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1. Intg@t'mn/

The regeneration amplitude of KS mesons is, as is well known, pro-
portional to [£(0) - ¥(0)], where f, T are the forward scattering ampli-
tudes for K, K on the target used for regeneration. The Pomeranchuk

Theorem says that Im £ -+ Im f as the laboratory energy tends to infinity;

thus Es regeneration should vanish asymtotically if that theorem holds,

and this regardless Qg the target material used. Furthermore, the re-

generation phenomenon depends on both the magnitude and the phasg of

f - %, and thus supplies more information than the comparison of total
cross-sections, which depend only on the imaginary parts. From a tech-
nical point of view, the comparison of KO; R° scattering amplitudes is
much easier at-ultra-high energies than that of K+, K~ crossmsections,
as no separated are required and the Ks's are, so to speak, self-identi-
fying.

These interesting aspects of high-energy regeneration have of course
not escaped the attention of experimentalists. They were discussed in
the IRL Study of l96h/65[l}, and in the NAL Summer Study of,l968[2]’[3],
and I. Savin is currently performing a regeneration experiment at Sefpukﬁov.[h]
K. Kleinkﬂecht[sj offers a discussion of the impact of recent Serpukhov
K+ total cross-section data on high-energy regeneration experiments.

In making this proposai there are several points that we wish to em-
phasize: |

(a) Ks regeneration can be done at a very early stage of NAL's operation.
A Ki:begm could be produced long before all the facilities for charged beams

are installed, and statistically satisfactory regeneration experiments




-2

could be performed well before the design intensity of 1013protons/pulse
is attained. The relevant data are given in Section 6.

(b) Ks regeneration by nuclei (e.g., darbon) is almost asrusefﬁl as 
the "fundamental” éxperiment with hydrogen, and in fact provides unique
information (see Section 2). The installation of a sizeable hydrogen
target may have to await the completion of real experimentai areas,
while regeneration experiments on simple targets can be done "in the mud."
(¢) The authors of this proposal have the necessary equipment, soft-

‘ware, and experience to perform the proposed experiment essentially now.

For more comments on this point see Section 7.
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2.\Summagg,E£>B§€§;1/Cbncegts
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The regeneration amplitude po in a slab of material of thickness L
(thin with respect to the KS mean decay length As(p) ) is given by
Py = EﬂiN(le'h/p), 2f,) = £(0) - ?(0) , (1)
i.e.,

Ipo] = Y.hxlo"%%lfell/p cm"l; (2)

where d = density in g/cmB, A = atomic weight, p = K-momentum in GeV/c,
and ‘fell is measured in fm. (Note that this thin-regenerator assumption
is maﬁe thfoughput the Qroposal.) - _(‘ f
Coherent (transmission) regeneration‘produées Inefpolge:"]:'/M K 's per
incident K, where p = mean free path for K (or KI) interaction,
while diffraction regeneration has a forward cross-section given by
lfgl(o)lz. The ratio of events due to thesé‘two processes into a small
anglé 20 about 0° is the so-called Good ratio, R: (
R = (2x/k)%IN/AG = 0.74aL/AD 2D, (%)
wﬁere L is in cm and AQ is in milli§teradians. R is independent of f21’
but depends on I/pg. For separating the coherent peak from the diffraction
"background" R should be large, i.e., the angular resolution good (AQ

small). In fact, as the angular dependence of the diffraction peak goes.as

-2
2 RS 2 P, = 6.2x10 V/c (carbon)
|f21I exp[(-0.052p/go) ] ipg = 14.1x107“GeV/c(hydrogen) (%)

one must have {1 << (0-0329/130)2 in order to extrapolate the diffraction
distribution under the coherent(transmission) peak (see Fig. 4 for some

'examples). ‘
The phase @r E arg p is measured via the interference of 2a's from

the regenerated KS'S‘with 2a's from KL'S[6]’[7}. With the usual def-
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inition of T&_, one has behind a regenerator (t = 0) the proper-time

distribution of the 2x intensity

-t -tT
L, (6) = [0 |fe™ 0 foym, |2 )
2'P/n+_Ie“t(rS+FL)/géos(Amt - ‘ﬁ)]fa"L/u
where
=L, &= arg(e/, ) = Pp = Py 9l arg m,.

