrections)

then the transformation coefficients are very sensitive to the presence or absence

-6~
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of these corner crosses. In our output this‘would manifest itself as small shifts
in angles, for example, compared to hand measurements, and these shifts would
vary with time, depending upon how many crosses in the calibration pattern had
been well digitized. The proper solution, which we finally adopted was to stop

and realign and tune up the scanner, rather than try futilely to remedy the problem
with software changes.

c. A third lesson we learned, as has everyone else before us, is the impor- o
tance of having physics analysis programs ready before vast numbers of measure-
ments are accumulated. In our case this meant having a well understood and ' -
debugged geometry program for fitting an overconstrained trajectory through the
magnet, based on track measurements in the various chambers. Such a program
waén‘t available for us until we had measured the majority of the film, at which
time it uncovered the problems referred to in the previo/us section.

As a result of all these problems, our first experiment was a mixed success.
Production went in fits and starts as problems were uncovered. In the end it
turned out that most (80-85%) of the events-in the experiment were not muons
scattered from the target, and HB measurements were trusted when they indicated
this. If tho event appeared to c.ome from the target, however, it was remeasured
by hand, since that was considerably more straightforward than trying to under-

stand the milliradian systematic crrors present in HB output. ‘ .
III. COSMIC RAY SPARK CHAMBER EXPERIMENT

A second experiment in which we are currently involved is a cosmic ray spark
.chamber experiment. This is a collaborative effort between SLAC and LRL. It
is designed to measure the momentum and angular spectrum of cosmic ray muons

at sea level, and in particular to check the zenith angle distribution of the highest
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energy muons. . About 1. 6 x 106 pictures have been taken. A rapid hand scan is
being done to pick out the highest energy muons for subsequent hand measurement
with the greatest possible precision. The other 98% of the data is to be ana.lyzed
on the Humm.mgblrd, where a slightly lower precision is acceptable.

The experimental layout is shown in Fig. 3. The apparatus is by and large
the sarhe as ’was used in the k-p experiment, but slightly rearranged. " There are

three chambers for determining the trajectory of the muon before the momentum

amlyzing magnet, and three after. There is also one chamber inside the magnet.

All but ohe of the chambers have a 90° stereo view. There are 20 V—shaped
fiducials :and a BCD roli-frame -'data box. Counter information was recorded at
the time of the experlment by a PDP-8 and this data is avallable for mergmg with
Hummmgb1rd output. . o

The overall program design is similar to the u p expenment The main'd'if—
ference is that the track—fmdmg algorithms are more global and don't depend so
much on preclsely what is happemng in a given chamber. There is also a second
pass feature in the program whereby if an event isn't found using the "'blobs’! then

one can go back to the original digitizings to see if an event can be found.

The film is much "cleaner than the u-p film was, largely as a result of the °

lessons learned in the latter experirnent. (The duty cycle is also better: 100%

instead of 0.1%). Consequently our track-finding efficiencies are better. Cur-

rently we correctly resolve about 85-90% of the frames. About two-thirds of the

remainder have no real events in them at all, while the other third (about 3-5% of
the total) contain events. of varying degrees of complexity (e.g., showers). The
goal in this experiment is to do without manual intervention for event finding, and

we are fairly close to achieving this. The processing rate is about 700 frames

per hour, limited essentially by the rate at which the Hummingbird can scan and
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move film. A faétor which may limit our overall production rate, however, is
the rationing of computer units referred to earlier. Our allocation is such that
‘we may be limited to about 8 hdurs a day of production rather than the potential 16.
An interesting sidelight to this accounting and budgeting problem is that the com-
‘ puter costs for a single frame of cosmic ray film are currenﬂy about eight cents.
The biggest single problem remaining in the cosmic ray experiment is the
question of the unresolved events. In an experiment of this magnitude and potentia_l 6
statistical precision, the fraction of unresolved events should ideally be about 2%,
"~ instead of the curfent 10-15%. Since the film has not been complétely prescanned, : #
"the problem is as much one of deciding there is no e\;ent as of finding one which
is there. It is not clear what strategiés will be used to solve this problem.

The second problem is to keep a close watch on potential small systematic

important spatial reconstruction programs online, we can monitor our accuracy

much better than we could in the p-p experiment.
IV. STREAMER CHAMBER Kg DECAY EXPERIMENT

distortions caused by the Hummingbird hardware. Since we do have the most
This cxperiment, on which we are starting some shakedown runs, is our most

ambitious to date. This experiment.;, a collaboration between SLAC and BNL, is
| designed to study leptuuic Kg doocays using a streamer Qhambenr as detector. ©
Absorbing plates are put'in the chamber to help separate pions, muons and elec-

trons. A sample picture is shown in Fig. 4. This fihﬁ (3 strip 35 mm perforated) *
will be digitized on HB IIl. A small amount of film has been taken on t.h‘is experi-
ment already, but the bulk of the data will not be collected until June.

- The nucleus of the streamer chamber software is CERN's Minimum Guidance

program. The film will be prescanned (since only one frame in 5 contains an
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event) and a rough vertex position recorded on.a scan card. The'Hummingbifd

will then scan all three views with a "normal” scan, and an orthoébnal scan if so
ind_icated on the scan card. A vertex—findir;g program then ﬁses the rough vertex
position to find a precision 4(100 ¥ on the film) vertex wﬁich sérves as input to the
Minimum Guidance program. The MG program then follows the decay products
emanating.from the vertex (into the orthogonal scan if necéssary) until the tracks
reach i:he absorbing plates. A '"pseudo-vertex" ié then constructed on the exit
side of the plates to follow the tracks as they emerge (if they do) from the other
side. The pieces of track found by the MG program in tﬁe threé views ére then
edited, lé.belied, and _checked for topological consistency. If it appears that ah

event matching the description on the scan card has been found, then the measure-

ments will be given to SYBIL, a three-view geometry program similar in purpose

to TVGP but adapted to the peculiarities of the streamer chamber.

If at any point aiong the chain the program experiences difficulty then manual

intervention from the TV scope is called for. A sample display (used for debugging,

not production) is shown in Fig. 5. The operator can then erase irrelevant digi-
tizings, link track segments, indicate vertices, etc., using the light pen and
program function keyboard.

The overall program is designed to function asynchronously, i.e., the scanner

fills up disk storage with digitized frames for processing, the vertex finding routine

accumulates vertices, the MG program finds traéks, and messages and pictures
for display are stpred, all more or less independentiy. The idea is to avoid a
strict éequehtial "bucket brigade' operation, and father to have é]l pieces of

the program working on their own input queues. Of course eventually some one

part (e.g., the 's‘cope operator) becomes a bottleneck, but this asynchronous désign

- keeps him continuously busy.

- 10-
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We have so little experience to date that there is nothing but bad news to report.

A. We are experiencing a great deal of difficulty with HB3 hardware. Two critical
problems are noise in the IC digital logic, and stability in the focusing and deflection

circuits. The track center circuit is also undergoing considerable rework. Although

as

HB3 is similar to HB2 in overall specifications and capabilities, the actual detail
design is almost completely different, so there remains considerable debugging

to be done.

B. The film we have, while better than early streamer chamber film, still is far a
from optimuﬁ. There is still great vériation in track contrast and width, as well

as large flares which can obscure considerable portions of an event. It is not clear

at present whether streamer chamber film in its present state is actually amenable

to automatic data analysis.

C. Tﬁe list of software problems is almost endless. The total program is very
large, involving some 200 subroutines occupying more than on megabyte of storage.
Since we are only allowed 300K of core storage, thfs means a great deal of over-
laying both of instructions and data. Consequently there is a great deal of channel
activity between disk and core, and we are currently trying to sort out this channel
traffic. While the vertex finding program works well (97%) on'a small sample of
events, we will undoubtedly run into problems when we try to go to a larger less
selected sample. The same is true of the MG program; it finds about two-thirds

of the tracks in a small sample but there still remains considerable tuning of pro-
gram parameters. The editing program has been only partially checked out, and
no events have yet been iripuf to SYBIL.. Thus, while there has been reasonable
success with individual program components, overall system checkout has not A

been attempted and considerable problems can be expected.

@)
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V. FUTURE PLANS

Perhaps the most accurate statement is that we are so busy with present
problems we haven't had any time to work on future plans. At the moment there
are no intentions of expanding or improving our hardware capabilities in any
significant way. There is a specific proposal for a spark chamber experiment on
electroproduction of hadrons to take place in about a year, but no serious program-
ming work has yet been done. A rather massive streamer chamber exposure to a
high energy K beam is also planned for the beginning of 1971, and if we have
reasonable success on the K2 experiment we can expect a large amount of work
in analyzing this next experiment. And, of course as an ex-bubble-chamber-
physicist, I have a personal interest in adapting our streamer chamber program
to bubble chamber experiments. Unfortunately, in my current role as a bureaucrat
faced with what he considers an inadequate budget, my main problem at the moment
is to figure out how to do more work than we can handle with fewer resources than

we need.

- 1o
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DISCUSSION

BASTIEN: (Washington) I want to point out that if you apply
the global method that I described the other day to the film that you showed,
it's really very easy to get the tracks. :

BROWN: (SLAC) Yes, your global method depends on a couple
of things which are I think of the streamer chamber film are more
likely true in fact than a bubble chamber. An important one is the
tracks are circular and the ionization loss in the streamer chamber
is not what you'd call overwhelming,

HULSIZER: (MIT) I wonder if you'd care to comment on the
perils, problems, advantages and disadvantages of trying to a) develop
and b) operate on line to a large computer with a device that requires
a fairly frequent access.

