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0.5 BoV /c BEAM TRANSPORT SYSTEi~' · 

R. A;, Swa.nson 

Univ€lrdiy of California ·at Sau Diego 6 La JoUao Ca.Ufoll"nia 
·' ~, ... ,~· ' ' . • .··'· .'. , ... '· 1: 

~\,0 • '.; 

G. Roe He1wy t · 'and G. Schr.anlt ~ . . ·.·'· ·: 

Princeton .. Unive1"Gity9 Pr.T.nce.ton~· N~E:w, J'car~®Y 
' ; 

/1 

AJ3STRACT 
. . . 

. '• 

A b~ama transport IJ}'~tem for axtelrna.Uy prpduc!lld pion bea.ma ha!i been 
. ' ' I ' ' 

built and used !o1·. O'V'ell' ttwo years 9.t the Bt~:dt®ley HH-in.ch cyc1otll·on. 
. . . ' . ' . . . 

~. measti;red acct>pta1nca mean molid angle o£ 6.SXio"' 3. er. ·~'-fer a 2-in .... diameter 
: . ·. . ' ' '· .) . ' . . 

,.· 

The image has negligibl(;~ momentum d.i~perdo~ wU:~.n th.e a.ccep~Qtd 7o/o 
• • . . " ·. " ~ :J.·.: ' • • 
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I. INTRODUCTION 

A n0C~H~ScH•y accessory £o~ an accele:ratol" with 6-n <axtri!it'na.l b0am h a 

secondary beam transport eyatam which aelectB .a, pox>tion o£ the momentum 

. phaseJ volum~ of particles emitted !rom. an e1-r;ternal targe~, and forrna a remote 

image free of background born lh.elut:rab and charged pa.rUde~ w!ib momenta 

outside a ~~Blected pasf.ll band.· Thll.!lre eltht mWly such ay~temB; the present on.e 

h de&~cdbed bacau®e it e~ce~da its predeceegor by a factor of four in m.ea.n eolld 

a.nglee is phyGicaUy sb.o:rt to minimize decay in flight~ is ra.tha:r mimple to met up 

and optimi.Zi(Je and urH~e. relativtdy few magnets. It baa been uacd !oX' mom~enta 

bet.~a~:Sn 100 and 300 MeV /co Magnet power dissipation give~ an upper limit of 
. . . . . . . .· . ·. . . . 

430 MeV/c. but an alternative mode o£ opt;n·ation h de~Jcrd.bed which raises this 
i 

' l 

to over SOO MGV /c. Thl!:'l 8yatem hs.o unU: poaitive mag,nU'icaticn~ · The p~O$ent· 
• I '• 

. . . ' ' 

·. magnetf:Htif) produce. a whia but wa:da.'blls!l mon.'lmntw:n pae;~ bmnd and by uein& 

., 

K!. . DESC!UPTXON OF SYSTEM 
I "o ' 

.. '· 
.. r' ..... · 

.~·· >. ' 

. ~· . 

,. ·. •·' 

The phy~ic&l magnet layout b ahown in Ff.g. 1: a
1 

and Hz. en•® HH 11 

.magnett;} with a. Z9· 36 .. in. pole X 8·in. g-a.p; 0 1 .m.n~ a3 l:U'e i2 ... !n ... d!ametel" . 

circula11•":'ape!ttur~ qua.drupola~J, i~ in. long; Oz b. a iSi X 6!-ino :recta.nifllla.r .. 

. ape:rtur~ curll."ent aheet quadrupole~ 30 in. long. The system!(.; 3Z ft long from 
,. 

. . . 
oource to im.a.gc a-long the optic axh. The mpacing of. -;ma:1Jl1ete !a ~ymmet:rkal 

a'bou~. tho c0nt~lf of . Oz~ it is tbe clof!le~Jt pe~mHted by the phylilical rd~e of thE~ 

magnetm and the location of tha exhdng shielding waU~o 
. . ' . '\· 

Figura 2 !!how.~ orbita for rays that o:r!ginat0 pa.l:'a.Uel to, but not onp · 

, .. _.: ., 
. >' 

·~. I •' ' . . . .. : ·' 1 ·~ . 
. ..... l ·.: ·~,, 

·:·:. 
. ' 
'• I .• ~ ' • I .~• ~ ~~ • 

/ . 
I • ' ' • ·~ • ~ 

'. 

