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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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B.eam - Proflle Detector
Julius Solomon and Sypko W, Andreae
- Lawrence Radiatlon Labbratory ;
University of California :
Berkeley, California ‘
May 20, 1963
.ABSTRAC'I‘

A beam-profile detector that employs a pair of cvontinuously-moving‘
nclntillafﬁoﬁ co;mto;rs, as a detector, and a. PHA as a multichannel scaler le
described. The number of counts-pét fixed numbe‘rv of incident particles at
Qvery_ 0.1 in. Iof travel ia recorded in consecutive channels of the analyzer.

A total of 7 in. is traversed in 42 sec after which the profile méy immedilately
be displayed on the CRV'I‘ readout of the’ PHA. The device I8 useful in its pmsex':t

form at accelerators havlng high-repetition beam rates. Plans for its adapta-

tion for use at pulsed accelerators are also discussed.
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Beam-«Profile Detactoré
Julius Solomon and Sypko W. Andreae
| Lawrence Radiation Laboratory
University of California
Berkeley, California
May 20, 1963
I. INTRODUCTION
In hlgh-energy physics a substantial portion of the experimental time
Iat an acvce'lera.tor is spent in testing and thirﬁizing the conditions of tﬁe various
parts of the particle-beam transport system (magnets, quadrupoles, slits,
separators, etc.) so that the beam shape and intensity at the target location
~ fulfill the needs of the experiment. .
One method of investigating the beam shape is to measure the "beam
 profile, " or the beam count per unit incident flux as a function of position along
a line perpendicular to the beam direction. During the optimization procedurlais'
changeo are usually made ih only one clement of ihe tr#nsport system at a |
time, and aftex each change accurate beam profiles along two perpendicular -
lines are required in order to determine the most desirable conditions for
opera_t‘i_nvg.that element, .

‘Th.ls paper describes a beam-profile detector built at the Lawrence
Radiation Lab‘orétory at Berkeley, which has feduced the time required to
meaé_ure’v and record an accurate beam profile from at least 15 minutes to less |
than 1 minute. Photographs of the device resting atop the rack of electr‘onicd.
us‘ed may be seen in Figs. 1 and 2. The uée of pairs of concentric rings and

cylindei’s in the construction allows us to vary about their common axis the

orientation of the line along which the profile is taken.
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I1. GENERAL DESCRIPTION - BEAM PROFILES AND ELECTRONICS
The beam-profile detector uses a pair of "beam finder' scintillation
counters that move over a 7 in. linear path, The scintillators are viewed by
RCA 1P21 phototubes. The I‘irs.t’ and defining counter is 3/8 in. in diameter.
The second has a diameter of 1.5 in. and is used to provide a double coincidence
to minimize the number of accidental counts, Because only one set of counters
is used tho detection efficlency is unlior‘m._for the whole profile. Two Z—ln..
monitor counters mounted on the axis of rotation of the cylinders detect a
reasonable portion of the incident beam so that their counting rate is propor-
tional to the Incident flux, The number of beam-finder counts per unit incident
flux at every 0.1 in. is consecutively stored in 70 channels of a bulae-helght
analyzer (PHA). We were able to use a continuously moving carriage because
the beam "spill" of the 184-inch synchrocyclotron at 64 cycles per second is
easent‘lally continuous.
;The beam profiles are accurate in placement to within a 0.1 in,, and the
~accuracy in the number of beam-~finder counté recorded is gl‘ven by the effi-
clency of the scintillation counters and the fast elgctronics used. In cases of
low counting rates for which the statistics in eag;:“chamiel of the PHA are
poobr. the overall ahdpe of the profile is atill 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 of the analyzer. A per‘manent.
record is kept by photographing the oscilloscope trace or by typing out the
PHA memory. As many as four profiles may be stored snt.:c)'.xike}i time and com-~
pared by overlapping the 400 channels of thé PHA. Figure 3 shows the beam

profiles taken in the meson cave of the 184-inch cyclotron for a 317-MeV n~

beam having lntenlaity of 3X10°/sec and a duty cycle of 60%.
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The procedure Iof tmléhig a profile is the following. With the beam-finder
counter pair at one end of ity 7-in, travel, the beam-finder co‘!unteru are set In
motion, At each 0.1 ln a microswitch la shorted, setting a ﬂlp ~flop circuit
that turns on the gates to the monltor acalera and the PHA, Afmr a predeter-
mined number of monitor counta has been reached. the monltor scaler puts
,gut a "carry pulse'' that resots the flip-flop, thereby turning off the gates to:
the scalers and PHA, and also after a short delay aclv#xlces the address of.the
PHA by one. When the micrdswitch is cloved again, the process repeﬁta
itself. At the other end of the 7-in. travel the moving carriage trips a limit
éwltch that turns off the dri've motor; this completes the profile,

