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EXPElUENCES WITH THE BEVATIlON
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Vat.ve!'sity of Call.fohia
Be J'tce1ey, Calf.foraia

AprU 5, 1956

1. Hi.torI

I'll 1946 VlUliam M. Broh.ck eirculated in the B.adiatioa Laboratory a
GOteQft a 8ckeme fOr reachblt Be. ..erlie. by rna.Jda&use of the receully enun-
ciated principle of pba8. etabUity m a proto. accelerator in which both the mag-
netic lteld. and the acc,e1eratblt lreqv.et\cy farJ. The idea was fortnwated into
a propc,.al to build a 10-88'" accelerator. which was 8U'D.equeatly revised to
a plan to DuUd aD.accelerator wh.ose aperture would at first be very large, "feet
by 14 feet. hat coWd later be reclu..cedby the additkm O~change of pole tip..
With the la"JIBeaperture. the enerIY would be 1.5 Bev, aael with an aperture of
1 foot by 4 feet, it would be more Chaa 6 Bev. This proposal was accepted by
the Atomic Energy Commi.8ioa in AprU 1948, and d.e8~ping and eke preparation
started immecliat~y. Before the map.et steel waa ordered it had bee decided
that the larg.at possible aperm-re would be redoced to .. feet 'by 10 feet.

It aeemed rath.~ probabre. on the bast. of theoretical studies. tha.t
the smallest aperture could be used, but the large 8t was chosen Oftthe basi.-
of 110rea80nable doubt at all. At that time. however. no synchrotron hadever
~. although.ever'a!wereuader couatruction. and ao accelerator with straight
.ecticms had hen completed. It .eomed that a great deal of assurance could
be live~ to the entire proJect, and it milht be possible to start with a 8~al1er
ap'erture. if a teet of the complete coaaept were made with an operating model.
The decision was made ta JUDe 1948 to buUd a one-quarter-8cale operating
model. Thi. model wa. put into operatton2, 3 in AprU 1-949. aud was run for
five mobth...It bamecUa.tely rec1uce~ the limit of the absolutely certam aper-
ture tol -feet 'by 6 feet 0" the full-scale accelerator. No comprehensive study

,9K.beam dynamic. was uadertaken. althoUlft a cO~pal'i8oaof a few aspect a of
't1ieory andpe8rmancewere made, livinl cOl'dictence in the ba.sic design Pl'ia-
et.Plea. In adelitloa, a lot of valuable operatias &ad e1ectr~ic-de8tgn expe~ience
Via. gaiaed. The 8ub.equent Coa.8trU.ctl.011of the full- leale Bevatl'OD proceeded
moa.-e810wly beea",.. of the Aliveraio. of some effort to a hilh-iDt."sity accel-.
erator program. A l'e-eval1aat1cm of the model performaace and the approach-
blt completioa of th.e Coamotroa reswted in a deci.toa m Decem"r 1951 to
omit the lal"- aperture aad 1° 4uectly to the I-by-4.loot .ise. The iaJeetor.
alO-Mev linear ace.l...atoJl, 4 was eompletee! aac1placed ADoperatioa In June
1953. By .January 1954 the 8evatroa was Domiaally completecl. inclu.ding
map.tic-fielc1 meaauremeuta, cd ready for teat operation. Tbere were 'GO

tWiUiam M. Brobeck, "De.I. Study for a. Ten-Bev Mapetic Accelerator,"
ae~ewof Scientific Ia.trumeate 19. No. lZ. 545 (1948).

~Duaae C. SeweU. WUlt.amM. BrODeck. .1£rftosto. Lawrence. Eclwarc11.
Lofgren. "Deaipof "'. aOV&tI"011Qual'ter-Scale Operating Model. II Phys.
Rev. 78, No.1. 85 (1950).

3Bc1wail'J. Lofgr011. "no ProtonSync;hrotron." Science 111. Z95(1950).
4Bruce Cork. ttPJr~ 1AD Acce1erator Injector for th81revatroa." R.eview

of Scientific IU8trumeate 26. Mo. Z. ZlO..219 (1955).-
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tal'let., locke, ~.ow., et.. cOVAtinliaata11atlc..'tft,ahieldiq or a'DYother
experimeatal facUlties, ho",.vel', work oa dJ.eeettems atarteel immediately.