. ··. 
• I'• 

·' ·. ~ ' •. · .• · .· 
~ ., '\ .. ' . ~ 

; . •... :. ' . :: . 

. . ~.: 
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whlch 0.r0 Uliiue.Uy the wall of a v~cuwn tlll.nk ~n.a:rroundJ.ng the bsllm& are almo 

3 novt'!l. Since th0 system h linear§ an Gtt"bitrary '!fay h alwaym l."epresenta.bl~ 
. ,, 

aQ a linear lfJUi'n of thc.H~a Qhown. 1fh® r~ytli $hown ccm U)~ \teed to consti'uct 
. . ' . . ' _.· ' . 

. the phac:G &\l"El~ aeeept€!d ft~om tha rifourea~ This proceo~ h deBedbed in the 
. . . ' . ' .. . . .· . . . 

, .... 
: ,;:, ·: .~. 

Appendix~ the results for hod~ont:al and vezrUcal @Otu•c(S-.Spac~ phase coor.di.nJltelli 
• I o 'p • > , ' 

~ ' , . ,. .; ; 

, . ·, · , laifge. a~ one mcvee: o£1 th~ optic ams • 
. . < -~-. · ... -.~_ :, . . . . . 

.·~·~ . . . 
Th0 boundaries a£ Uu~ accepted phase .. . . . 

. - , ar®a ~u.-0. lab a lad. by the names o! ihe .tli,IJ<e:ftureB that ~encrata them. · 
\ ~ ..... 

~.· . 
... ·, '-~ ....... 

.'·. ,' ·i. 

rq . and Hz io~m ~ ~e:ro dil'lper£ion pail'C'a The intarmediat~ focus at the t:enter 

·· ·.):. ·:,;·of Qi!! :result& f.n m~ll'O diSJperdon only U fi
1 

&nd.. H
2 

bend ln th~. s~o di:raction$ 
' . / -/' ·~··. ~ ' . . . ; . . ·, . 

· .. '. The b~ndhlg magnetli give negHgible lfoeudng (nona fen: ideal megneu/ ~t cur.va."' 
• ·. • • • . ' . • . . . • • . ~ . : • • • • . • ' c. • " ' . 

. ··, -~··,·.. 'turo o1 ~he ma.gneU.<C pole edge reaaultm in ll)ome locurdng). EG~een&iaUy all of th6 
·~ .;- ~ ; ' . . . .. , . 

.. ,i;j.)/ ·_,',,-.h()~~~cmtal focusi~g is provided by con\fe~~g~:rit o.. ao.d Q'l!, Oz has r~la~ively 
• :: 't • ~.'·'~·Jf·\;1·~··.· .: _..... : . . . ~· :· ,• .. J;. . . ~ . . ' 

· · ... ·:· ... , !itUa eft~d on the hol"ir.l!onta.l io~u111. ,Ou~d.:rupol(l Q~ £'o~m~ Wl image at the 
• l .~ .·:. r ·/ " •. ·, ' , • . • ' ·, •. ' ' ' '. ' 

·· ·. '< ~: :;:··):. carit®lil' ·O! Q&g . aiince it it1li dhparaod~ Ia. ~olHmator llt tW.ffll poina e&n be \U!ed, to 

.. · .. ·: ... · ·.,;:.narrow the momentum pa.at!l b13>nd. ' .. ' . . ' ' 
... ·;~.·~ .::·-~-.: ·:.\:. X . .. . . . . . . , . 

·· · · ·· · L11 ~ verUe~lplanec th® edgal!l c£ H1 are· a pMr o£ thin lentiJel1 · ~·hich 

·:, , .. 

. '· ·:·:·:"=·:.· ·:.:: This hnaga b. htverted by Hz to lo~m the final hxiag~. · · Th@ tdpl~t 0
1 

0 2 0 3 

··,.""·.· 
. ~ 

J· ·-· .. 
. : · l&rgely detai"mine th~ location of th3 pdndpalpb.nef.l of th0 li®.ld.lens; Ct'ln,vel'Brenf; 

:<.::-'. <. Q~ dote~m!ne~S tha local length of tha Held lan12. '. ·'· .:. · 
. .'') ... :-' ~- .. ··-: :, . 

