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AESTRACT
A beam i:mmpcmt Byste e for (axtesm&,ily pwoduc@d pi@n baama has been
bmlt and used for over two yeam at the Berksley £84- im:h cycl’atron, It features
b & meagured acccgzmnc@ mean solid angla @f 6. xm -3 BY ovazﬂ & Z in. edxa,meter
| "",.Vcix_'cle, : "‘"he image &a@ negligible mamcnmm cﬁepammn wif:hin ihea ace;eapt@d ?%
B F‘y’v’_HM mqm@nmmbmd? But an i,r_amx*m@ci‘,&m *"”@c@@ ks @A@p@ﬁ’ﬁzﬁd"ﬁg p@rmﬁt co;;;«-}

. mation £0 & RArTOWer MOmentum band,
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L mmonuc‘ yi
A neCesEary accessory fm an ace:elami;m* w’ith an external b@am iz a
N aecomd&ry beam. transport watem which aalects & par&ivm& of the momenturmn
~ phage vcluma of part*cies emﬁted imm an m’temal targeﬁ:, and f@fma a remote
image free of backamm}d fmm mutmm and chwge@ particles with momenta
outside & selected pass ba.nd. There e*&is& mmy such systeme; the present one
e demmbed bacm,@e it exceeds m pmd@cemer by a {actor of four in mean aehd
) angle, ie phy:aac&uy ghort to mimimim decay in m«m, is rather simple to set up
o 1 and thimiz@e mé uges t‘emﬁivaly iew magnetaa it has baen nm@d for mamwma
bei;we@n £00 and JOO l\:ic»:“e”/c:c Magne& power dissip&tien gives an upper limii: of
o 430 Me"‘w'fc, but an &E&ema&ive mede of @per&tion m ﬁ@scribe& whif‘h raiaeﬁ this
' ' to over &QQ M@V/ce ‘I‘h@ @yﬁstem haa unit gmase,ive m&gniﬁmaﬂam The ymamnﬁ
vaymem @.ch“@mm ite permrm&ncs by uaing a Zexro cﬁiep@mien p&ir of bendmg |

i magrnet:a e pwacﬁuc@ a wide but variable mam@mm pase band and by using

- .shm:t ﬁ’@cai Eengm lenses @zmex’ @mgiy oF @@pm&taa by fisld lences,

| _:‘n; Dmcmmz@ﬁ or smmm

T!m phy@ic&si magn@i layout ia @hgw m E*ﬁg, i. E‘Eﬁ and H, ere "H"
'?-';7'. vm&gmem with a 29 36-in, pole X B-in. gap; Q, &mﬁ Qfé are 42~ ﬁm. f» cihmcaw

| ciz‘culm-a&p@mum quadrupoles, 12 ém long: Q, o » 454 X Mmm,e rezce,a.nzmmra
" aperture current ahegz quadrupole, 3@ in, long. The @y@tem ie 52 ft long ﬁmm
. source te image almw the optic axie, The mgzacmg of imagnéts ia s‘ymmsﬁ:ﬁcw‘i
) a,bcmt the center of QZ" it is @Zw closent p@zrmitm& by th@ phym@az sim of ?h@
L ‘1. m&gnem and the location of ‘“I:na exisﬁng ahﬁemimg wahso o B
' E‘ﬁgum & tzhaws urhﬁep ﬁm rays eh&t m’igin&ga pammz ze. but not c;np -