BROWN: (SLAC) I think we've probably had somewhat better
experience than some of the other people who are here in working on

a large multi-program machine such as this. There is no question that
if I had my choice I'd rather have my own machine myself, but, I

think it's also true that it would probably cost more than taking some
chunk of the 91,  The 91 is a really fairly inexpensive machine and as’

1 mentioned earlier, the sort of computer costs for the cosmic ray

film where we actually do a fair amount of arithmetic is 8 cents a
frame, or another way of putting it, we probably spend nearly 60 or

70 dollars an hour for computer time on the 91, that's a fair bargain.
You can even put it another way if you want to sign up for computer time
on the 91 on the weekend it'll only cost like about $30/hour. So the 91
is a fair bargain and if you can sort of back through the bureaucratic
problems of working on a machine with a whole lot of other people and
making sure the system doesn't change underneath you, it's not too

bad, I agree, if I had my way 1'd rather have my own, but I find this not
an 1ntolerab1e S1tuat10n :

HULSIZER: (MIT) - One of the questions I wonder about is, are you
in core all the time so that you can have 1mrned1ate access to your
program‘> -

BROWN: (SLAC) " That's right, While weé're running, we're

core resident all the time, and we use about 20% of the total core

that's available to the user. Because of the balance of jobs inside the.
machine we manage with between 5 and 10% of the CPU cycles while
we're in there, Again because we sort of sit there all day long, we have
been barred from using things like tape drives and line printers, but we
do have two disk packs in which we can store our answers and our
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and our programs.and our data and so on. If you invest a certain
amount of work in this, you can save yourself, since you expect to
have a program which runs all the time and you can check-point
yourself so that when the system crashes; which a multi-program
machine will do, you can pick up from where you left off with
essentially no loss.

HULSIZER: (MIT) When you talk about dollar figures, like
$30/hour is that for your partition.

BROWN: (SLAC) That's simply what it costs SLAC to run the

91 in a rather low key operation over the weekend. Perhaps a more
realistic number is the operating costs of the machine alone, not the
costs of paying for the buying of the computer. They are about

$100, 000 /month for the whole computer which typically runs about ’

500 hours in a month or a little bit more, So the whole 91 is probably
$200/hour and it usually runs 5 or 6 jobs and we use between 10 and 20%
of that,
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A Branch Off The PEPR Tree
Lo

Lloyd R. Fortney
Physics Department, Duke University
Durham, North Carolina 27706

1. INTRODUCTION

A new automatic rﬁeasuring device for bubblé chamber film has been
developed which incorporates features of the PEPRI’ 2 and POLLY3 sys-
tems. This device, called RIPPLE, is built around a precision cathode
ray tube (CRT) and uses a portion of the standard PEPR package developed
at MIT and manufactﬁred by Astrodata, Inc. The line element generation
portion of the package has l;een eliminated,frorh this system; however, and
the RIPPLE uses a ﬂying sﬁot as its digitizing element. The digital con-
troller for this device has been néwly developed and combines some of the
Best features of the previous devices. A block diagram of the system is
shown in Figure 1.

"Before beginning a description of the RIPPLE system, it might be use-
ful to define the functions that an ''ideal' controller might perform; It is
important in this'rgspect to recognize the practical limitations of available
domputers, in particular their calculation times (5 to 10 WUs per arithmetic
operation). An'ideal" controller would obviously remoxl/e as much routine
calculational burden as possible from the computer. The flying line element
of the PEPR is such a feature; it recognizes line elements without tile com-
puter having fo handle each'individual bubble many times in different com-
b-inations. However, the line element is not an Mideal precision encoding
element. Itis basica'lllyva sﬁmming device for bubbles along its length;- and

as such it can be confused in regions of crossing tracks, nearby tracks,

Work supported by the National Science Foundation, the U. S. Atomic
Energy Commission, and Duke University.
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etc., since the sum can then contain a few incorrect bubbles. Therefore,

the "ideal" device would first detect a particularly outstanding sum com-

pused vl many bubbles at some position and angle but would then transfer

to the computer the coordinates of each bubble used to obtain the sum.

The computer could then use more elaborate methods to eliminate the few

dffending bubbles and base its resulting master p oint calculations only on

the best information.

sweep it would certainly require significantly more controller logic than

is currently used.

If such a device were built around a flying spot

The RIPPLE was developed with this ideal in mind, and represents a

small step in that direction.
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2. SWEEP

The primary task of any automatic bubble chamber filrﬁ measuring
device is track following. Currently most methods of scanning for events
also involve. following t;eam tracks until a vertex is found. In ma.ny ways,
the ideal coordinate system for this task is a polar coordinate system
centered on the track beéing followed. In the RIPPLE this polar system is
generated by sweeping the CRT spot in a series of small concentric circles

of decreasing radii. The circles have a maximum diameter of about 6 mm

. and can be centered anywhere on a 32000 x 32000 point grid on the CRT

face. The coordinate system formed by the sweep is of particular import-
ance in the hardware line element detection system discussed in Section 3.
A comparison of this polar sweep and the raster sweep of the POLLY

is shown in Figure 2. If the polar sweep is centered at the intersection

‘point it will "see'' each croséing track as a group of bubbles near a parti-

cular angle. The corresponding property of the raster sweep is the ability
to see parallel fracks when orierted with its sweep lines perpendicular to:
the tracks. _ |

Frgm this it is clear.tha.t the coordinate system formed by the rastelr
sweep is opﬁmal for displaying and finding beam tracks, where the angle
of the track is known, but the lateral position is not. The polar scan, on

the other hand, is optimal at a vertex where the 'position’is known but the .

A aAngles of the oﬁtgoing tracks are not. Although 1esé distinct, the polar

scan is better for detecting narrow angle crossing tracks or two super im-

posed tracks which split apart. If the polar scan is centered on a track,
it{ls sweep line will cross the 'track at approximately 960. This is an im-
portant point witl;x regard to the hit width which will be ‘disc':us sed in Sec-
tion 4; a crossing angle of 600, for exampl‘e.produces hits up to 15 percent
wider, d.epending on the bubble distribution along the track.

Figure 3 shows the details of the sweep pattérn generated by the

RIPPLE controller. The computer obtains the particular pattern desired
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Comparison of circular sweep of RIPPLE versus the raster sweep of
POLLY. With the circles centered on a vertex or interaction, all hits
on a track occur near a particular angle, 6, and can therefore be histo-
grammed on the 6 axis to find tracks. The raster sweep has similar
properties for parallel tracks,
by presetting: the maximum radius, the minimum radius, the step size
between radii; the gate A and gate B opening angles, the common gate
width, and the X, Y center of the pattern. The gates, which may be
opened to cover a full 3600, onily determine which hits will be transferred
to the computer. The hit detection logic continues to function over the

o
full 360 enabling the controller to ''see'' the film over the full sweep pat-
tern. During track following narrow gates would normally be used, and,

under these conditions, only hits on or near the track being followed dre

available to the computer. This, of course, reduces considerably the
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Sweep pattern of spot around a main deflection point. Dimensions shown
are on film after a 3:2 lens reduction. The r, 6 position of a hit is ‘trans-
ferred to the computer only if the hit occurs within one of the separately

~adjustable gates shown.

number of computer operatiors hecessary to process the sweep.

"I'he schematic diagram of the sweep generation €lectronics shown in
Figure 4 indicates another plea.sa.nt feature of the polar sweep. It may
be generated very s1mp1y by f11ter1ng square ‘waves to obtain only their
fundamental frequency The d1gnta.1 square wave signals are automatic-
ally phase locked to the master clock which forms the time base for the
hit digitizirig system. The sweep signal thus formed is stable and rela-
tively insensitive to fast noise signals.

Using a 10 MHz oscillator to drive the master clock, the angular
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Fig. 4

Schematic diagram of electronics for circular sweep generation. The
low pass filters transmit only the fundamental component of the square’
wave signals. The digital to analog converters multiply the SIN and
COS functions by a digital circle radius, R.

least count of the sweep is 100 ns corresponding to 0. 176°. A circle

radius on the CRT of 2_000}/ thus requires a spot velocity of 604 / W s.

We have no difficulty digitizing the film at this velocity, nor do we hav-e '
difficulty with the four times slower spot velocity needed for the smallest |

radius. This angular least count of 0. 176° corresponds to a 6 # least .

count at 2000 # radius, 34 at 10004/ radius‘, etc.

3. HISTOGRAM FEATURE

In an effort to regain some of the track element recognition features

»y
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given up when the PEPR flying line was eliminated, an automatic histogram-

ming feature has been incorporated into the controller logic. The feature
lacks the versatility of the fiyihg line but appears to have very useful pro-
perties. The digital logic involved is capable of a;ccumulating hits in 64
angle bins as shown in the top part of Figure 2. The 64 bins normally span
the full 360° as shown and operate 1ndependent1y of the hit gates. The con-
troller accumulates hits over a full sweep pattern, normally composed of
several concentrlc c1rc1es At the end of the sweep pattern the controller
scans the histogram bins sequentially and obtains the sum of each pair of
adjacent b'ins. If one of these sums exceeds a value preset by the cofnpu-
ter the' bin number and bin count of both _cornponent~s of the sum are trans-
ferred to the éompufer. The logic is thus able to count all the hits of a
given track, even if thehits are distributed into two adjacent bins. With
this feature the computer need-handle only-r a few: ﬁumbers in order to roughly
scan the full 360° pattern.

The digital logic used fo accomplish this“op.eration is sketched in Figure
5. The central item is an integrated circuit scratch pad memory unit avail-
able with address logic on a standard T-series XDS logic module. The read
and write times for the memory are 110 ns and 165 ns respectively. The
counting of hits is accomplished By reading the appropriate byte, adding one
and restoring the byte., The memory unit is cleared preceding tpe sweep '
pattern and read, compared, and transferred to the computer following fhe
sweep pattern. .

