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BEAM-PROFILE INDICATOR
Heorace G. Jackson, Dick A. Mack, and Clyde Wicgand
Lawrence Radiation L.aboretery

University of California
Berkeley, California

Deocember 2, 1956

ABSTRACT

'E'Eam papor describes an inctroment for cﬁiépﬁ%yé&g ﬁméﬁwﬁﬁzy profiles
of charged-particle boams that emerge from higho@@@fg? sccelerators. The
im&@m@iﬁ;y versus position on a% strip of 21 @cimtiﬁﬁaﬁ@m ceunters cach & by & cm
eppears as a histogram om an oscilloscope. The dioplay is axcem?&i@&@é by
» employing (reneicter circuits to &mpﬁﬁﬁy and integrate the @%ﬁs@mé@ of the
m&ﬁ%’ﬁ.pﬁﬁ@r photetubes, The accumulated chm"g@ aseociated wﬁ&é eack counter
’ H

element is then read out in seguence by means of a blocking-cacillatlor commutatoy.

The @zgepmt signal is further amplified logarithmically for cscilloscope @,@ﬁ@ezi@m
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to aid iv aliguing the external E@&& ne of ch sapg ed particize emited by the

. )

Bevatron. Typical :::z, gs%mi;m@m@ E’EE@E%E‘@? beams up f;@ 100 fost in length inm

the primary arget in the wachine, Such bosms @)m directed @hw@uggﬁz i’s@v‘*s‘“mg;

3

and focusin 1z magnets to dets rmine the momenta of their pariicies and to

» 5w

conceniyat ﬁhf‘ particles onte special @&B'fg,ﬁ:ﬂ%&!o 4 problem is to align i @ heamns

Y

for practical cﬁﬁ:@@m on by the darkoning of phole
graphic fiim o by 2 @!Enﬁ ter of ionie &m@ﬁ charabess, We could expose photo-

&a the time regu iz@@ﬂ%@ davelop ﬁh em snd count the in-

We have de eaigosd an array, which is placed normal to the beam, con~

sisting simuly of 2 row of &1 scintillation s:@r.mwm cach L em by 1 om in cress

Jff
F 2

Lo are ueed fo @am@ fy and equaline the pulees

the namber of rulses by electrical integration,

of the U.%. Aomic Energy Comminsion,

"For bih Meeting of Frofessionel CGToup on otlear Seienee = IRE - San T

Sept, 1938 (ot presested verbatim),
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Figure ! shows the photomel im&m.z&r ansembly and ons of the thres simil
bin assomblics whi @:?@ heold the p&’imﬁmc&% cireuit cards fov eﬂx:—fags}%é.% g \mf*

s% along with commriator u‘»‘:@ix“ and @ gating cavds,

£ £f=*@m m@ wﬁ&@%ac scimtiliator, ! cm sguare,

by tha

Lucite light pipss ¢ @,E;a@ side-window photonathedes of M?;’;Z% B

- tubes. From noise considerations it wae declded to Mmit the r:m.%& %mﬁ 'm,r;gq;

acroas the ph s\@ﬁ'@@mb@ to 2 mammmm @i 1990 v. Azwz*@mmmm design condi Ltde

thersio wore for seintillation- &emmmg’ e:msfs:mg,& gmﬁ&z@@ of 10-rav an

wrigh f;wm fmmen

@
b
ke

millimicrosacond 2nd u\@%a@% hald &smgﬁ. itwmde,
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Counting rates were expuctsd te very from 88 to 3@‘@@ counts pes Bevatwe &

ey

o
o
£
B

pulee. The E‘@tm??ﬁ@ sroduces & beam pulsc once every & seconds, and

B

dgration of che beavs cas be adjusted from 30 to 206 hmﬁ‘ha@@w@m
togram of the system ie ehown in Fig, 2.  There ave twenty-
peintiilf '541%@ - The output from the scintiliation

ol «,wam&g@ @mg& flar and thence goee 6o 2 s diecpf

23 in amplitude and cﬂ"mm dlon. to a diede gump

&

cizewit for integeation. The ovipwt of the integrator ie anpl Hified by 2 single~

which ales serves as an output gate. The 23

o
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? COMIMBON @m de lom

s

ag~caciliator a@*mmu,aﬁ“m z:w cutput acroas this

comnns enade load is transmitied to a loger ?lm ammic amplifier and thence to the
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amplifier input of a Tekironix 531 cacilloscops. The horizontal sweep of the
pcope is gmggm’e&@ from the bﬁ@a‘:kmge@ﬁmﬂmmw cormmuiator, 8o that ﬁ:mmaa
@m&:m@mgmmm is mmmam@& between the sweep and the reading out of %m«
formation from the mmg@a&@r@, The m&&n@my p&*@ﬂﬁ@ @ﬁ the b@aam of charged

paé@i@ﬁ,@@ &h@@@ﬁ@?é@p@@am on the face of the scope in 2 histogram forwm.