'rho f1:rat .ep Ia OJMl'adoDwas to b.-la, the iaJeetor fato alipmeat
with th.e l1I.f1ec,or... botla.of tllem la. aU.p.meat with the Bevatl'cm. For th..
,\U1JOH the a...",-. ma.pot waa excited with a 25.kw de leaerater. The
beam w.. toeate4 at ,110688,48of tIaetafler::tor bycol1eetot- e,... 'WIdehwere
aleo 'JJovi.de4 wt. a.ore.ceat IC!'."., ad thee '-y _IInU... method. at three
po uound.. a.u... of a. map.t. Weimmediately'proceededto a
l'epetttlOftof .,. s.t., withthe ..pet p\a1sec!,,aadthea tune4 oa,theaceel..
eratiac,powe... Aft rf p\a1.. of a few mf,Jliseccmdswa. u .eI the atartiag
lre'--'''1. -~I UmtD., aad. baJectioa Um,,' were, va~ '" an empirical manaer
wt. .. taj W~m".r ttoa on an "'.,.. .o11ecte". All this Ume,
_ere \Va,'a ftoattaa... battl, &,a,.,t .e ..mel'o.. fla.. whichare meritable

- tath.~ltial ...W.'"of.. comple... apparat\\s. AD..f1o~t01sixteea hours a
tla1 w yie14 as aver.l. elfe.Uve tlm,e of,el'hap.two to four hovs. Ou
1'."r~.,.15 the fi~.t ptcbp .'..."", by the 1"1wa. oba.rved. The p1l1ee was
l~dI~" aGd freq..-,.-tl"ackiaa cOBb_Is we.,., ttroqht tato opet'atioQ in ~
tit- '...emarraer. i. e., ,8te1." .tep...milli.ecoe.da, dum tea. all. lumdred.
of mUli8ecoaU. Whee.. beaQ1Jleac~ed.au eael'l'Y at wkichthe pro'.. pen-
.b'ateci the colleetorC1OOMev), .~latu.pkotomq1.Uplte. probe. were used.
Seaat atteattcm"... ~ic1 to tit. of beam .ec~ tectt ae leagthof the
..,t:eleJ'atioa pet,," wa8th. impOl'taat thinS. FiaaUy, oa..April I, 19M, a
f.e~e ,Ul8e \Va,.~tae.at a mapetlc ftelelcor"..poadia. to 'Bev. The
~.HY VIa. m.a ad ~ eotattfttJ the tracks 1a1ulcJeu emu18~ that ~beea me...t84 iatotlae beam. The hd...lty, waa itsthe rau,. of Ie to 10, pro..
t..8 pel' pule..

Dviag all thi..tim.o..r-e had 'beea cOldIa tl'ouw.. with the mapet
pow~*, .upply t.pitr F__tIIt 1&81J8l1ya.c-tIu'..p. OCfCarl'ec.tat a rate ~f
Oile tote" or mol". a111:aoa"".~1Oftcurr.at. duty cycle. and. other factors
aottl1\4.:r o..ccmtl1o[. ,00. Aptn 8 ODe0/. the .e..JtatoI'14e"elepeci a 8hort
circuit'i1'olD a coil to tJae.8tat6f wldeh ...Q1ted. Ie . .mall fbe' aftd eaou.lb.
~&I. to 'require three to r...il' . Viet..ta11ecl ..umber 01protettive
aai ..itoria, device. ami .taHeel.. p.op'am of ipttroa improvement, waUe
tlhea_aerAtor waa beta. repaiJ1.tI. Die tDcladecl the repair of feveral 'lacauD1

'~. '- .. tCes. betteI'wate.-tem"ratare replatioa, andChangesia the'
ftr-s a1UI."S.. circuit. of the taDeB. Th.e.e cUa.e. diel."..u1t fa improved
pe..lctl'lDaace bU' pro was not la8t. au. to this day the tlB~on. are a
.ouree of no.IN..

'\Vbea,we "e... oa"..ala. we proceeded to b1&Ud.. the 'beam by a
sucee..iOQ Ofs..provem.eats- which, ta fact, are elW IOta, Oft. The largest
'..8 were mad. by:

1. a"'aol the .vera.. val.. of" over the width of the tank &om 0.55 toO. 65.

