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EXPEtyENG.U WlT:H TlfE BEVATRON 

Sdwar4 J. Lofgren 

. J 
~~' .... -

• f;~ 1 ' ' 

\" 
·.:. · Jladiation .tabol"atory 
· Vnlve,i' et.ty of Callfo!'aia 

Berkeley, Call!omia 

.. '-<· ~prU 5, 1956. 
·,. .. > . .-· ~ ., ~ ~ . ' . 

~. . ,;i~: ~r··< . ~ . ·:: ~ · . :' ,·A·., ~ator:z: · .,. . ~ '· 
• ' .. .:. :' - : , • :\ .-:·; . -~ ~-· '. .. 1}. • ~ • • • . • . ·• • • - • : • ' - • • - " - ~ ~: ' 

-: :;:.' -:>;In 1946 'W'Uliam M. Src:tb.ck ci:rculated ~n the 1\a.dia.~ion .Laborat:o.~ a 
. ~ote .:ctt(a jscheme for r-eaching ·s~v.~l'ieraJ.e• by .maldng use of the recently enun- · 

c;l~ted prlnclpl'e o£ phate etabU'lty la a protoa ·accelera.tor in which both ~he. ·mag• 
net~c £t~~d ~-~ci tbe a~c.eleta~blg lrequnc:y tar~; ·The _idea was for~nulatt:d into 
a pl"opqeaJ. to build -a ·tO•Eh~v Accelerat'9r• Wh1c:h wae subsequently revieed. to 
a plan· to buUd an accelerator .wt,o•e •perture· would at lf.r•~ be· very large, 4 feet 

· .. by .. 14 fe~t.· bt.lt c:Ol.\ld latet be· re~ed ·by the addition o~ change of pole tlpe. 
~~ Wi~ tb~ la:ige aperture, the enern wo~d be L 5 Bev, and with an apertut~ of 
. 1 foot by_ 4 feet, lt woulcl be more th:m 6 B~v. This proposal was accepted by 
., ·the Ato.mic Ji!nel'gy Commls•ioa ln April. 1948; an4 .deaiptng and .alte preparation 
:· -s~rted lmmc:!diat~ly. la~fore the )nagtaet ateel waa ordered lt had been decided 
t · ·that the largest p_ossitile apertu.1'e would be redQced to 4 feet by 10 feet. . 
:t ' I ' • 4 i ·i ~ • ~ 1 

·: · · ... ' · ; , '; It seemed rath~u· probable', o~ the baaia of theoretical studies~ that· 
i · the 8mallest apertur.e co\J,ld be used, ·t>"' the largest wa• chosen on the ba&ilf)i, 

·, 

<' ·' 

~; .. of no re,uonable.doubt at alt.·. Al thattbne, however, no synchrotron had.eve~ · 
~1 . ; i ~.' although tever'al' ·were ·Ul)der' conetruction •. $ltd no accelerator with stralg~t \ 
:: . . . .·.:•~c:tiGn~ had been completed. tt ee~med. that!' great .d~.al of a.ssuranee could .. ·. ~ ·' 
Jl ... ; . . ¥<g.ivep to the euttr.e.pt~ject. and tt rill,Sht be possible~~ ~tart with a smaller · .· ··: ·· 
·~ · ~·· ·: . 't. :ap·erture, U a teat of the complete concept wel"e made wtth an op6:ratmg model.. ·~. ~ .. :.:>, ~.'~ 
It .. _'. , 'fb.e decision wae made .to Jwte 19<&8 to build a·one-quarter•scale op·erating . :~:· .. t 
!&.,~ ··W~·r,:.::. ·"· ~~del.~ 'flit• model wa• put into -~pe.rationZ, 3 in AprU 1-949. and was ru.n for ., · .:.: ,·. ::• )~ 
(l'~·; 'tt, ·,~·"~<: .. ·~:Ve mon~s •. -.1' tmm~lo.tely reduce~ the limit-of the absolutely ~ertaln ap~r.. ;: .·:;··::~::·, ;; 
~i · ~~> .<,.: ~re .to Z}ee~ by 6: ~ee.t "'l'l the fuU-.acale acceleratol'. }lllo comprehensive stu.dy ,~ 
~!~:. , ,\it .. <>' .. J~f:,_beam. dynamics was W'.lclert&ken, although a coltlpa•ieoa of • few aape.c~~ ~f . ~~. ~ . _,,i (r ;.~ ~ ·;.···~: ~tli:eol'y and pe.rMance wer.e ·made-, giving com'idence in the basic deslgt1 Pl1!'in.· · ·· 
]-t · ·· · :· ·. . :· · i:.~l~e •. ·Itt addldou, ··a lot of v-al~ble operating aad electr~ic•dee~ expel".ience ... , 
~f;:· ,;. . · ~. ~ .. •"sal"'ed. The aubaeq\leat confJtructlon of the iull-•cale Bevatron p~oc,e.ede~·~ '· :~~ 
~~· ~ ·~ · ·· · more·•lo'wly becauae of the .dhreteion 'of some effort to a htah•lnteneity ac:cel... . :·:;; 
i~> ;.:~."· e~ator piC.gr.am. A~ te•.eValutt-. of tl;ie ~odel perfQrmanc.e _and the approach.;.··.. ·· 
(::; . ing completion of the OO•~otroa resulted itt a d~ctaloa ia December 1951 to · . ·' 
if~:···· .. otn~· the large ~~··~···aa<\ go clirectly to the··t-by .. 4-foot ~llze •. The injector,· . 
. '-:'~:. . ·a·,tQ .. Mev linea.- aceel•~atolr, 4 was completed anc:l placed .t:Q. operation in. June ·.:. ; , 
f/'· . 1953·• .;By .1anuary 1954 the· Bevatroa~waa aomblally completed, including' · ':'; 
}·;. rhaan•ttc•.fie.lc1 meaeure~ente,. aad ready for. teet operati:On •. fbere were no. . · ~.: 

i< .. • ~~~~m ~. Brobeck, ;,DI>i.i&J<Stwsy fou Ten-8;ov Mapetto Accel~ra~~." .. ~ ·. -~ 
~.:· : ~~~tew of SdentUlc ln.etrwneots l9• No. lZ. 54$ (1948). · · . _ . . . · i 