fm =M - M= 0.540 x 107 sec™t

Note that for thin reggnerators q& ~arg (ifel)' By observing I+~ over g
suitable t-range, one can obtain both lp| ana ¥, without absoluée rate
measurements; it is, ‘however, necessary that €(p,t), theAaéCeptance of
the apparatus, be well understood. We shall refer to this measurement
of the regeneration amplitude as the RSW method. On the other hand, one
can obtain lp[ by measuring I+_(t) at early times only, where the
interference term is as yet unimportant; this requires an absolute
nmeasurement of 2n decays per incident KI? and a knowledge of the in-
téraction length u. We call this the pe-method. In section 5 we dis-
cuss how each method is used at various stages of our program.

The RSW method supplies only the phase difference &, while for
gﬁrong interaction physics ¢r is the quantity of direét interest. The
quantity @, is, however, already known to be (46 + 7)° from "vacuum
regeneration" experiments[sl’[9] and will be even better known before
turn-on at NAL. Furthermore, as @, is independent of momentum (or
else we would really make a great discovery!), the variation of Q(p)
gives directly the dependence mr(p) of interest.

At this point it is appropriate to summarize the Regge theory

predictions for the p-dependence of fgl/P and @ . Only the C-odd




trajectories p, 'w, ¢, ... contribute to the difference f - ¥, so that one

predicts[lo]

2 -

£ 3~ M0) o pl/2 leg I/ ~ pi/? ©)

In addition Regge theory predicts

arg(if2 - bs© : (61)

)
i.e.,
§ = - 9.9°

No published measurements of p in hydrogen exist, but it is well

established that the optical model (based on K'N and K'N data) describes
(7]

p for complex nuclel well. Accurate measurements exist for carbon

[61,[11]

and copper for 2 - 6 GeV/c and these "low energy"” measurements
already show surprising agreement with (6'):

(-43.7 + 10.5)°

]

arg(ifel)[carbon, h.5 GeV/cl]

(7)

i

arg(ile)[copper, 2.7 GeV/el = (-50.1 & 7.6)0,
where the first result was recalculated using ¢, _ = (46 + 7)° 1In éddi-
tion, p(p) is quite compatible with (6).

| The above point is relevant to the planning of the experiment. As
the phase appears to agree, even for complex nuclei and at moderate en-
ergies, with the "asymtobic" Regge predictions, it should be interesting
to measure the p-dependence of |p| 2&223 up to 100 GeV as a first check, .
and onlt then attack the determination of .

[10] that regen-

Without going into detall, it is of interest to note
ergtion on a T = O nucleus (e.g.; carbon) should be dominated by w-exchange,
while pueXChange is supposed to lead for regeneration on protons. Thus,

as mentioned above, regeneration on complex nuclei has intrinsic physical
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interest.

Finally, a word about electron regeneration. As ﬁhe K° is not a
“"strictly neutral" particle, regeneration by a virtual photon (¢ = -1)
is quite possible. The‘process has been most recently investigated by

Kroll, Iee, and Zuminol 12} who predict for the KO charge radius

V<R > = 0.28 fm ' o (8)

This prediction is quite consistent with the "null" result of a recent

CERN experiment[~]5} viz. W< > =o0.227 8'22 fm.




3. Experimental Arrangament

The experimental set-up (Figure 1) involves a target, regeheration
target, various trigger counters, a wire-chamber spectrometer, and
special counters for identifying (and suppressing as triggers) K§3 and
Ke5 decays. The design of this set-up is based on long experience in
K°® studies with a wire-chamber spectrometer, and is by now conventional.

(8] involved kaons below 8 GeV/c this set-up

Whereas our previous work
is designed to study regeneration above 40 GeV/c.

‘ The regenerator,fppéferably;yla;ed\within the field of a sweeping
nagnet, is followed by a veto couhter 1 to define the decay region;
the latter should be filled with He.to keep multiple scattering and
neutron-inducéd triggers to a minimum. The basic 2a-trigger consists of
T plus one and only one counter in each of the hodoscope banks 2I, 2R,
3L, and 3R. The counters in hodoscope 2 have very thin (< 1/16") scin-~
tillators in order to keep multiple scattering low, anﬁ‘thus préserve
directional information on tracks prior to their entry into the magnet.
Hodoscoﬁe 3 could be followed by an optional counter L, divided into
four equal and independent quadrants. By requiring two diagonally op-
posite quadrants of U in the signature, one imposes a mild coplanarity
requirement to sug_)press,I{‘ﬁ_3 triggers.