.. . >, . Th~ ov<ln·aU ray~?Jtem. hfu~ 'unit poGiU.v~ m.Jill.grufication~ ~® iG ·~'rident f:rom 
. . .. 

i.". ·•. '.the eytnm<'Jtry o£ thG eyatern .•. The V~Iftieal- intermedia.t~ tecum aaa m&gn!ficat!on 

. ' .· \ . 
: : . , •. ~ .' I .~ .... ~-.·· 
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. ~ I , r 

·. tha 1':3ize of the v<artica.l intenn~~i.ate hnttge. The use of a bending anglo. o£ : 
..... :I • ' 

!;, ' 
. l.; ~ :. . . 
···,,,,. 

.. ;, . 7B deg t'Y.'Hl.Y ca~~se smne conce:~.~£1 becam1e .o£ the many abagaraHone a~!!'H:H::i.at€d 
~~-~ !' ' ' . .' . ' . • 

• .. ··. .. ·. '.·· 
I'·'' 

wHh l.H'!tHHrr,g magnet~ •. !nveeUga~tm,. o£ such (;l{fecta ahowa~ tha.t they ca.ncel_ to 
,'•' .·· 

focal plano p&rallel t~. th0 f'inm.l bettding magnet pole. l,:ld.ge •. rrha m~jor 
. . ' '.· ,' ' 

.;1_ ·-· . -~ '> 
: .. . 6 · , . .t : 1 ~ I ; · 

noncanc~i!Uifig abbe;:r.ation £.Jt$ ~: dependenc® oi v~rth:al {Qc~l h'nl\&,th on vartiea.l 
:.: ': ' .,, ·' 1 <1' :·, ·: t • ;1,· ,I: i 

. · .. 
~ ': 

angle~ which re!3ultm £r.'~'m th~ !ar.:~ that th® t-nagn®U.c l~ttffth .o£ ~ bGli!>d.bo.g m.agn®t . 
. , I•' . . . ·.. . . . 

4
._.; ' : •• '• I,;.' :·.·, ·r:.~ ';• I ',• '• I ' 'j' :_,, '\' •! O ·.·,.; .. ·--.~~-' : ~' 

::.·. d.®p®nds '1~\p{)nh~l.glr~ ft•cn:r. th~ m~Hli~n plan®.. , .. /.-,.i .. . : :.,: ... ~::;)·.::~· ... . _ .. \;::::}.':·: ·! 

. r: ' ' f ~ ' ~ ' • ' ·. '., ' ',! . : : :: ' _:, ,f /_ ~ . '' ' :• . ' . ·:. \ ' .. • 

.. 
/~·.:,. f! 

• ~ : "' ' f 

1 • ·.: .• 

I',. 
, .. ' ~ 

.. • .. · 

'· 

.·:· . 

.·. , .. •,;·• .::,·. 
',,· . 

. '. :'. . :III •. OPERATION OF THE SYSTEM '.:>:. •.' '· . 
. I 

l! 
I·· ·, r 

. ': .. magnet p:rb1:eipaJ. plane:~ adjacent to• th~ qu.n.drupol~ •. 
' '. ' ~- ~ . 

(bp D~t~~mine, fos· oqua,l g;;~a.dietlt:&~ in o
1 

B~.nd Q 31 thcnie qlJ.acb:upole .field.a . . " ~· ·: . .... . 

' ... •. ~ .. 
•• : t•'', 

.: . ' to i .. R ( e .. &hl 8}P V"lhelre R h~ the l'~.tdhllii of U:r.e; orbit in~!d~ the biL'Jni:Hn~ 
I_,· 

magn~t. · Tbb .hi th.e: focal cot'".l.dition foX' the ~ystern~ sbu::a twic9 the abo·~<"~' eJ,t .. 
. I ' . 

r , 
for li'&yr~ in & hod.:r.ont:al plane.. At thlG etag® the_ sy~tom h £o~u~£;d in the S®lHHli 

. ~ . ' . 

o£ being ~.bl3 to .ifoT:m. a.n i1t.nag0 @i the ~otu"Cei~ but on& e.•UU mufJt &dju~t th111; v®rt~c~l 

>, 

· . .: 
· £ocus. of ths 'qv,.u:P.ctll'l;q:loltetli ~o- f:]:~.H~fy i1t !h;ld ,.ens co.ndiUon ~ui henc~ opUro.i~® bans.- .. 

'.-... 
: ,, 

·~ :. . : ~ '. ;, ' ' . 
·. -~ < • ' ·,: .' ' 

'. 1.*· ;'-,i',, 

~ : l . 
. (. ~ .'' ·, :• ' 

''.' ~ '. 
',': 
' ; i. .~ 

·, ·. -.... _ · . 
.. _. '·. 