Ex#mples of the operation of this feature are shown inv Figure 6. This'
six prong event is in a frame of 82" bubble chamber film. FEach part of the
figure is a single sweep composed of 46 cancentric circles with radii varying
from 15004 to 4004 i.n 24 &/ steps on the film. The single dot near the
center of each sweep is the center of the circles. " Each steep has been
positioned manually by observation of the display shown here. Below each

sweep is the complete angle histogram generated by that sweep pattern. The
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Block diagram of electronic logic used to count, store, and retrieve
the angle histogram information. The memory is automatically scan-
ned following the sweep; whenever the contents of two adjacert bins
combine to exceed a computer preset threshold, the bin numbers and
contents of both bins are transferred to the computer.

histogram scale runs from 0° to 360° in 64 steps with 0° being toward the
hottom of the picture. '

Figure 6a shows the beam track for this six pfong event. Track ele-
ments are clearly seen at angles near 90o (backward direction) and 270?
(forward direction). In Figure 6b the histogram‘ indicafes se.veral hits at
approximately 27 0° which are caused by the six prong vertex. When posi-

tioned near the vertex in Figure 6c the histogram clearly indicates at

#1
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Fig. 6

Sample sweeps on high- energy'n+p film from the 82" bubble chamber.

The p1ctures show a sequence of sweeps on the beam track of a six prong
event and on an outgoing doubled track which splits apart some distance
from the production vertex. Each sweep pattern is centered at the
isolated dot near the middle of each picture. The histograms below each
sweep show the number of hits as a function of angle, 6, measured counter
clockwise from a 6 o'clock position. The scale of each sweep is approx-
imately 3 mm on the film.
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More sample sweeps of the same f_r.a.me. Sweeps (a) and (b) show hits
on the doubled outgoing track (second from the top counter clockwise)

with a wide and narrow hit width restriction.

Sweeps (c¢) and (d) show

the complex histogram pattern obtained in regions with many nearby

tracks.
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least four separate tracks.  Observation of the actual hits shows five
tracks, the sixth is superposed on the second track clount‘e.‘l"clo'ck)vise -
from the top.

In Figure 6d the sweep has been positioned as though the doubled
track were being méasured. In can be seen that this track appears to be’
heavily ionizing due to it being a double track. At this peint the software
would have no reasorn to suspect a double track, hovt)e'ver. In Figu're be
the histogram information might indicate a’pr‘oblem in the forward direc-
tion for this track. And in Figure 6f, w1th the sweep pos1t10ned just be—
yond the place where the tracks split apart ‘the histogram clearly show:s
a new track just below the one being followed and all si;{ prongs of the
event H‘ave been found. The parallel traek just below the one being fol-
lowed confuses the h1stogram d1sp1ay ConS1derab1y, but the separatlon of
the doubled track still stands out clearly in Figure 6f. It should be noted.
that when followmg such a track the gates would be quite narrow such that
the computer would not have‘1nd1v1dua1 hit data available for all the hits
plotted on this dlsplay

Figure 7c shows the h1stogram pattern for a sweep centered on the.

middle track between a parallel track and a track which crosses somewhat.

to the right of the sweep. AIt can be seen that the histogram contains use-
ful infotmation about the nearby tracks even though. the polar coordinate
system is not optimal. Figure 7d shows a large delta ray making many.
crossings of the track being followed. Note that the sweep does not digi-
tize the delta ray well when the sweep and de_lta ray track. are nearly par-

allel.

4. HIT DETECTION

The hit detection part of the RIPPLE’ system 1nc1udes features fourd
in PEPR, POLLY, and FSD and 1nc1udes one idea from the SATR 3ystem
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at Wisconsin. The signal obtained from the photorhultiplier (PM) viewing
the film is normalized by the signal from three monitor PM's in a PEPR-
like automatic gain control circuit. The output of this circuit has a base
line and hit pulse height which are essentially indeperdent of the CRT
light level. After filtering (the time constant is.a function of the circle
radius), the leading and trailing edges of hits are detected by a threshold
‘comparétor circuit.  The threshold is formed by a product of a computer
preset hit threshold and an averaged base line signal level held in an
up/down counter. This latter signal correspoﬁds to the pedestal signai
of PEPR and POLLY but is simialer to obtain here since the sweep pattern
is continuous. .

When the leading edge of a hit is detected the contents of the master
clock are transferred to another scalar, called the slow clock. The slow
clock is then counted at half speed until the trailing edge of the hit is de-
tected. When this occurs, the slow clock is stopped and used to form the
hit data for the computer and/or the histogram counter. v

A hit width feature has also been included (as in POLLY) which has
several desirabie properties. At the time the ieading edge of a hit is de-
tected an analog ramp generator is allowed to start charging; the rate of
éharge is proportional to the instantaneous circle radius. In order for the
trailing edge of the hit to generate a digital hit signal it must occur between
two computer preset ramp voltages. Thus a PM pulse which is too narrow
or too wide does not generate a digital hit signal. This technique differs
from POLLY in that the decision to pass the hit is made in the controller
rather than in the computer. '

A very important consequence of this feature is sketched in Figure 8.
In the region of cross;ing, or close parallel tracks, two bubbles can merge
to generate a wide PM pulse. Without the width circuit, the logic described
here may digitize midway between the two bubbles as shown in Figure &.

It is much better if the width circuit blocks the digitization to yield the re-

sult shown in Figure 8b.

¥




o)

[}

* 359 *

NO WIDTH DETECTION -~ WIDTH DETECTION

Fig. 8

Representative sketch of hits from twollcrossing tracks showing the re-
moval of erroneous hits when hit width restriction is imposed. This is -
one of the major advantages possible with the flying spot sweep.

Another desirable consequence of this width circuit is shown iﬁ Figure
7a and 7b. In this event, also shown in Figure 6, the second track counter'
clockwisé from the top is in fact doubled. In 7a the hit width is set very
wide and this track digitizes much more often than the track just under it.
With the width set more normally in 7b, many of the hits on the double
track are eliminated, but the next lower track is .unaffccted. Note the. loss
of hits on some other tracks due to the scan lines not crossing the tracks at-
90°. For multiprong events at high energies this width information can
prove to be very useful indeed.. ‘

At high energies, it is particularly important that the haraware be able

to successfully digitize and transmit hits on closely spaced forward tracks.
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To match the fast hardware fimes to fhe relatively slow computer chan-
nel times, a feature common in the-SATR system has been included. A
hardware hit queue composed of seven 20 bit registers accepts hits
within 200 ns of each other and transfers them to the cemputer whenever

the channel is available. This system effectively eliminates one source

B

of "dead time!'" between hits.

5. SOFTWARE CONSIDERATIONS : . . .

Two main featﬁres of the polar sweep requﬁire somewhat special soft-
ware treatment. First, the circular sweep covers a lot of area, most of
it useful only occasionally. Because of this the time for a sweep pattern
is relatively long, typically 5 ms. This time makes it important that we |
take advantage of the Sigma-5 computer's I/O channel possibilities and
overlap calculations with the sweep. A software development is in pro-
gress which will permit the RIPPLE to switch from one track to another
i-apidly thereby overlapping ealculations for one track with sweeping for
another. The scheme will also allow the RIPPLE to exhaust the automatic
jobs it can perform while awaiting the results of a request for operator
intervention. Details of this software will be reported at a later date.

Second, the hits are returned in a polar coordinate system r, 0,
c\entcrcd at a main delection X, Y. Assume for the present that it is un-
nece‘ssary to correct each hit individually, rather that the hits can first
be used to determine a master point and the master point can then be cor- -
rected. Since it is then desirable to remain in the polar system, simply
to avoid the time consuming conversion to X, Y coordinates, a scheme .
has been developed to obtain a master point from hits expressed in polar
coordinates.

Referring to the sketch in Figure 9, we define 5 as the estimator of

the track angle and A as the perpendicular distance from the sweep cen-

ter to the track. For each hit we write the approximate expression
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Coordinate system used to deteérrine a master point near the sweep center.
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where r, and ei are the hit coordinates. The expression for the average

“track angleE based on nhits is
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A simple chi squared for the angle ¢ would be

2 —2 ' .
XK=z, -0 3) -

Substituting in (1) and (2) and minimizing this quantity with respect to

~yields

(6. - B)L - 1)
1 41 _1 .

A = . . 2 ‘ ) i' . . (4) ‘ . [y
Z (I - 1) o ‘ '
11

1
z =,
1=] r.

1 —
where [, = — and T = 1
1 Tr .. n

1
This technique finds the point from which the track hits occupy the smal-
lest angular spread. The point thus determined should require little
additional correction for sweep distortion since it is quite near the center
of the sweep. The master point so determined must be, of course, cor-

rected fpf the CRT geometrical dist_ortion, _but this is one correction per.

. sweep rather than one per hit.

6. CONCLUSION

. The above discussion has described features of the RIPPLE system
which are currently operational. We have not, as yet, triéd track follow-
ing, fiducial finding, vertex finding, or secondary track finding in an auto-
matic and routine way. We do feel, however, that the RIPPLE system is | -

well matched to these problems and will soon be in automatic operation.
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DISCUSSION

PLESS: (MIT) "~ One comment about the line and the spot and

width detection., With a PEPR you never sweep at an angle more than

45 degrees, therefore you can get about a factor of 1,5 in effective

width of a track that you scanned depending upon its orientation. We
have broad and narrow TEDs and.these have each a dynamic range,
which gives you a whole dynamic range of about 10 (9 is a better number),
So if you have tracks such as the indication you show, the actual width

of crossingtracks would be like a factor of two or somewhat larger when
you cross it and you can see this with the broad TED and then the narrow
TED will not fire, If you have wide tracks, you see just the track itself
and then when you have a crossing situation you described, you don't

get any hit at all, so in fact there is such information. It may not be
quite as good as in your scheme hut it's not zern,

FORTNEY: (Duke) I don't want to get into an argument but I don't

want to give it up completely, because part of the trouble is just your

good point and it's the bad point too. You have the long line element
which means that you don't get this detailed stuff unless you are really
parallel to the track. If you're even off by a degree that's I think

10 microns at one end versus the other end of 1000 microns line you

tend to get a somehwat smeared thing laterally, .compared to what we

get with the single spot which is the only point. You can't have one without
the other, e

PLESS: (MIT) ‘Let me see, I think you are concerned about
one degree, not 45 degrees. Is that what you are referring to?