th@ up fc axis as wau ag thoss from & p@im cmr &h@ e}p& c a;rdgo Lﬁ.m&timg ap@rﬁureag
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| which ém-mu&my t‘h;@ wall of & %ﬁmuum tank aummmﬁiﬁg the beam, are &lw
ghm@. Sﬁ,m@ %Zm &vatem ﬁ@ Eima&m an m*bitmry mv iﬂ Mw&y@ ?@gf@@@m&b
‘as a ﬁme&r sum of those ahovm | The my@ @bcwm can ha msed ﬁ@ canatmct
) " zha phaw m’m accegsted imm tha murcm Tbﬂ@ pmc@as ia éewmbed in the
" i&ppsmﬁi‘ﬁ, ﬁhe resums for hwimma& &mi vmeicai @@ﬁm@«@gme phaa,se ca@rain&t@@‘
éahey ar@ n@a @@upi@d} are ghmm in Fig, 3¢, ' N@m that Qh@ a@iﬁé &mgle z'emaﬁm
_Eaﬁfg@ z.w m.w moves off the G@&ic aszm. Théb@um&m’ﬁw ef m@ acc@pted phag@ "
.. am& are m&ekad by the zmm@s Qﬁ‘ i;he &permma tha,& g@nara&e ‘ehem. . '
| Th@ @pﬁcak behavmr @i me ay@t:f*am ﬁs aw foii@wé@ In a hgx‘iaantai pimeg

Hi“‘ &nd H? f@rm S aem cﬁispewi@n p&im Tha inmxme&iat@ f@mw at t;he center
of QZ mﬁmle‘;s im mm éwg}armon @niy ﬁﬁ‘ Hﬁ &mi Z"g ban& in the. mme uix ectmm
L 'Ihea bem«iﬁw magneﬁa gﬁva neghl gibm ﬁacuﬁaiﬁg (t&@na £02° ié@éﬂ m&gmam. 'é*mt curvas
.':Vtum @§ tha m—agnegm pﬁm edge mwlw in some ﬁ:’@cuming} E@mgnﬁi&igy all of ﬁh@

h@rimmai f@f*m@imw ﬁs gsmvide@ by e:@mwg&m Q, and ng Q, bas relatively

';"Zl.lé@tﬁa @ﬂ’@m on the horisontal i’@euﬁa Quaciﬁ*up@m Q gﬁ?me &a 5m%&@ at ﬁh@

: j{fceﬂg@g of Q5 eince it ie éwmms@@ 2 mliima&or at m@ p@ia? can be veed te |

.‘.j‘.ME’?QW the mamemum paa@a mn«i | ‘~ :: .' .'., . :,"~5:

N Exs a varﬁﬁcaﬁ pxamea th@ edgaen @ﬁ M am & p&iz’ @5 ﬁhﬁ,n lenses %meh
ﬁf@rm an *mvev"wd imag@ at nh@ @nﬁ:rww pi’ﬁﬁ(&ip&i ﬁ?am @5 Qﬁa Qae and QE‘ E
Thiﬁ im&m is inverted by Ha to form the final lmage.  The %mpﬂ.m Q, QZ; Q:ﬁ
4‘»'?:._‘E8 a ﬁeﬁd '?@m for the bendmg m&gneme _ ﬁvezgmﬁ: qzraérupﬁlaa Q aund QB .

| l&rgely d@‘a@rmme the location of the pr incﬁpal p&amm @5 %h@ ﬁ,@ d.ian@ ;,-"e:gm%éfgg,@nﬁ |
QZ é@t@rmﬁn@@ %ha focal iensrth of the field lens, T o |

- The ovemu syatem h&s@ ‘unig p@citiva m&g:ﬁﬁcaﬁﬁam a6 i@ @%denﬁ fmm

SR ﬁ;ﬁm aymm@&ry of the sy@&en% Tae vmrticai ﬁm«zrmec%&e i@cu@ ‘h&@ m&gnﬁﬁc&u@a o

j‘_’_’fiaz 5; %hes horisontal infr@rm@@iaea §@cﬁm b,a@ mag iﬁica@ﬁ,@n asﬁf .». E& ﬁﬁ p@s@ima .
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‘te improve the censtaney of vortical angular acceptance off axis by incre aaﬁzﬂgg
the size af the v«amim? m%erm@dj ate ima‘;gee., The use of a ben&mg angw of
‘?&% deg vzmy aawm some concers ?.;cze:auaxe; of the many @bew&i m&.a a.m@ciateé

i 1

with b@mfﬂ.ﬂlg mﬁgmfm . ?nvesaﬁgaa.éem of such @if@c 8 gzhows ﬁh&t mey camwi m L -