.. ' : ... .. - ·, 

.. ' 

., 
''.':~ l ~~ '•~_ .. :' ::~: . 

<'' : ' .. :-< ·.fb.-... 

·. ··:. ' 

t. · .•. ,.·,~;. <}.:. 
·;:.:· •· 

·'·.· 

~ ··. ' . 

'. '· .. ; -~ 

- .... 
: .... ; .' 
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·, . 
'·· 
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' 

I' :: 

'· ,· - ' 
':·• .. . - ~ ·r :, ..., . : .·,. 

.• , ' .. .. 
_,. '.•'• ; .. ;, ... . 

. ,,. . -.•. • \ ',! 

.. . , 
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ph~i.::~~ tJ1a ve::U.~::.~l focus o~ u"le q,uad:rr.~poles at the vet·ticd pld.ndpnl plane of the<· 
1 • '·, 

•. ~. 

h.cn~:Ung mag}:l~i~ · 'fhb giveea optirnum tranemhm~on lll\nd compltDtGI3 th~ v.dju~t­
-. ~:,~ 

. ' ~ 

'I 

.~ ' 

nnd CH:hmh them to band h~ thG nJamc:3 dhection (brand~.ng t;h('3n'l in oppos!\t~ e:U .. 

i"edi.onm :re~ulh in cs:Jttrcm(tlly- high 11nomentufn dbp®rr!Jlon). 

' ., 

Onllj- c~.n nota lliOm~ ampi:d.cs.l fact!ll which simpHfy thea llbove p:rocese. 

_.In p::u:t. (a) ~t h ru:JCCI!H:n:ry to !n.t~grat.a orbHe in the actual ~·na.gnet ficeld or to 

wh-0 orbif:. The ueu.al !onYaulas for v~rtf.cd fo~using are invaHd b®caufl!a so 

orbU;t:ll t:u•e £-lho ru~C~<HHitary for the queu.h:upolat'i becauc.H.:> of the~ large raHo of· 

apert:~.ure to length. In pa.E1l: (h) t...~a co:e•:recUon to phy~ical pt:tili fo:r l'&}fl.!l p~ssing' 

Q{ 0~ 0 3 h almpHiied by the fact that the Vc:!!rtical p:rindp.al ... plane mpadng 

i.e 61'HHI!nfd.~r~Rl»" ind<l;;lp~:n.dant of the gradient in Oz and only ~lightly dep~nd:aant 
I . . 

on the 0 2 a3 ~p::·~d!<&r).t. 1· Part (b) h &.ho mimpUfied b~c:l!iu.tsa the pordt!on of 
. I 

.th,e hori~ontsJ, fa&:USI d~fMZ:i1.dS ab~'1.0St enth'ely ~tin the Qi, QJ gradicynt. (Part ~C) 

· f.e facUUa.tlf)d bec~t.u~e the poe~Uion of. the quad!CupolG vc~dcnl fc.H'!ua h deteS'« · 

mlm~d pdndp~llly by th€:1 Q., gA"adfl~nt. F.o:r op~i!t!'S\Uon at 150 -MaV /e.g tkH~ 
. rJ. . . 

fo1low~.ng ~pplr!m:!m~~l{'.! lfiald 'lm!uea wo~e uearl: H-2. ~::< H~ e 5700 ~ll'l.t~il~ . 

On ~ Q?J = "" 465 ga.\uts/»,n. 0 Q'11 r.e 345 ga>tHH~/t.~. Otl'l®f' xnt~r.n~n.t<l ~1re ~em.l~d 
'/), 08 . ~ 

,line~dy to 430 !Vi.3V/c.~ tJllhP.cb .h th~ powtu• Hrnif& of ·0.,;• ' 
.· ,-' ,' - '·- : . ·, -. ~ ·-,t .: . - " . - ·'. < . ' ·, ·. '':_ . . • ·-:'__ . :, .. -,_ :.i-. - ', "" .. - ; - :· -; - " 

. , . i > .... - • ; r . • ' . : •• , , f ~. •; • ' .:: .;. $' :;· • _; • ·• ,. . \ : '·• ) ·: 

· ..... ' 
'-, 

.! . 

