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EEAM ENERCY SPECTRUM ANALYZING INSTRUMENTATION

Observation of the energy spectrum of the beams in the switchyard is of
Tundamental importance for proper adjustment of the accelerator.

For this reason I wonld like to review present ideas on this instrumenta-
tion and would be glad to receive coments.

We propose 2 types of spectrum monitors in the beam switchyard: A rough

monitor in front of the first quadrupole of beam A and a precise snalyzer in

front of the slit in each beam.
In this ncte we discuss different dlsplay techniques, and meke a recom-
mendation on the most suitable technigue for each monitor.

We consider the following subjects:

Monitors

it

1.1 Precise spectrum anslyzer
1.2 Rough spectrum monitor

1.3 Energy spectrum in the straight zhcad beam

1.4 Yeedback to the accelerator

2. UDisplay and Electronics

2.1 Sumnery of display methods and technigues
2.2 Display for the rough monitor
2.2 Display for tbe precise analyzer
2.3.1 A fast electronic scanner
2.3.2 Display of dynamic pulses on an oscilloscope

2.2.3 Conclusions

3. Combinstion of Display Techniques for Besms A end B



1. Monitors

1.1 The Precise Srectrum Anslyzer

For o general description of the analyzer we refer to TN-63-2L.% In this

note we will only discuss some parametersg of importance as deaign criteria for
the spectrum analyzer.

The anslyzer will be placed in Tront of the slit. We expect that the sec-
ondary emission due to back scattered neubrons and electrons from the frout
surface of the slit will be negligible. J(same tests will be arranged to check
this.)

The horizontal dimension of the vacuum chamber in the field lens {Jjust pre-
ceding the analyzer) is 11 inches. Thls dimension limits the enetgy aceceptance
of beem A to 2.3%0F/E and of beam B to *h.6i AB/E. ’

We propose to use 12 sec ndary emission foils for each spectrum analyzer
with dimensions shown in Fig. 1. The width of the foils in the ceﬁ%er is 6 mm;
this width increases to 48 mn st the edges. The foil width for beam A and B
"wiil be the same. The two half foil assemblies may be retracted sidewsys over
2 9 cm long stroke. This will enable us to cbserve the energy tails intercepted
by the slit during muclear physies experiments for which scettering by the foils
ig pronlbited.

With the quoted dimensions the anelyzer in beem A will cover ilaB%»&E/E,
the resolution in the center is *0.1% AR/ end at the edges 0.8» AE/E. The

3

gap between the folls in the retracted position corresponds to 1 .50 QE/E. Forx
besm B these figures are %3.6%, 0.8%, 1.6, and 3.0 AR/B.

There are two reasons fir cheosing larger foll sizes further cutside the
beam center: (1) It reduces the number of coaxial cables, amplifyving chaﬁnels,
ete.; (2) It imprdves the signal %o noise ratic on the larger foils.

The signal amplification in emch chanpel will be mads invarsely‘proportional
to the width of the feils in order to obiain a uniform vertical ecale for the
display pattern. The horizeontel energy scale will not be linear. Some simple
indications in the displey, however, will clesarly ghow the energy range covered
by each foil. ' k

The large foils with the reduced energy vesolution are certainly acceptable
in the low‘energy tall of the specirum.

With the large foils in the high energy %ail of the spectrum we will observe

‘H-63-21, "A beam energy spectrum snalyzer for the two-mile accelerator,”
D.A.G. Neet, April 1963.
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the (non) loading energy peek at the beginning of a beam pulse. This peak is
normally 10% AE/E and will be reduced to about 1% AE/E by delaylpg the rf in
some of the;BO sections.

These loé%ing adjustments could be done as follcws: We observe the energy
spectrum over ﬁhe first part of the beam pulse (say over the first 2Q0ns). If
the lomding effect is 10% AE/E, we mey nolt yet bs able to sze very much sigpal
since the foils cover only *1.8% AZ/E (veam A). The rf timing should now e
delayed until we observe reasonsble signals on the larger folls at the high
energy side of the spectfﬁm. Subsequently, the rf time adjustments should be
refined, moving the spectrum peak slowly to the ceater ¢f the analyzer.

A good energy resolution iz not needed for this process, but rather a good
signal to noise ratio. The larger folls therefore are also acceptable in the
high energy tail of the spectrum.

We have mode a probotype monitor, consisting of ose hall-gection with a
somewbat different foil arrangement. This section has been tested at Mark IV.
The results of these tests are satisfactory, and also suggested & aumber of
useful improvements in the construction,

The final ccnstruction of the vacuum chamber around the monitor will prob-
ably lock quite different from the sketch in Pig. 1 of T§-63-1. The reason
for this is the need for a guick way tc taiks the monitor out of the vacuum
chamber when the srea is radicactive and for a simple drive mechanism to dis-

place the two half-sections sideways.

1.2 The Rough Spectrum Monitor

A rough spectrum monitor is placed in front of the first guadrupoles of
teem A. It will be used to establish roughiy (within +1.5%) the mean energy
and the energy spectrum of the beam before it is being deflected into the high

regolution do magnet system.