A shower counter, following the degign of Heusch and Prescott[lu],
is used in anti~coincidence to suppress events with electrons in the
final state, -.as it would take gas Cherenkov counters of extravagant de-
sign to put high pions below £hreshhold. ‘The shower counter, based on

actual calibrations, discriminates between electrons and pions with

~1% chance that a pion be mislabelled. This rejection ratio is, in
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combination with our épectrometer resolving power (im angle and kaon in-
variant mass) amply sufficient for our purposes. Furthermore, any fail-
ing of the electron shower counter (which can be studied by tagging»Eﬁ-
events in the K mass peak) leads at most to a loss in Eﬂ-eyents, and
not to a dilution of the signal by unwanted Ke3 decays. The shower
counter has a hole in the region where it is traversed by the neutral
beam. |

‘ Muon events are suppressed by adding to the sigmature a veto counter
. _godgscqpe 5 located behind a massive absorber (e.g., lm of Pb). - The
1 - p discrimination of this simple device, again in conjunction with the

R

spectrometer resolution, is amply sufficient.
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L. Properties of the Spectrometer

| The spectrometer consists of a magnet (say, 26" vgrtical aper-
ture, 40" deep, such as the ANL magnet SCM-105 we are currently using)
sandwiched between two sets ("tables") of four wire-spark-chambers
(crossed-wire, x and y readout) each, so that 8 coordinates are ob-
tained for each track. The first of these is s "split chamber”, i.e.,
its two halves (left/right) are read out independently, to resolve
ambiguities.

The critical feature if the spectrometer is its resolution, both
:inispaqe‘gné mgmentﬁm;f,Thisﬂisugoverned by the spatial resolution of
the individual chambers, and by the separation S between planes (see
Fig. 1). While we shall fdrcast the resolution ;f the spectroheter
to be used at NAL on the basis of the instrument we are currently using
at ANL, we shall obviously allow for thé fact that one needs [because

of the Good ratio, Eq(3)] rougly 20° = 400 times better angular resolu-

tion at 100 GeV than at 5 GeV.

Figure 2 shows an angular resolution distribution obtained by us
with a B)C (equivalent to dense carbon) fegenerator at a mean momentum
of 3 GeV/c. Note that part of the width of the coherent peak is not
dﬁe to instrumental resolution, but rather to a finite source sizg.
Figure 3 shows the invariant 2x-mass diétribution; its width (6 MeV,
FWHM) agrees with that predicted from the resolution of the individual
wire planes (0.8 mm, FWHM).

The chambers used to obtain figures 2 and 3 have 24 wires/in. and
were separated by S = 1 m. By separating them by 20 m we can obtain

the required improvement in angular resolution. While such a separation
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is quite practical for.the proposed experiment, we currently favor a
scheme with S = 10 m and chambers having 48 wires/in. A smaller S
appears to have practical advantages which need no discussion here.
This redgced‘wire-spacing has already been used by others (but not
with core readout), and we are currently building a prototype cham-
ber; Figure 4 shows how the angular distributions from regeneration
experiments with 100 GéV/c kaons will look for various specified regen-
erators with the proposed spectrometers; total lepton suppression has
 ,been.assumed and so-called "inelastic” regeneration (aﬁrmést of ﬁhe'érder
of the diffraction component) has also been neglected. AThe reader is
supposed to be surprised by the cleanliness of the coherent peak.

In practice, "total lepton suppression” is not achieved. One
eliminates Ke3 and Kﬁ} events by (a) selective triggering (see Section 3),
(b) selection of events with M__ mnear M, and (¢) reconstructing Py and
seeing whether it points in the direction of the incident beam.

By cutting on Mmr we estimate that in the region of solid angle con-
taining the coherent peak (0 2 x 10"6 millisteradians) the total lepton
contamination is Lo% (compared to the N, [vacuum regeneration] level).
However, since the angular distribution of these lepton events is essen-

tially the same as that of the diffraction-plus-inelastic background

(see Figure 5) the leptonic events are automatically removed by the sub-

traction technique used to separate the coherent events.

