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o Expmmmczs WITH THE BEVATRON .
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P Rtk In 1946 Wllliam M. Brobeck circulated in the Radia.tion Laboratary a ..
e '-”ncte ‘on'a #cheme for reaching Bev energies by making use of the recently enun- T

"
et e
Pl

57 . ciated principle of phase atab?lity in a proton accelerator in which both the mag-
. netic fiéld and the accelei-ating frequency vary. The idea was formulated into
' . aproposal to bulld a 10-Bev accelerator, I which wa# subsequently revised to
= aplan to build an accelerator whose aperture would at first be very large, 4 feet
" . by 14 feet, but could l.ater be reduced by the addition or change of pole tips.
With the lakge aperture, the energy would be 1.5 Bev, and with an aperture of
1 foot by 4 feet, it would be more than 6 Bev. This proposal was accepted by
- the Atomic Energy Commission in April 1948, and designing and site preparation
' -started immediately. Before the magnet ateel was ordered it had been decided
-that the largest posaible aperture wauld be reduced to 4 feet by 10 feet. |

SR § seemed rather probable. -on the basis of theoretical studies, that
b . the smallest aperture could be used, but the largest was chosen on the basisy;
.. .of no reasonable doubt at all. = At that time, however, no synchrotron had ever. .
. ;: Fun, although several were under construction, and no accelerator with straight SR
_“séctions had beén completed. It seemed that a great deal of assurance could -~ . "~ .~
L be givep to the entire ‘project, and it right be possible to gtart with a smaller - - [ .
'« v..aperture, if a test of the complete concept were made with an opérating model,
The decision was made.in June 1948 to build a one-quarter-scale operating. ‘
'+. model,, This model was put into aperatimzo 3 in April 1949, and was run for
five months. . It immediately. reduced the limit of the absolutely certain aper- -
ture to 2 feet by 6: feet'on the full-scale accelerator. No comprehensive study e
‘beam dynamice was uadertaken, although a comoparison of a few aspects of |, =
theory and perrmance were made, giving confidencé in the basic design prin- R
Lol ciples, -In addition,  a 16t of valuable operating and electronic-design experience
" .1 -was gained. The subsequent construction of the full-scale Bevatron procéeded™ = =
rore: -slowly because of the diversidn of some effort to a high-intensity accel~ ... -~ Ui
‘erator program. A re~evaluation of the model performance and the approach-’ IR
ing completion of the Coamotron resulted in a decision in Decémber 1951 to -
.~ omit the large aperture-and go directly to the 1-by-4-foot size. The injector,’
<o 10-Mev linear. accelerator, 4 wasg completed and placed {n operation in June R
1953, By January 1954 the Bevatron was nominally completed, including® R
.magnbticoﬁeld méauurementa. and rgady for. test operatian. There were mo . .

o G ety T BT by
g S e g e e
s v

o 1
I RS
£ .
. A -

A RN

o ‘Wmiafm M. Brobeck, “Design Study for a ‘l'en-Bev mguetic Acceleratur. " T
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i, targets. locka, wiﬂdowg. magnets, counting iustauatian. shielding or any other
' experimental‘ &acniﬁésg bowaver. work on these items atarted immediately.

B " The first Istep in opera.tion was to bring the injector into alignment
- .with the inflector and both of them into alignment with the Bevatron.. For this

- . purposée the Bevatron ‘magnet was excited with & 25-kw de¢ generator. The -
‘s o, ' “beam was lodated at both ends of the inflector by collector cups, which were
. .-also provided with fluoréscent screens, and then by similar methods at three

v o+ points areund the azimuth of the maguet.  We immediately proceeded to a
- ,reyetltion ‘of this step with the magnet pulsed, -and then turned on the accel~

-7 . . érating power. An rf pulse of a féew milliseconds was used, and the starting

Lol 7L frequeney, rf timing. and injection timing were varied in an empirical manner

' 7 with.the ijeeted béa under obsefvation on an inside collector. All this time
.there was a tontinaous battle against the numerdus flaws which are inevitable

