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ABSTRACT 
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A beam-proflle detector that employs a pair of continuously-moving 

eclntillation counters as a detector, and a PHA as a multichannel ecal.er le 

described. The number of counts per fixed number of incident particles at 

every 0.1 in. of travel h recorded in consecutive channels of the analyzer. 

A total of 7 ln. 1s traversed in 42 sec after which the profile may immediately 

be dleplayed on the CRT readout of the PHA. The device h useful in lh present 

form at accelerators having high··repetition beam rates. Plans for Us adapta• 

tion for use at pulsed accele rfil,tor.s are also discusaed. 
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I. INTRODUCTION 
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ln high-ene1·gy phyaics a subst.c"lntial portion of the experimental time 

at an accele1·ator h spent in testing and optimizing the conditions of the various 

parts of the particle-beam tronsport system (magriets, quadrupoles, slits, 

separators, etc.) so that the beam shape and intensity at the target location 

fulfill the nee de of the experiment. 

One method of investigating the beam ohape ls to measure the "beam 

profile, 11 or the beam count per unit incident flux as a function of position along 

a line perpendiculat• to the beam direction. Duriilg the optimization procedure; 

changes are usually made in only one olement of the transport system at a 

Ume, and after each change accurate beam profiles along two perpendicular 

lines are required in order to determine the most desirable conditions for 

operat •. ng.that element. 

This paper describes a beam-profile detector built at the Lawrence 

Radiation Laboratory at Berkeley, which haa reduced the time required to 

measure and r.ecord an accurate beam profile from at least 15 minutes to lees 

than 1 minute. Photographs of the device resting atop the rack of electronicli 

used may be seen in Figs. 1 and 2. The use of pairs of concentric rlnga and 

cylinders ln the construction allows us to vary about their common axis the 

orientation of the line along which the profile is taket\. 
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. 11. Glt:NI~R.AL DESCIUPTION ... BEAM PROF'lLES AND ELECTRONICS 

The beam-profile detector uses a pair of "beam finder" scintillation 

counterlil that move over a 1 ln. linear path. The ecintillators are viewed by 

RCA 1P21 phototubee. ·The first and defining counter is 3/8 ln. ln diameter. 

The second has a diameter of 1. 5 in. and h used to provide a double coincidence 

to min.lmlze the number of accidental counts. Because only one set of counters 

h used the detection efficiency is uniform for the whole profile. Two z .. J.n. 

monitor counters mounted on the axis of rotation of the cylinders detect a 

reaaonable portion of the incident beam so that their counting rate is propor-. 

tionnl to the incident !lux. The number of beam-finder counts per unlt incident 

flux at every 0.1 in. is consecutively stored in 70 channels of a pulse-height 

analyzer (PHA). We were a.blc to use a continuously moving carriage because 

the beam "spill" of the 184-inch sync:hro9yclotron at 64 cycles per second 1s 

essentially continuous. 

The beam profiles are accurate in placement to within a 0.1 in., and the 

accuracy in the number of beam-finder counts recorded is given by the e£!1-

clency of the scintillation counters and the fast electronics used. In cases of 

low counting ratea for which the atatiatics in each channel of the PHA are 

poor, the ovel"all shape of the profile h still readily discernible. Profiles 

are completed in 42 seconds, the time it takes to traverse the 7 in. , and may 

immediately be viewed on the CRT readout o£ the analyzer. A permanent 

record is kept by. photographing the oucUlotiCope trace or by typing out the 
., .' .i •i . 

PHA memory. As many as four profiles may be stored at 10l)e} time and com• 

pared by overlapping tiie 400 channels of the PHA. Figure 3 shows the beam 

profiles taken in the meson cave o! the 184-inch cyclotron for a 317-MeV ,. 

. 5 
beam having intensity ol3X10 /oec and a duty cycle of 60%. 



The procedure lor ttddng n p·rofile lu the following. With the beam-finder 

I 
counter pail' at one end o! itt~ 7··1n. travel, the bcam·finder countero are set ln 

I 
i 

motion., At each 0.1 in. a micror.witch is shorted, setting a fllp.:.fiop circuit 

that turns on the gates to the monitor scalcra and the PHA. After a predeter• 

mlnod number of monitor countfJ has been reached, the monitor scaler puts 

()Ut a ''carry pulse" that re!llets the flip-flop, thereby turning oft the gat~s to 

the. scalers and PHA, nnd also after n Ahart delay advances the addreso of the 

PHA by one. When the microswitch l$ clo1:H:Jd again, the process repeats 

itself. At the other end of lthe 7-in. travel the moving carriage trips a limit 

swltch thnt turns off the drive mot:or; this completes the profile. 