Despite the fact that contamination of the coherent peak is made neg-
ligible by the subtraction, we include in the apparatus (see Section 3)
lepton-suppression devices with rejection factors of & 100 in order to

lessen the number of triggers due to wwanted events. With this rejection
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factor.the leptonic béckground in the coherent peak is S 0.4 % before
subtraction.

It remains to know the acceptance, €(p,z) of the spectrometer for
Kgﬂ events (z = distance of decay point from the magnet center). This
Quantity, éomputed by a Monte Carlo program, is plotied in Figure 6a
as a function of z for p = Lo and 100 GeV/c; Figure &b shows the tétal
acceptance for D = 20 m, as arfunction of p. The acceptance falls off
sharply below 40 GeV/c, but this appears desirable in view_of the gver-
.whelming trigger rates which the ‘much more copiously produced "low
energy" kaons would cause. The flatness of €(z) is almost irrelevant
for the measurement of lpl, and is satisfactory for a measurement of
%, by the RSW method'(see Section 2). Both the tobal and différential
acceptance will be checked in a vacuum run (see Secti@n 5). |

The extraordinary resolution of the spectrometer at lower energies
(say 10 GeV) can be exploited to measure the electron regeneration in
sbme high Z material such as Pb. One would of course shorten D for this
purpose. The higher resolution would enable one to iImprove on.the

recent CERN experimgpt[l3]

but would by no means solve the problem of
the inelastic background. .

‘ There remains to discuss the event rate at which the spectrometer céﬁ
operate. Again, we shall make use of oﬁr experience at ANL to ﬁredict
this. Our spark chamber (magnetic core) readout system operates reliably
with a block time of 3 Es'__gc_:., ,i.eA., after this time the process of firing,
core-scanning, énd data transfer to the computer can be repeated. Con-

servatively, we can expect to collect ~100 events/EaL burst, where we of

course do not imply that all of these will be good 2x events.
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A mere 102 events/burst might appear a low rate to the advocates
of the more modern proportional (Charpak) chambers, or to people who
have fallen under the spell of these enthusiasts. The first point is
that (see Section 6 for rate estimates) running time does not seem to
be the limitation of the experiments proposed here, snd that it is not
clear -- especiglly until a lot more work is done -~ why one would like

to know, even for hydrogen, the phase @r to 1°: Second, large area

_proportional chambers are built with 2 mm wire spacing, thus giving

probably four times worse resolution in each coordinate (16 times in
spatial angle) than the conventional chambers proposed here. Third,
the cost of large area proportional chambers an@-associated electronics
is so large that the'number of such chambers is to date kept at a min~
imum (say, four per spectrometer). Ambiguities in pattern resolution,
losses through inefficiencies thus created, etc. are to be handled by
accepting only "perfect events" for analysis. Our experience with
régeneration experiments indicates that thié fraction will be rather

small. What counts is the rate of reconstructed events/burst, and to

quote a known séying,'"cleanliness is holinesé." So we propose to use
our old-fashioned chambers, adding perhaps later on Charpak chambers as
decision making elements.

Finally, we mention that the analyéis of "only" 1.5 x 106 events
(15K bursts/day, 100 events/burst) collected in a day constitutes in
itself a formidable task. Inasmuch as it is unthinkable (at least
financially) for a university-based group to handle this much data or
more off-line, we are currently assembling a system that will accomodate

on-line reconstruction of two-track events at a rate of at least 20




events/burst ( > 300 K /day). This is, briefly, a multi-processor scheme
using Data General Supernova CPU's in conjunction with an EMR -~ 6040

computer.
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5. Plan _c_f-_f_' Experimental Measurements

We propose the experiment as a series of distimeot steps, for several
reasons. First, since no one has experience in suck high énergy neutral
beams, we will start with an arrangement which is as clean as possible in
terms of neutron-induced backgrounds. The excellent mass and angular
resolution of the apparatus enables us to eliminate hackgrounds due~ to other
K° decay modes., Second, we expect to rely on the remults of each step
to optimize the experimental details of the followimg steps. Third, this
approach affords us the flexibi_li,ty‘ of performing the later stages of
the research in light of the physical interest generamted by the earlier,
simpler stages. Finally, the initial parts of the emperimental program
will not involve certain sophisticated equipment such as iarge hydrogen,
targets, and so the experiment is expected to be more «compatible with
the evolving experimental facilities at NAL. I{ shawid be emphasized that
all the steps in this program are quick checks (see Section 6) except
for the last one which will be a precision measurememt.