The justificstion for this monitor is the following: At the Mark IIT the
beam is set up by deflecting it with the analyzing magnet éver a large angle
until e beam current signal is observed at the slit. The beam is then adjusted
for proper energy (vy adjusting the magnetic field for the desirad value) and
optimized for a narrow spectrum.

This simple technigue is not acceptable in the switchyard, since we would

sweep the beam oubside the vacuun chamber and budild up in 2 very short time a

joy

high level of radistion throughout the gwitchyard and probably elso damage

equipment.

U |
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standby klystrons are made available. Small energy changes might be compen-
sated by action on & de-phased sector pair or by changlng slightly the klystron
high~voltage pulse. A broad energy spectrum may be compensated using the signals
from two folls. The two folls define the half-width of the spectrum. The signal
should be fed back to the injector phesing.

2. Display and-Electronics

12.1 Summary of Display Methods and Techniques
We may distinguish the following display methods for an energy spectrum:

I. The average spectrum oveér one beam pulse.

IX. The sverage spectrum over 1 beam pulses.

III. The spectrum over any (200nc long) gated pert of one beem pulses.

IV. Displey of a2ll dynemic secondary emission signals of one beam pulse.

As display technigues® we are considering the following:

(a) Rotating sﬁriﬁ;ch: The secondary emission current of eech foll is col-
lected on & capacitor. The charge on each capacitor is scanned periodically
by a rotating switch and displayed on en oscilloscope. Immediately after e
capacitor has been scanned by the rotabting switch it is discharged by a second
rotating switch. The charge on each capacitor is collected during a period of
ebout one revolution of the rotating switch (= 90 msec). This technique is
suitable only for Method II.l | |

(b) Fast electronic scanner: (see 2.3.1) This technique is suitsble for
Methods I and ITI. ‘ |

(c) Pulse height analyzer: This _insts:umen‘"r.’ could be applied tc Methods I
and. II, bub would require much extra elechronics %o adapt it to Msithod IITI and
even more s0 to adapt it to Method IV. It will bhe difficult to use it for remote
display in the central control rcom. We have rno‘_ﬁ vet studied this poasibility
in detail, but at first sight 1t seems a rather 'cc_amplicated and exypensive
solution. . _

(a) Oscilloscopé display: (see 2.3.2) This is the proper techiigue for
Method IV. ' C '

2.2 Display for the Rough Monitor

For this monitor we are satisfied with an average spsctrum over n pulses.

The monltor will be working only during beam se‘c‘u;b pericds.

x
Since the display is primarily needed in the central control room, we should

consider parvicularly the adaptability of the technique to remote display.

-8 -



The rciating switch technigue with a scanning speed of 1D rps appears io
be a satisfactory solution,

We shall place this mecbhanical switch as close as possible to the folls so
as to reduce cabls cogt and csble capacity. The pulse train from the swiitch
representing the spectrum will e displayed oo & properly triggered oscillo-
gcope in the switehyvard control room and relayed Lo $the central conbrol room
by & coexial line for similar display. Remote controls will be provided in
tﬂth comtrol rooms.

Thp rotating swibch-typse neannsr is currvently used at Mark IIX. It bas a
good signal to noise retio and the system may work ulcely for beam currents

a8 low =5 Sm pi.

2.3 Display for the Precise Specirum Analyze g
It would be good to have all display Methods I tc IV svallable for the

Before comlng o proposals we will first discuss some asgpechs of a fast
slectronic gcanner we have developed and of the display of dynemie signals on
an oscilloseope,

P.3.14 A IMagt Flectronic Soanner

MY

The principle of this scanner was described in TH-53-21 (gee Ref. 1
The scanner operates on & pulze-toe-pulse basis., . MocDonsald has developed

-

a prototype system with 6 awmplifyiogz chancels. The signal of each foil is

brought up by 2 coaxial cable and is connected L0 & slgnal chennel. Each sige
pel chennel conmists of an attenuveior, e pulse smplifier and a sawmple-hold
cireult. The sample-hold clrculs ig able Lo take a pulse helght sample fro

any 200ns long part of the amplifTisd secondary cmissior

v
{1
M
®
k)
s
-
»

An electronic multiplexer with 17 channels and sone switching logic scans

the signal levels of the sample-hold circults within 17 X 50 ps. The ouiput
sigonal from the multiplexer is displeyed on sn osciiloscope.

The system bes been tested at Mark IV and works satisfactorily.

There iz some dc offset in the oubtput of the sample-hold circults, tut
this can be improved.

The noise at Mark IV was such that we were Limited Lo intercepted peak beanm
currents > 600 pA per foll. {his corresponds to secondary emlzsion currsnts
of 25 pA.) We expect at least a 10 bimes

We expect this improvement to coms from o)

yard, and from the usé of smplifiers with



The system described so fer provides us only with the gated spectrunm
{(Methed III) which way be taken ab any part of the pulse Ly changlng the timing
of 'the trigger pulse for the fample~hold cireuit.

In order to obtain the aversge spectrum over one beam pulse we shall provide
a simple integration network {7 = 10 usec) at the input of the emplifier.

