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B zuwiy c:o‘z_pute calculaﬁ.ious oh mmd thet an Mmmstszw ch&wei would have

. to be vexvy" nRLTOW to cau.».-e auk'ficic A deﬂ;ec on at high enexgy. OCne alternative

- - eonsidered wiass a s;y:stem of tm-e‘e clestrosts the chaanels in 3("1’1(3«.:, ‘geting as &

. aa emaivuc -g z'.,,pim"*’ method of cuic_ula.e,mg c-wm‘wl efficicnt

'i;he ca,hsmel ca%mnce is set out aﬁ; 39 in, provided the resonances at v =1

- one-tura rege:r:eratw@ e:gtrae..toa.. buch a wys&cm could czsasﬁy aa:hveve the required

: v_ﬂéﬁ.@ctﬁ.zm,' bu’t at the expe‘ms‘@: of sirplicity, A megnetic clmzm&l to relnforce the '
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e? nctrcut atic bh&nmﬂi M{cv. ppaa.:ed difficnlt fox a veriable &em‘argy machiue,

}

" Ret aile d m&udﬁﬁa of a swmgl@ ciamﬁ:mamm cha‘,mmi bogan with development of

o - ome can estmate a,c:cep@m ce as a function of ¥ adial turn 8
and frequencey of radial oscillations, and chonnol g@om&:tx:
lfshan &eve}.aﬁd ta_i;f: npute channel shapes and caleulats aeceptance movrs azo;
: ! 7
by Fo;lowi'f}. ﬁhe fate of a3 awrcaentum?e capiple of oriits in the presence of (oo
7 B ¥ P
B
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' chmm Eq i.}’..,éz of this code indicated that highoot seeepinued would bo abtainod i

Zv? cw}.d bc: r:-s:a.aew ﬁz:awomcu, a5 was believed possible, Bome colouiatizus
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ncn trwr*ztxoax ehroug,h the v, sz,;a-ezs':;m:«,zzw are presented,
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‘ﬂ* Buﬂl’l" presema an acccmn ¢f some of the cal c:z.l:m@ae c:s\r ied cut
' relat.vc to ?;Iw bean ‘1-3 raction mymem for the Berkeley 88-inch eyclotron, We
N €
wmhad m dcmgn a GVSMEI"’). Wxawh could extract at k ﬁ% of the internal beam,
. for th‘sa'j Sall s*amge-&«:-particma and oncrgies that this machine can accelerate,

"I’Em. 'a'}g'réi:sem chosen is a single conv ,memal e}cm—‘cfzocm"‘c {53) “\ Cu?l"‘:ll"'f. Various
“-."‘v_j';-a‘?s‘.térﬁaf:;i‘.vea wwétzmmi&wad: vﬁt’ixw.:: ving degrees of thoroughness, as follows:
(1} An L.: chk,ﬁnei with ho tm}, 63 electrodes, to pezrmt-highaée};ﬁctfic fields,
Thid ﬂ’g.g'fi orrihad not been proven feasilble in a radiation enviromment,
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pa.pe_ezu; seemod oo complex, -

m&chiﬁ@, ‘and teste chcwod v would e Gifficull (o

R b&%&,am,a small enough on ﬁao circulating heam, O
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‘ .poswb?.c tneozetxca‘ interest, .

- arronged parallel to 2 refersncs ray tx 'w:\h ag through the

U me dcm»ww

| @w} Am .m:: chammk fanowad b}? a rﬂg;m«mc cbmm@l e‘%gam nhm gaems -
| compzea.., and possrb}.y nzoﬁ, ﬂc::':m!c ezﬂa,ﬁ ,'_ | | N
'_‘.ﬁv) Rc.gsmm.ﬁve €3 traci:wn. 'F he na@ of an a..,:umvmbi me & buznp mahcr
_, ;..v_. t@ pm&um bmm spill ov enbanted furn acsgame;ﬁm. There am m:»'c \

s uCQi’il to be i.ime to make. zz.:;fi,qmm h.icu.lm.mn.s to ér"mrfm ne um feasi-

T hﬂi&'t éf .m ene:ative eamzac:&icm ﬁm' o v&riab&e-eﬁerﬂ mac’am@.
o - ,‘ @ %

R@c e‘zﬂy Blosser ) cai‘mcd aut caleulations wi‘t}z our measureed fz,c,id,

e Iy ﬂzc mce 1f %:n.e ei‘ﬁicwna«y cf our e,z,mtmﬂ cmnaei c,ould be (’:s.;h&lf‘@ﬂd in

thm way, a,nd we he ave al.s@ maue 30EAC sQlCVﬁﬁt c&!ce,,lutionfs. Ac«; of:‘

"'» naw u’liﬂ ‘;mmieu ia -w,} open.