In erder to gate out xz@m@a}m@bmkgtmﬁ counts from the ecintillation counter,
additional circuite wese needed to allow a chazge to build up in the integrator
only during zhé_timeaf z&ae Bevatron beam. Also ciﬁ*cﬁaité were nesded to cleay
the integrator at the &@?mim%ti@n'éﬁ the Bev&ﬁ%‘@ﬁ pulse. In normal @p@m@a@m
the charge a@cum@l&%@ ﬁn the integrator during one E@vm}mm pulaa.

"Zi‘h@ cizrcuit eﬁmgfam of the ampﬁaﬁaez?ammgw%@r ie shown in Fig@ﬁ 3
and @0 ’E‘&m mpmt to the amplifier is &h@ E@»mg@@c §0-mv pulse from the
scintillation c@wm@m and 2 miaémmm' trigger lovel ﬂm? the tﬁm@mmzmt@w
@aﬁs set at @J v, with a width at half ampilitude of 0.3 yeec. The &mg@ﬁiﬁé@m@fig@@a
‘and Q3, performsa the combined function of amplifying and stretching the pmm%o
The ZNZ;%‘? drift transistor was chosen for the amplifier section because it was an
@c@n@mi@aﬂi unit with &'-gai@mbdeidm pﬁ-mﬁuc& of 15 Mc in the commeon emitter
mnﬁ@m@.&i@m IE& can be shown for a pulse whose width ie é&mr&@a’ than the
rise time of the amphﬁ’z@r that the gam @i &h@ amplifier is reducad in Propos rtion
te the wmm @ﬁ' &ﬁa@ amplifier rise time to mpm pulee width, Ia the circwit shown, |
- the gein for an laput step ﬁumc&mm i approximately 420, with an owtpt rise time
of 0.4 ysec, With a pulse whose half width is 30 myeec, the gain is 10, and
the width at half amaplitude ie 0.3 gw@co The bias | f@@igg@m@ m the ampiifier
WeES vé@%@ﬁfmiﬁ@d ﬁ@ﬁimvmg the method suggested bér@hzm@k : "E‘hé amplificd
signals &éigg@@m B eii@cz"imim@mr 04 and Q%’v wﬁnie::h has the dual function of

%

discriminating against noise and presenting equalized pulses to the integratos.

s ,_(,—,_.,‘,_ oz rarmit

S _«:.«21 Chandi, J&iaa@gﬁmid@faﬁﬂwg in Traneister @m@m@ D@mgnp IRE ’E‘rza‘nan
on Clreuit Theory, Vol CT-4, p. 194, Sept. 1525‘27