Z. lmproviD. the output of the ten pn aDd the iueta11adcm of -' prebuncher
ahead of the linear aceelerator.

3. aemovinl various IJwrces 01Doise modulatioa from the rf circuit..

4. Synchroaiziag the ,en.rator. to atabUtze tbe ripple pattes-n Gn the mapet
volta... -
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-5. Regulatin. the magnet generator voltage to 0.03%.

6~ Jleciucing the jitter ia the peaking stripe. u.~d to time iaJeetioa aud ~,
tlu'o\llh use of ripple f-e,,<ffl'acktecbaiqu8e.

We did not undertake any period of stwly of the Bevatron a8 8U~.
..dimp2'ovemett.t of performaace was r~dueed to a secondary role ae eoon
.. ta. bea~ reached a ..able magnitude. about 108 to 109 protons pel' pulse.
taSeptember 1954. The experim.utal PI'°II'&m be,an immediately. A' a
r..ult ef tAis we atill 40 Dot bow a8 much a'bout the mac}due as we would
like, b\it 'theeovse of act!- wa. Ju.tUied Dythe tmpol'tance of the experi-
mental prOlram. The ft~et effective tools ofrd.arch proved to 1»enuclear
emw..ioa.. bee.,... of the'. aensttivity aa.d simplicity. They were SOODfol-
lowed 'by cloud chamber aa4 counter experiments in tncreasf.n, complexity.

In JaQuay 1956 a .hort circuit alam occurred between a coU and the
atatol' t1108. of the 1-e1'&toI'8. It required. 5 weeks to repair.

2. Bevauoa Performance

The Bevatron i8 etUl underlom. a p~oces. of gradual improvement
to iacreaae both. the mapitude of the beam and the reliability. The operatins
cendiUona 10'1optimum adjuatmeat at the p:reaent stage of development are
su.mmarized below.

Ion ~ (480 key)
Total current
Anal ,sed pl'otoa curreat
Pulse lcmgta
Beam diameter

6 - 10 ma
60'D
1000 fIo.ec
leD!

Lbtearaccelerator (C).8 Mev)

C. C\Ir'rent
- Pulse leagth

Seam diameter'

zoo - 300 Ji&
600 f188C
lem

Sleeted beam. mfleca
Current -
Acceptaaee time
InJected. char.e duirtl

aceeptaace time

Accelerated beam

Fraction of iajected charge
at time " m8ec after iuJecttcm
at time 88 1:naec after blJectlon
(67 :Mev) .'

at ead. of acceleration
(6. 3 Be~) ,

150 .. 150 t'C'
300 p.ec

l.1 - 4. 5. 1011proton.

zo" - ZS«y.
- 10"10

-810

OJ'
f~orn 2t6 3. S. 1010 protons
p01r pulae
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Beam dimensions

At t.aJec:tion,
horiacmtal
vertical

44 inches
9. 5 inches

At 6. Z Bev,
horizoatal
vertical

4 i.che.
Z incbes

Vac\l\Ul1

Pressure (measured at
straight sectl.on)

10-6 mm

i

ucaL..3369
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3.1. 'fU..U ~ Related Fact1ltie.