FORTNEY: (Duke) Yes, the line does not line up perfectly with
the track. So with respect to the average signal you get, it's a little
bit broader than it would be if we just looked at bubbles, so that your
discrimination cannot be quite as good. 1 agree with you it's within
the same range. -

ALLISON: (ANL) I'd just like to ask first of all you're sweeping
at a constant angular speed, is that right? So what sort of least count
do you have at the edge and the middle.

FORTNEY: (Duke) We have 2048 angular least counts which
corresponds to 3 microns at one millimeter and we get worse further
out and better further in.

ALLISON: (ANL) And you're prepared to go out as far as
3 millimeters.
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FORTNEY: (Duke) We go out as far as 3,1 know I can detect hits
at 3. We're going at very high velocity when we're out at 3. The
thing is designed for the region around Imm but it does detect hits
out as far as 3 without any trouble,

ALLISON: (ANL) And there is another problem dealing with
distances as long as that, Master point calculations which assumes
the track is a straight line for that length begin to run into problems.
. Right? I'd just like to make one or two points, I guess we're all
moving in the same direction, I'd just like to make one or two comments
| on POLLY III. This master point calculation, where we just calculate
‘ the center of gravity of these hits will be done in hardware, so we won't
v under normal circumstances do any bubble by bubble software processing
and this will save some time. Also in doing this, the sorting of
bubbles according to whether they're too wide or too narrow that was
~ being discussed here, we will be doing by hardware and this will give
us effectively a hardware digital filter which can be controlled by the
program because, what is accepted as a bubble may be too wide because
it looks like a double track or is too narrow and is interpreted as not a
bubble at all but as some noise in the electronics, This will be a
hardware register which is loaded by the program. So we hope to have
a filter which is essentially under program control, :

FORTNEY: (Duke) I'd just like to say that there are many points

in this which one really has to make a decision. We knew the way you

did it as far as hit widths when we started and decided to put it in the
controller. You do lose something by putting it in the controller because
when ] get a too wide hit I don't get it and when you get a too wide hit you
know you got a too wide hit, But you just can't have both all the information
and keep the software fast.

ALLISON: (ANL) But, we are insisting in POLLY III that not only
will we get out these summed averaged values which we normally use,
but we will also get each line, piece of line data in core, although we
will not normally use it for display purposes and so on, it will be there,

LUBATTI: (Washington) Are there any more questions? I have
one and that is, do you have any feeling now what sort of time, what
sort of measuring rates do you think this beam may lead to.

FORTNEY: (Duke) Well, I didn't give any times but if you looked
at the slide carefully you saw 5 kilocycles there at one point, We take
200 microsecs to do a single circle and typically we could run with, our
- entire sweep pattern taking between 5 and maybe 8 milliseconds,
something like that, It turns out, as evidenced from what the Oxford
people have said that although we are a little bit more extreme, that
the hardware speed is not the limiting factor as Irwin has said many
times. I find exactly the same thing even at these somewhat slow speeds
4 that I still spend a lot more time in software. Of course, I am just at
the begining and we haven't speeded it up yet, but it doesn't seem to make




too much difference..

LUBATTI: (Washington) That's really my question, when you do
the software sorting out of the histogram and what not.

FORTNEY: (Duke) Well, that part is a gain not a loss because that's
something you normally worry about. It's just when you're looking for
the vertex or haven't found all the outgoing prongs so that's a plus and
it's in there instead of something that would take even longer. But the
general track following is just a problem of getting a master point from
a lot of bubbles rather than simply looking at one hit and deciding that
that's what you're interested in. There is a gain however in that, I
think, we do have more information as a result, We can solve a
rrnssing track problem cleser to the vwertox and thio sort of thing, so-
you get something back but we don't have the potential of the PEPR in
terms of speed. There is no question about that, but we expect to run
at something the order of 60 to 100 events/hour,
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The device SPASM was originally conceived and designed

1)

to measure spark chamber film. However, an extension of

its capabilities to measure bubble chamber film required

only a morelappropriate film transport and optical system and

suitable software —-- the electronics package required no’

change. The additional cost for the new CRT system, optics

and three view £ilm transport was about $35K. " We there-

fore concentrate on describing the new nardware reminding

you only brieflonf the way the'digitel and analogue eircuitryv

used by SPASM works. , |
Perhape the Sinplest'wey to do thi; is to say that the

SPASM sweep is 11ke a POLLY sllce scan whlch contains only a |

51ngle line. The more obv1ous dlfference between SPASM and’ '

POLLY is that SPASM\can record up to 3 hits in a 51ngle sweep‘

while POLLY can record only one, end that while the coﬁplete |

POLLY slice scan ls hardware generated a SPASM sllce scan

is done by software. | . We have

available programmable sweep lengths”renging from 2mm down

to 32 microns} but in practise only-those longer than 250 microns

are useful. FEach sweep, regardless of length, is divided

into 128 units so that our least counts range from 2 microns

up to 16 microns. During the active part of the sweep which

lasts for 12.8 microseconds a 10 MHz clock counts in;q a

1

7 bit scaler. When the discriminator output starts to show

a film absorption, the contents of the scaler are transferred
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into a half speed scaler counting at 5 MHz. During the time
that there is an abéorp;ion level alwidth‘scaler accumulates
a number'of counts at 10 MHz. When the spot has finally
passed the absorption region the width and half speed scalers
will stop. The width scaler will then register a number
depending on the sweép velocity and‘Width of the absorption
on the film. The half speed scaler will register the center
of this hit with respect.to the starting position, measured
in clock counts. For further detailé we refer you to
previous descriptions(‘sﬁch as that given at ANL eighteeﬁ
months'égo.z) |

The bubble éﬁamber film measuring hardware is made up
as follows., A 7" Ferfanti 7/71/04 tube with deflection and
focusing coils made by Celco. We hope to achieVe.a spot
sizeiof about 25u in the center, and in a week or so we
shoﬁld know whether we are there or not;

We are using a 1 : 1.5 lens from Applied Optics and
Mechanics. Our idea was to use the lens to demagnify the
tubé onto the fi;m. At that time we were thinking in terms
of 70mm film, so that successive views of the same event
would have to be mechanically indexed into position in front
of the CRT -~- we weren't rich enough to consider buying
three sets of tubes; coils and lenses. However, it bhecame
clear that a move back to 35mm film was taking place at
Brookhaven, from where we expect to get all our film for the

forseeable future. If we could get the three views sufficiently
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close together it seemed possible to fit all three into the
field of the CRT simnltaneously, a much simpler scheme.

The longest frame, that from the 80" chamber, is about 3"’
long. Three views stacked side by side cover about 4",
This'nicely fills the demagnified 'scope face. We therefore

. had manufactured (by Bucone Corporatlon who built our prev1ous
single view film transports) the trlplex film transport shown )
in Figq. 1 |

The spacing between films is about Zmn; the reéistration
accuracy is 0,007 1nches -— achleved by separate reglstratlon
pins. The mechanlsm whlch 0perates the registration plns
also carries a spring loaded glass plate whlch presses
tightly against the film to hold it flat in the measuring
-position, and withdraws to allow~free motion when the film
is advancea.

The adwance distance is controlled by a group of four
mechanical switches --- though these could be replaced by com-
puter controlled flip flops -~ which allow one  to select any
advance distance from 1 to 16 sprocket holes. Both forward
and reverse motions are allowed. Spooling is controlleo by -
springiloaded arms'connected to potentiometers which operate
the takejup motors. -Advance speed is_approxiﬁately-one
16-sprocket frame per second. ‘

The SPASM optical system is shown in Fig. 2. The reference
photomultiplier is fed by a dichroic pellicle beam splitter ---

we could probably do without this photomultiplier, at least
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for bright field film, but we prefer to remain conversative
and keep it in for the time'being. We use Fresnel condensing
lenses to save space behind the film. A light source is
located under the filh franspdrt; light from it passes
through a red filter, is reflected in a dichroic beam splitter,
passes through the filﬁ'and is reflected in ﬁhe dichroic |
pellicle beam splitter up through the projection'lens. In
addition to the dichroic mirrors we place blue filters in
tront ot the photomultipliers to isolate them from the
pfojection light as much as possible. If we can make this
. isolation sufficiently high, we will be able to have the
optical'image always available. However, we are not committed
to this and I mention it only as a possibility.