b
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 Tha mﬁ%ﬁiw@;ﬂ @immmmamw ﬁ'amm ple dencei thed by Kandish® is wead, Here the
transistore a¥e biaced 5o ‘a‘%m the clrcsit is p@mmi@m-y mm;‘@a@g but the c@“ﬁﬁ@@%m’
Joad of 'M@mm%w 04 ip shovted @‘mﬁ' becanse discde @&w m normally @@;@é‘%@%ﬂr@g@
ﬁ@pz'tﬁ tlonm of & z@@@mw pulse to the base of tmm@ilsm:m* Q4 s?&me‘i@@ it @@ donduct
’ rﬁa@;a‘v’;raa'gm ngllzm«;’ the @mﬂa pz‘e@@@m 2 }mﬁ%a amﬁ@émc@@ @m’% the f:w@mﬁ @@@@m@@
:z?@@@ﬁ;@‘;’mw@o The choice of the time c@mmmt in the @mévi‘&wm@f was maﬁ@,@@
;c@zmﬁé‘s@aﬁem with the maxinem counting vate, For 3@@@3. @:@mmﬁ@é@ scour in 30 m.@ma.'
roguires a mm&émmm reoolution time of 30 g&@@és é&n@_cﬁm‘mﬁ@m of m@ pulos out of
the msfsv‘wﬁmim&@? is 310 poec: "éﬂa@‘ amplitude, 10 v p&@@itive; The switching %ﬁma@
,;‘g@s? savolved ave @é@w ﬁm@&agﬁa &Em@ g@n@faﬁepm@@a@@ %ﬁ‘m@ﬁ@@@ﬁ‘&i can %‘m used,
m&m@ﬁgf the ZN35, A@&@mp@@ at varying the @is‘agg&aﬁ' m@mtwmy Ezsyy mh&mgf,mgg the
bias on the rﬂa@dcﬁ& CRZ wers @mm&ccemmﬁ h@«:@mm the wmm@@ AcCTOss @X’m@ timning
capacitor €13 slso vm‘mc&. ﬁir@ci&y with the diode bias. ‘E"Ems the @&ax‘a&wﬁa of the
g}u& wmw@ wame@ﬂ with the seansitivity @@@@mw To @mmm a veriable &wi@g@&
@@f@@smwﬁy & mmpéi@ form of @mg@@cm@@e& f(@l@é @w&mmmm@g’ was therefore
incoy poz sted between the nuoplifier outpul and mwabg@mr mpm ?fh@ circuit
3’@@3@@@&@ to & minimum @igmﬁ. of 10 mv at the &mpﬁﬁﬂ’wz{ mgpmx_ff.o
The goting transistor Q6 permits ﬁﬁaémmi%bxmw _pmﬁm.métc%muﬁai@
chazrge in the im@%ﬁ’@mw. A %ﬁégg@é’ .pmias@ ig available gmm' @i@@ E@w@&ﬁ”@@
contzol éh@@ is &:@i@maﬁ@m, in time w:a%;h the boginning of ﬁh@ B%W@w@ﬁ E@@@m ;@aaﬁ@c
‘E"hié rigper pm)l@@ is made @@ a@mm@ 2 univibzatoy g&@@wg@m@z’aﬁ@@ cipewit
whose output c&aigmﬂl»i@ adjustable in wiﬁ@ﬁa_ﬁfx@m 10 moec to 300 meac, ‘K’Eﬁl@
gate pulse is applied to the emitter @ﬁ’ %E’&é@}i@&@r Qé _ cauwﬁﬁag it to caturate and

&

theroby @aﬁﬁ@w the pulse i*’@m transistor 05 to be fed into th im@gﬁ’@mz’o

F-.