In this section we outline the steps as currentiy envisaged and in
the next section we present estimates of the expected rates for each con-
figuration.

(a) "Vacuum Regeneration” Run: As a test of the operation of the
spectrometer, we plan a preliminary run with no regemerator. Tl;le CP-
violating KL + mode will be used to check the awceptance of the 2x
decays; the K,(,f, modes, which will be used as monitors in later stages
of the experiment, will also be calibrated in this Iow-background run.

At the same time {(every other burst, for instance) we will place a carbon
absorber in the beam, far upstream from the apparatus, to' neasure the

total cross-section. This information is needed for the regeneration studies




which follow.

(b) lp‘ Measurement in Carbon: This initial regeneration test
in carbon has two experimental advantages. First, the carbon block is
gsimpler and more easily handled than a hydrogen target. Second,
carbon has a rather long collision length and‘hence give us the
smallest background. We will use a moderately thick regenerator (~ 1 m,
or 1.5 collision lengths) and a short decay region (15 m, or 3As at
100 GeV/c) and measuré the intensity of regenerated K - o decays
" relative to semi-leptonic K decays at early proper time downstream of
the regenerator. It should be noted that by examining the differential
distribution of this data we can also obtain infofmation at "low"
~ momentum (~ bo GeV/c) on ¢_ via the RSW method.

(c) ?r Measurement in Carbon: In order to obtain complete infor-
mation‘on regeneration in carbon, we will proceed to g more complete
determination of the momentum dependence of the phase of p. This is
accomplished by the RSW method but with a different arrangement that that
used for (b). In order to minimize the neutron-induced backgroqnd, a
shorter régeneratér (~ 20 cm) will be used. To study the interference
downstream of the reéenerator a longer decay volume of 20 m is needed.

‘ (d) Regeneration in Methane: We will next replace the éarbon regen-
erator with one of CH&‘ From this data and the earlier carbon data we
can extract the first measure of regeneration from protons. (This is be-
cause of the coherent addition of regeneration amplitudes.) Methane
has the following advantages. First, it has a high regeneration power
(|lp| ~ 10 lﬂ+"l for a target of 1 collision length = 335 cm). -Second,

‘the relative hydrogen density is a factor 1.7 times that in liquid H, .



..:_L6_

(e) Regeneration in Iiquid Hydrogen: The experience gained in the
previous steps, plus the value of Prydrogen deduced from (b), (c), and
(d) will serve to specify the optimum experimental arrangement for this
effort. It appears that the statistical power per unit time is greatly
enhanced by measuring lple and ¢ separately as in (b) and (c).

It is assumed that a hydrogen target of ~ 2 m length will be needed.
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6. Rates and Time Estimates

Estimates of kaon fluxes are taken from the Summer Study paper of
Smith[lsl and the ML Technical Manual of -Awschalom and White[l6]. ;Our
calculations are based on the assumption of a 10 mrad beam with g nom-
inal solid angle &0 = 1.3 x 10 ’millisteradians (1.5" x 1.5" at 1200')
and }Q&E interacting protons per burst. For some stages‘éf the exper-
iment such a beam will give excessive rates. We will indicate the
aﬁount of extra collimation required for each stage.

A1l the estimates of fegeneration rates are based on the momentum
‘dependence of fgi/p‘givén‘bj Eq. 6. Table 1 contains some relevant irnfor-
mation on the regeneration properties of differgnt materials.
| Table 2 gives the particulars of the set-up for the first four

stages and the expected rates for each. We assume that the actual trigger

rate is one order of magnitude larger than the ﬁ+ﬂ" rate quoted. The

running time is computed on the basis of 1.5 x 10h pulses/day.

It is seen that 3 - U weeks of actual running are needed for the
preliminary steps. Beam studies and set-up of the apparatus will depend
very much on conditions at NAL. Under the best circumstances b weeks
would be sufficient.