'·,· 

·, •••••• •· • j' ·;, •• ·:·';_·",· :, .. ·_,. .·.:. J .·.· 
• • ' .' , · .. ' ' • I • . ' ; '·, '• ~ ~ . .-~ ~ '.' , ' ; ' • . . > ._ 

\ .; 

·. \ 

•• ' '. ' ' ' ' ~ • f • 

. . -.\ .· ·,. . . ,, •' 
'' . '' .. 
,., .• "'! 

. , .. 1: ..... :. '. 
-~·~ .... 

;, ' 

,• ~·· ;-: ->~ ·>. ' . 
. '· 

. '. ~ ' ;:·. i''. 

'·. 

·: .. ::r :· ', . r :, :. ~ :· '· e. • • • 

•• _.1,. 

. . ; ' . . - ~ . 
• . , \.t: 

~. ' ... 

- ' .. -. : · .. ·: 

-·: . ' 't'• 

~ .. '·· ;. . . ·, .. , 

' ~ .. : 

' .· ... 
' -~ ·: . ' ; 

. ~ . . 
'. . ' ~.. ;· 

• ._· ·, ·~.- l ' •· .... ~ '.' <~1 ·_ . ~ • : - •. . ' ' ~ . . . 
·._j_·.,·: ..• \ '· ·,. (',,!. L. 

:.· 

~ . .• . 
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. . ·.:~·. . . . . . ( IV •.. ALTERNATIVE MODE OF OPERATION ... 

,... : ·~: .. I .. i£ ah~ diredion of bending in .. Hz.' h reversed~ and' tbe quadrupol~'H~ t j •.• ~ : 

.·.''c." . ' ... ar~ tH~t to a
1 

= Q 3 .::; .. 219 gauo~/in~ ~ Oz::~ ZSOgautiH~;fn.'~ .t;hon.thre e~ys~em 
- "· '/ . · . 

. ~ ... · /, .. hJ in £ocus at iSO MeV/e with orbits ae1 shown in Fig •. 4 •. VIhlle the operation · 
.. ~· ... ': ' ·, . . . . . . ' . 

· · ... :· ·.,· .t,;.J.e.~nchttnged in the ve:r.tics.l plane 0 there.; is no longer an f,nt~rmediate !oeu; . , .; . :• , 
' .. •.· . . . : ... ( .'• -:· ... ·. . . . . ~ " . . .. ; . in ~h~. ho:rh:on.tal plana ... Th0 qu.adrnpol~ h operated a~ lo-r1ar gradient, whlch , 

~ . .·· (• ' ' .. I ' : \ ..... 

· impllQ.>~ that the r.<yat<f.lm can bG uGed at momenta U1? to ov0r !SOO MeV /c. · The 
.;·'. 

' ' .::· ·~ . • ~ ~·; •. t I • .. ~ 
\ ... 

·; . ... 
. , ... · ·ph;y(3iea11ocill.tion of the emergent beam Une im cha-,.ngad; it becom01S1 pa.raa.Ucl· .. 

• I • ~ I 

: ..... to the beam .CJnterlr.qg the magnet .~yst®m.6 which may be an ad:vantage 'vhere ,··. 

. . : :·.,, .... ·. ,'', ... space !s ~e~t:ricted. 

',_ ... 

The .. ;; 

.s:_ ... .. • ; " • • 

,.·• .. . ,<~: '. ·..' ·:. foct.l~~ .. ©n@ eru1no~ :il•educ(l the mom!t!in~~m pat~~ band. YJrithout, &ll<lo' ir!Slduebld ,tho ·~ .. 
' . _:· • " . • ~ . : . ·. . ' I : ' . . '' ' ~ . . .~ l " : . I . . 

'· ,:.:<~.·._.<·.hod~on~et~ngul&T.~aceeptancGS. ·· .. '· ,1 ·· ·' .• '.· .. :·;· .~:.-.,;·.,. , .. :,:.;: .• ::,';' · 

•· '' ">• 1. •· ·. ~ 1 . ,· ' \ ! > •} ·'. . \ ."' ,• 
;·<;1 .• ;' : •. ;,; 'ol • I 

, ..._;. : ;' :,. ', , ·, ,:; • l •• ~ , , ' ~ ,1, I '. j I , ·', < ' \. ' ·: , I , . ' ,. . . . . ,' : :i .. 
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v. SYSTEM MEASUREMENTS 
.... 

. ,·.: 

; ~-.• . :,, · and perhapi.i
1 

mQif(fj ~~IZHS!u.l to demonGtrats the ebara.cter~stic& f:iif the eyt!tem with 
.... :--.·. 