-

As ‘mll be se:—;en, ce_.}.culua.i.o o e B nrie-*’“ﬁs’ chmme:l gave: encouraging results,

L .‘*;V*ez will discuse below some of mc cornputations carvied out,
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o __2,._‘-5 Nl e,igim. Eloctrostatic Deflectoze

' C At an ¢ ariy tage it ‘bcs:cazmw apparent that the simple BE Jullocior (8, 1)
[ would be ol reinod to provide sufficiont deficction for the highuet cnorpy {Fu-
MéV) deute rons. This provided an in cm’z 7o v censilon theae defleeunrs, Oy
v_P?, o ar xa,m;ci xF? sor fg,_ e,d ahc_y@m in "&“, a wwiih thele olectl]: Ooldo 2
_V‘Vcnv.atvmz-ds,' _:xez:spcc‘s«:ive:ly. Ti’ia f':?.z* ﬁ ewss ol ,c'::,mu;, 2%. and By ,J duco a lavge
adial &)mylwmdo in ons i,a w5, B mm whaon (o Wc, amm entors ‘éu; ~ o

i

i& in Emudeca sutward émoagh to be cextracted w:»’i’é:h o moderate feld in dafiestor

)

(ualitod V@ zmam"sth.ndmg of guch & schorne is obt

simplified linear amalygw. We suppese t‘l-xaﬁ a cequence of
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elc,ci,ric ﬁeiii xs constant i"i each a@ﬂeaim. a.ml that me mrfnei,}.c field is umform.

4 ,_’mxe dsparmm fx-om the mugnetic eevﬁvhrmm orbiis ina &eﬁecwris given im,r
e o . ) ) 4'i‘_.. S F T .
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R v x(@ Niecos Y s mE0Y s
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L e fey s | oo E T BT 03}
e _ 2771 ~5in {6 20, 3 cosé@zewﬁ
CIf the f’:oi:al _d.eﬂec’ccz' angle is N, mcm the solution af an angle -7 RS
- end of the de qbcior is
z(6) = 1 :{.Qk} A da s
. 4 (:2;*!@) M\J’/G )‘\. :(:gg)\} B 5.‘."' .,.xA.%E‘]‘.f. T {\.ﬁ
| cos {8«n) ~ cos 8 N
v =o€ ~sin (6’-)\) * sin O + MU0 x? v

a0 Tae fizst term on ﬁ;fw ight rgpresents the effect of the foflector and 1o inuwopal

1 Siey a e sy
a&a WA QLOONSS O 0

of initial cos.ﬁzi&om ‘W!aerb&u the second reprece
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a0

acxdmw w: &h«a e.ffu ts of ml the defiectbrs, each of which has an effect givon by

\

(‘:S). ari i:hen adclohg the original va dml scillation, = = A cos {0 - 6\}, which gees

through una&tezec. Thus we obtain {afiox geme marrangmme-ﬁ;p the displacenont

: . ,—..nd a,ugl at ‘éhe end of all the defloctors, &t an‘_,l NE B A

FRIR R
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_».A» “ @ SR B L PRI Wi
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that A, B havo eqn izl and opposite electric 5;1:'-.@3.&39 i1 a:ha‘?:-'ssi W o, W, £. 0=

. The 'syaﬁem raust satmfy ﬁhe-folm wing conditions:

- {1} The end of B must not intercapt the circuioting benm:
o . win, + }\2 T A b,

g ¥
L 3

f ; €i;.) %J‘ hen um boam Imu cq“m ploted one ravelution and entors © i

‘be outside of dofioctor A :x{;ﬁ':: # 0y and as iarge as poscikie,

a
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';TJ_ AT ﬁi?) v"ﬂxdﬁéﬂecﬁof@ mu@"é ?:sé oui;‘s-i{ié ’mé &e@:fﬁ = ?\2 }‘2 ?\3 < e :

,.._lg,vimt can be cowludcd f:mm thw *zsbft it the an glea: }_1, 7“2.' ani ng By

agmly ing ﬁé) %e ma ,.,.che ccnﬁ%mova wie £ inf;_'i. .;‘f_c‘._z" A= Q;