The 'Bevatl'oa ...aet baa .. totally eaclo.eo I'etura yoke; tIler.fore
aee... to tlte heam--.aeep. loztlimtted,epecial PUl'po..,,,,.,, pos.tbl.- oaly at
the strailht sectioas. Oae ...ai.at -8"eetto..whkll. was eatizely t~e. of other
equlpmeat &adt. ta:vora'bly .ituated i. the buUcIin... was seleeM4 as the Inain
target area. aad ita developautat pl'oceeded fuat. The auatlht seetin. are
20 teet 10nl. a.nd ta ordeJl' to provide am.-Ie room for: vaeutlm pump'. I1If1ector.
aftd aceel.ratiol electrode.- 6. etraip.t ectifm taDke w*,re madeve-ry 1&1'1. -
tn ero.. sectioa. a))ollt"1 leet IUlk by' feet wide.. For the tUset uea, this
eis. proyed t. 1Ma cH8advaata... beca~.e it t. often d..'.-able to lecmap.ete
or d.'.ctin, equipment clo.. to ca. target eoa...ueaU, re-entraat lace plates
were put on the taak. 'both -00the .tele toward the .eatel' &ad oa the .lde away
froD1the ceater. TA..eplates carry thin windowe, '_8rally a1\1miau~ o.ozo
tach thick. ThereaJ'. alaQ two t 8Uv.ctu mo-.tea os the top plate.
1Ja.e is a tt well II °P" to the a.m.o.phe~e aad.havial a t1:d:n.wio4ow.the other i. ,-
an a.ir lock that e..- he opeo.ed to the vaC\MUDtaak. Three.ta:rset-werttoanutch.-
an1ems, ftplualJiaa probe8, .t a.-. located em tbe Ia.lele. The.e mecha.aiame
ue op...ated by c01npre.Ndair aDd wol'k throu,hlocke, 80 tltat target. ca.
be chan,e" ea.Uy. The.. faeUki.. are v.e.d t~ tn..", photoll'apkle ernuleton.
0, a-adtoehemtealta~let. '-10 tlte beam. Theyue aleo aaeci~ leuerate "ec...
oaclary partieles when Ga. wiebe. to C)b.erve at appl'oximate1y 90° to the pri-
mary beam. (Seethe K..rnea- facility iu ..111\11'8.) Particles emUte4ta-
thefol'ward dbectiOD &om the..-tar.ete a:re Only of vel" limite' us. ~c.~'e,
..Y 80 throup. the mapet yoke. ro. hilla-momenlUm ,,- au..oa., ae\1uoa..
aad..aUered. ai,k-energy PI'°Joae. Its tarlets bay. beea provided in the mag...
net at azimuthal poatti..Z. ~ to ZOofrom the 'ba'&ht 'ecttOD.~ An a4cU.tional
8eG1ithiu wiactow (0. 061.bt.cb. tal... et.e1} is built tato the come.. of th.,
euved taak for .".. 'With the.. tar,.'e. The 81d.e1cUalw.all opposite the O'1ain
ta:rlet area has a 810t SOteet loal and Z feetlttlh. Thi. 8lot is filled with.mall
heavy concrete Woeks which ma, be arraale4 to provide channels for the vulous
beam.. The ac:compaayiDl Ulti8t1'aU ahow the tulet area fa 80me of its
typicalal'raagemeut8. Tb. arJraftl..eut 18 lairl, flext."l., bat bas the.eve1:'e
limitation that all the setups rrnlat " ,laced -- the same area, where they 8e-
riou8ly interf.r~ with one another. This problem is temporarUy solved by
.claedulln, relatively loa. aeq\UdaCel Of oa. Id.oGof rua. 80 ~t chaaae-over
time ie mmimize4. The 10D.1-~rm.o1u.ttoa however. ie to develop faeUJttea
at other areas. This wOJlki8lofa.~oalon the 1me of ..tabllahing .peclalis.<I
and le88 flexible facUlties at the othe~ 8vaisht aecu to ~elieve the loa4 at
the main tarse' area, which will retain ita flexi'ble claaraeter.

Oue such special facUity h..a been inata11.4. Tala conti.t. of a lJole
in 01'18of the Ie, yokel of.. mape" anc1.. target located. 80 that lorward-
emitted K- particles of 4'0 ),I..v/e momeatum are 4efiected '°0 by the 'BevatroD
mapetic lield &ad.emerge tarou,h the hole. It i8 located well away from the
O1al11target area 80 that It .oe. 'DOtiate.fere. Ano..r .pecial facility located
at tb.e .uailht section. coatalrda. the acce1erattna elecU'ode will ..on 'be ia8ta11ecl
to provide htgh-enerlY 'If- meao.. aad ne"tnm..

80me of tae experlmeata a., for example. the &atip-roton detection DY
time of flight require a let of apace. In that expel'imea.t the last quart... of tae
SO-foot path. extended out..eI. the buUcUaa. Vie are therefore ad4inS aD.annular
sector about 65 feet wi4e to the butlcitaa 0j»p08f.tethe mate taraet area. ni.
ouild.in. will be eq\1ipped.with p..wer 8Ad.water dtstribtatt.on. a lUle crane. and.
a, heavy floor. lor the la..,ea' research equipment.