G Ain the initlal.trials of so camplex an apparatus.  An effort of sixteen hours a
Lo day would yleld an average effective time of perhaps two to four hours. On .
T February 15 the first pickup of beam by the rf was observed. . The pulse was

e (.1ength¢mad. cand £requeﬁcy-tracking controls were brought into’ eperation in .
" ', -the-pame manner, i.e., step by step--milliseconds, then tens and hundreds
- ,501 milliseconds, When the beam reached an energy at which the protons pen-
©wh, étrated the collector (100 Meyv), acimmatai'aphoeomultipuer probes were used.
41 Scant: attention was paid to the' quantity of beam accelerated; the length of the
s . 7o acceleration péiiod was the important thing. Finally, on April 1, 1954, 3
0. 'fedble pules was obtained at a magnetic field corresponding to 6 Bev, . The
- interisity was megeured by counting the tracks in nuclear emulsio that hgd
1. 'been inserted into the baam. ,'the inteﬁsity wag. in the range of w to 10 pro-
”_':-,“,'ftonaperpnlae. Ly . )

. . ,,,, ch
- i BT e

[

AT During all tm.s time thére had been cominms trouble with the magnet
B pavver wppiy ignitrons.. t’aulta. usually arc-througha occurred at a rate of
ST 7 one to'ten or more an hour, - depending on current, daty cycle, and other t‘actora
" not'under ow control. On Aprn 8 one of the generators developed a short
¢+ . rcircuit’ ‘from a cofl to the-stator which resulted fu a small firé and enough:
e -f éamage to require three- months to repair.. We installed ainumber of protective
" .and monitoring devices and started a program of ignitron improvement, while

B ;ihe geniarator was being repaired This included the repair of several yvacuum
e ”laake in the tubes, better water-temperature regnlation. and changes in the -

. firing and gFid circuits of the tubes. These changes did result in improved -

, parfarmance but progren was not Int. and to t.his day the ignltron- are a B

AN :'j_ aource of :roubla. AR S . S A

s ' ‘When we “came en“ *again. we preceeded to butld iip ‘the Beam by a
, sucdeaaion of Mprovemenu which. in iact, are atm gahag on, The 1argest
o gahss were xna,de bs" ' : o : . B

vRalﬂng the average value 6£ n mr the width oi the tank from 0, 55 to 0.65.

, Do - 2.- Imgmving the oucput of the ion gun and the inatallation of a prebuncher
TR fa.head of. the linear, aecgleratur. : ‘ . ’

Rémoving various sources of noise modulation from the rf circuﬂ:s. .

. ;lm Synchronizing the generatoro to stabuize the ripple pattem on the magnet
" YO tage. _ - . ,
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oy 5 | 'kRe gulating the magn,g ggnerator voltage to 0, 03%.

.Re&ucing ehe jitter in the pea&tng atripa. med to time injectlon and rﬁ.
ough. use of ripple feeﬂﬂack techniques. ,

X i We. dld nat undattake any pe‘riod of study of the Bevatron as auch. -
-and_,‘improvement of performance was reduced to a secondary role ag soon
the beam reached a usable magnitude, about 108 to 109 protons per pulse,
e ‘-f&;-ﬁeptember 1954,  The experimental program began immediately. Asa -
“‘resilt of this we atill.do not know as much about the machine as we would.
ke, but ‘thie course of action was justified by the importance of the experi-
“mental- ‘program, -~ The first effective tools of rewearch proved to be nucléar
o, emulaiong, because of their sénsitivity and simplicity. . They.were soon fol-
lmmd by’ elmid chambar and counter expetimenti in increasing complexity.

o ',_._-.

' ._ln January 19 56 a ehort circuit again eccurred between a con and the
stator“:ln qne ‘of the. generncorc. 1t required 5 weeks to z'epair. R N

5 - L tv‘(‘-":i:',". . ,:‘:o« * : 7': ‘y‘. »,vx‘. ,-“;‘ o Lo BN L b ;Ef o ,«.‘ . o B ”‘. ::1'.‘
: ,, ﬁ. B ‘, -‘A 2 quatmm Perfm'mauea el
The Bevatron is ati.u \mdergoing 8 pracess of gradual improvement

T - to incraase both the magnitude of the beam and the reliability, ‘The operating
<1 E conditions for optimum: adjnstmeﬁt at the preaent atage of dévelopment are
RO aummarized below. . .