Fig111re 4 shows a block dlag1·am of the electronics, and ltig. 5 ls a time 

diagram of th..., important pulses and de levels. The system was designed to 

use only n few special circuito, and rno13tly uoeB the standard Lawrence 

1 
Radiation La.boratory fast elech·onica along with the RIDL pulse-height 

analyzer. The opecial devices are: 

a. A 10-Mc discrirninator-preBcal<~r with a variable scale of l; Z, 4, 

8, or 16, uaed in the beam-monitor circuitry; 

b. A position-pulse generator circuit which takes the shortlng of the 

mlcroewitch and produces a pulse that sets the flip-flop circuit; 

c. A flip-flop circuit, which controls the gatea for the scalers and. 

the detector gate of the RIDL; and 

.d. A carry-pulse coi'lverter. which takes the carry-pulse lnput and 
''i 

puts out a pro~~t puhe ,that reseta the £Up.~flc.>.P. (th(Heby .turning off the gates), 

and a delayed pulse, \Jh.ich advances the channel of the PHA. The RIDL PHA 

was ideal for thh device when 1t was used ln the "time" mode; however, any 

ar..alyzer that has a separate channel advance and a blocking gate m&)" bo used. 
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We have nlBo in.coxporated here a circuit available at the Lawrence 

Radiation La,horatory regularly uaed to gate scalers fo·r turning the detector 

on and of!, 1:1nd also for gating out any undesirable portion of the beam apill. 

Core must be taken that: the channel addreaa o£ the PHA has advanced 

before the position microswitc.h is closed a !Second time, or a channel will be 

lost and the profile ehifted by 0.1 in. All that is required h that the desired 

number of monitor count a be recorded in the time it takeo to travel 0.1 ln. 

This ls achieved by checking the beam rate and setting the number of monitor 

counts to satisfy the above criterion. This number may be varied .Crom.lO to 

160,000 counts by presci,tling with a n1ultiple of 1, 2, 4, 3, or 16 and scaling 

at 10, 100, 1000, or 10,000 counts. \Ve have found thnt this $yetem has given 

us eu!flcicnt leewn y nt all useful bca.rn lovcls. 

The loss of a channel may also he checked by noting which is the last 

channel recorded aftc.r the full 7 -in. 3W(Jep i :~ completed. Our experience has 

been that it takes only a few minutes to vary the monitor parameters so that 

the profiles taken at a given beam level have the cor t•ect numbe1· of channels. 

We are presently planning to use the main features of this beam-profile 

detector in a new detector that may be used at both continuous and puls<.'d 

machines. We will no longer run the beam-finder counters in a continuous 

fashion, but will keep the position fixed until the required number of monitOl' 

counts 1s reached. This will eliminate the danger of a possible shUt of the 

beam profile as dencribed above . 

• 
1

, ,. · ·One other feature of the profile detector r(lpO.l"tiHl 1-.f' l't1 iFt the flexibility· 

ol the electronics. Flrot, the monitor used with the beam finder need not be 

the counters described here: any other set of counters an(~ ·.cinc.idsnce circuits 

may be used. All that 1s required is a pulse to drive the preecaler. Second, 
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beam profiles may be tnken in coincidence with any other set of counters. The 

beatn-finder coincidence circuit hae available one coincidence and one anticoin•

cldence input. Finally, the beam.:.flnder a11d monitor counters may also be used 

just as counters (without taking profileci) by removing the gating signal, pre

viously used only for scalers- from the chassis and placing 1t back on the ecalere. 