The rates and estimates for the liquid hydrogen run are not in-
cluded in the table. Depending on vhich of the current estimates for

f, are used, running times of anything up to ~ 6 weeks are indicated

21/p
for a precision measurement using a LH2 regenerator of available length
(* 2m). The results of the methane run will enable us to predict the

rumning time for liquid hydrogen quite accurately.
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T. Qualifications of the Proponents

Our group has long experience in the field. The first wire-cham-

C17]

ber experiment ever performed was done here, we built the first

[18]

wire~chamber spectrometer specifically for K° decays ; and we have

campleted to date two major experiments[S]’[lgj with that spectrowmeter.
We have the hardware, the software and an exceptionally Qualified support
staff avaiiabie.

Our collaborators in the ANL experiments, Professors H. Goldberg
and J. Solomon of the Chicaga Circle Campus of the University ofiIllinois,

though not yet committed to this specific experiment have indicated

their interest in continuing the collaboration. .



TABLE 1: REGENERATION PROFPERTIES

Material é [g/cm§}i. .\Q.[;éiélf':::F:F?P}T:t;t:ggziq:LLQ§J$;:::§§;;%hE°mJ§. JP/TH;jﬁkﬁ
H‘ydrogen‘ ~0.06 0.25 1.0 15%% 375 1. 11%%
Methane 0.42 0.56 | 2.83 14 335 10
Carbon 1.55 1.3 10 8 67 8

Boron Carbide 2.&5 1.3 10 9 by 5

Copper 8.8 = . & 3 1.7 13 T

-a92/2

* dcr/dﬂ‘?:loo ~oe

tole- Bk = cpt/?

Lreg. = 1 coll. length at p = 100

§ Coll. lengths known at "low" energy

*¥% Computed for a 2 m regenerator.



TABIE 2: RATE AND TIME ESTIMATES

Experiment Beam AQ [mster]; Decay L. [m] 2n Rate 2r Events Running Errors
Ky, Flux [/sec] Region [m] g [ /pulse] Needed Time [d]

Vacuum Run ().lmc:l.()"'5 e Lo - 8 10° 1 OE = +5%

0.2x10 ‘ Ao, = % 2%
o . |

|p| carbon 0.5 x 10 6; 15 1 8 5 x 10t L« Alpl? = & 4
0.2 x 10° ‘ at p = 100

?,, Carbon 1.7 x 10'5 5 6 20 0.2 16 3 x 105 6 Anpr = & 5%
0.6 x 10 at'p = 100

-6 6

p Methane 1.0x 10 75 5 Lo 3.4 16 10 20 comparable
0.k x 10 to Carbon

p Hydrogen (See text, Section 6)
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Coherent Ks regeneration by protons, E-425

|
} This experiment, included in our dinitial propesal to FNAL, was

split off frow e rest of t 3 neasurements by the YFermilab manage-
split off from the rest of the proposed ements by the ¥ lab manag

ment, and after much argument  approved as a new exXperiment, E~425., The

main controversy centered around the laboratory's inability to provide us

with an appropriate liquid hydrogen target (of approximately 21 feet active

length!). The target was finally designed by P.S.L. (U. of Wisconsin), and

built partly at P.S.L., partly at the U. of Chicagoe. The cost was split

between us and our Wiscongin collaborators. A particularly novel feature
of this target is the use of the liquid hydrogen as a Cherenkov medium

This Cherenkov counter, used in anti-

.

coincidence, enabled us to secure a particularly clean sample of elastic
From Tthe anal)/sis of dala daken with
events.at the trlgger‘level..+h;s Movasshess vedo' A (D;nr;A,”,g),yc Cnd
+hat 1t Stupprsse s mefashe +\’i}€)%p’r5 by betler than g Sacdor of 100,
Data collection begun in F¢ ruaryZ 1976 and was just completed in

May, 1976. As opposed to our earlier work at FNAL, essentially all the data

were collected and analyzed on-line, eliminating off-line pattern recegnition
d yielding directly re tructed track se s of the registered
apd yielding directly reconstructed track segments of the registered V-events
K, K etc.), as well as many diagnostic features. The remaining
T2 13, N } i b
kinematics can be done cheaply off-line.
Tig. 1 shows the 2w — mass plot of a representative sample, to which
standard cuts (geometry, coherence angle, and shower—counter) were applied.
In view of the fact that hydrogen is the weakest regenerator , the cleanliness
of this mass peak is extremely impressive.
Fig. 2 shows plots of (f - £)/k
and ¢»1 with the projected statistical accuracies of our experiment (correspond-

ing to a total of 65K coherent K events and 300X monitor KuB‘S)' The data
s

of seveval earlier (and easier) experiments are also indicated.