The projected image of all three views will be approximately
2' by 18" on a vertical screen. It will be flanked on two

3)

orthogonal sides by microphones for-a sonic pen which we‘
use in a manner similar to the track-ball in POLLY. The
sonic pen is essentially an acoustic spark chamber in which
the spark is produced in a stylus wielded by the operator.
The accuracy of the simplest version of the device is better
than 1 part in 100, quite adequate for our purposes.

mach time a spark occurs while the stylus is between
the microphones an interrupt to the computer occurs and the
latter reads not only the spark position,‘to 9 bits of‘

accuracy, but also the settings of 18 buttons in.a control

box. These buttons allow the operator to communicate with
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with the computer and to control the perforﬁance of the
program in certain well defined ways. Typically the program
only reacts to the control buttons when it gets into trouble,
otherw1se it contlnues under its automatic flow. 4
l For the computer to communlcate with the operator weH
have a Tetronix 611'storage_ 'scope with a 6" x 8" tube face.
On this is displayed a meesage.to the operator andtthe results
of an area scan of the film centered about the point at thch
" the trouble occurred. While this display is stored the
position of the sonic pen is continuously displayed in a
non-store mode so that the operator can move the pen around
without .obliterating the data she is looking at. The
coordinate systems of the sonic pen and the measuring CRT
will be made to correspond as closely as possible so that
the position of the pen displayed on the 611 ‘'scope and the
position of the pen on the optical display agree reasonably
well.. That then constitutes the hardware for bubble chamber
SPASM. |

Control of the device is through a PDP-1 computer which
runs under a multi-programming system. The PDP-1 is in‘turn
coupled throuéh a high speed data channel to a Sigma 7 for.
geometrical reconstruction in realttime. Our Sigma 7 currently
has 44K words of memory, which should have risen to 52K by
the end of this month. We also have 2 discs and 3 magnetic

tape drives as well as card reader and printer.



The overall configuration is éhown in Fig. 3. Our
Sigma 7 is also used for batch processing all of the High .
Energy Physics work at Harvard so that it is not possible to
control SPASM with it directly.‘ Instead SPASM is controlled
by our PDP-1l, which is essentially évailable full-time, and we
use the Sigma 7 only fof on—line geometrical reconstrﬁction.,

The present software on the PDP-1 uses a clear point
guidance scheme. This requires a point on each track ---
nominally in aﬁ unconfused region ---~ and each vertex to be

supplied as input. The program finds the track near the clear

. point .and follows it .back to the vertex and out until it

leaves .the fiducial region, or otherwise terminates. If.
trouble is encountered the operator's help is requested on
~the.611 display 'scope. Typically she can either éive'the'
program some additional aata,'abort the track or view or
event or reassure it that it is really doing O.K. By
additional data we mean either a totally new point from which
to start measuring, or a'point on a clear part of a track
ahéad of a confused region in which the track follower got
stuck. This version of the software is fairly well debugged

and is ready for production testing as soon as the new hard-

‘s

ware is ready. With no operator intervention the system can
measure two prong events at the rate of about 90/hr.
The PDP-1 progrém can éend the measurements of the
complete event to the Sigma 7 for geometrical reconstruction. .

At present we have no software facility for reacting to the
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results of the geometrical reconstruction; however the hard-
Qare and executive systems under which the computers operate
do have the facility for returning data and we plan to-take
advantage of this as soon as the system has achieved an
adequate level of production.

| We have done some preliminary trials of the system using
the single view spark chamber hardware to measure some -
sample tracks and fiducials. Repeated measurements of
individual fiducials gave a spread of about + 2 microné on
the film. On THRESH reconstructions of tracks we have obtained

residuals on the film of about 10 to 15 microns --- though we

- point out that we made no attempt to optimize these figures

by careful calibration. Our calibration pfoceeds in two
stages. First we calibrate the interpolation counts of
individual sweeps in terms of main deflection unitsAon the
'scope, then we tackle the pin-cushion distortion by measuring
a grid and fitting a bolynomia1.~ We get<residua1s of about
5 microns for the grid intersection points when we do this.
In any case, these numbers are only a rough guide to the
performance as they were obtained with the old hardwaré,
bur first experiment will reaily try the system —--
K p from about 500 MeV up to 1 GeV in the 30" chamber.
Initially we will only try simple things like two prongs and
T decays, but we will work up our courage to tackle I decays

and the like, as quickly as possible. We also have inténtions'
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of going to'vertex-guidancé to cut down the scanner's load
and we aré'just making a start on this by copying the now '
Qell tried POLLY scheme. |
Sometime eatly this summer then, We'hopé to go into
production tésting and aftér a»feW.months expefience!finding

out how things go, we should have a Qiable system.

A



GBS
* 377 *

Acknowledgements

We wish to acknowledge the part1c1pat10n in the
development of the SPASM software of C.J. Bordner, Jr.
" . 'P. deBruyne is thanked for hls valuable consultatlons,
J, Blandlno for the mechan1ca1 drawing and H. de la

Rambelje for electronlc technical a1d are also thanked




R SSSSUSccUUUULELLSLGTSOO

* 378 *

References
1. An early short description of SPASM appears ip the Proceed-
ings of the 1966 International Conference on Instrumentation - |
for High Eneréy Physics (IUPAP and USAEC), p. 661; More
complete engineering details may be found in C.A. Bordner, Jr.,
A.E. Brenner and P. deBqune, The Radio and Electronic
| Engineer 33, 171 (1967); C.A.'Bordner, Jr}, A.E. Brenner,
P. deBruyhe, B.J. Reuter and D; Rgdnick,'Proceedings, |

Decus Spring Symposium (Rutgers University) p. 63 (1967).

2. Proceedings of the International Conference on Advanced
Data Processing for Bubble and Spark Chambers, Argonne

National Laboratory, ANL - 7515, p. 22, 1968.

3, A.E. Brenner and P. deBruyne, to be published in IEEE

Transactions on Computers.

4

»,



Fig. 1 Triplex 35mm

Film Transport



FRESNEL CONDENSING LENSES

DICHROIC
KBEAM SPLITTER

FILM PLANE

RED FILTER
PROJECTION -ENS: N \ BLUE FI_TER
= CNA | - gé ABSORPTION

|~ PHOTOMULTIPLIER

e— 3 LENS -
/k

CATHODE RAY
TUBE

BLJE FILTER—
| O AMP
DICHROIC PELLICLE

BEAM SPLITTER REFERENCE \—FRESNEL CONDENSING LENS
PHOTOMULTIPLIER

Fig., 2 SPASM Optical

System




o

THREE VIEW SPACH o .
CRT, OPTICS ELECTRONICS | TELETYPE
AND FILM |
TRANSPORT ~
. OPERATOR
CONTROLS - M
SONIC PEN
| MAGNETIC
SINGLE VIEW PDP-1 TAPE
CRT, OPTICS
AND FILM
TRANSPORT
COUPLER
CARD
READER SIGMA 7 DISC
—
TELETYPE
PRINTER MAGNETIC
TAPE

Fig. 3 SPASM and Computer

Configuration




* 382 *

DISCUSSION

WATTS: (MIT) Did you say you had sent events to the
Sigma 7 and reconstructed them there? o

SISTERSON: (Harvard) The reconstructions we have done
had been using a 360 to do our tape conversions, We have a tape
conversion problem from the PDP-1 which is 200 BPI 7 track to
Sigma 7 which is.800 BPI 9 track so, in fact, the reconstruction
events have gone through the 360 but we have, in fact, also put some
data through the linkage between the PDP-1 and Sigma 7 but it ‘
hasn't been data to reconstruct yet.

N
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INTRODUCTION.

A

&

We have developed a ﬁew and very general computer program
for‘matching bubblg chaﬁber tracks in space. Our approach is
to use the simplest possible geometrical situation to get potential o
triples of track. Then, we rely on sophisticated logic to sort
out the correct triples. The efficiency of'our program is appfoxi—
mately 98% on any topolégy. The runniné time .0of the program is a
little over two seconds per event on an IBM 36U-b5. ) @

The basic éroblem of MATCH is: Given the tracks in three
views, we want to label corresponding tracks so that the thrée
view geometry program can reconstruct them in space. A typical
set of tracks in thfee views is shown in ?igure 1. We notice ) <
that some extra tracks mayhappear in one. or ﬁwo views. These
are present when the more sophisticated pattern récoghition pro-
grams for measurement of bubble chamber film are used. These
extra tracks are eliminated by our MATCH. In other words, we
solve the very general problem of an unequal number_of tracks
in the three views.

I. GEOMETRY
We set all the indices of refraction to 1. This leads to
the geomeﬁry of Figure 2. It is trivial to show that the following .

relations hold, if the x-axis is along the projections of cameras

1 and 2.
2, d
1 712
x1 - x2 = , (1) -
z1 + h
vnere Zl is the depth as measured from the front glass and h is the height of the

cameras above the frcent glass. Then,
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- X, < — . _ - (2)

In general, if the x-axis is along the projections of cameras
i and j, one hés the following relation:

d .d .
0 < x, - x, ¢ M . (3)
h + 4 :
When the measurements are rotated in a system where the x-axis

is along the projections of cameras i and j, that system is

defined as the preferred coordinate system {i,j}.‘ For future

reference we define:

X, - X, : A
A = 2 LA (4)
Where 4 is evaluated in each one of the preferred coor-

{i,3}

.dinate systens.

II. LOGIC
The logic can be divided into five distinct sections:

1. The pair test: All thé track measurements of views 1

.and 2 are rotated in the prgferred coordinate -system
{1,2}. similarly, all the tracks in views 2 and 3

and views 3 and 1 are rotated into the éreferred coor-
dinate systems {2,3} and {3,1} respectively. Consider

a track in view 1 and:a track in view 2 in the preferred
coordinate system {1,2}: we want to know if these two
projecti&ns (called a pair) can belong to the same

track. It is clear that if relation (2) is not satis-



fied for any two corresponding points on this potential

®»

track, the track goes out the top or bottom of the cham-
ber. This is what we define as the pair test. Corres-

ponding points are calculated as shown on Figure 3. We

)

should point out that since we know the curvatures of

the tracks before we apply ﬁhe pair test, we do not try

A

to pair tracks with opposite curvatures.: Furthermore,
there is the complication of bad stereo. If two tracks
are lined up with the stereo axis (more preciseiy, if
the angle between the tangent to the track at all the
master points and slave points makes an angle.of less
than 10° with the stereo axis), we compute the difference
between the average of the y coordinates of the tracks.
If this difference is greater than someAgarametér we
reject the pair. Finally, since the indices of refrac-
tion are in fact not all 1.0 we use the following re-
lation instead of relation (2):

-le ] s ¥ 3 < g + le |, - (5)

- d + n 2 ' .
ij

where El and ez are adjusted so that no goo& triples

can be rejected.