\~
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A room, about 30 feet 841WU"e. located next to the control rOOm has
been equipped as the main cOUt\tiag area. There are3?coax cable. for fast
pulses connecting it to tlte. mab1 tar.., area. Permanent rack. linin, the walle
of this fGOm provide termiaatious for the cableat aa well aa re8wated. pO-wer
supplies anel eome of the couatins circuitry. Some of the latter. .specially
the cotnetdeace \mUs, fast amplUiel'8, aad pl'8acalers, are mounted in movable
"'.8. which are ccmne<:tedtothepermaa~t msta11atiou &8 nece8sary. AU
of the c:ouatml 8f1uipmenti. f.4 &om shielded power uaa.for1J1ers, and. a sroud..
ing system eepal'ate from ,the b11UdblS and accelerator i8 provided to mmimize
electrical interference. .

4. AU~l'r Equipment

The awd.l~y equipment used in 8ettin, up aD experiment is extreJllely
importaat and i8 nee." on a scale comuumeurate with that of the accelerator.
A tabulatiOft 6f the chief item. of equipmeat we have .seel (or soon wW have)
may be of tatereat.FQ.rther .Wtetaatia1 additions to the equiprnet1t in each of
the three cat.gories will bave to be made ia the next yeu.

DC Power 8~~i.e8 f~r WAil!!!!.

Theee eomponeat87a.~ ~vediA .uPPlytn.g\~r;; ~' .~ti\'~;l ~., ;
--tV>. nn}.'". :

?~~ ..

Already ia sel'vice:

3 motor lenora-to... 180 volt 360 Itw. 0.1%:. regulation
1 It." 140 volt 41 kw O. t«li)~! tt
8 n .. 115 volt iO kw 0.11- n
l rectifiers lZO volt Z4 kw ....-.-
I " 20 volt Z4 kw -..---

(*under pulsed coD(iitions the rating may be increasedto 800 kw)
To be in slervice this yeart

1 motor generato).'
6 rectifier.
a motor geneJlato.e

415 volt 1110 kw
70 volt 28 kw

180 volt ISO kw

o. ~~~,regulation
O. 5~ It
O. 5% II

~yzing Ma~.t.

Z 1\ectanlular pole lZ inches wide. 60 iru:hea Iou,. ma.ximum field
21, 500 8au8., with 4-tach gap'.

I Trapezoidal pole. ZOtaches wide and Z4 iaches long, maximum
field 14,000 S".." wUb 3. 5...iuck gap.

1 aecta.,ula!' pole, IZ lache. wide 1>130 tnches long. maximum field
t 1%,000 aa"8.. with 4-.tach lap.
I Cil'cw.ar pole, Zl ioche8 diameter, madmum field IZ,OOO gau..

with 7-tacb 8ap.
1 Clrcul.r pole. 40 inoh.. diameter. rnadm\f.m field 20,000 PU8S

at 8 iftCh.. lap.

"e

~ ~
V.-

" '"
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Foc~.t.a, Mal!1et8

4 seta of strol1g-focu8tDa quadrupolee of 4-mcA aperture. Each set
is a triplet. the cnter element 16 inches lonl, and the end elements
a inchee long. The maximum field gradient 1. 4000 sauss/inch.

Z sets of quadrupole.. 8 laches in cUameter. Each a triplet. the center
elemeat 3Z Inches lonl. and the ea4. 16 inche.. The maximum
gradieo.t is 1400 la.../inch. .

5~ See .~. J1-
,.

There ue maDy vaaations In the arr&naemeute 0( the ta:riet...;L1'e&
facUities and the auxiliary equipmeat to produc. .u.aah1ebeam. of which thoe.
diagramed are typical. It might be of interest to -give the flux of p&J-ticlea in
80me of the more useful setup..

1(-Yeaou "Beam"

The geometrical arrangement of this heam t. shown in the diagram.
The tu,et i8 usually coppeJl, 0.5 inch thick. the foeuatas map". have an
aperture of 4 inches. and the tal'set-to-fOCU8 di8taDee 1.813. 5 feet. The mo-
mentum may be set in the raaae of ZOOto 400 MevIe tor particle. of eitherz
sign. IPe K-mesOD flux at the' c:eater 01 the distribution is 3 pa~.ttde8/cm
for 10 proton. em the target. A counte.r array 4 taches wide by O.S iDeh
high, 8ensitive to K meson. oaly, registers a tOtal of IS particles I.or 1010
protons 011the target. The ratio of K'" mesons to "t me.OIls i. between 1%
'aad Z%.