K. Kandlah, A Ssasitive Pulse Trigger Ci ircuit W%Ea 8 Sable ’?’fhm@@h@mg
Proc, IBE, p. 239, Jume 1954,
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The integrater is siraple diode PRTAD c@?‘;s@.:mﬁﬁ a8 ‘@Z@_@mﬂi‘&z@@i by Elmor _
The rﬂ@@&ﬁﬁ@é @Qm@&@ puise at the collscior of transistor Q5 charges capacitar
€13, errivel of %ﬁaé trailing ea&lg@ of the pulse {romm the c@ﬁf&@e@m’l caueses the
chazge across CLS to ‘@@ dumpaed into ﬁ:%éo Leow 3@@1@&@@ ia @hé geservoir
capacitors io important, sad Mylar dislectrics are wsed,
| Cascaded emitter ﬁ’@BE@%E@ were considered for ?éa@i@g out the in-
i@§:m&&i@m in the im@gwm@gg but it appeared more pm’@;@aic@ﬁ to use the hﬁg&z’
tmput img;@@wé@ of & vacwum tube. The subminiature CK5702 ie used, ‘
Diode CR=3 {0 a high-conductance dicde, IN56A; and CR-4isa Q@Wofs’@v@m@u
gm*mm pilicen @m@@@ HaP @;MEA One éh@m@w@ &@wm@ mw &h@ m&@gﬁ*a&@w
yielde a p@@ééfi%@s ?@@@m@mﬁ of 1.5 v @_mf@ﬁs Clé. Resetting is accomplished by
| mm@l@ﬁa&@ Siode @Raé é@mﬁ@c%w@ jest prior to the onset of the Bevatron beam,
A pulise is obtained from the B@va&s’@m control- &&m@éﬁ'@c%ﬁ%ﬁ%y grovnds é&a@
m@m@?@ of CR-6, mmc@ﬁﬁimg gny c&iéw@@ ﬁ.@ﬁ'@ on the reservoiz cap&cié@wa
N@xmﬁay &h@@@ exists @ 6v m&ga@we bﬁm on tube Vi, "ﬁ"mg i@ due
to the 4% ?@@@E" ﬁlﬁ@é@ @&e% whose ancde is at 42V, S&@m@g@ cap@mﬁm*
@E%‘? holds this ancde a¢ &v when CR-5 bacomes ﬁ@ﬁ'\zmm@ ‘himas@ﬁc With 85 v
on the pﬁé‘&@ _mn@ @_é:?@@ﬁ of @:&aé pentode Vi, &&a@. anode cm’?@m&j is normally less
than 0.1 us. Now the application of & negative gating pulse from the commutator
circwnit on the base of traneistor Q7 cémm_ ehié‘ transistor to e@ﬁé@@@a and
. diods CR=5 %‘é@c@m@sa forward conducting. With no @haggé ‘m %ié@'imegfés@g the
-g@i@aé@wcm&h@ﬁe bias &m p@m@@@ Viis m@méeé o 2v, m@&hé tube @p@s@m@ im
the linear region, drawing an anode cuwem‘aﬁ a@pr@x&mg&@w 0.5 ma, As noted
@mﬁéi@y@ the enode X@a@l of VY1 is c@mm@m to all 23 channels, Therefore, as
ngémﬁé’ Q? on each card is gated on sequentially by the m@c‘kingw@@cﬁﬁamg’
@:@mm&a@m@?g the i@ﬁ@xmmi@ﬁa @%@?é’é in the i@%@@rm@@ys is likewise wééd-m%
across resistoy R3IB. : o
“E’B;a@ blocking-oscillator c@mmwmmx is @ﬁasévm im Fig. % This c@miém

@‘ a ring of blocking cocillators, 21 im all, each mmt triggering the succasding

%‘Jn@o Blmore, } _;%;m’{M@@z?@menMg New York, 1949), p. 250,
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sne. A delay ie introduced at the zm@ of the @mm of 23 gm‘m & to @Eﬁ.@w fow %’i‘w
potrace time of the b@@m in the @mﬁﬁ@&mmp@g ‘E’h%@ ia acc @mfmﬁwm@«ﬁ% by having
the oulput from the twenty-Jirst bﬁ.@«:kix@g @@ciﬁia@m’ triggor the delay
aﬁ@%ﬂm%?m@? Q% @m@ 09. The delayed pulas i@ wm@% to trigger the firet M@-ﬁkmgg
mmaﬂiaﬁ:@&”a and also &@ trigger the @@cii)ﬁ@@&@@@ %w&@*@@ 'E’W% 2N34 PP
tranoictors are ameﬁ to yield negative square p@i@ms of E@v &mpﬁ%m@@ mséi 00 unec
Gurntion, “E‘mm 8 ﬁ@mm@m&m eweep epeed of 200 @@@«:/cm ic used on tha @m%ﬁliwu@@@a :
Theee bin maeamh&‘a@@ are used, each h@ming seven of the amp&iﬁn@wmw
. tegratow ém@eﬁ@ and one hi@ckingo@@ciﬂa@@w card, @ac&a with seven Eﬁ@@ki'@_@é : |
wéiamﬁ@? cixc&i@so The @mpuﬁt@ of the @m@iﬁi@é{cw@@ are all joined im parallel.
by conmecting cables.. _ N
The @mtp@% of the mcim&ﬁﬁmiom cé@n&em\. are feod to the amplifier through
é@mﬁai cables which are &@rminmeﬁ at the amplifier 'impm&;s The signale Em;m
%ﬁ@ plates of the p@n&mﬁ@@ in the amplifier m@@gs’mm‘ cards mnm be fzn'wmm&&@@
159 fest by cable %fn the ‘@@,«:ﬁicsg@p@ mca&@ﬁ in the Bew&m’@m comﬁmi POOTR. Am '
@mm@ﬁ? ﬁ&a@.ﬁ@@@ﬁ’ ie therefore used to obtain the low émpm% impedance. | o
| ‘ﬁ'ﬂ’ Fig. & ic nshown the @mi&té&' follower and the E@gaﬁ”i@hmﬁé amplifier
which comapresses the connting rate, or inteneity scale, for cmweﬁiem viewling
on the @é@:ﬁ}i@scap@e The p@@@mml due to 3&@ cémmuﬁea@e@ sigin&i is removed by
@%m%ﬁm@ﬁ éﬁé@@l CR-1, m@ ?}w information from the integrator is further am@%éﬁ@@ ,
?@*y the szméi@ms Q2 which has & gafim of %&zm}m The signal level &t this point
duz to 1990 counts et the input of the integrator ia +30v. Eiﬁ&ﬁky; an ewmilter
follows? is ueed to develop the éfzgnaﬁ across & logarithmic @Eém;em which is |