Triples: Given a set of potential pairs in the preferred
systems {1,2}, {2,3} and {3,1} one constructs a table of
triples as shown on Figure 4. -

Triple estimators: Given this potential set of triples

T
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we are now in a position to find out how good a triple

is by means of an estimator. The basis for our estimator

is given in relation 4 where it is apparent that A
| | A {1,2}
is equal to A " and to A’ for all points of three
A {2,3} {3,1}
views of a real track in space. It is therefore a simple

matter to compute the following gquantity E for each triple
of tracks:
i i
. 5.

B ‘
E = N z (A - A ) - (6)
i {1,2} {2,3} ‘

where N is the number of corresponding triads of points

‘on the track.

It is cléar that to firét érdér opfics>(némel§,
setting allAindiées of refréction to 1) and éssuming all
meaﬁurement errérs to be zero, E shouia be zero for a
good triple. The éorrespondiné poinfs uséd-in the esti-
mator calculation are computedlin a way similarlto that
of the pair test except that we use‘thrge views of a
track instead of two. |

Because of the.rgal optiqal situation E (the

, max
parameter specifying the maximum value of E) cannot

‘be set to a very small number. 1In‘ fact, to include all

good triples, it must be set to large value and some

bad triples will usually <¢ome under the limit. 1In

order to sort out the bad triples left over after the
estimatorAtest we must rely on sophistigated logic which we

are now going to describe.



Equivalence classes: We arrange the triples in ‘what

we call equivalence classes. This is illustrated on

-~

Figure 5. Given the 10 triples shown on Figure 5,

it is possible to separate them in three distinct

m

equivalence classes. An equivalence class is defined

as a set of triples which are related together because

“they have tracks in common in either one of the three v

views. For instance (Figure 5) in equivalence class
number 2, track number 5 in view 1 appéat¥s in poth o

triples. Similarly, in equibalence class number 1,

"track 1, view 1 appears in triples number 1, 2 and 4.

Track 3, view 2 appears in triples 1 and 3, etc. In

this way equivalence class 1 can be built up and is
seen. to ultimately consist of seven triples. Our
problem is to find an independent set:of triples.

Before we attack this problem, consider the fol-

lowing equivalence class:

65 6 S ' .
This equivalence class could be called three views o£
one track, namely, 2, 1, 6 or three views of two tracks, .
namely 1, 1, 5 and 6, 5, 6. We adopt the position that
the second interpretation is more likely than the first.
This means that we must find maximal independent sets

of triples.
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5. Maximal Independent Sets: In order to find

~independent sets we use a procedure which

equivalent to the one we are about to describe. Consider

the triples of equivalence class number 1 (Figure 5): triple

the maximal

is. logically

l is directly related to ‘triple number 2 via track l) to

Atriple number 3 wvia track 3 and to triﬁlé number 4 via

track 1. We build up a table of all directly related triples

in that particular equivalence class and we

end up with

the table shown on Figure 5. This table is equivalent to the

-graph shown at the bottom - of Figure 5.

We draw a

vertex for each one of the seven triples and we join the

directly related triples by lines. It is now clear that

tfiples number 3, 2, and 6 are not felated to each other,

B

" nor ‘are triples 6, 1 and 5. These two sets

constitute .

two maximal independent sets. 1In order to choose be-

tween two maximal independent sets with the

same number

of triples, we sum the estimators and choose the one

which has the smaliestvsum.

U Thi#, then, summarizes the steps taken
MATCH program.
| - III. RESULTS

We will now briefly describe the results that
obtained from a sample of 30,006 évents which have
cesged through this program. We have tested MATCH
Point Guidance Output, which means that the number

in each view is always the same. In other words,

in this

we have
been pro-

on PEPR

of tracks

there are



no extra tracks, even though the capability'to handle those is
in the program (and will very shortly be put to a severe test
when our vertex guidanqe systems are operational). We have
mentionéd that the estimator has to be set high because of the
'optical approximations apd this results in very large equiva-
lence classes. Extraction of the maximal independent sets is
vefy time consuming if the equivalence'clasé is large, since
the time involved goes exponentially. To get around this problen,
we set the estimator low, take aQay all the good triples with a
low low estimator, remove thé corresponding tracks and re-enter
MATCH with the estimator set‘much higher. This two pass process
results in much smaller equivalence classes and speéds up the
program considerably. ‘OCEasionally, one triple will remain
after tﬁe two passes through MATCH: This last t:iple is assumed
to represent the th:eelviews of a track.

| The efficiency of the program is approximately 98% on all
topologies. In fact,'looking very caréfully at 539 events, we
concluéed that only threé of the failures were really attribut-
vabié to MATCH. Howéver, the failure rate was set at 2% because
sometimes it is not clear whether an event fails because of bad
track information(i.e. poor PEPR data) or a MATCH failure. How-
ever, our estimate of 2% is cénservatiye.

The amount of time spent executing the program is two seconds

in an IBM 360 model 65.

[
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FIGURE CAPTIONS
This sketch represénts the three views of a two
prong event inpug to MATCH. Track 2 view 1 and
track 2 view 2 are spurious and willAbe eliminated
by‘MATCH.
Bubble chamber geometry when all the indices of
refraction are set to 1.0. The'x7y plane is the
so called front glass system.
Two tracks in the preferred coordinate system {1,2}.
One track is chosen as the MASTER track{on the basis
of worst stereo), and from each point on the MASTER
track a corfesponding peint on the SLAVE track is
obtained by interpolation. For each MASTER point
a Quaniity 5 is thus obtained. If the following

relation:

does not hold the two tracké.cannoi represent a pair.
From the pair table in preferred systems {1,2}, {2,3}
and.{3,1} one obtains potential triples of tracks.
Triples are arranged into Equivalence>C1asses. In
in each Equivalence Cl;gs a given triple is not hec-

essarily directly related to all other triples. The

table in the upper right hand corner shows the directly

v

N\
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related triples. This table can be pictorially
represented'by the graph in the lower right hand
corner. From this graph one immediately sees the
sets of triples that are not directly related, and

hence the maximal set (or sets) is obtained.
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DISCUSSION

HULSIZER: (MIT) Pierre, I thought that at MIT there was one
event that ran for 2 hours in MATCH. -

BAUMEL: (MIT) There were events that were running in the order
of over 30 minutes and one in particular that we frantically called Pierre
about was 33 minutes and the result was that it did eventually fail, but
that was because it had some charge error of some sort and I think that
was probably due to the way it was IPD'd and not to MATCH; but we have
had some long events that ran 20 minutes and 30 minutes and have -
converged to give correct results, The time required to Match all

3 views clearly depends on the size of the equivalent class.

BASTIEN: (Washington) This can be cut down by using instead
of a 36 by 36 word matrix a 36 bit by 36 bit matrix and that will be much
faster. (Editor's Remarks: — this refers to the Subroutine Maxset

-Track Matching Matrix).

CRESTI: (Padova) I am reasonably familiar with the MATCH they

_‘use for the Spiral Reader in Berkeley, you probably know the speed of

it, how does it compare with your program MATCH?
BASTIEN: (Washington) ' I am sorry I don't know that,

CRESTI: (Padova) . I have just received more information. About
half of the time at the rate of between 10 and 15 events a minute ona
6600, is spent in MATCH which would make 3 ‘seconds of 6600 for MATCH.
So the time is probably in the same order as yours.

BASTIEN: (Washington) Yes, I would suspect that it's about the
same order, ' ' :

PLESS: (MIT) On the average event our MATCH takes less
than a second, :

MULVEY: (Oxford) Let me ask a question to clarify this; if ybu
put in 100 4 prongs how long will it take on MATCH?

PLESS: (MIT) - It'll take on the average less than a second for

the four prong on the 360/65. Now there are some pathological cases,
jwst to make this very clear because there is some confusion. You see,
we thought MATCH was working great for months and all of a sudden there
was an event that wouldn't go through and then another month and another
event wouldn't go through and the reason it didn't go through was it ran
longer than the hour that we said that we wanted this total run to go. We
picked up these events, and there are probably a half a dozen in the couple
of hundred thousand events we processed, to study the pathalogical cases,
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where some of them take 2 minutes, some of them take 33 minutes

and then fail and some take 23 minutes and succeed. However, if

you take the average event, the average event that we run takes less
than 1 second on the 360/65, some may take one tenth of a second,
some may take three-quarters of a second depending upon exactly the
size of those equivalence classes. But the average, except for these

6 or so pathalogical cases, which even if we threw them in wouldn't
change the average, take less'than a second on a 360/65, certainly

less than 3 seconds on the 6600, (Editor's note: Bastien and Chien
(MIT) made a timing run in August 1969 through program TRIMERGE
which includes MATCH. On a batch of 1025 events (2, 4, 6 prong events)
the average time per event was 2.1 secs on the IBM 360/65, This time
includes tape moving and the full processing performed by TRIMERGE.
Actual MATCH time is of the order of 1 sec/event or less).

ALLISON: (ANL) I am not a mathematician, and I guess I feel a
bit sort of emotional about classes going up factorially. 1 didn't do

any of the programming but I believe we have, at POLLY, au MATCH
system which employs these same things. Largely as a result of me
going around and getting worried about it, we changed to a different
system. As 11 like to think of it, a girl sits down and she's been measuring
on a manual machine for years and is just told to measure the tracks in
the same order, she doesn't go through these fantastic operations of
sorting the tracks in.order to measure tracks in the same order on the
different views, so it must be possible to match most of the tracks by
exceedingly simple methods and only to use anything as sophisticated as
this on a small subset. Could you comment on the use of this on a small
subset only of events, or does your method of triples really work
exceedingly rapidly on 2 prongs as well as 4 prongs.