N o g (480 ke — ~
L, 4 s 3. % Totalowrremt . © . . . 6 ~10ma
el LA o Analyzed praton current o -60% .
Lm0 Pulse length ... 1000 psec
- o Beam diametaer ‘ ‘-: S s bem
L Linear iccelerator (9 8 Mev) | - E I
D " _ Current . 200 - 300 pa-
. Lo MGQ lemgth R - . 0 600 psec
- .- Beam diameter R lem -
_gjected beamat inﬂector i . /‘_ L
Y. Gurremt i .. - . 7150 +'250 pa
S }:__ - Acceptahde tima o e 300 psee
©ooeltT 0 Injected charge during R Co T '
EERSIEL SR ac@aptance tiz‘ne -2 &K B 1011 protons

Acaelerated beam L

- 7 .. Fraction of injected charge P
oo L0 ‘at'time 4 mgec afterdnjection- 20% - 25%
T s0 Y at thme 8B maec a’fter injecticn - 10% o
UL (6T Mew) - R
T ao 0 atendof accelarétion : S -"-'8% : ‘
e (6 Z Bev) . _

or g
R S from 2 bﬁ 3 S 010 protons
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Beam dimensions

At injection, -
horizontal
vertical -

' horizontai
vertical

. Vacuum _
Pressure (measured at .

~ straight section)

44 inches

9.5 inches.

4 inches

2 inches

1076 mm .

UCRL-3369
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" ‘were put on the tank, both on the side toward the center and on the side away
' from the center. These plates carry thin windows, generally aluminum 0. 020

oA .« UCRL-3369 .
, 3, Tugeta and Kelated Faculties

s The Bevatron maguet has a tota,uy eucloned return yoke; therelore o
access to the heam--excepz for limited special purposes--is possible only at

_ the gtraight sections. Oné straight section, which was entirely free of other .
_equipnient and is iaverably aituated in the bullding, was selected as the main
“target area, and its development proceeded first. The straight sections are

20 feet long, and ih order to provide ample room for vacuum pumps, inflector,
and accélerating electrade. the straight-section tanks were made very large

" - {n-cross section; about 7 feet high by 9 feet wide. For the target area, this

size pro {ed to be a disadvantage, becawse it is often désirable to get magnets
ing equipmeént close to the target consequently re-entrant face plates Y

inch thick. There ave alsn two re-entrant structures-mounted on the top plate.

. Orie is a "well" opén to.the atmosphere and having 4 thin window, the other is .
" -anair Jock that can be opensd to the vacuum tank.  Three target-insertion. mec:h-

anismo. ““plunging probes, " are located on the inside. - These mechaniems

| are operated by compressed air and work through locks, so that targets can
.. -7 ."be changed easily. These iacilitiu are ysed to insert photographic emulsions
: ..oy radiochemical targeto f{nto the beam. They are also used to generate soc- s
: " . ondary particlés when one wished to observe at approximately 90° to the pri- .'
© ' mary beam. (See the K«meson: facility in the ﬁgure.) Particles emitted in
-~ thie forward direction from these targets are only of very limited use because.
they go through the magnet’ yoke.. For high-momentum " mesons, neutrons,
-~ and scattered high-energy pr soaa. ‘six targets have been provided in the mag~

net at azimuthal positions 2.5 to 20° from the straight section, An additional -

- semithin window (0. 062~inch stainleds steel) is built into the corner of the -

" curved tank for use with these’ targetn. "The shielding wall opposite the main

target area has.a slot 50 feet long and 2 feet high. This elot is filled with small
_heavy concrete blocks which may be afranged to provide channels for the various

beams. The accompanying illustrations show the target area in some of its-
typical arrangements.  The arrangement is fairly flexible, but has the severe

- limitation that all the setups must be placed in the same area, where they se-

rioualy interfere with one ancther. This problem is termporarily solved by -
scheduling relatively long sequénces of one kRind of run, 40 that change-over
time is minimized. The long-term solution however, is to develop facilities -