s type G=TA dloda. Thie sigeel is coupled directly to the input chamnsl of a
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Tyos %«ﬁfﬁ%‘*& wﬁ%gsm uanit of 2 Tekironix 531 uamm@m@g@@ The vertical deflscition
sensitivity vsed is 0.3 v/cm, aad 1066 @emm:ss at the Loput of &:{%aé: integrator yields
8.52-v vewtical ﬂ@ﬁ@@mmm on the oscilloscope Qa@@e Foy ﬂ@@ sm}amm ths deflection
is 8,25 v, sad :f@ﬁ’ 16 mmm@@ G.92 v. ) |

A s@mm@*@i migm be added about the @?M@@m@z’f used in the E@gmémmm@
&mpﬁiﬁa@r section, wh@?@ the signal is apw‘@mm&%@ﬁy 3@ ¥ mm&zmwmo This
indicates a auppﬁy voliage of 40 v or mewe, %@m on abmmt @@ 2247 trensisters
showed that about oae-half of them had a c@ﬁ?&c&@é&@&mgé @m’mm @f loss than
w na when E@@ v wWas &pph@@ b@&\w@m the @@B.E@mm' and bme, a’bm&g 2% bad &
leakags current of B.@ea@ then § ua at @hw same voltage., By cc;mpagw@ﬁ all
2M34 and 2M35 transistors tested had collector leakage ‘curseats of m@;m‘ than
20 ua wh.@sm 180 v was applied. Some 2&39@ were also chacked, and all had
ﬁ@&eﬁmg@ mwmm@.;@g more than 5 pe with 100 %} applisd, Thersfore 2%3’2%‘3’
%Em&@é@é@m we‘ma used in this highoﬂéqmﬁy sgction, améii the c@ﬁi@c@@x‘ supply
potential was 85v. | |

Thess are theee main p@w&r suppliss for the meo #@5&9, sz; aad
ahi v, By means of a m@@@?ommmi@m awitch, the curvent to sach of the bins
at «aﬁﬁ three W@Emgw is ensily m@&iwz‘@eﬁ Not imcluding the hester supply to the
vmm&m mb@@, the fi@@&& powes @m@apmé@m of the unit ic less than 5 w, The
' %@a&m p@wem is about 25 w, ‘ ‘ |

Eam;mm ? shows the @@ciiﬁ@@c@p@ @i@pﬁ@v when the : row of acm@iﬁ&twﬁ
é@‘ammm has ‘?@@@m placed in an ex@e%m@ﬁ beam of charged particles,  The paaking

of the intensity profile is ci&mﬁv shown,



SURE PERL-8386 Rev,
Figure Legoads
¥ig. . Yhe p‘h@s’z@mmﬁ tiplier assembly and one of the p?i@mﬁocimm& card binag,
An ampiiﬁé,@z?ommggw@mr snd commatater card ave shown ?@m@wa@ from the
- bin, | ..
Fig, 2. Block éﬂi&gffam of mge a,a%é in iﬁﬁiéé&o‘@m ‘
Figo. 3. Cireuit diagrarmn of @cimﬁi@@i@n»c@@m?&mpﬁiﬁé@m |
Fig, 4. The z’xm@g?mm’ q:i:?cmiﬁ.,
Figg», 5, Circuit ﬁmg?am @ﬁ bﬁ@chmgo@mﬁﬂm@? commulator, |
mg‘, 6, Circuit dlagram of emiiter ﬁ'@n@w&r and logarithmic ampﬂ.ﬂﬁ@m _

Fig. 7. Pholograph of the oscilloscope @i@pi@vo
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