~DUane C. Sewell, William M. BI'OOeck. Jtnlest 0. Lawrence, Edward I. · • 
~:> · t.oigren; "Dealgn of the ·sevatl'on Qua!'tet•Scale Operating Model ... Phys •. · · y 

J_lev. · 7$, No. 1, 85 ( 1950). · · · 

,, .. 

\ 

3~dward'J. Lofgren, "'the Pl"otoa Synchrotron," Science 111, ·z;s 0950). · 
4Bruce Cork, "Protoa 'I.Anea:r•Accelerator InJector for tbi"1revatron," Review·~· 

of Scientific luatrumenta 2.6, No. z. ZI0-219 (1955). 
' - . 
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targets,· lock:e, w~•clow•, mapet&, coating lnata11Ati9l\, shielding or any other 
eltperimental'facUlt~·~- howev.(tr, W'Ol'k on these tte~ns atarte4 immediately. 

~ , - ~ ' 

. · ·. The fir at tt~p .. ln_ opel'atlon waa to bring the lnjeccor into alignment . 
. ;.y~th. ~lie .infleetoi' and.,bo~ ~~ ~m lnto alipment wlth the Bevatron.; For_ thle 

. ·p~~poa«.~e .Be~a)h'®. magut·wa.a excited wltb. a .as ... tcw de genera~ol". The 
· . · be,am w~a locate~ .t. bptb.. eadt·. of tb.e iidlector by .coUectot' cupe, wtdch wel'e 
. al:a·o.proVi<le4 ~·~~~o.-e•c-t a~l'eae, ~d tho by •~Uar m~thode_at three 
pol1t~ a~Olincf,il\e·'a._lii'lutJ.t.of ·the :s:napet •. We lmmeclia.tely·proeeeded.to a 
. repetttio~ 'of ·~ta .etep v4Jh the l'ftapet PW-•edt -and then ·tv:t-net! em t'Jle accel• 

· . eJl'atl~g- powet'. AI\, -rf pul·l~ of ,_·few· mJ,l~-eec01l~S was v.aed, aa4 the atartiag _ . 
· ; · · · ·. ~ .. · -(r.eq~e~cpy-;. :d t~_~l!J_. -~ an4_ ~ec_ tiou. tlminl' we_re.,va __ · .ri1td hi an e_mpirtcal manner 

vntb.. the .11\Jeeted bea:tl·Wider oh.aet\fatton on an ltlside eollector. .All this time. 
:; . ;·. '. ;· ·-.~~1."-~ wii• a tr,~a~oui'·l)~~~--·pltt$.t.tbe ~umer6u~ flaw• which are tftevttable ·· ·· -~ .-. m th~ tnt,tal,t,tal•·o_f 80 eo~plea an appat>at\lS. · An eiiort oi ·sixteen hours a .. ' < . :ilisy ~o~<l Yltd.4 an ·av~.r~se · ~U•!t~ve ·tim_.,. of ,Pel'~apa' ·two to foUl' h01U's. Oa .. 
, · · J:e~:t~y ,15. th4!Lfi.r•t plcbp ol-'beam_ by the rf \Vl\8 obaerved •. _The pUlse wa~ 

:' . . · · :_ ·· · ~~tl.ttb~~·· ,·an4 f.req~~cy•track~g c~i\tioll w.:re broutht into' &peratton in_, 
· · -~ ;, · .. :· ~~· ea~~. maoner, i.e.·~ ,a~~p by •tep-.. miUieecoade, ~en ~na and hUD.clreds 

· · of mUU•ecoau. When tbe beam _reae~ed an euergy at whiCh the protOAa pen-
. ..._ · ·:,.. ·¢trated.~~e. ~oUe~tor ·( 100 Me~), -•~t#~"lato•"-photomW.tipU.ez' pr_obee were ueed. 

_,.. :S~·ant atten~~ ~··· p•ld t~ .~e·quantity of 'be~ aee,l•rated: Qle le-ngth of th'e 
-· · .. ::a~t:el~J'~o~-,,,~~o~·~•.tb~_ tmpor,~t thins·· ·Ftnal1Y.~ on..ApJtU '• 1954 •. ._ 

· ~~~b~e·-~~·., wat'O~\netd·&t ~ 11'1Maettt; .fiel~ cotrea~~~tag_to 6 .Bev~ . Th.e 
;', ·, · bitelisltt wa.a me~a~ed:l;y,~ountirig·eb.e.t:ra~ka ~nuclear emulsion,. t~t ~, 
: · · · :· ·~. · b~en f.Deertad. toto the be'am. >'fhe .tutenalty. was ill the rauge of 104 to 10 ·pro· 
:, J : ' • t~ tona pe~. pulee~ ' .-; . _ · .r • 

::J : (I, ... ..~ •. • "' , ·, .• :- ... • ·,; • •• ... ."·~·-·r· ·: ·~·· ~ -~·: ..( ·:·.._"'.,. .-:~<,o;~ t ~ .. • ; • ~"-- .... ~:.:: or -~ _,. . . • .. ~ . , I 