ﬁmt Mc&iex in ‘c‘he Bero dmmemmm p&im @ith@mgh @"za doss Z:gmr@ m &@c@m 8. ' ‘

ﬁ'@cal p},am} }?u?&il@i m f;‘ncs f‘imﬁ bmzfﬁng magaet p@ia edg@. Hm majmr

nam&fm 4.1 ng shbe m:d.sm i;r;a &. c%apendmw of vartic&l f@wal lengﬂm on. vaﬂ:icai
. f R PP

[
v

amglm wb,ml‘:ﬁ, z"wulm ff’wm &I:m ﬂewt; ﬁhzzﬁr ﬁh@ m&ggmtac i@agm @f “z 'i;:cmcim,gg 'xi gnét

T
R

- é@nmz&a @.mn %:A@i.gk ﬁﬁ'&“'z.'h me m@& az.,n pzmwa

- :zz*' OPEF

Th& fsy%@m ia ee:wihv gat up s"sy the si’onawmg pzﬂmadvmn R ;'zﬁ'

fa; De@'c ning conjug&i:@ zmmm for v«a*tm&l raya in & mmgm bemdmg m&y& 1 aﬁ =
the desired bending angle 8, Inthia Byﬁatem g is c}m en to focus the system

-

| when the magném are as clese ‘mg,aﬁ_hw a ‘Lhcir p}zy@im&l aizﬂwm win yca?*mﬁ%.

Call their separvation £, measured along the orbit. Also mca\tf* th& bynaﬁag
. magnet principal p&am@ sdjacent to the quadrupele. S

{b} @@i@wmhm for equal v_;;;faaﬂieﬁm i Qﬁ. ang Qy‘ thoze q&.&ﬁéﬁﬂp@l@ fields

th&t giva a oeg&m%i@m of the vertical principal plane and mrimmg& focus egual

to £ - R {6 @.m 8), where R io the radiue of the orbit insids the bending

magnet, This is the focal conditien for the system, since Af;wﬁe@‘th@ above m:m-'

: prea&z:‘aom gives the m:sf*ie;e,r, nath langth between vortical foci of the h@n@img megnnt
for rays in & horizontal ymnm At this stage %:Esta'gyeﬁt@m iz focused in the %ma_
of being able to form an linage of the source, but ene eiill muaﬁ adjuet the w;r?ﬁ cal

focus of the qu@. apoles to zs"»%mﬁ.’y a f’wm ?@mﬁ @@ﬁdﬁei@m mz& h@mm @paim&.m f:mmz e

mﬁ@@mm %hmugh sm 5} m&amg ,ﬁ;_.»-
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és:}:;»‘l‘?z*m*‘n the Tmmm of gradients that zﬁaﬂ,iaﬁ}r e;mamﬁmn {b)e select thoss that
, ,: | _ pﬂmt., the vertical focus @;; the cmaummiea at the vaz%imi pﬁncipai pP&n ef the
"~ bending magzwg; This g,i'm@ optimun: ﬁransmiaﬂwn &nd complotes ﬁh@ mijugsﬁw
mme. One then nh}mﬁcmdv places the; bmndmg magmm po that S:he&&f vertical e
: ﬁbc:u@ coéncidas witﬁh tha appropria te vex‘&ﬁc&i pxmc:ﬁpai plane of the qu&dgupaiesg

an,i crfanm them to bend m the same dimmmn {Emn@ﬁng them in @ppaei&@ dle .0

mcfcmma resulls in @mmmeﬁy Mgh mc:em@ntum dibpe«amianﬁ
: - One csn note some empirical facts which @_impiiﬁy the above pru@ew,‘
. Iu part {a} zxﬁﬁ: vﬁa m«:mmw to integrete orbits in ﬁhé actuzl magnet fleld or to L
“ wire Q;Efbfﬁ,?;. me veval formulas for V@rifcal zch:using axe invaiid bocausa 8o