Figure 4 shows a block diagram of the electronics, and Fié;‘. 51is a time
diagram of tha important pulses and dc levels. The system was designcd to
use only a few special circuits, and mostly uses the standard Lawrence
liadiatlon Laboratory fast electronicsl Along with the RIDL pulse-height
analyzer. The special devices ares |

a, A 10-Mc dlacArln.ﬂnator-prescaler with a variabié scale of 1, 2, 4,
8, or 16, used in the beam-monitor circﬁitry;
b. A position-pulse generator circuit which takes the shorting of the
" microswitch and produces a pulse that sets the flip-flop circuit; |
| | c. A ﬂlp-ﬂdp circuit, which controls the gates for the scaiera and
the detector gate of the RIDL; and
cd A ca:r;‘y-pulse coﬁvért_er. which takes the carry-pulse input and
puts out a prompt pulse that resats the flip-flop (thereby turnin{, off the gates),
and a delayed pulse, vihich advances the channel of the PHA, The RIDL PHA

was ldeal for this device when it was used in the "time' mode; however, any

analyzer that has a separate channel advance and a blocking gate may be used.
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We have also incorporated here a circuit a‘vva.Llable at the Lawrence
Radiation Laboratory regularly used to gate scalers for turning the detector
on and off, and also for gating out any undesirable portion pf the beam npill.

Care must be taken that the chahnel acld.reas of the PHA has advanced
before the position microswitch is closed a second timé‘. or a channel will be
lost and the profile shifted by 0.1.ii1. All that is required is that the desired
number of monivtor counts be recorded in the time it takes to travel 0.1 in.‘v
This is acl\ie\?ed by checking the beam rate and setting the number of monitor
counts to satisf{y the above criterion. This number may be varied from 10 to
160, 000 counts byl préscaling with a multiple of 1, 2, 4, 8, or 16 and scaling
at 170. 100. 1000, or 10,000 counts. We have found that this syétem has given
us sufficient leeway at all useful bcam‘lovels.

The loss of a channel may also be checked by noting which is the last
channel recorded after the full 7-in. sweepn is completed. Ourv experience hae
been that it takes only a few minutes to vary the monitor parameters so that
the profiles taken at a piven beam level have the correct number of channels.

We are presently planning; to use the main features of this beam-profile
detector hi a new detector that may be used at both continuous and pulsed
" machines. We will no longer run the beam-findar counters in a continu;ous
fashion, but will keep the position fixed until the required number of monitor
counts is reached. This will veliminate the danger of a poasible shift of the
beam profile aé described above.

. . One 6ther feature bf thevprofile detector reported heve e the flexibility‘
of the electronics. Firat, the monitor used with the beam finder need not be
the coﬁnters described here; any other set of counters anc -.cincidence circuits;’!

|
|

may be used. All that Is required is a pulse to drive the preescaler. Second,
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beam pro'lﬁles may be taken in coln;cic‘ience'with any other sét of counters. The
boaﬁm—'ﬂnder cbinclderice circuit has avail#l;le one coincidence and one anticoin..
cldence input, Fhially. the beam-finder and monitor counters may also be used
just as coﬁntere (Without taking profiles) by removing the gating signal, pre-

viously used ouly for scalers, from the chassis and placing it back on the ecalers.