·• . \. ~:: · ... ~:--.· .D\l.l"i-Ag,.all tllltJ-tl.~~--~~e b~ beet). ccn.t,tn~a.troubl~ with the magnet 
~-:' .'~" · : Ap~W~f ·_!JU,j)ply lpiti'cma.: ·p~Qlt'~ ~•UU.Y arc•thJ"oap.-·ocrcu:rte4 ~t .. a r~te ~f., 
:·· ·. ··~ ' :t:mt!! to·ten or mol'~ art'bo~r.::clepecdiag cm·current, duty cy~le. atu~ otheT fac:tora 
· · ·· ~~- Ul\,~er C>• e~ontl"~l·. ,~· '4ptp · .8 · ®e _of the .geaei'ator• devel~pec! a al\ort _. 
r .• . : ci.rc~i.~.;~l'om. ~.coil tq ~e·•ta.t4>r ;which re~-'llted &u a emall ~ire and enough; 

· .·. · '--4atr;age ~ ~equire th~ee-~fhe.to.·r-epab •. We ln-~1e<l amu~ber of protective 
. t • • : "~(l m-.ltb~lns. devtces .~ .a~rtecl. a program of ipt~ron tmp?ovemcnit. whUe 

; ·*Jhe gf!ft:er&&O..- wae belni !r&pabed. · Thta tft.eluded the. tepalJ;' o_f •ever a! \'&cuum 
\1.~~·: ~, tb~ ;~bee. better water·"~~~-~are· regulati~ &Jtd ~h~Je• in the· ·. . 

· · ~~~~· 11:114 ~~~· -~~rculte. of ..,., tube~., . The$e chan9e• did J!e_.ult la tmproved · 
;. ·, · . ·petl~'r~~c:e but ptog-•e•• !t&'" \tot faet, aad. to thla day ~e lpltron• are a · . '; : < -· .. eouretJ' of ·tt-ou&e. . ';. . . '' ., '.· . . . . ' . 

! , : < , : ;, ' · ' ·wi,~ ~e';';::4m. i>,i>." •ag~ils, ..., pioc~ded to bl&Ud ,.;\ll• 'beam by a 
s~:C~eeelo~ ~('tmp,ov•meats-whicb, \n fact, ~re et.Ul gotag on •. The largest 

·.- · · · giln'~ were JbAd~:by: ·- - · · ;,. 
•. • .<f' ~ •• • • • • • 

_·1. .R.itlng ~e'av~rag~Jival:u• of .• ewer the width-of t!le ~k fl'om 0. 55 to.O. 65. 
. • • 1. :· .·• .., ' ~ ' ' ~ ,_.' ••• ., ' 4 ':'~ • • • • " • • 

•' z.. .tmp~o~g the ou~ut of a.e ion gun and the !uetallaticm of a prebuncher 
• . ' ahead of the l~ea~l ae~~~eratol'. ' - ' 

. 3. :: ae~~ving vartoue ~w~cee _of noise mo4ulatlon froll! the rf ci,e\llt• . 
.. : . . . ~ ' . ' . 

· 4,. Synch~~tz~ng tbe ~ene'rat~re tO eta.bUize the ripple p~ttetn on the rnagne~ 
' voltage. . · · . · . -. . - . . 
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~~-. -~ ~ ~~- -·~·1.:,; ""4·"'\•:~ .... ;,. ·····:·· . ~ ·. .. . ' '·.. . .. • -~ .·. ' . 

~:-.:,.:~\~;:>,.···.f:}.6;~.;:;i~cbtc_l1lg the Jttter in:t:he ,-~akin& stdpa.· ~~~d to Um,e iojectkta•nct.,~e. · 
~;: '~~/!:: .... ,·;.~oagh ·u•~ of &'ipp!e f•dlf"ck techniques. · 
;~· ·,· .;:: ~~·'!' ,~,·~-~ ~-1~·:. : -- ... \~: ":·, . . :., . ~: ""t" +}~.. . ~ • ' 1- ' • ; • • ~ 
"!Ji • t, ... ,~ r;l . 't.:.f... ,., -i: -~ •• , , , • ~ 
~·- · ,...·;:~ ~. ·:·J.'~·: '\' " .. ~-; ~: : ·. ~ ~ ~.: Yle. dtd _not ·unde.-take .ally:peTiod of •tudy of the Bevatron as weh. 
r;;;. -.: ; . :,;:~ .. ~·~d..irnpioovement -of perforrru'Luc:, wae rodueed to a. secondary l'ole ae· e~ott ·, 
~ ·: · ·:~·_: ,:)~e .. ·the':b~a~ reaclie'd a "'Abl~ magnitude. about 108 to 109 p~oto~e per pulse, 
;,~ ;'.' ~-~ ··:~·:·) ·~~.Sept~~ber .1~54 •. ::r.he e;cperlmtutal pttosram besan immediately. A• a · 
.: · ~ ·' ··. . ,. ~e•Ult Of'dd• we.adll-do not know a• much about the machine ae we would. 
~::.:::•.: :_:; . ~ ~~·;,t)\Jftt\e coUl'se·ot'.&ctton.waa juatt£t.,d by· the lmport-anc• .of.tho elq)&ri•. 
1·<· .. ~; .. : . . ~enta~··pr.oaram. · This 4r:tt e~~etlve tool• of re.~arch proved to be nuel .. ar 
·· ··~~· · · ;_ .em\l).eliijli,~' be<:a~•e ot.thetr·••nettlvlty oct .. eimpliclty •. 'fhey:were aoQn fol• 
. ·. ":~: . , -. : .. ,- l~W~4 by • ~loU thamber. aad COU1lter eX})erimenta t.a· incr~aelns eomplexity. · 
~ ... ~ ·. ;.: ·l.' '_ ~- . .~. . r.·~ .... -~: ~~ ~~-~ ... : -~- ·' . . - .. -...... -.._ · .. · ~~ !~. -~ • ,. ~- . : • ,. -~ - • • ,. • --~ - • • - - • • -. ,.. -~ - • 