~at other areas. This work is going along on the line of establishing specialized
. and'less flexible facilities at the other straight séctions to relieve the ma& at -

the main target area,, which will retain its ﬂexible chara,cter. , »
One such’ apacial iacimy haa been in:taned. This cowsiau of & hole

in one of the lég yokes of the m ﬁnet. and & target located so that forward- -

emitted K* particles of 430 Mev/c momentum are deflected 900 by the Bevatron
magnetic field and emerge through the hole. It is located well away from the
main target area so that it does not interfere. Another special facility located
at the straight section contdining the dccelerating electrode wm soon be inataued
to. provide high-energy w* men«mu aud nautrma. T

L Some of the experiments aa. for example, the antiproton detec:tion by

‘timie of flight require a lot of space. ~ In that experiment the last quarter of the

80-foot path extended outside the building. We are therefore adding an annular

. sector about 65 feet wide to the building opposite the main target area. This

building will be equipped with power and water distribution, a hrge crane. and
a heavy iloor. for the largeat research equipment. o L



5. uan..zzm

' A yoom,. about 30 ieet sguars, located next to the control 2 rom'n haa
beeu equipped as the main counting area. There are 37 coax cables for fast
‘pulses connecting it 'to the main target area. Permanent racks lining the’ walls
of this yoom provide terminations for the cables, as well as regulated poweér
supplies and some of the dounting circuitry. Some of the latter, especiaily
S the coincidence units, fast amplifiers, and prescalers, are mounted in movable
~ + . ‘gawks, which are coninected to the permanent installation a¢ necessary. All

4._‘\4‘,,..
D Ml L A
IR . .

| “of the counting equipment i# fed from shielded power tramto:meta. and a grmmd- U

, 7L, . . ing system separate fromthe hnilding and accelerator ia yfcvided to miuimize
LR ":\electrical interferanee. RIS ; S S

s D :' - Auxmary Eguiymgm S

T A ‘rhe atudiiary eqnipment twed in cetting up an experxmeut i extremely Co

LT A ortant and ié needed on a scale commensurate with that of the accelefator. "
T Artabulation B the ehief items of equipment we have used {or soon will have)
R N roty beiof interast.” Further substantial additions to the equipment in each oi

o the thrae categorlea will hava ‘to be made in the next year. .
. ‘“_,_ C ower St}gp ies iot Magggta o e rLLr P .
SO o Tﬁe!ﬁ compouentszaza mwivad ;in bﬁp‘plyi"ngiiawbr. v¢ dny s‘\}m s ws», :
St p‘ivmf xwvw PR R - e
: . 1807volt 360 kw* 0. w%m regulation LT
140 yolt  4lkw  0.8%%. M S
- P : A28 volt ‘30 kw :-0.__,19%'3(‘ oMo -
R S ST - rectiﬁera L 120 volt - 24kw . sasE. Ok
; LM et e o yely 24 Kw seedw e
Lo (*under pulsed céndmons the ratmg may be mcz-eased to 800 kw) T

: _v;'ra be i’ s’érviee this yeary™ o .. o s ST

| "1 motor- generator e 415 vviblllﬂ kw "o, Mo"" regulatmn R
.6 rectifiers - 70-volt “28kw . 0.5%:. G oL

a moﬁor generaton m valt 250 kw - 0.5% -

M ‘|Vr‘
. .

: "fiAnalyzingb Mggg:gta

%Y 2 Rectangular. pola A2 incheﬁ wtde. 60 inches leng. maximum fteld S

oo T 21,500 gauss;-with 4<inch gap.
I 3 Ttapezoid&l pole, 20 inches wide and 24 inches 1¢mg. maximutn

L field 14,000 gauss, with 3.5+~inch gap ‘
2 nectangular pole, - 12 lnches wide by 30 inches lang. ma:dmum field
-1, 12,000 gauss,” with 4-iich gap. \
e} Cifcular pole, 22" ‘im’:hbs diametei-. maﬂmum ﬁeld 12,0 00 ganu

T with ' Teinchigap. B

| Glrcular pole, - 40 inched diameter. maximuin field 20, 000 gausa SRR

- at 8 im:hu gap. Lo . _ _

-~

g
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B Focusing Maggeta - o _ _
4 sets of atrang-sfocusmg quadrnpoles of 4-inch aperture. Fach set : ‘
‘is a triplet, the center element 16 inches long, and the end elemernts. °

" for 10

Ll UCRL-3369

8 inches long.. The-maximum field gradient is 4000. gauss/inch. -

element 32 inches long, and the ends 16 tneheo. The ma.ximum
gradﬁent is 1490 gauu/inchﬁ. | | .