tnuch of m@ hc,miing aecure fm ﬁ.,h.e z‘ﬂgion where ”icsd gradients are large. Wir@

erbfm are aleo nocessary g‘ar the guadrupoles because of tha large z’mi@ of

| &p@fsmm to length. In part (b} tsm correction to phyaﬁc& path for zays pasa&ng‘
t.hmugh an tdeal hend&ng, magneﬁ in & horizontal pizne is mawz&iy compensated
by curvature of the magnetic pole edge found in mai magnemo Focusing of
Q, Q, 2, is simplified by the fact that the vertical prmcipal»plang ppacing
- le 8@%‘“31&5’.&33;3)!’ independent of the gx#dﬁenﬁ: in Qg and only glightly dependant
’ .j on the Q @ gradiont. i Pext (b} v alec simplified beecause mepéaizﬁ%@m ef
o “ the horizontsl fosue depends almost r:;vxt*ﬁz”eiy on the G, Q.’S} gé&sﬁieﬁnﬁs (Part éc?
"fﬁa f&cmtamd nammm the position of the guadrupocle vortical §@«,ua ‘g‘,g detess -
mined principally by the Qz gr&d{mmﬁ:i For @gafgﬁﬁ@ﬂ at 150 MaV/e, the “

E?@ ‘.«ém&éa

2 )

following &vsgmr%mam fi@m valuos wors user: H, = H, = BY
(5 .
Qﬁ =, = o 465 gavesfin, 0, = MJ ﬂ&uw/ﬁ m  Other momenta are scaled

r'alin@éﬂy to 430 MeV/e, which Is the powes imit @g’ Qg R

N i
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Co SR,  ALTERNATIVE MODE OF OPERATION .

2 N eha direction of bending in H 4 18 mvars@d, aﬁd tim q&admpolw - ‘

-‘t_'_z"am’fmt to Q w Qg‘s. - 211%‘ gauncsfin, @Z = 250 gg&w@/m. s then the systcm

1 in focus mﬁ ‘m& MeV¥/c. w&zh @rbim an @hown in E‘igo . While the capemﬁim

38 umhmgea m the *«e?tic&ﬁ. pmn@, ﬁhem is no longer an Intermediate focus,

m the horiwnﬁ:a} piam@, The qu&dmp@w fe @peraﬁed at lower: gmdiemt. which
P

‘1"_£mphw a}m tha @yaﬁem can b@ uaed at memmnm up to over 500 MeV/c, - ’I‘he

-‘th“&i@cal mmiam @ﬁ the gwmgen@ ba&m Eﬁna in cha,mgad‘. if: becomes p&zaliei

l~‘.|

te the ‘L}@&m entering 'me magnet system, Whicm m&y be an &&vantage wfmem
. ‘:_-'.ap&c@ fe re@&ricb@d The phasa d,i@;.gmm is eaaen&ialﬁy wnchmged The o
ma‘@r dﬂaaémmmg@ of this m@d@ ﬁs tha ammc@ of & horisa@gxt&l immrm@déam ‘-
ﬁ’@mmg one capnot reduce f;hc m@mm‘mm pams b@m& wi%bmze &sir@@ md@mmg &Em

"'j‘h@mmﬂ.m@ &ng@ﬁ&r aceepﬁaxmeq '