', .... ' .,, 

.. ;' -~·.:. : ... 

·· · · · .\<~ · · whos~ momta>ntum watW 200 M~V /c ,with a width ot: leB!i than io/o from fHlteU.it~ 
. ·. /:·.:"- .. .. ~ .. '.... ..· . ' 
··. ~ :·' .·/ line;;, . The eou~cG ~l!il p~ac®d at the cbjaet point ofth.~ 2lf®Un;n~· ~and B • .;;e. .. ~.n~ .!> 

......... 

''·-' :·, .... ·; .. ~~~·,.-diam~~~or liCbltHl~Jd~u:a cotW.t~:r wat:J p1a~®d at thelmage point.· Sourcep: ~o'IIDt~l"g 
·. "•. ·.:··~· ...... : ··:~~'·J:t,'•":l:·l:~.\ ... ' .. :~:<· . ~ • ·. • • " . ; 

,. > . and aU <:<>,ccepted ~aytil WSA'~ in a vacu~un; . !\. di~ctimin&~O:t' WlM~. tt3ed to lrOj~(:t ' .. 
• • . • . •l ' (' . ~ " - ' • • • • • • • f ' 

' .. 
·.' ..... ' .,, '• .I 

·: ~ ·-: :· . ~ .' 

,. ;:,·: .· .. ualng theG~.~s amtn.nb1g pllint,,th~.~yst~:Hli:, WliUll tw:i~d £o1" .. nut:dmum.flw~ ~nd the,· 

·,_. 

... .... ·~· . .'··.j·:. . . . . . :. . .·.. .. . ·.,:;··· '."· .... ··, .. ·,·,,··.·.,:· .• · ... .-........... · ·~ . . ··.· :..~. '·. 
)· .' \., ,' ' '• ' • (.' • ;'. ; c <' .' ,•" \. ' • ' \ ' ' ' ;• •.' : • '> ,J~ ; •' '; : :, .':_.:! ' ' ' ~ ' f r ' 

. • , '. · ......... , " ... ; .. , ~· ; . ·:.r , • ·, , · . , ... ~. '.... ~. ~ . 
"::·..-~-:·· ~. :·'' ·• ~~' ... '·: ,J'",,. -~.-~···~--. \ . 

< • ' • • ' ' • ' r ' . • •' • <: • . • ' ~ ' I '. . ' ; o ' • I ~i.:i,''. \ ! ;• ' ' : •: • < ' 

,.:·; . '·.. \ ··. '. \ ~ ·:· ... •'' {" .:-<:·~ ,· . ·: · .. :~ . ' ' ·.·\· ...... \ ~ . ' '· ~\.: . . 
• •-" • ·' ,, ~ < ' .~ : '• • ' ', I • • : ·, ; ', • ... ,.·. '':• .. " .. "' ,:("'~" ' '• •:·""- .':'-':: ·:' • •'• ·, •' ... '·:> '··~·!I': •"' : > ... :': I ,· ': •, ,'• : • 

, ::•~ ' ~ ' . , • I • ~ ; '. ·':. ' • , . . .. ;:, :, 

; ·. .{ ~ . t . '·./. ·,' • • • : <.' ' • I~ • • 

.': :. ' . ' . '. ~ . :" . 
•> I ,•: 
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.. • •f ... · '.·.· 
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·' the ~®p&ll.'aUon untH the count :ra.to equaled that meaetU"<..'Hi through the magn~t 

',: _:/_. ·. ·systllm •. :A d:ramatirc d~eeA"iption or' the e£fidency of the B)"Stem is Jgivon by· 
' '. ;~:-, ~~\ :: . ' ·~. . . 

· ·.: · .. : · : :)· th<i!i Qta.tement that a 2~in. ~~diameter <ecun.t(\');l' at the io_cVJ® coUcct11:1 tha !'Bltma flux 

. ·;: 

.. ; ... 

:•· ... through the. 311-!t m.agnat wye.tem aa lit would. U locate' Z:ljn •. !rom th0 source with 

;·''.· ... 

·-.··: 

Thel.mea.n. solid. ~ngle w&~ tbum meaeu7fed to be 6.5 men·~ .to ba . . 