" .
""‘“""v"" L a.'- .«,.....n.—, SN «,..l' -

Sacmdi g Mcle mux

T

. .
o - ,"1‘14 Byt
P h»"lh’v.u R 1’.&‘ 5 At

Them are many wari&tions tn the arrangementa Gf the target-area '

= “facmties and the auxiliary squipment fo produce usable bedm, of which those - . -
‘diagramed are typical. !t might be of int.erect to give the flux of particles in
“some nt the more uaei’nl setupu.

.\&v
. Ty
< g

K«—Meson "Beam"

“The geome:xical arrangement of this beam is shown fn the diagram.

| 'The target ie usually copper, 0.5 inch thick, the focusing magnets have an

aperture of 4 inches, and the mget-taoiocna distance is 13.5 feet. The mo-~
mentum may be set in the range of 200 to 400 Mev/c for particles of cither
sign. The K-meson flux at the center of the distribution is 3 particles/cm®&

1 protons on the target. A counter array 4 inches wide by 0.5 inch
high, sensitive to K mesons only,’ registeu a total of 15 particles for 1010
protons on the target. ‘l‘he ratio of K mesons to #* mesons i» between 1%

,and Z%.

gh—Energgy Neutrqn Beam

A hﬁgh«energy ueutfou baam is ptodnced by remeviug the lnterfex-ing

‘ equipment on the outer platform so that there {s a ¢lear line of sight through

the neutron-beam collimator {see diagram) to a target located in the Bevatron
magnet 20° from the straight section. An analyzing magnet is placed outside
the ghielding wall at the collimator opening to sweep charged particles away.

The distance from the target is 60 feet. and the estimated !lux is 2, 000 neutrons
per 1010 protons on the target. 4

7~ ~Meaon. Beam

The best arraugement for 7~ mesons in the raage of 4 to 5 Bev/c is

not shown. It requires two 4-inch-diameter quadrupole magnets on the platform,

aligned with the target at 139, and an analyzer magnet located in the shieldin 2
wall, Ru side the shielding wall, 60 feet from the target. the flux is 200 u"‘/B cm”
per 10”7 protons on the target. ;

3 Le sl
[ SPRIEL T

. 2 sets-of quadmzx:les.h 8 inches in diameter. Each a triplet, the centerv[” Ny
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\Aatifroten "Beam"

Tke arrangement for momentumaveloc!ty identiﬁcation of aatiprotons

* i5-shown in the diagram. - The most abundant particle is, of course, the 7~

“ineson. When the magnets are set for a mom Bum of 1.2 Bev/c the 7~ flux
2, 18°2,200 v in a 2. S~inch-diameter area for 10
RS raxio of antiprotane to €7 mesons is 1/44. 000

protona on the target.‘ ';‘he

L o T 6 Research ngramlqg

.

S Programing the renearch on the Bevatran presents some dittlcult

preblems because. the demand for use of the machine far exceeds the avaﬂable
' - aperating time (16 hours a day, 7 days a week), It is of course a desirable-

kind of ‘problem to have, because it demonstrates the usefulness of the accel-:

- erator. “We certainly cannot fix on a best solution to the prablem, because -
e 'the gituation is rather fluid, changing as we learu how to use the machine and
R aé the phveiee requiremente change. . .