High-ED.erg~ Neutron Beam

A htgh.euergy neu.tron beam 18 produced by removing the taterfering.
equipment on the outer platform 80 that the"e i. a clear line of .iSh.t through
the neutron-beam colli.mator Caee dialram) to a target located I:Dthe Bevatron
magnet Zoo fro.m the straight section. An aaalyztag mapet is placed outside
the shielding wall at the-collimator opening to 8weep charled partt.c1e8 away.
Tbe distance from the target 18 60 feet. and the estimated flux ie 1, 000 neutrons
per 1010 protons Oftthe target.

- Meson Beam

The beat arr8AIement 101',..- mesons in the range of .. to 5 Bev Ie ie
not shown. It requires two 4..mch-diametel' quadrupole magnets on the platform,
aligned with the target at 13°, and an analyzer magnet located in the shieldinJi Z
wall. Rftside the ahieldJ.ng wall. 60 feet from the tar let. the flux is 200 ,,-/em
per 10 proton. on the target.



"

I

1/ -'7- UCl\L-3J69

A.ti~J'Otoa "Beam t.

The arrangementfor mOlPentum-veloctty identification of antiproton.
18 shown in the diagram. The moat abuadaat particle t.. of course. the.-

meson. When themapets are let for a mOIJl:t'um of 1. Z BevIe the fluxi8 Z. ZOO.,,- in a z. 5-tnch-dt.am.te~ area for 10 protons 011the target. The
ratio of antiprOtoft8 to .- mesone i. 1/44. 000.

6. aeaeaJ'ch Profll'amiag

,. Programing the rea.arch ,on the Bevatron presents 80me difficult
p..oblema because the demand lor use of the machine lar exceed8 the avanable
operatinl time (16 hours a day. ., day. a week). It is of COurse a desirable
kind ofproblemto bav.. because it demoastratel the ueeful.e.. ol the .c:cel...
orator.. We certabUy caunot fix on a beet solution to the problem. 'because
the siNatiou i8 rather fluid, cbaaPI as we lean how to use the machifte aDd
.s the phyeics requirement. change.

The scope of the problem may be indicated by liatial the chi.f U8er.
of the Bevatron. There are etpt groups in the Radiatioa Laboratory. varying
fA size from 6 to ZOpeople, whoae chief reseucbintereat ~d activity center
aroW1c1 die BevatrOQ. These numberstaelude Iraduate studeat. hut do not
Include technician8 (except ia a lew .pecial cases); 8canaer8. for example,
are Uot in<:ludecl. One of these ,roup., epec:ia1izes ia doud..c1aamber work,
two in emulaion work, and 0118in radiochemical investigations, aad the other'
foUl' use varioue instruments iaclwting bubble chambers, counter., and emu!...
siems. In addition there are a Q\UnDer of smaller projects by ..e.. or indi-
viduals whose main iDterest lie. elsewhere. We have &1eohad. partieip~t8

. IIJ the programfrom 40 or SOdiffereat laboratori... WOlt of these visitor8
',.veused emulsion techniques, and the mapitade of the effort haa varied from
a liDgle simple exposue to coatmubtl effort. requiring many day. of rU1\DIDI
time.

It i8 not possible for the il1divl.dualgl'oupa to be self-sufficient in all
their equipment. nor ,. it generally pos-.ible to a..fan the machme exclusively
to any oae Iroup~ for.. exteaded period. There Juat i. not eaQup. eq,w.pment
or Z'unl1tal time, to go around. It I.. clear that .. t..tgh delree of cooperattve
effort and ehari.iIa 18 required. It- will try to. give an idea howprolrammgworks
out under theee coa.dtttoae. .