. : >.·.~:-·. · < .'· :~ .·~· -;~ .. ;.·,ta· J•uarv l956;a. ·thor~ c1rc:~it aga,l1;1· occurred be~we~n.a coU and eKe 
._, ~.•::::.: -.: '. tl~ator~!ln 'oae·of tl,;~.g~e:toacor•. It required~$ weeks .o r~patlo •.. • . . .. · ;.; 
,;-';>• "r· '. '.': .• ~.~< ·_ .. :}.::· :~: ·.' .:' :. , ·. · .. ~:'· ~·'; ·'. ' ~ ..... ·, .; _' .<:--~-· i':ll~' ·. ' • • •' 

'(?.:,', . : \:; '·' . · ·:· - ·. ~· ~~oal!u~~o~l! 
-· - ~ .-~~·!-'~ .I ;; \ , ...... -

' ,·':. , . ). "" 

' . .. 

·. . . + -: . :· The· ~~V4trOU. le etui undergoil\g a pl'OCeS$ of. gradual i,mprOveme~t 
·, .. - to in4l'fia.•e both-tl.\e.M..•snitu.cle o£·~.,-. beam and tt.e.r$1-...btllty~ 'Tlui operating· . 

, • ~·. · . c.mditi(ma lot :optimum adJo.•tm-ent .at ~e pl"eaent stage. of development ate 
. :· · . · , .• u1;lm4ri&$d he1ow. - ;. - ' .· . · · _ · · . . . · . · · 

~ : . .. , 'J 

. t . .. . . . ... ' 

·• <:.·; ··i .. , <~·. 1.~ sun· (480 ,ke\if 
· -·· . ~·,· ·: · ··: · .- - Total .curr'ent . 

• ~· · · ~ '- ,. ~ · · -~ · · · ~· · ·. Allalyzed. prot~. current 
''.· ~ · ·Pul .. · .·· ~e len.-..1. _ · . . ... . ··" ·~ . . ... ~ - a·...-

Bea.m dlarnetei" ' 
1 ' ' '~ 0 O v •' ~ 

I 
·,, i ... ~ ' "' ~ . . 

· ·<. ~-' .· t.tnear·.*c'<:elera.~r (9 .'8 M-ev) 
.. :·:··.: · :~/.c.'c· :'. c~etlt. · - . 
·. -•. ·, ..... · ·PuleelongtJl ·· 

f ' . •. • •. ' • :. :.st ... _ ' . 
- . J. ;.. · : · ~ Beam w~~t~a-

.... '-~ .. ~·. t·,l ~· · ..•.. ' ' • ;.t~,. .. ,_ 

• ., <' . _ ':: • : 1!Jecte4 be;.am~ iftileetor · 
.- '.. . . . . . .! . 

~ ~ ~ - · c;~ren-. . . . ~ 
.. -- - !'<=ceptall<te 'tm~ . 

. -· ·· -. J1ljected.eha.rge durifta 
· · . ·-{, ~-· ~ · .:. .· accepta.llc_~ )~e .: : . . 

. ·:: -: .'_;;; .Aeceleratect be~~ ·>~~ ·.:: .· 

·· · • . Fraction ol 11\ject•q· eh&J"ge .- · · 
. ... at. tlme .• tPiec a£tel" ;,injection-

" ·. 'at tim. sa ~&·c J~1ter inJ~tif)n 
·· · ·~·. ": . (6:'7' Mev)' , .,· .. · · .. _ · · · · 

. _.. . · at ·etul c>t aceeleraJi,on 
(6. a ~·~• '..: · .. 

•' 

/ . 

.. 

. • 

-· 

6 "'".lO U1a 
(,Otfo. · 
1000 ,.eec 
1 (;~· 

; .200 ....; ,·~o· .,.a -
600 Ji$0¢ 
1 c:m 

' ·tSo ·...,-a so -~ 
300 psec · 

;-,. 

.... 

· &. 1·-,..· 4. $ • _:-10 1.1 proton a 

aoo/o ..;. ~ So/o 
~lOo/o' ' 

~:8C1/o 

01' > • 

from 2 ·tc; 3. S •· 1010 protons 
pel' pulae 

·' 
.• 
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Be$m dimeue~on~ . 
At lnjectiOl\, 

ho1'l&Ontal 
vertical· 

·At 6.Z Bev, 

Vacttum 

· horizontal 
vertical 

l?ressu.re (mea8\U"ed at 
e;tratght •ectlon) 

44 inches 
9. 5 tn.ches. 

4 incbes 
·a i~cbea 

. . 



t 

/ 
I 

,. ' 

; .. ,; 
· .. 

·~· .. .. 

UCaL-3369 
. . 

.3 •• T~ie•• ·~ ·~~1~~~- ·i"~~ulc_tea . . ' 

. t . ' ' 

:. :·.· · .. · ~· .. 'J.'h.e ls~vat~·~~-~~;o.et m.: •. ~··totaily·~~io•e4 J'etutn yokei tbereiore · .. 
lcc:eta·to the heam·,·~st.ep•lOr llmttecl.•pecf:al.pU:rpoeee••,_ poaeible'only at 
the.stratglit eecttone~ 0.~- iitr•talit ·J.4!tetloll,. ·'!'hlch was entb'ely l.tee ot otl)er · · · 
equlpm~nt and ie 4yC>~a;bly.;8l~ted tn the· nUtting, ·was aelecteci a.s the maio 

· target area~ . ~~ ~ta de'Veiop~ent. pr~c.eeded .. ftr•t•. ~e. atratsht eectiou• are 
~0 feet long,. and til order· to provide ample~ r . .,on} fc>r vacut$ril putnpa. latlector, 
and acceleraUna elec"ti~de; tb.e a'tratsht~iect~ tanka VJere made "ve:ry large . 