,'ir;

inciude ‘techniciang (exeept ina few special cases); scanners,. for example. s

- are tot included, One of theae groups gpecializes in cloudschamber work, - -
 ‘two in emulsion work, and one in radiochemical inveetigatiom. .and the other
' ‘_,,four use various inetruments including bubble chambers, counters, and emul~
" siona, ‘In addition there are a number of smaller projects by groups or indi- -
©. viduals whose main interest lies ¢lsewhere. We have also had participants
.. in the program from 40 or 50 different laboratories. Most of these visitore

3

e It is not poggible for the indiv!dnal groupa to be eelf-s eufﬁcient in all

. thedr equipment. nor is it generally possible to agsign the machine exclueively
.. t0 any one. groups for an ‘extended period. There just is not efiough equipment
-or running time to-go around, It {s clear that a high degree of cooperative - L
. etfoft’and sharihg is required.. Q* will, txy to give an idea how programing wm'ks
e out \m&er these eondittmie‘ A , , AU

BRI Moet of the major auxiliarv equlpment. euch as analyaing and foeuea ’
ing magnets, targets, and counting circuits and cables, belongs to the Bevatro_n '

and.i¢ for common usé as needed by all the groups. The particle detectors,
such as cloud chambers, counters, etc., generally belong to the group or
individual using their, but even here there is a good deal of interchange. -

- The various beam. atvangemeute. such'as those discussed in previous eectiona. .
. dre of course freely available to all'the groups. Multiple running is done in -

- nearly all cases. This may be accomplished in several different ways. In |
- sothe cases a given beam miy.pass through a set of counters for one experis

miéntal groupy then pass into another separate detecting instrument for another

group. - More commonly multiple operation is achieved by setting up squipment .
to define two different beams from the same target. Multiple operation may - -
- alea be achieved by tﬁvisian of the pulses between two or more targetu. “This

.

v 'l'he acope of the probiem may be indieated ‘by listing the chief users
- af the Bevatron. .There are eight groups in the Radiation Laberatory, varying

. th'slze from 6 to 20 ‘people, whose chief research interest and activity center |
. “aFound the Bevatron. These numbers include graduate students but do not

- have used emulsion techniques, and the magnitude of the effort has varied. £rom |
N Y eingle simple expoeuee to continuing effartp requiring many days of runuing
*-.T.time- T . . -

*
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. is'done with an automatic. pnlae-oequence selector which can activate the targeta
. ‘in any-selécted éequence and vary the beam intensity, energy, and pulse length -
. fot each target. This method is especially useful with cloud chambers, which

cannot opérate at a repetition rate as high as that of the Bevatron. In still other'
cages it is possible to place two detectors side by side in the same beam. By

. -one or more of these devices we nearly always have at least two experiments
: . ‘going and otcasionally as many as five or six. There ars, of course, limits
., 5. to multiple running. In the first place it is usually necessary that one experi-~
L ment-be "controlling and the oOther secondary, otherwide confusion would réault.
U Itis aleo necessary to plagce & lmit on complexiﬁy, otherwise it is impouible
- %0 keep everythiug rming At the same time, and everyone loaes. ,_ :

,'«'_
P

‘The approximate opaz‘ating schedule is mnde up two nwnths in advance.

Written requdsts are submitted, briefly stating the physica of the experiment
7 -and the major equipment needed, 'and estimating the running time. When several
7.0} ‘requests come from the same group the experimenters are asked to indicate =
" “the relative importance of éach one, and the lees important ones are temporarily
- . " put-dside. . The important requests are then grouped according to runs that -
.. can be carried on sipultinecusly. These groups of run requests must next - .
.’ be'placed in sequential order. Here the guiding principle is to arrange similar
" kinde of runs consecutively 86 as to avoid spending an excessivé amount of time
.7 ’changing setupe. As many as posaible of the less important runs are then fitted
. -« -in ‘on-the basis of not interfering with the important ones.  This proposed schedule
.- id then submitted for discussion at an informal meeting of he ‘group leaders.
", . A few changes are usually made and the schedule is then agreed to. This. schedule
... -is only approximate, however, and at the end of each week a meeting is held
' to discuss the details of the following week's runs. Here the adjobtments are
- made to the schedule if there have been severe operating difficulties with the,
- Bevatron or if there has been an unexpected turn in the progrem of the experi- .
ment.. This description of the research programing is of course somewhat

idealized in an effort to state it simply and in general terms. ‘Our progratning
is alao influenced by 2 comrhon desire to concentrate the necessary time and
effort to do "big" experiments and to resist the natural tendency to divide the

timme into ever smaller {ragments 80 as to make it go around, which would oi
-cau:le make some. important experimenta impossible. ;

-

v'l'his work was done. under the auspices of the U S. Atomic Energy
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