III. GENERAL DESCRIPTION - MECHANICAL

Figures 1 and 2 show the mechanical construction of the beam-profile
detector. Cross hairs mounted on the movable cylinders are used to accurately
allgn the pésition of‘the‘ device. .'I'he platform hol_ding the motor and moving |
scintillation-counter carriage rotates inside the fixed platform rings and may
be set at any angle desired. The carriage holding the scintillators (total weight,
3.5 1b. ) is driven alony three rails by a 1/70-hp 1725-rpm ac-synchronous
Bodi‘ne motor geared down by 180 to 1 (:-;ée ¥ig. 6). Three rails are used to
‘eliminate wobble of the carriage. Limit switches at either end of the tré.vel
turn off the motor and t\;x'n on a Warner mugnetic bhrake (mmodel RF 80) that is
attached 'to‘ the fast shaft of the motdor,  When the motor is turned off by hand,
| the brake 1s capable of atopping the platform with_ih 1/32 in. The limit switqhen
have been set so that there is a tot#l of 7 in. of travel, and so that the center of
travel of the defining counter is at the axis of rotation of the cylinders. The
total time required'to traverse tﬁe 7 in. is 0.7 min or 42 se‘c..' »‘ |

The moving platformv carries a microswitch on its underside that is
tripped every 0.1 in. by the teeth on a rack mounted below (Fig. 6). The closing
of the microswitch Is 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 eystem uaad to Lndicate t.hu posltion and directlon of travel
~of the carriage makes use of 2 1000-0 potentiumeter with &0..‘;5% unearity
I

tolerance. The potentlomcter is turned by a rack and gear arran&,ement The

r.sck is attached to the carria;,e, and the gear to the potentiordeter (see Fig. 6).

Th_'e voltage across the potentiometer giveu the position of the carriage.
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FIGURE. CAPTIONS
Beam-p'roﬁle. detector on electronice rack., ,
L. PReam-profile detector.

Panel to control movement of the carriage by remote cont.rol.‘

C. Epecial electronics rack (2 transistor el.ectvro‘nicn boards and a

special 10-Mc cliscrlminaﬁor-presca;er).
Beam-profile detector (side view).
A. DBeam-finder counters.
B. Beam-monitor counteré.
C. Cross hairs used for alignment.
D. Rotatable platform holding motor and movable counter carriage.
E. Stationary platform used és baée for the device.
(a) Horizontal and (b) vertical beam pr.oﬁle-s of a 317-MeV 7~ beam
in the meson cave of the 184 -inch synchrocyclotron. These are‘
| photdgraﬁhs of CRT displays on the RIDIL, PHA,
Electronics block diagram of beam-proﬁle'detector.. Descriptions
of the standard Radiation Laboratory circuits may be found in
reference 1. |

L o o v

"Or" (mixer) circuit.

Tunnel diode discriminator mo.del 4)(6381-18.-

Tunnel diode discriminator model 4X1111 -9,

‘ Tunnel diode discrimhmtbr 5X2954-3,
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Pulse sinplifier -

‘ R S | Flip-flop circuit (8 = set, R = reset)..

RO

Fig. 5. 'I‘im;"c_']i-a'xlgx‘am of the importa:nt pulse shapes and de levels for the
nrofile detector, | | |
Fig. 6. Cloﬁeup vicw of métox" and movable counter c.ar"rlage.
A. Carriage holding beam-finder counters. M.agﬁetic shields of |
1P21 phototubes are visible on carriage.
B, Microswitch under the .c:arriag,e which is tripped every 0.1 in.
by teeth on rack.
A\ixiiiary position poteatiometer.
Limit switch. |

Motor and drive mechanism,.
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Fig. 1
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ZN=-3771

Fig. 2
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Fig. 3
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converter

3

Scaler gate signal
from cyclotron

Fig. 4
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PHA
Detector in time
gate " mode
Address
advance
RIS
¢ Position
pulse generator
— Delay
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Position pulse | oV
-2V
oV
Detector gate -20V —4 .
+20V
Monitor scaler gate OV — SR
' : +5V ==
Carry pulse oV N
Flip- flop reset pulse OV
| _lzv‘l/*stec
Address advance 0V
-2V I
MU-30583
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor’the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the information con-
tained in this report, or that the use of any information, apparatus, method,
or process disclosed in this report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for ddmages
resulting from the use of any information, apparatus, method or process dis-
closed in this report. :

As used in the above, "person acting on behalf of the Commission "

includes any employee or contractor of the commission, or employee of such
contractor, to the extent that such employee or contractor of the Commission,
or employee of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract with the Commis-
sion, or his employment with such contractor.
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