: b1 .croa• a.~ctt~a• a~O\lt'.7 feet hlp by ·9 fe.ei Wid.e. · ·por the target al'ea, ~b 
'"' .abe_p~~y•d;to.be. a ~taadvan-.ae. be-ca~··· itt~ ;o~ten 4.J•tra•le to get ~agnet• 

.o~'. d~tectina equiphleilt c~o•e·to·~e ~rget con~e.,u ... e.nUy.re .. utrant face plate• 
. ·were put on the tatlk, both :<m ti.le •ide· toward th6-C~nte" and on the eide away 

· ' · . · froro··the center. Theee platea· carry thin wlndowa, a~er~ly alumlnu~ o. OZO 
in~~ thick. Tb"ere :a~e al~,tW-0 . .-e~eutra.1lt itruf.tllt~•·mow,.ted em tb;e top plate . 

. llhi• .is a uwell'.' open to tlie a.tm~tphe-re .aad bay&DJ ·.4 thtu :windo)V, -the othea.: ia"" 
.. · a~·af.r lock-that ca~ lle. ope~d:~ the-~c~ ~- Three·target•ina~rtion.mech• 

. . a~ieme, "plungtug probea, "· ar.e located. or. tb1b, .laelde. · The:ae mechaniem• . 
. · : are _op~rated by' .compre~led atr.a.nd"Wol'k through l~cka, 80 that target& call . 

t, ·. . ·.·.<be changed .eae~y •. t'heae ~clllt~~~ •re.~eed ·tP' inaer\ pbo~ogr,~pbf.c emulsion• 
or ~adlochetntca1 tau•gete intO the- beam! ·. They' as,-e el8o uaed ~~ geuerate 'ite'c;.. : . 

. ·' · ~d.ary partielea ~when 01\e Wiabe~l tQ ~biJel"ve atrappi'Oxinuitely 9,0° to ~e pl!'i• . 
· :. mary beam. (See :;the .K""mea·on facility ~~ the tigve. ) Pat~clea em~tte4 :t~ · ·. . 

the for:-ward. db.e9tion from tbea~f target• ·a,e Only ·o.f very limited use becaqae . 
. . ·they go thrc»1gh the ~ap.et: yoke.;; -1'~1." hlgh .. momei).tum. w· ~eaoua. Jie~trona, • 

\ . ; . ·~ · aud · ac.tte~e4 high•.enerar, proJona, elK target~ have been pl"ovided in the mag.• 
. net ~t azimuthal position~_ Z. s_, .. to ZQ~. £~om tb• •ttalpt. *e':·tlon~ An ~ltion~ ·. 

.· 

:. semlthin window (0. 06!~tuch •taltUeae etoei) ta built i.Q~ tile corn!fn!" of th• · . 
c~ved tank for -ue~ W!-tb .ih~ae'tal!geta. ·The _ald.elding wall oppo•tte the ~main . · 
t-arget area baa·. ·a slot. so. fe~ lO.j and Z f~et, ,high. Thla tllot i; filled ~th ,emall 
heavy concrete blocka wh~ch.~ay be_ a'l"l!anged.·to provl~ chann~la for tl_le various 

, . b~a.~•· The ac:companytag. Uluitr.aU.on~ show the Ja:rget area tn &()me of its·: · · 
typical arr-.gesneuta._,· The arJ."ailgement la tairly- flextble, · buJ baa the .sevel"e 

· UmitaUon that aU· the setups mu•t be -placed 'tn the same area,. Whe-re they ie
rtously interfel"e· with one another.· :,tht• problem la temporarUy aolved \)y · 
ecb.eduling relatively lc>n& eee~v.eneet~:of·oae klnd of ruth ·.•c»·~t change•over . 

. time il l?llnimlze4. ne long•~r~ llOlutioa·however. te !0. develop facU~tlea · 
at o.ther areaa.. Thie work i• j~blJ .~lo~g on the line of ••tablishmg specialized· 

, and lese flexible factlltiea at ~e othu straight •ectiooa, to relieve the load' at· · 
th~ main tar set area •. which Will r~~lft ita fleXtb~e character. · 

. . .~. Qae ~uc:h~-ip.ectal~f~Ulty !i,aab.,.~ tn~Wle4~-· _.'J;'hia eon•iata of a l)ole 
in one ol the lea yQkea ·ot the mapet. and a target located .so that fo•wat'd· -
emitted K• par$lclea·.of •39 W•vJ-c .momentu.lb. are 4~flected ~0~ by :th~ ~evat~otl 
magnet\~ field and. emerge throuah tli• ho~e. It .lis located well a:way ftom tb~ . 
main target area· ao that ~t:doee u~ ~terfere~ MOther special facUity.located 
at th.e suaight aectton c;cmta.&d.B8 the aece~erating electa'ode wW •oon be U.ataUe(l 
to. provide high•energy ,. meaon.a a11d nett.troae.- • .·· · 

. . . Some .of the e.xpetlmeats a•• .lor example, tlt• aatip-roton detection by 
. tiine -of £light· require a to~ _of 1p-ace. · .. In· that eqel'ltnent the ta_at quarter of tbe 
80-toot pa.th. e~ded outflde the buU,cUc.s. We are therefore adding an annular 
aeeto_r-~v.t 6~ teet wl4e t.o the ~~4llla opposite the m•ia target area. Thi8_ . 
'bulldtng·wtu be equipped ~th p~_wer and .water dbtribtation, a l.arge,crane, and 
a_heavy aoor, for the lugeat reaear~h- equipment. 