For the proton, (L - f) is generated by the combination 3w-p of the
relevant trajectories (the coeffecient 3 correspounds to perfect SU(6) or
quark picture). Incidentally, Im[£(o)-£(o)] measures the same thing as

. . -_l; + -
the cross-section difference Ao (K ,n)= o (KX , n) -o (X ,n). This
tot tot
quantity is, because of the double subtraction involved, the least well-
known elementary cross—section difference.

We expect our successful precision measurement of coherent K re—

: s
generation by protons to yield further information on Regge trajectories.

In particular the universality of the p-coupling (to K's and w's) can be

checked.

HZ ~ target and Cherenkov counter

As mentiohed , our experiment to measure KS regeneration
on protons required a very long hydrogen target. The number of coherently -
regenerated Ks‘s is in fact proportional to the square of the length’L of
the target, and is limited - aside from tecﬁnical and financial considerations -
by fhe KS interaction mean free path [12 m of LHZ] and decay length {(i= 530cn
at 100 GeV). Ve chose L = 7 meters as a compromise. Note that the downstream
end of the target is supported within a magnet; the purpose of the latter is,

aé in our previous work, to sweep the background of the charged particles\
produced in the hydrogen by K and neutron interactions out of the reach of

The .spark chambers of our spectrometer. To reduce unmwanted (inelastic) triggers,
we used the liquid hydrdgen of the target as a Cherenkov medium. Since the
Cherenkov cone angle is 26° in this medium, a very large number of reflections
(¥ 45) are needed for'light produced at one end of the target to exit from the
other (ddwnstfeam) end., Tor this reason, the reservoir (5 x 5 cm ¢ross—sectiaon)
had to be lined along its full length with aluminized reflectors of high quality.
The light was collected at the exit end with a simple 450 mirror and detected
with a 2" UV Quantacon. Bubble formation at the hydrogen/wall contact surfaces
had to be carefully controlled to avoid poor reflectivity. The target/counter
system wzs engineered st P.S.L./Wiscénsin, and components built at P.S.L. and
the EFI Central Shops.‘ It showed very satisfactory operation over a pexriod of

six months, and will be degceribed in a technical publication.

®




£

On~Line computing system

The heart of the system (see Fig. 3) comnsists of a Supernova
(32K memory), a disk and a tape-drive (currently rented from Data General).
A Camac system is being used for reading in the analog signals (shower
counter pulse-heights) and hodoscope pattern units as well as for experimental
control. The time between pulses at Fermilab, typically 8 seconds, is used
for pattern recognition (with a well cptimized assembly language program).
Important diagnostic histograms are also generated,
| This system {(for whbsé successful operation we credit our consultant,
Mr. A. Gsponer) has now been operated successfully for over six months,
collecting and analyzing all the data from our hydrogen experiment
with spark chambers. Not only was the operation wholly

tisfactory, but the retrievalpercentage and pattern recognition efficiency

o))

S

-t

vere higher than with our previous, carefully honed off-line programs!

Since the hit information is already being aquired wvia Camac, the

main change in adapting the system to MWPC's will be the addition of floating-

point hardware.- We estimate that with this addition and further optimizations
in the code (there will be less planes in the new spectrometer and the events
should be cleaner) we should be able to acquire and process up to 300 events/

pulse.
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K°® REGENERATION

’K°, K° produced in strong interactions (eigenstates of S)
% K observed in weak decays (= eigenstates of CP)

K= 1/4/2 (KO+K®) 5 K9 22 1/4/2 (Ke-Ke)

f(k,t)=K°N scattering amplitude, f(k,t)=K°N scattering amplitude

’_’//4,; fKo"fKoE f+fKoL + f-fKOS

o_iKo \
o EE RS T
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RESULTS

. CARBON REGENERATION _
a. Momentum Dependence of the Mognitudé: l-f—f-f-lot Plzn