· · The momentum paeuJ band wae mcea.aul."ed by o·bat:trv!ng the tra.n~miwBio~ 

of 200 MeV/e ::n.lpha.ti &8 th® curr(f;ntfl h'! aU magn~tlll wcr~ v&t.rf.®d pro1x.u:UonaUy 

· · .. ~:.pa.rti~!em. ..Th~ <1"!\n·ve shown ilh~uld b$ almol-lt id<mUell-1 to. f;bs.t o~tdned by va.ry~.rtg 
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APPENDIX: CONSTRUCTION OF PHASE DXAq~s 
~/' 

We wish to det({Hr>mJ.ne the phfl;Se a~ea. accaptGd £rom a source. ".fhlw irJ 

conveniently repF'e~I!JntGd: as a ~agion in a ph.a11e diagram Quch aa Fig. 3, wher® 
. . d ' 

x (or y) ls a tl'~D.@Vell:~e b~am, coor&at®D k = ai o &n.d § la m0a~ur®d. alal'lg 

. the optic alde from the CJOUZ"C:a. Fo:rt a phase di.}agram at the IDOUl"Ce WEI. GV&l®t\71 

Th~ p·h.!ii.e~ dlag:!:'a..--n h Qjal§ily .:onmtruct<ad if wa ha.v«~ two ox· bit~ ~i «~) •. 

and Xz,(m) ChOI'<lGD ~~llCh tha'C , Xi {0) Q 09 :ltz(O) ::; 0~ Xi (0) + 0~ Xz(~). + 0~ An. 

··:· 

'. ~. 

·. • . ·-._ · .. A+ {~l > ~(m) > "' AJ:r.). In mol!!t c~.!!1€H~ o! !nt~r.e!S!t the &p~:r."t:UX'!Ul m.!'e ~ymmet.ri.c 

. , ~. ;:: ·.·.about the optic a.mce mo one vnitelll 0 " I x(z) I ~ A(!n:). An orbit that Ju~t iZJ.t0~'· 

' :· ·,' . 
. ·' 

' .. . . 
.. ·,' 

Ona th:u~ e~aem that the bounda1·y of. the accept~d phasr, ~.r~a b compo&ll~d 

o£ pe1irG of pa.Ea.U®l !)tr&!ght U!J\(HJ; i! aU aperturQ!ia are til}.-m.me~dca.Uy 1ocat~d 

with re19pact to thfl:) optic a:drii ~ the boundary curv@ h invndant under rllllfiocUm~. 

through the origin. It ~a evident !rom Uffii eonstMJ~cUon iliat the bounWlry ctu·~rtl · 
). 

· · nevelt' :r:®ve7nH~e Uaa d~n o! iu C\n·vatmr<a~ a strSJ.ight Hne whlch lnttartHr=r.::te th~ 

l:u~ntnda.ry at two point~ h&.G no oilier b&~~ralGdicm.a unle0f.i b hi €:Obldd'l.mt with 
'I · . 

. tha bou!!lda:t•y bohve(Jl)n tho~® poinu. · . 
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em the optic c,~;;d.r§" oot ac~ept littl~ ~~:r nothing fro1n filr.Ji.'t~ca pohlt~ off the o1;ti:~ 
.·.~; 

.!~.::l•dt'f.. We a.bo 1\lOta the.~ ~<l\:ya ccm.put~~d fo.'!t tW.:t\ lerai!Hl!~ ·~·~ a pld.n'ctpal" pl~n.e :; 

<::t<"{t~ivQ!.J\fmt o! & Urick hmiit are not useitil. !o'lt' th~ conP.Jt~ue.U~n ol. phame .di,~f;:ram~·: · 

i.n any 81yat~'m ~,J!thich indud.~-~ quad:nzpolea ~ the phyFJi.caJl o:rbitg may 'd®~ittt~ 'i.~om 
/::: ·:;':-'.::'>.:': .. the ,~,Istf.e:i &}d~ i<U' rrt.oe;~ tbfM.l the thiil ... J.®n~ raya

1
that .1tep:?.'~~0.nt them. 
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The 01:-lrit$ U~®c.ll. in ~he d~rH~ig)rt !'.l:Jf th.® ~.hove my"Stem \'17t21ll"€! COlmpuhHi by 
. I., l 

uGing an olo{.:U."ct&~.!~ ii.H;'1.a,lCr.g co~:nputcn-• dtBv®l.o;p~d b}'- R. HQ' Quod -~~-(o .. · Piccio·JR{. · 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
m1ss1on, 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 contained in this 
report, or that the use of any information, appa­
ratus, 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 damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, 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 Commission, or his employment with such contractor. 