... 

,. 
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. ' . . , A r.oom,. abottt JO Se!et a4Juare, located next to the control ro<)rp haa .. · 
been equipped a• the matn i:ountbig area. The.re &l'e ·37 coax cable a for fa~.· ' 
pulaee co~nect~ag· lt.'to tbe ~al.f.l .. target ar·e,. •. _Permanent racks itning tt.;e·~al·~e 

.. . 
·#· • .... 

of this room pr<>vlcie ·t6,rnmaUoaei tor the (!a'bl.e$, a• well ae regulated. pG:w~r: · 
auppUea a.Qd .eome of the ·~UAtlfis ctrcndtz.y. Some of the. latter·, elpocf.atly · . . 
.the ~otn~i.dence tm~t.-, fatJt.~pltfler•, ~d p:,eaealer•• ~··.mounted in moyable 
,.._lcs. which ue c::oan~ted to tbe.pe:J.-tnaneut iuetallatton·a• ne·ceasa~>y. AU· · ·· .. 

< •• 

of the. coU.litiDg equlpmenf: ~··fed. 'bom. shielded po~er ~~a.~Qr~el"s, ~ a .sJ:Oo\tftd.- . 
· · . . . . . ;ing eyetem. •epa~~te ftl'o.m··:fbe bU~~.s and accelerator ·te prc>vt~ecl. to mbdmtra~ 
r.:, ; i. ' . • ;· 'electrical'interterenc:e. ' . ; ( . . . . . " 

. ' ., / ' ' ;. ' . '.. '::. "- -, . ·, '""' . .. t ·, ,... . ' ·: .· r.-·· ~ 
.~·::: ... • ·.. ':' ·' .... ,·;. •·. , .• .::.t·J.. .~ ~ . ••· 

~~ ~ ' ~ ~ ~ •• ."~ '...; ' I • I; • • ; J ~~· .. > ' y • • • • .. I • 0 

t ~.. .:·' .... ·'·" .. , ~; 1•;. A~~~'X !S!!f~!~t . , .:;. 

.. . • '. .. ... .i~.! 
~ ~. ·.: ~ 

~} : ' ( • ' • .. ' • ... . '( ~ . ~ t . •. • 

;.~: . '. : ~ ...... .. ·.:(·· \lbe alildiia~f!:'e~~~~~lit ti~ed in ~et~tna ·up ~ii exJ,eri~:nt' le ex~re~·~t~ .. 
~~ .~ · · -~. ':D >~ :}.~t.<;,~'::::/t.r::ttti1f~~:c:;~·::.::.:·~~i~:t~.:t1->t{::n":,ili1~~t':,r ·· ~--. ~-
.. <, ·;::' .• ( ·m.•r b~:}'?lJ!ltere'at •. ~ i~Q!fi}Jer:· ~Ub•ta.ntial. additlo~· to ·the eq,~ipmeat ia. ea<:h.:ol . 
j · · ~.e· tb.t~e; catf)godes ~ll_;A.,Ve, ·to be made .. ta··*he next yea,i. · · · 

. t' ·, , • ,:}. l . #: . • . '. . • l· ~ • ~ r --:··· • '': 
• ' •• Y. '• · .. 

:~ ... ' . . ,_,. . . .... ~·~:~~~. \~ .. .;- -~ ~-- '' · ... 

nc;:_ Powel!:~!R,el,lei ~~~ ·~aeet• . .. . .. .. . . . : . . .. . ·. · .. .· . 
~ • J .; -~ .,. ' • • • . . k • , • •• • • • - - • • • '· ..... ~ •• • • • . 1 i . , . 

;1.; · ·;'· , ' · ,. :. . . : .~.~~ compon~~~at\~ m.~1;e4!liA· ~'ply:t:ng~~r;P;~ }n~·,;J.~:~~'.+:Jn' ~ap'·~ ~ .. 
,f·~ • J:ify,i:;1'r. 'pQ Nc't'-~; ' . · · . . . ; · ~ · · ' · .. · . · · . . ' .. : : 
\ ~ .- . . · .. ' ' -· ~ 

:7~ ",· ··.·~ .··.· ·, ,, .;:. . I -~~· .•• ...._: •• _ ' I;' •• ·"!"" "'· t • \ • I 

"~l'~a:dy·ia'&e.rvic('Jf~-:..,· ~~ :·· ... ·: ··· · 

· · .... · i ·~ mot<n- gen~r~t9\r,e ltt{volt ''o kw* O.!l;'i~. ~eluJ.ation .. ~ · \ · · 
·t ...,. u · · ·· r ~·,t"~.:.. · · 140 ~Qlt .41 kw 0. t":f1 ·. :·' · u· · " · ~ 
8 . •1 ~.;· ... :;:·.: ::··. .,t,z$ volt -ao kw o.t!o/s'nS .' tt ' · · a · tU · 1 ~ · 1 · o· · 1 · a• 'k ~ · · · .;.. · · · 

-,~. ·<'. ,t:.·.~ec:,, ~ere·.·),::.:~·~ .. : ... io-.~:1: · ~4 ~=· ·. ::::.:;., .... · .· . 
\ ., 

. ':-' 

.. '; .(*utider pulsed COP,-4;itions .the l'ating_ may l;.re increae~e~d to 800 . .kw) 
. 'J:d. ·b~: in· s~rvtce .. tht,a yearv·.~ · · · , .: - .., :'". · -- . . · · · · · · : -. ~..: · · 

·... . 1 .inoto~·~e~uiratott .·.: . ·· 41~ ~t~ilJO. kw· o~·t~~ ··:r·e~ation . 
t.:- , . · 6 reettfler•-. · . · ··. ·. 10>vc>lt '·za·lc.w 0.'&%\ " 
~.- . .. _z. ~no~or geneiat,ore , . 180 volt_ 150 kw 0 ."So/o ·' · · .. 
t.! . ~-· 't .r • ' .• • ~ : • ~ • ~, 

.~.:.' ..... ~··-~ l. ... ;~~-~-: .,_.-. ,. ~ _, ... ' ••. 