Most of the major auxiliary eqaipment, such ae analyzing and foe"..
ing ~ap.t8. tuseta, and couuting circuits and cables, belon.. to the Bevatron
and i8' for common ua. &8 aeeded by all the group.. The' parttcle detector.,
aueh as cloud chambeY8, countere. etc.. lea.rally belong to the g1'OUpor
iadiriciual u8UaI them, bat even he... &ere 1s a good <leal of interchanle.
The vartou8 beam uraalemea.ta, such a8 those eIi.cusseel in previous sectiOb.8,
are of cou freelY availaW:e to all the groups. MWd.p1erunaiug ia done ia
nearly all caees. Thi. may be accompli.hed in several dUfereat ways. In
some cases a given beam may pa.. through a set of cotl1'1tera I.or one exp'l'i-
meata1group., thel1 pa.ss latoaaother separate detectifts .atrumea.t for aaothe,.
group. Mere commODly multiple operation is achieved by 8etting up etquipmeat
tociefiae two different beama from the same target. Multiple operatioa may
al80 'be achieved by divi.ioJ1 of the p\l18.8 between two or more tarsete. 1'111.
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I.. done with an automatic pwee-aequence .e1ec::to~ which caD.activate the targets
in any selec:ted aeq\&e11ceand 'Val" the beaxn intensity, efte!'IY, aud pulae leQgth
for eaeh target. This meth04 ia .epecially useful with Qloud.daambera. which
caar.ot operate at a repetitieD rate &8high a8 that 01 the Bevatron. 1a atUl other
cas.a It i. possible to place two cietectora side by side in the aame 'beam. By
on. OJ'more of th... cleviee. we a.uly alway. bave at leas' two exp..tmeatB
Iota. &Q.d "tonally a8 mauy a. Ii-ve or aix. There are, of covse, limit.
t. multiple raaaJag. In th, a...t place it is usually nee..,ary that oae expori-
ment,~ uconU'ollt1tl" aDd &e .tb.r 8econduy. othel'wid.e CObia.ion would. result.
It i8,al80 nece8.a.:ry to place a I1mtJ on complexity, otherwte. it 1. impo..iW~
to keep everytht.al runata.At tbe same time, and everyoae 108ell.

ne approximate ope..a&. schedule i$ ma.de tip two months ita advaftce.
W..ittea "eats are 8ubmtUec1. QJ,-tef1yeta.ting the '''y8l0B of the expel'i.tnent
..d.the ntaJor equtpmftt aeed.e4,aad eetirnatial the ...uoftmg time. Wb,ea several
req.ues.,' come from the lame poup the experiment Ue asked. to tad¥:&te
'there1ative importance of. each OIle. and the 1e88 important O1Iel are temporal'Uy
put a.ide. The important requests are then 8~oupetl ac:cordiag to "\mS that
can be carried on silDultaaeeu.a1y. Theae I:rOup8 of rUB requelt. must Dext
be placed ia seque1ttial 01'4e1'. Here the pd41al priuSpI. Is .. uranse .imilar
ktiJ.de .f runa ccm.aecutt..ly 80 as to avoid spending at\ excea.ive amouat of time
e.u.iua letup.. As maay &. po..i"le of the le8. imponaat runs aJ'e then fttte~
in on the 'baat. of not ietel'ferml with .. importat\t oael. This ,roposed8chedule
i8 then .~bmitted for discus.tcm at aa. laformal rneetiaa of.e Iroup leaders.
A few ch&Jlles are u8ually JDade 811dthe 8~heGule is thea aareea to. This schedule
i. ODlyapproximate. "owever, aad at the end of each week a meetta. ia held
to d,18CU.' the d.etaU. of the followbag week'. runs. He!'. the a4jultment8 ue
made to the schedule if the!'e bve 'beea .ev.~e opnati1).. tifftcw.tiea with the
:aevat I"oaor U there has 'beea, an uaexpected turn ta the prolr... of the experi-
ment. This descrl.ptkm of the reaearch prolJ:ammg i. of course 8ome-what
ideal i... m an effort to .tate it aimplyand in leneral term.. Our prolramm.
is al80 iuflu.eace4 by a comri»oa <I..ire to coaceutrate the neee.eary time and
eUort to do "1Jilft expertm~. and to resist the natural tendency to divide the
time bate ever amalIeI' fragmeat.loas to make it go arouad, which would. of
cours. make some importaGt expe~tQ1~t. impossible.

This workwa.s d011e \Ulder the auspices of the 0. S. Atomic Energy
Commission.
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