When the energy spectrum of the beam is uastable from pulse to pulse, it
may be desirsble to display the average spectrum over u pulses. A way Lo do
this with the elecironic scanuer wonid be to insert pulse-current integration
circuits sfter each amplifier, but this locks rather couplicated.

We bvelleve that the rotating switch scanner has a much better performance
to provide this average spectrum and, therefore, we intend to incorporate this
display system into the precise spectrum anslyzer {see Section 3).

The spectrum from the fast electrounic scanner con be displayed in the central

contrel room by providing & good coaxial cable.

2:3.2 Display of Dynamic Signals on an Oscilioscope

The ides of showing the 12 secondary emlssion signsle on the screen of a
cathode ray tube has been suggesied repe&tedly'aad'is attractive since it shows
the complete spectrum ioformation of a single besm pulse over its full Quration.

Lithough this idea seems simple in principle it ilayoives some difficulties
in practice. These difficulties come primarily from the fact that long delay
lines are needed with a good rise time and & low attenuation. We shall discuss
some aspects of this technligue.

{a} Use of spsclal large size cathode ray tubes: The most attractive way
would be to display the 12 pulses on a scresn with large vertical dimension;
ope below the other, In this way It would bs esgy to observe the energy spectrum
at sny given time duving the pulse by drawlng vertical lipes acruss the screen.

The 1deal CRT to do this wourld be a tube with 17 guns, a fast writing speed,
and a vertical scrsen size of 2& em. Such a tube iz not availedble, however, and
the development of a special scope with such & specisl tube is certainly beyond
our budgetb.

It is also possible Tto use a zingle gun BT with a raster-type time base
and a 24 om vertical screen size. The last pulse must then be delayed by
11 ¥ 4 ps {2 ps Por Flyback!) = 44 ps. The ownly wssble delay line for this
purpose would be a special delay cable like, e.g., HY 1500 A& (80 nsjft; 1500 a2
0.2 dbfue). The lasgt pulse, therefore, would be attesuated by 8.8 db and the
rise time would be deteriorated tco > 0.3 psesc. This sclution, thorelore, appesars

not practical.

- 10 =



. i
i

(v) Use of Stendexd Oscilloscopes: First of all, we can display the
12 pulses in the normsl way - side By side on one horizomtal trace; however,
this would still reguire a &2 us delay for the last pulse resuliing in an
attenuation of 4 4 db and risetime > 0.24 ua.

The attenusticn covld be compensated, but this gives an additional compli-
cation. Resding the spectrum as a function of time from this dlsplay could be
facilitated using masks properly cemtered in front of the screen (see Fig. ).

The three methods discussed sbove under (z) and {b) show the difficulties
with scops display technigue.

A compromise solublon between all adverse factors may be the use of two
double gun Tektronix-type 551 oscilloscopes. The ldes I8 sketched in Fig. 5.
The maximun delay required is B us. The risebime will bve < 100ns, and the
attenuation < 1.6 db. '

The siguals from the high resclution folls {center part) are dlisplaeyed on
the upper CRY, the eneygy tails on the lowsr cone. The lefthand sigoals repre-
sent the low energy tall of»the gpectrum and the righthand sigonals the high
enexyy tall.

When we moke use of two similiansously actusted polarold cameras we could
vhotograph the complete speebrum of L beam pulse and study the resulbs 1o peace.

Visusl anslyses could be improved using masks with narrow vertical slits
in the sams way as shown in Fig. L.

A disadvantese of this secove display is that 1t c&nﬁmt easily be transmitied
without distortlion to the central control room unless wg provide h expensive
lew-logs “heliax” comxial cables. Alternatives for this problem are to bring
polaroid pictures over or to use & good clesed clroult TV system. A further
disadvantage of the scops displey is that it cannol show the aversge spectrum.

There are some electrenlc problems in the scheme of Fig. 5 requiring wmove
study; like impedance matching in the 1500 § delsy lines, the de level shift
requlred on the sgcond ORY, ete. It seemz, however, that these problems can

be solved.

£.3.3 Conclusions

From the above dlscussions it 18 congluded bthat the electronic scanney is
the most versatile sclubion for 4the precise spectrua apalyser. It is the pri~
3

lan
howaver, with the scope dlsplay and the rotablog switch scanner.

]

mayily recommended display techmigques., Th

(]

3

£

tronic scauner way be backed up.

w1l -
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—

A possible solution for the display of the spectra in Loth beams A and B
is proposed in the next section. It makes use of a combinstion of the three
techniques and may be a flexible and economic scolubtion providing the distiact
adventage of each technigue for both beams.

3. Combipation of Display Technigues for the Precise Bpectrum fAnalyzers in
Beams A and B

It is not sure that the four display methods we have suwmesrized in
Section 2.1 are all neeled in both beams A and B.

T

However, with a combination of an elecironic scanner, a rotsting switch
seanner and 2 type 551 display oscillozcopes we oan have these Peatures for
both besms for & price comparable to £ electronlc scanners.

The idea 1s shown and clarified in Fig. 6. Deteils of this combination
schems heve aot yet Deen studied to & greater extent. However, there does not
seem to be any major difficulty snd therefore 1t is believed to be & proper

eroposal for the switchyard.
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