; • • .'f• .,. '_ 1- , r < " 

: · .... ·.: :.t\'n~yz~ns MaeS?t• .. ·. :. ·: · . . ·. : . . . 

·.t "'. 

'... '.. ·~I! ""'*. "' . . ~ :;; , 
..... · ·.. <' - .Z Reetansola.r. pole ,12· h\che·~ .wid~. .60 i1u:hes "long. maximum: field .· 

· -. " . · . · . z: 1, SO(l gaua:•• ,.wlth 4..,mch gap·· · . · · . · . ~ · · . . . . · . :' ·, 
;, ~· £~·· ·.1 Tl'ape»C)idal pol.~· ZO. lt\ch~! wide and.l4 tach.·•~: l~ng• ma.ximutn · . · 

•· .· fleld 14;000 'g3UtHi; wltJlJi. 5•i0ch gap. . . . . , 

~ 
~ 

:i' .a R.4!ctansutu po*~· ·l21octi~s.·wtde ~Y 30 ~41l~e long •. maximum fiel~, , 
.1 ·' .l~iOOO~gaQ$:I•X~~-4•J#ch aap.. . . . . : . . . · . . ·: 

; . 

1 Ctfcular':Pw~; ·az·tttcbc..,s·.4t•meee1', ·rna.tmu.m fiel~ lZ; ooo sa~•· 
· · \VI,tbi"7•itic~.:gap·.· .>-' · , . .· ' . . . · . 
1 'CireUli\r :p,oJe~ · 40 i~cbe• :tliameJet,l .maximum lte1d 20,000 gau•s 

... 8 laclu~ .•. aap. . . . . 
•·. 

. ... · 

i 
' . 

·' 
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. . .. .. " _,. eete.of 8tl'ong ... !ocuatna quad.rupolee-of 4-tnch aperture. .ch eet :. 
~- -:·· .. ·· ··: . . · · .' .::·:~ .. ·-". ·: · . · ia a triplet. the c~ter element 16 indaee l~1.1g, and the endJ~l.emettts· : · 
~ . , ·.: .· .... _··;: . a inchea)ong •. · Tbe~rnuim•m field g:ra4lent b 400~-gau•s/lneh. · . 
~. .<~ >. :~ .. ;:;: .. ·, · · · · 2 seta-,of qu·'a.··· d'·\il)Olei, .• ~ lri~bea.tn ~a.moter.. • JCacb· a ··:rt.;l~t, the <:eater .. · 
'· ::... .:· .. ;·~-~ ·· ·. · \~ . . element U·lneh:ea long, and the eaels 16 tnohee. · Tie rn~mum 
., . ... . . . gr~lef:lt la ._1400 a•.t&••/hlcb... . . ' . . . ~ 
~ ~ •.. . 

. . ;.: . 
lt·Meaon "Beam" · 

.. . . . 
. The geornekical arl'angement of this beam t& ehowa f.n the_ diagram~ 

The target ie usually copper. 0. 5 inc~ tbi<:lt, the focu•ma J;Dapeta have an . 
•pertur~ of 4 .inche&, a11d th~ _tal'get•to .. .focue diatance ie 13. 5 fe~. .The mo• 
mentum may be set in the rAge ot ZOO to 400 Mev /c ~or partlc:le• of ~ither 
'e.tga.· 1~e K·~esoa il\&2( at tbv·eeate:r of~· dietributlon is l parttdea/cm2 
for 10 protons oo the. target-. . A counte.r array 4 .inches Wiele by ·0. 5 inch 
high, aeaeitive to K meecme ~nly,· itegieterl a.total of 15 par&t~lea -$or tolO 
protons on tbe ~rget. The r•do· oi K.,_ mesons to ,t mesons !a'betweea lfo · 
_'and ·Zo/o. . · · 

. 

\ 

·, 

.. . ' ~-

Htsh .. .Eftergy _N~utr2n B.e~ ,t. I 

· . A high•energy neutron beam l• procllaced by remo,mg the tnterferi.ng. 
· equipment on the outer plad'orm so that tbere ie a ¢lear Une Gf, eight through 
the neutroa-lleam collimator (see diagram) to a target located ·in ·~e Bevatron 
magnet-zoo fro.m the atralg\t section. An aaalyztag tnapet ia placed outside 
the shielding wall at the· collimator opening to sweep. charged particle• away. 
The distance from tbe target ts- 60 feet, and the estimated .flux l• 2, 000 neutrons 
per 1010 protons on the target. 

,- ... Meson Beam 

·The beat arran.aement fo.r 1r· meeona in the r~ge of -4 to 5 Bev/e is 
not shown. It requ.bea two 4•lnch .. dlameter quadrupole magnet• on the platform, 
aligned with the target at lJO, and an atlalyzer magnet lo~ated. in the ehleldinj 
wall. Rfteide the ahlel4tng wall, _60 feet from the target, the llwc le ZOO w•tcmz. 
per 10 proto».a on the target. 
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'. ·.. . ·. . .The arracgement fQr mottlentunl•veloclty ideatificati011 of ao.tlprotona 
· .. 18 ~•hoW'rl lft. th.e tltagram. · The moat Abu:ad.a~t particle la, o.f course, the tt•. 
· :ti)e,on• When the ~apet• are set to-r a mom:ytum ol l. a Bev /c the_ .., ... fl~ ·. ·· 

•. . , .· -ta~~z. aoo ., .. ln a;z. S#Oin~h·diameteJ" atea fo1'_ 10 0 protona on tho target. ·The · . 
, .. : : · ratto·_,of ~aooton.i to' 'i~ -m~aone ti l/44, 000. · · .. 