BASTIEN: (Washington) . It certainly works exceedingly rapidly
because what happens in most cases is that you get equivalence classes
with esentially one member,

THORNDIKE: (BNL) Just one more question about timing, suppose
you were to imagine a very complicated event, let's say a 10 prong
event or something like that what would your estimate be of an average
time per case there? Based onthe experience so far, and for the
usual confusion that 10 prongs have, eg, all forward,

BASTIEN: (Washington) If you have a 10 prong at 25 GeV/c
certainly it will build up a large equivalence class, the exact time
I don't know.
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PLESS: (MIT) We have had 8 prongs in our film, in
antiproton film we' ve even had 10 prong events, and the answer is,
it takes less than a second to do those on the average,

FORTNEY: (Duke) As I understand it, the information you have is
angle and curvature, that's what you're really trying to match on. 1I'd
like to know if anyone has considered the possibility of doing what people
also do, of using any kind of bubble finger print? Has anyone found

that to be absolutely unreasonable?

BASTIEN: (Washington) I don't know anything about such
matters; off hand, I would say that's difficult and not really necessary

FORTNEY: (Duke) Well, it seems if you had more information
about the track you'd have smaller classes,

BASTIEN: (Washington) This is really very hard to do eg.
because there are differences in magnification,

LUDLAM: (Yale) Somewhat in response to Wade Allison's question, .
our experience at Yale has been we have - 12,6 GeV K~ events which

have very forward tracks in the 80" bubble chamber. Since we're

doing a large amount of pre- digitizing before the PEPR measurement

I thought we'd try and write a MATCH program working with just the

3 points and using the same philosophy as Pierre has discussed. We
found that in these events, if you just measure the tracks in say clockwise
order, 85% of them will match,

We've also found that we get good results,
I'd say at about the 96 to 97% level, with only the 3 point tracks. And
most of the time, the equivalence classes contain only one or two tracks,
even on the 10 prongs, because they are in fact better than the 2 prongs
and 4 prongs because the tracks spread out quite a bit more,

In terms of timing, we're measuring all topologies
and 100 events take one minute on the 7094,

CRESTI: (Padova) I am still trying to understand something about
the time. You have point guidance on all 3 views which means you have
the correct number of tracks in all three views,

BASTIEN: (Washington) That's correct, you have the correct number
of tracks, :
CRESTI: (Padova) O.K. that's probably the reason why your MATCH

takes such a short time compared to what I was expecting.
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BASTIEN: (Washington) - If you have a vertex guidance system,
you may get an extra track occasionally but this is not going to slow
it down by much, not by any appreciable fraction, that's clear,

G-

PLESS: (MIT) This information of how many tracks there

are, is not fed into MATCH. Quite frequently, because PEPR is not

a perfect machine, it'll miss a track on a certain view, so there are
two extra tracks in that particular view or one track missing, depending
upon how you want to discuss it. MATCH does not know how many -
tracks it is trying to find fortunately, otherwise we'd fail everything.

If you're missing one track in one view and a different track in another
view, in fact therefore there are two pairs only and you don't have a
triple for two of the actual tracks. In favorable cases, not all the
time, MATCH will even sort out this particular problem. So the
particular MATCH that we have here, does not depend on knowing how
many tracks there are in the event, it wiil do the best it can willh ' -
whatever information you give it, and it still takes less than one second

per event.

LUBATTI: (Wa.shington) ~ We plan to use MATCH at Washington,

- with the vertex guidance scatter system described by Bastien, MATCH

will be extremely useful since we will be able to relax some of the

criteria and accept spurious tracks into MATCH, to be rejected there, o <,

By coding in machine language, MATCH will be extremely fast, and
an integral part of our vertex guidance system.
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Philosophy of a Three-view PEPR ,
== ¢
J. N. Snyder, University of Illinois

Unlike most of the participants I pursue this business as an
interesting summer hobby. Thus I will be describing a program.
that we generated at M.I.T. last summer and about which I have
not thought since August. When originally asked to speak, I was
asked to speak on the philosophy of a three - view system and the
programs for it; and as is befitting a philosopher, I therefore made
no effort to prepare myself. Let us see where the M.I.T. PEPR
project currently stands: it has two very very sound existing
components, first the point guidance system which you heard
Terry Watts describe yesterday, one view point guidance, secondly

_ it has this MATCH program working excellently. The question

was, starting with those two and in an evolutionary fashion rather

than a revolutionary one, could we build up slowly so that one could
test new components step by step, making sure each one is working
correctly before proceeding to the next. Also could we build up in

two directions, first by exploiting three views of a given event for
which the hardware is-being modified either by having three tubes

each looking at-'one view or, as an interim measure the three views
being looked at by one tube. From the point of view of the program this
is logically equivalent, the only difference will be in the element
recognition routine, which has to know whether it is switching between
three tubes or switching between three different areas on one tube,
Secondly we wanted to try to evolve possibly at the same time from
where we now stand with a point guidance system, into a vertex
guidance system, and finally into full pattern recognition. As I say,

I have not had any contact with this since last August and hence I am
not really aware of how the program. I left behind has evolved, 1
understand it is proceeding slowly because of calibration troubles and
the arrival of the PDP-10 which has given other things higher priority.
Basically, the idea is as follows. We have within the memory of

the PDP-6 or 10 as the case may be, the complete point guidance

one view PEPR system which you have already heard described. The
master control program of this three view system first does point
guidance one view PEPR on each frame, just like it does now., Only now,
it may be days apart that it does the different views. " In the three view
system all three views of the film are available to scan and the data '
banks apertaining thereto are available within the machine. You apply
MATCH to this data, and if everything matches you are done. I would

\
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suggest one apply MATCH with rather tight control parameters to

make sure that one really has valid triples coming out. If everything

doesn't match there will be tracks left over in each view, maybe the ‘
same number of tracks in each view, maybe not, because as you will K
see later, at this stage of the processing you may have arrived here

via other routes than a point guidance system. MATCH has already
indicated what pairs of tracks are possibly candidates from the same
space track, The control program will take a possible pair and use

the mid point on one of the tracks along with the other track, to compute

a point in space. Hopefully this is what you might call a three dimensional
clear point from which you could start tracking. It probably goes without
saying that transformation problems here are a logical horror and o
everything in three views will probably run very slowly as a result.
As you can see, we aro going to try to track in space, so one has to
transform up to the front glass coordinates and from there transform
back to the optics on to the film in PEPR coordinates; this will be very
time consuming.

The spatial tracking philosophy is extremely rudimentary from a
geometrical point of view but is overlaid with logical horror. Let us
assume, as I just stated, we have a clear point in space., We also
have a track direction at that point, because of PEPR's fortuitous "
provision of angles, and then we simply make a small step in space '
along a straight line prediction to a new point on that track. - We
project this point back to where it should be on the three films and
then look at those three places., Now many things could happen:
you may get an element at this spot on all three films, on two, on one
or on none;there is a different strategy to pursue in each case. If
the number of elements is zero or one, that constitutes a gap and you
try to step on till you pick up the track again. But suppose, for
example, that you get an element on each af the three films, Taking
each of those three hits in groups of three pairs, you can compute
in space three different space points that, presumably, these three
hits came from, They will not necessarily all be coincident, so there
are various parameters by which if these three points are grouped in ¥
space sufficiently closely one assumes that they are the same point,
and the average of them forms a new space point. Thus you track
this way, and this naive philosophy is the one that is going to be tried
first,

If the three points that you reconstruct in space this way, are spread
out greater than appropriate parameter, it could be due to the fact that
there is a nearby track in one view and you've hit it, It's a little »
difficult from the three points to figure out which view if bad, but you '
can, and you can reject this view and try to track on just the two
views until you get by this spot. The problem of crossing tracks will
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hopefully be much S1mp1er by th1s type of strategy than it is when
you are looking at just one view at a time, because it would be hlghly
improbable that all three views of a given track you are trying to
follow would be in trouble by crossing tracks in all three views at the-
same spot. Hopefully, the tracks that are left over:from the first

"MATCH pass can be resolved in this fashion and you will pick up

more valid triples, this time by actually tracking them in space,

We have not yét provided the appropriate routines or even appropriate
strategy for what happens if further you have single tracks left over
in the various views,

The next thing I'd like to describe about this particular program,
is the fact that it also hag built in it a very rudimentary vertex
guidance scheme which, following the evolutionary philosophy, does -
use essentially everything else that is already existing. Those who know
one view point guidance PEPR reasonably well, know that there is a
routine called the clear point locator in it which has the duty to use
the very rough digitized coordinate of a point on the track to find an
actual point on the track, This track point is then handed to the track
following routine which proceeds to follow the track. This is done for
each and every track. In the program I am describing we would inject
only a vertex coordinate from the IPD and at the same time provide the
scanning technician with a mechanism so she can label each event that
it is to be processed using point guidance, using vertex guidance or using
no guidance, Suppose she has indicated that the event is to be subjected
to vertex guidance., In this case the only coordinate she will have fed
along is vertex point. In each of the views one can make an appropriate
scan around this vertex to try to pick up points on tracks radiating from
the vertex, These you feed to the one view PEPR system just as though
they came from its clear point locator routine. From here on,
nothing downstream knows the difference. If the girl on the scanning
table chooses to hit the appropriate switch that says find the vertices
yourself, there is still another routine that first and this is a rather
amusing one, that first scans the appropriately parameterized entrance
window to pick up.all beam tracks; it then.uses these as clear points to
go back to the old one view PEPR program which we know works very
nicely and this time the one view PEPR program simply tracks
everyone of these beam tracks through the chamber. When this is done
in each and every one of the three views, the program throws out beam
tracks that go all the way through, only retaining those who stop within
an appropriately parameterized fiducial volume. The program then
calls MATCH and matches all these beam tracks and calls an end point
finding routine which will presumably find the end point of those beam
tracks that have stopped in some fiducial region., There we have a
vertex, Then we go into what I have described so far to sweep around
the vertex, find clear points, go into the one view point guidance PEPR,
MATCH again, and so forth,
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This is the philosophy and the strategy of a three view system,
Esentially nothing is written except the control program and a few
of these packaged traéki_ng programs which we did have to provide
for testing. I am sure in their first versions these programs will
not be adequate but they can be developed independently of the whole
strategy. This then is the philosophy that I was asked to discuss.

s
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DISCUSSION

MULVEY: (Oxford) Concerning matching and track following
perhaps in 3 views, how do you see this in the photographs of the
bigger chambers in the future where perhaps the extent to which
you are making use of simpler optics is a less good approximation.