. k
n=.614 £ .070 (Fermilab only)
=.594 £.009 (Fermilab, Serpukhov, BNL,CERN)

= a,,(0) = 0.406 + .009

b. Momentum Dependence of the Phase: ¢é1= constant

oy = (-127.8 £ 3.6)° (Fermilab only)
=(-128.8 + 3.1)° (Fermilab, Serpukhov,CERN)
= a,(0) = 0.431 £ .034 |

( 2. HYDROGEN REGENERATION .
CH,-C subtraction assuming o, = ¢ o,

58, /IE5) < 00942 0,032 (30<R <80 Geve

3. NON-REGENERATION RESULTS
2 -3 T .
o |7,_] =(233 £040)x10° (K =77 BR.relto Ku3)
b. oror (K C) =178 £8 mb (30 < P, <100 GeV/c)




REGGE INTERCEPTS

1. w-trajectory

Carbon Regeneration (30< P, <120 GeV/c)
a,,(0) = 0.412 £.035

KED cross-section difference (50<PR, < 200 GeV/e)
' a,(0) =039 0.08

2. p-frajectory - . ~
7 -7 charge-exchange (20s P < 100 GeV/c)
a,(0)=0.48+ 0.03




M4 BEAM LINE

Fixed Collimator

72" x 172"
Variable H&V .
725 mr Collimators & ;~M4 pit
producﬁon /\Sweeplng —_—
X Regenerotor‘&i \
Target UpsTreom Decay pipe w filter
Sweeping, Monitor Magnet
L )’ filter , . ' 1 , )
500 1000’ 1500' 2000’

-8
Maximum solid ongle .3 X110 str
Incident K,_/IO inc.p:7.5 x 10%
Incident n/!O inc. p:=~ ~3><105

o e







COHERENT K° REGENERATION

Ak~ -;7Am ~2><1O'8ev => §~2%107°

. k=100 GeV/
rnL — _ rns ( c)
For dlffrccnon 0~ kR ~8x107%
» Nuc
10000 (k 100 GeV/c, carbon)
daN Coherent = alus. Ton, of 17 4178 bf e
dt Sy a).» wc‘f‘y» ;; L & ; ::'m* f ,.,;;;
dNSOOO = At (experlmen’rcl resolution)
¢ dt Diffraction (& Bockground)
‘ 2000 f&//dﬂ( g e 8 O] /,@rw 5 K L
Freve -'{/Aﬂ«mf'f f 3
1000 n
"t=0": amplitudes add =>Rate «|f-f°L>
500 -
t#0 :intensities add =>Rate OCIf-fIZL
‘ +(-T)
200 Kg=pKeL ; p=2wiNL 2—;(—
100

(0.66m Carbon Regenerafor)

I ] ] | 1

!
500 1500 2500

t (MeV2/c2)
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INTERFERENCE METHOD

Ki - //////KL+PES<;’:

—2 —|{
I(z) ‘A(z)lz _ lpe—(lxz—lAm)z/./L5 o, 2
Im
’ 20m/_j5m
#<525m . (0m
77(+/_\‘:‘3<Om — Re P,=100 GeV/c
10 l77+—“

1(z)
100

50 |-

20
10

ot e e cm— e G- — ———— — e ® Al
\ o\o—°’°;°

\ .
el bbbl z(m)
10 20 30 40 50 60




SINGLE REGGE POLE EXCHANGE

f = particle scaﬁeking amplitude
f = anti-particle scattering amplitude
4)= Tan" Im(f-f)

Re (f-f)
For exchange of a single Regge Pole with intercept a (O)

1 a) ; " et
T @ PE? s e
¢ = ——275 [1+ a(O)] momentum independent

— _f Q(0) -1

— AO‘?O‘T—O'T o Im(f[(_f))) fo) o PK

. 3 - K 2
Example: a(0)=0.5: Ao P_V

' b = -135°

KN amplitudes o
T=0 (N=DEUTERIUM,CARBON) =—> pure w exchange
T=1/2 (N=HYDROGEN) = p and w exchange
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