·" ~ . ~ -~ ' - . . 
; ·. , .... •., ., 

> 

\ 

.• '. 

( . 

:·i. 
. '~-

,, 
~-: . . ~ 

;. . 

' \ 
' 

i' 

.. ,., 

.. 
' •• 1 



//·,· 
\ 
'> . ..,-· ~ 

·.; . is ·done With an automatic pulee .. i~q~enee ieloct02' whlch can activate the targeta 
· · . ·tn.' any-selected sequetlcf! and vuy the beam inteaatty, energy, and pulse length · 

:;._ · ..' · ~ ~~~ ea~h target. - Thla methoct lt eQeclally uae!ul with cloud c'harnbera, which . 
-~· ·c:~IUlot operate at a.. J"epedtion r.Q.te •• high ae that o£ the Bevtt.ti'Ob. .lu atUl other 
1
;. caa~u lt.is possible •o place twQ cletector:a stde by aide in the aame 'beam. By 

:~ .: ·• • ··:<m:4! cu.• roore of theae dt.wtc:;-ea we t'UJ~rly always have at leaat tw() experiillttnte 
t:' .. : '· ·. , \g~lng.an• ®-c•adotlally a• ·many a• flve or atx. There are, of ~o~••'- limtte 
•·· · . · _ ·.' ;. t~ ,mul~ple' l'Qnnlna- .. In the,_ fir.•t plac'e it is usually necesaary that oae OXpfJri-
~~- ;:_ ... < ·. /:ment-~ 11eo1\trolltrtg" ·a.ua Che.bllltr,. •. eeonda.ry. ~erwicle eonlliaicm ~owd. reisult. 
:.~ .. .. _·: · ~ Jt·.b.aleO taeCee•arj to plaAlle allnll~ on complexity, othe~wlee ~t la impoaa~1~ . 
:'- · · t~"~~~ e_y~·rythlng r-unn•g at tb;e ••n"e :tt~e~ .• nd everyont,.loaee. · ~- · · , 
''I'~: '!':! • ... :... • ' • ~ ' • -/ • 

l. · .. ~< .; ; .' The appi"oxi~ate ·~e~·ting;ichedule l$ made 11p.two n;u:mtheln ~clvanee. 
)-'". · · ... ·: Yfttttetl reqQeate arcf aubml~e4. b,l~lly etati.Dg Jllt phyaie.a of the experiment 

.·.'1.·,· 

r ~· · ... a:n,d .the:tn•Jo" .equipment ~ed.ecS •. 'and eetirna&g the l'~iug.time. Wb;en several 
-· ··,,·l"equ.e,te,' ~om~ fror.n th' aa1ne ,sr,Jip the experi.meate.-• ue, ask~d to t.Dd~a.t~ · ... 
· ·1he .~elatlv'e l~p()rtaoce of eac:b ~oe, and the le1s lmpo'l'tant em~• are kmpora~~y 

put ·aeide.. . .The important requests are then ·grouped aocordi~g to rae tbat · . · 
· . . .·· ca~ be ea.rrl$cl on eirnultan.eoualy. ' Tbeee g:roupe of run. requeat:e mta•t nem 

.: · b~:pla.c:ed in sequential order~-- Here ~e guldlng prinelple ie •o.~ttr~ge· aimUar 
· _ ·· .klnd•. of·runa consecutively .'ito as to avoid spending an eJtcea$iv~ amount of time 

· ·: · ·. _:. '·cJ;langing eetv.p-._ A• maay a.s pc:.•eible o! the·leas tmporlant runs ~l"e then fitte~. 
-~ ' '" ·tri en·tbe ba.ele- o! not inter£~riftg.vrith ehe important one1 •. 'l'hies proposed schedule 

· l .•. then ··~'tnitted' for cliscuaeio1l at .- i.ufbrmal .meeting <.»l ta.e 'gro\tp leadert. 
· ... !•lew chm,:\ges ~re ueua.lly ma.de and the a<:he<lule ts thtm. ag.-eecl to. This.se~edule 

·t.e. only. app-to~mate. however• an:d l\t the end of e.acb week a· meetiug· is held· 
to· d.iecuss the detaUa ~~ the following week's runs. Here the aciju~tme•~• ·4J"e 

• · rilade tO, th~ achecl11le ~ thelle have been aevel'e . ope'tatt1)g ~Uttc_uluea with· the, 
·_ B~vatr.on or if ~ere has 'been, an une~ected ,turn 111 the pf'c)gr~lfe of the exp~,-~
. m~~t_.. _Thte desc.-tptlon ()f ~e r~•earcb programing le of. cour~e eo~ewba.~ . 

.. · f.d~allzec:l in an effort to state it ·•impl-y and ln general term a. ()ur programlng 
ls also t~tluenced by a c:omrilon 4eatre to cwceutrate the neceaeary tim'$ _atld 
.~#o:rt to .d.o "big" experirn'el!t& and· to re-eiet the·natural iendeaciy to dtvtd~ the 
tt~pe into ever·smaller £ragmeat8 80'aS to Make lt ~~around, wbicb wou14 of . 

-c;o~r•e make aome.lmportti.nt exjerr.irn~ta tmpoaei'ble. · · · 
I <' ' ; 

J ••• ~1'hia work was·d.~e-"nde~ the auspices of the U. S. Atomic Ener~y 
Commission. · · · 
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