- V. SYSTEM ME ASUREMENTS |
Ajah@wh all ;zmpemies can in prmaipm b@ @@mpumé i‘* is intorestd g
?;_ami perhaps more useful to demonstrate %h@ characteristice of &he& eystem with

aat :&Em,& BouTrce

Y z;&wfzé.ciﬁ.@ bearm. Wra &hwmﬁ@m pr@mmﬁ 13 i&*«aim - dlametor Am
wh@@@ momentum was 200 MeV/c with a wﬁé&h @ﬁ lees than {% from satsllite
‘Mn@:sa g _The source was piaced at the @k&é@«:ﬁ p@‘mt of the w@ﬁ@m, and & aa,m &
&i@mgzté? scﬁm:ﬁtzmmn counler was pﬁ&e@é .&t mf«s'ﬁ.m&,g@ poing, S@urcép.ﬁ@mm&éxg
gmd ail & mmp ad rays were in a wauumg B am@wémﬁm&mf ww \‘zﬁw@d to m}&m ‘
o "c@amﬁ'w noiss and backgr@umé ', | Lo o
. Wire orbits on the mdwmwz magnets, mxwmg thae pmmdum of 3@ EZK; "
' gave'z @pamamg currents &t 400 MeV/c &3 ab@m ﬁn tha i‘filff“t c::ahzmn @ﬁ' T&Ma E, i ‘

,“:'--'Usﬁng these a a8 & Mar‘amg pmnﬁa &h@ my@mm wm &mm éw mwﬂmm ﬁlmz am’é tl:ae




:'?j»mrwl{«:ﬁmg currenis ?@CGE&&& im the Mwn& m-lumn of Table L .- The @haervad
‘differencen soem comis%em wiﬁ,h meawrimg m'fmr@ @xc@pﬁ s?m' th@ Q Q3

curmama where parﬁ @5 th@ dﬁif@mnc@ mmat b@ e&u@@d by h@rﬂmomm f@&:u@mg

i m ah@ hemﬁng m&gﬁ@w, | L
- - 'E‘h@ observec% ccmtmglram waa mseé m d.et;exvmme the accepﬁ&nce mlﬁ@i
. v&ngle by pmcimg source and cmmmz' ina B&Bp&.?&t@ vacuum tank and a&djm*ing
the aap&m’iion am&ﬂ tim count rate @qm&ied tmeﬂme&@umﬂ through the m&gm%

. eystem. . A dmm&ti_@: &e@@xépﬁ:ion of the sfficiency of the system ts given by'

" the statement that & Z-in, ;&ia‘m@mg{wmﬁw at the focus collects the same flus

" through the 32-ft magnsat %y‘@tem a8 it wmxm ié’ located 22 in.. fx?ém the .ssms.rc& with _'

-

~

‘ né magnet system. Th@ mean zm?;id &mgie wag &Bmﬁs me&@m’@d '&@ b@ é%- mar“, to ba

H
y

H
v

:":' @mp&md with the 8 mer c@mpu%@a from phaw diagrams. S
‘} s 'Z‘hs momenturm p&w b&nd was meatzumé by crbwwing the transmigsion

of 200 MaV/ ;e;,azipbaé as the .mﬁ:mnm in all ﬁmgm@m Wore v&rg@d. proportionally

g0 &E to tune the system through & range of m@mené&, fe thé neighborhood @ﬁ""“ |
i@@ M@‘V/cei. ‘I‘_he'm&ulm are shown in Fig, E‘)g m@ éédiﬁmm reprasents the
';'msmem um to which the wys‘t@m m tuned, - sm& the momentum @§ the %mmmﬁ&t@&
pm’ti@aem, The curve sl}mm sh@uaa be almam identical to that ohtained by varylng

»th@ m@mamum of the tmnamﬁt&@eﬁ p&rﬁici@m 'Z&"ha cm’m @:m @ﬁ course be. mwmwmé

L

| :‘by c@mma&ing at m@ mw@r @f st ﬁ%s pﬁ’ @m& wﬁd@&n i@ ei ?mmmé_ b}f the a@&gm N
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s APPENDIX: CONSTRUCTION OF PHASE DIAGRAMS