111. GENERAL DESCRIPTION - MECHANICAL 

Figut·es 1 and 2 show the mechanical construction of the beam-profile 

detector. Cross hairs mounted on tho movable cylinders are used to accurately 

allgn the position of the· device. The platform holding the motor and moving 

scintillatiot'l- counter carriage rotates inside the flxed platform rings and may 

be set at any angle desired. The carriage holding the scintillatore (total weight_ 

3.5 lb.) is driven along three rails by a 1/70-hp 1725-rpm ac-synchronous 

Bodine motor geared down by 180 to 1 (bee Fi8· 6). Three rails are used to 

eliminate wobble of the carriage. Limit switches at either end o£ the travel 

turn off the motor and tu1·n on a Warner :.n<q:;twl-ic lnako {rnodel RF 80) that is 

attached t~ the £aat shaft of the i:noto:t< · When the motor is turned off by hand, 

the' brake is capable of gtopping the platform within 1/32 in. The limit switches 

have been set so that there is a total of 7 in. of travel, .a.nd so that the center of 

travel of the defining counter is at thtt axis of rotation of the cylinders. The 

total time required to traverse the 7 in. in 0. 7 min or 42 sec. 

'fhe moving platform carries a microswltch on its underside that is 

tripped every 0.1 ln. by the teeth on a rack mounted below (Fig. 6). The closing 

of the mlcroswitch. 1s used to produce a pulse that indicates the platform has 

traveled 0.1 in. Details are given in the preceding section. 
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A subsidiary system used to indicate the position and direction of travel 
' i 

. I CJI 
t)f the ca.n·iage makes use of a 1000-0 potentiometer with :1: 0.~5-to linearity 

! 
tole.t·ance. The poten.tioincter is turt1ed by a rack and gear ar!rangement. The 

I 
rack is att.ached to the carriage, .and the gear to the po.tentlometer (S~ee Fig. 6). 

Ti\~ voltage across the potentiometer gives the position of the carriage. 
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FJGtHlE C.AP1'JONS 

Fig. l, Beem-profile detector on eh,ctronlcs rack. 

A. Dcnm-!H'ofile detector. 

3. Panc.."l to control movement of the carriage, by remote control. 

C. Special electrlJnics rn.ck (2. transistor electronics board.s and a 

sped<tl lO-Me diocdminator-prescaler). 

Fig. 2.. .Beam-profile df~tector (oide view). 

A. Daam-Hnde r couute1·s. 

B. Beatn-rnonitor counters. 

C. Cross hairs us·ed for aligrnrient. 

D. Rotatable platform holding motor and movable counter carriage. 

E. Stationary platform used as base for the device. 

~ig. 3. (a) Horizontal and (b) vertical beam profiles of a 317-MeV 'II'- beam 

in the meson cave of •the 184 -inch synchrocyclotron. These are 

photographs of CRT displays on the RIDL PHA. 

Fig. 4. Electronics block diagram of beam-profile detector. Descriptions 

of the standard Radiation Laboratory circuits may be found in 

refe renee 1. 

g, 
"And'' (coincidence) circuit . 

. g "Or" (n"'lixer) circuit. 

0 Tunnel dioclo discriminator model 4X6381-18 . 

® Tunnel di()dc discriminator model 4X 1111-9. 

® Tunnel diode discriminator 5X2954-3. 
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v Pulse HlnpliHer 

.~ Flip-fl<>p circuit (S " •et, R • re•et) . 
••. ! ______ ,_ ~--·· . -- . _ . 
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. Trig. 5. 1'imu cliagl•am of the hnp,..>rtant p1.1he s.haperJ nnd de lewelG for the 

Fig. 6~ Closeup view of rnotr.'r nnd movable counter carl"lage. 

A. Cat·ringt~ holding bt~arn·finder counters. Magnetic shields o£ 

lP21 phototu.bes ocuc visible on carriage. 

B. Micrl)switch under the carriage which h trip.ped every 0.1 in. 

by teeth on rack. 

C. Auxiliary po~•ition potentiometer. 

D. Limit switch. 

E. Motot· t:nd c.J.dve rnechani~Hn. 
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ZN -3772 

Fig. 1 
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ZN -3771 

Fig . 2 
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Down 
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Fig. 3 
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Position pulse 0~~ 

Detector gate 

ov ~------------

-20V _j 
+20V -------------

scaler gate 0 V _j Monitor 

Carry pulse 
+ 5 v c-:---

ov·-----------..J!'= 

Flip-flop reset pulse OV --------,---
-12V ~ 1/2 m sec 

Address advance OV ________ ...._.._ 

-12Vr 

MU-30583 

Fig. 5 

.. , 
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ZN-3773 

Fig . 6 
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