'SNYDER: (I1linois) MATCH makes use of first order optics

only because, shall we say, we can get away with it in that particular
case. Better optic transformation routines could be provided. In
fact, the 3 view track follower that I just described, does have to

use much better optics than MATCH does. MATCH is not necessarily
restricted by the precision of the optics transformation routines that

you chose.

PLANO: (Rutgers) Would someone like to comment on the
expected time scale with the evolution of this philosophy.

PLESS: (MIT) The contract that I had with Jim was that
nextto getting production out this would be the highest priority.
Unfortunately getting production out, as everyone is aware is not
trivial. Basically the major programs that Jim coded, have been
assembled and some of them have even been tested; I think in a
certain sense, the software will not be the greatest hold-up in the
initial stage, namely to find out whether the strategy works or not,
Getting to that point will be almost solely dependent on the hardware,
eg. getting the correct cathode ray tube, the correct film gate and
making sure all that works. It's the hardware at the moment that
holds us up and as soon as we can sort of get out of our difficulties
we expect we will work on that hardware, To give a guess estimate
to what all these troubles will lead to: sometime this fall we should
have hardware and sometime soon after that we'll know how badly
this system doesn't work.

HARRIS: (Oxford) When you actually get into 3 D track
following, when you have left over pairs, and you have defined
points in space and get what you call clear points, then rather than
tracking in space one simple strategy would be to try tracking on
that third view. I wasn't clear whether this is what you are going to
try first, it seems to me as a very last resort one actually wants

to go into space, because, as you point out, you have all the
calculation overheads. ’ '

SNYDER: (Illinois) That's probably a very good strategy to develop,
it just is not in the scheme as presently written,
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HARRIS: (Oxford) I would think this is the way we would intend
doing it at Oxford. We would use left over pairs of tracks on 2 views
to define, in your terminology, clear points, maybe up to three clear
points. Then we would have a very quick try at following; it would
take only 30 - 40 milliseconds and it would seem that's the best thing
to do.-

SNYDER: (Illinois) It is certainly a very good idea and could be
done,
HARRIS: (Oxford) Concerning MATCH and the pair test, I

wasn't quite clear how comprehensive the test was, in the sense of
how many points along a track in the two views are used?

SNYNER; (Illinois) Every measured point,

HARRIS: (Oxford) Do you check the distauce between points in
track - views for monotonic increase?

SNYDER: (Illinois) No.

HARRIS: (Oxford) Why not? If the track is all in the XY plane

it's a very good approximation that that distance should be constant

and it should increase monotonically as a function of the dip angle,

It would seem to me that you ought to put in as many checks as possible
at the pair stage so that you don't end up in this messy business that
takes all the time,

SNYDER: (Illinois) It's well known that there are 87 different

tests that one can apply and in fact many MATCH routines are built

up of applying in sequence such tests, such as: don't try to match
tracks with the opposite curvatures, do the tracks lie on the same or
opposite sides of the sterceo axis, and so on. The hope is by applying

a sufficient number of these tests, one eventually disentangles the
tracks. I make no brief for having not used some of these more obvious
tests, but the pair test is very simple, it takes every point of the one
track of a possible pair, projects it over to the other in the standard way
and sees if that point reconstructed in space is above or below the '
chamber. The first time the answer to this question is yes for any
possible pair candidate, that pOSS1ble pair is rejected,

BASTIEN: (Washington) First of all concerning higher order
optics in MATCH, we thought about trying to make a third order
optic correction in the triple estimator calculation. It's a possibility
that presumably would really improve the estimator., We didn't do

it because we felt the program was working very well and probably

it wouldn't speed it up.

i»



Y

v

Next concerning the strategy that Jim Snyder
has used. in hlS for three view PEPR. At Seattle, we would like to do
the best we can in one view without having the three view film transport,
then put all the tracks on a disc. If the event does not pass, then we
write out fine mesh area scans on the storage disc implement exactly
the same type of thing, We bring in MATCH and match the tracks, if
all the tracks match we go to TVGP. If the tracks do not match, then
we bring in our fine mesh area scans and do something similar to this,
namely three view tracking or three view help or something of that nature,
Then, in fact, we have a super help which includes TVGP and MATCH
and everything and we lay the events to rest. :

MULVEY: (Oxford) This completes this morning's session and
perhaps 1 can be excused for making a few, I hope, brief remarks,
We've come to the end of this meeting in which I.think for all of us,
certainly for me, it has been very enjoyable as well as very informative.
I think the organization has been very good, there has been plenty of
time for informal discussion and I think if you'll bear with me, there .
are one or two remarks I should like to make, some-of them put in my
mind perhaps by the remarks made by Weisskopf last night. I think

he reminded us that as experimentalists in high energy physics we are
making a contribution, we're working in one of the frontiers which is
a very exciting frontier, making a contribution , to knowledge which -
will be lasting, I think it's perhaps a good thing he reminds us not to
be defensive, on the defensive about this situation, I think it is probably
also true, as he said, that one should perhaps try to do more to convey
some of this excitement to other people. I think one of the things that
people in the field like myself, feel at times, is that the physics itself

is becoming rather difficult.” It is not so easy to see one's way towards

the answers. Of course, this doesn't diminish the importance and the
challenge of the problems that one is trying to tackle; again, Weisskopf
by reminding us of Feynman's talk, showed that one should occasionally
not be too over-awed by the very complex theoretical structures that
are sometimes created, It's also often been seen in the past that one
doesn't find one's way through problems until the appropriate technique
has actually come along, and I think that it's true that the technique

for the use of bubble chambers has certainly been advancing. Everybody
knows that one of the most important advances has been in the use of .
automatic and semi-automatic methods of reducing the data, the vast
amount of information that lies on each bubble chamber picture and I
think it's here that now the CRT devices, PEPR's, POLLY etc. are
now begining to make important contributions. Here, we can't predict
exactly what solutions are going to be found, how one will find one's




way further through the tunnel of strong interaction physics, but
certainly it's my belief that the devices that we've been hearing about
during these past few days are going to make vital contributions. I
think also, we shouldn't forget as we pursue this path to keep an eye:
open for other applications of these devices, which are certainly
very powerful systems.

: As "PEPR bubble chamber specialists'', it's
clear that we are all in debt to Irwin and his collaborators over the
years for showing that the use of CRT's is not only intuitively sensible
but in fact, which is much more difficult, in fact possible, I think

it is here that POLLY can be added to the list, It's also characteristic,
that although as proponents of particular designs, we all enjoy some
healthy competition, nevertheless, everyone, I think, has certainly
been able to learn from the experiences of others, and here it is
relevant to say-that this applies to the whole history of this particular
branch of the technique, including Spiral Readers and all surts of '
other developments. There has always been a very free exchange of
information with those of us who start latest. We are always able

to profit from, and it is certainly true of Oxford, we've benefitted
considerably from everything that's gone before us.

One feature in this connection that I couldn't
help noticing, is that many groups represented here are using Astrodata
PEPR devices comercially built, and they all seem to be working
extremely reliably. I didn't notice that anybody had come across any
problems with these PEPR's. I think this says a lot for the high
standard of the work done by Astrodata, and also very particularly
of the very high order of professional skill and expertise shown by
Bernie Wadsworth and his collaborators at M.I1.T.in drawing up the
specifications so well and supervising the whole project. I am sure,
although we at Oxford are not members of this group of Astrodata users,
perhaps we can also appreciate just what a triumph that was., I must
say that we were very skeptical at the beginning of that project. One of
the reasons we didn't do it was because we couldn't really see how it
could work so well as it undoubtedly has.

So now, on your behalf, may I thank all of those
who have worked to make this meeting run so well and so enjoyable, most
of the organizing work has been done by Terry Watts and we are very '
grateful to you Terry, and all your colleagues on the organizing committee
and particularly to all your most beautiful helpers, who are also very
efficient. It has seldom been so pleasant to go and have my onward ticket
confirmed., I am sure everybody would agree, in spite of some early
mutterings when one saw the map about distance out from the center of
civilization, that since the very first moment we arrived, everyone has
been thoroughly delighted with the choice of Endicott house for the place

4
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of this meeting, It is a glorious place and has contributed to the
pleasant and happy atmosphere in which all the discussions have taken
place. We should thank the staff of Endicott house for making this a
pleasant stay and M.I. T. for letting us use it. I mustn't forget the
memorable dinner that we had, and as Peyrou mentioned, a classically
good Bordeaux. . » S

Finally, as some of you may have noticed, -
this is the second time in a few weeks that a person from Oxford
has been the last Chairman at a Cambridge meeting, no doubt this:
is something to do with the fact that there are several Cambridges
but only one Oxford., However, it does begin to appear like a
conspiracy. In order to avoid this becoming a very unfortunate
tradition maybe we should reverse the roles of host and visitor.
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