We wish to determine the phase area accepted ﬁ%om & sourca, This s

_c@nveni@atiy represented a8 a regionin a pha@e &agmm guch as E‘ig, 3 where -}
Qm: v} 18 & transverss b@am mm'é.mezt@es?ﬁ = 3’ » and z 15 measured almg -
J o the optic axis from the zource, For 8 phage &.g,&gmm 2t the pource we @v&m&m '-
‘vm &mﬁ;:‘&:&aﬁ‘sa@a | TR L
~ The phase &iagr@m ié éa@ily camtrucsed Q" we &a.v& @Wt@ orbite Eﬁﬂﬁa.}
'and xaém) chosen @mh zmg xﬁ(m &2 @9 2(3} = @ﬂ ﬁ(@\ z;é Qg xawb #’: Qo An
m*bi%mw erbit {8 then given by ' ' o TR
o L xm x, (s} o
. v-x@a).a W 2{0} + m?» ®(0) . | : \\:;( S
At various polato in ths syatem one has apermr@a that impose the écmﬁﬁﬁ:ﬁdn@ ‘
:,A*G;zz) »xfz) >~ A (z). In most cases of interest the apertures are symmetric
ahout the optic a:a:i@; 8o one writes 0 < E wlz) i %A{mjo An orbit that Just ﬂmeigsfs

i e:eapm m@ apsrture is then given by the condition
' . v - x,{z) ® és:,

a, m = sy =9+ ) 20

In x%(0}, {0} espa,a;@ {source phase ag:ac@) thie is &vidamly the boundary line

| that &@ﬁne@ whi@h.pamiclem are transmitted by the aperture B |
One thus sees that the boundary of the accepted phase area i composed
of paire of parallel atraight lines; if all apertures are eymmetrically located f

- with respect to the optic axias, ths boundary curve ie invarisnt under refisction

! through the origin, It i evident from its construction that the boundary curve
" pever reverses the Mgm of its cmwamm@ 8 ctmigh line which mmme&m the
. boundary at two points has no other imamw&i@m mk@ats i ﬁ@ m:,.miﬂmz wim

« . -
5 A BN

; tha b@umﬁww ?rmﬁwwa &‘wm p@imm ;-i RNy
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Wao emphas ize phage diagrams beve because i is relatively easy to

Gerign optheal egﬂ;ﬁmﬁm that have hﬁwh angulor ac :@g:zmnm for & source poing ‘_
;'0':3 the @&,ﬁiv axia, t‘m accept lttle or nothing from @m}'ccj polnts off the m’z@i@
‘:,_.&?ﬁ\&?. We also note thas r ays computed for thin Mﬁnls@tﬁ or a prﬁncipaﬁ pime
@q&ix‘raﬁl'mé of & thick lens are not useful for the m‘mtru&ﬁ@n of phace émgx&m@; A
) m'é@y éyﬁaé@‘m wm@lz includes quadrupoled, the pb,yasic&?; orbite may Sevinte from,
. '%h@ (:}‘%‘séié:i sxis far mose f;hé.m'th@ thia'%ﬂ.éns"zm;y&‘th&é repreeent them, | e
| ?”;ﬁz@ orbits used in the design of t“m above r*ym;@m wora e:ﬁmp‘w&‘c% E:w; .‘ '

1 N *

@mmq 3331 caimtm e wmim;z w,mp uter mi@m'ﬁ E;sy *«‘L H ' Good &,m% Q@ g‘iccmm

We strees the great w “&flﬁw ﬁuf thia fzms:ﬂ?.mm \:mm&s hm a0 «ca&@acy @@mpmﬁbm o

- W.*m that of the models used for maghe £, 35& east '3.3{ ;mmgt@mau ko pe;‘:miﬁ‘ cgwfcir

‘.',wchmmﬁ in the ay&%m mmdeaz* @m«i«ga end mpicii&y de vﬁ@p& m %M uEesr malfum&i@a :

.
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This report was prepared as an account of Government
“sponsored work. Neither the United States, nor the Com-
. mission, nor any person acting on behal{ 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.

N

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.