“ _'"; o "Eéﬂ " C‘?".ﬂﬁa fﬁ*' coa_@é? 3 * cos: k i '@.' {7
o | :ﬁ«.@ z «cos e . cos (=2 35 + coa ?zl .- i > O iaz-ge.:f (8}1"‘ "
' LreW, ?ﬂ) f_'..-f"in a + gin @a-}xﬂj + sin )\}' > 0. me., R Y

whex:e ; : . - : | ‘- : |
| +k +h, «::_ T an
- | v Qn@ way ’e-;;?' eee the eﬁfac:?; c)f Eh@éﬁé conditions is €a _pi’bt’cm:ves_ oi cos "\T‘i
vs c;ota k 'eé ined e, Thm 18 show wmin fig, 3 for three values of ¢, In c:é,;:h
B c@.m tihe s‘raﬁem pf:u.nﬂ: must e in the hxangu&&rr egion in th 26 mpp@é right,
Gase (.a,), m = E’M‘) deg, }.oum‘a'm@sﬁ'mv@ able, Casme @c},‘@. m'ﬁl-‘sD deg, is fme-
-;' wsma*ofc. | o ‘

. W,‘-fe:'tv_;qeé v..iléc m a@nsideraﬁiaés ) uuw : o5t several arwzc”c*

0“0 ex acﬁ ;corcwu Lo .,.zm@ &f}ere *.;‘:mw‘, Paor theso yuns »c= L«.s‘: AN
ﬂ‘w.@wzpo md Five "«'Qwﬁ”g vw:am Fourier coufficionts c;h,fmf*n ?,m fig e randal -
maﬂmt memmmé field, The action of the 2aficetors wags gl

w5t : ' : )
= or subts c_tmf,r & constant i:@it:m fromn thig oo ooearding oo the
s c&ec'f x’ic Leld s dv re tam iz '&K‘Ju o e::sr.m:,';z;::di.&;so
W | T?zéfaé ‘rum ngzmh‘.&iwekr c:un,.wm@ i.w» ab ove @n&?vu astimates of the

P efw#‘:t of th@ ﬁm% two haﬂowmru, CMors

ﬁ.ae beam ei.uﬁ net appaaf to have sufferad

" ie tonmdembla xﬁ;’}pi,l ic:a' in the this

i

G of the. magm,et, 4 wﬁ this affects the single-channel &
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uefiecdam i:o 6@ Me“f dcuter s L m{?: cycio&ron, The dispersi on is indicated in

"The f*leafancc m’? smemacc TRy f’m** the undefloct

o m ws K V/ m, 23 compared wzﬂ:*« about 160 LV ,/cm necded
i_wxﬁh 2 cm‘z espam.mg iscrease of chaanel vwidth by a factor
. & ' . .

._."v )( L = 3 Gonst.} The pmce is an enormaas

. plem s ami mimg up upac:e thm would ﬁﬁh"‘x"i”i"&

T}areewchaxm@i e:lg flector oy ratemn

?ﬂﬂef%@

(¥ /ey

_Em rvaﬁ X, @ﬁ:.e: ) ng},es coOve "*z’{ @g) Blectric field -
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» studied which shouldgive sufficient

Tu?am i BHDWa one ﬂwee«chamzﬂl asysnn, 3

1
H
.

T«.bl«» 2 by the effeca on two rays maph, 4 from the reference TaY.

i

.5‘ _

f TADLE )
R Dispersion of three-channel systemn {of Table 1)

.uxmt cu ﬁ

* Stax € of c et 01 -0,00152
a9 —_ 6 onneg T onnAAT 8 NsTn T Y
1227 down o 300397 L ) 2.0273 Vot £%
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- 0.9 m. at the end of caamﬂ B, c;‘,ﬁa,d 1.5 in, at the entrance

’wl m nas bee ined by‘ this systen iz a Limi ;ﬁié::z of the eloeivic [

-‘.».'.
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36 thm @,yamm was rejec'&:cﬁ
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3. Axmlytzc Studies of © lcc‘ﬁremmﬁic Channel Er:,.m gy 'i;vion i cz,e*my

v

o . En t!us secmcn wc prcscn‘i, gsome auaiy*w and g ap‘fucai *ncuh s for.
e how
c;«,nmatmg t‘he eixicienc:y of elect rio m’cﬁeetere. W’e wmsned te khmm/the

o @iﬁwmmzy tlmpcnubx on pa mcia mr ;,wi.ca«f,us:m, wpﬁ,fatim, on ah@m amgamwé@ B
. =T |
' and fequezwy of the:z rama.l Gﬂcallatio*m, and on ¢ -ammel length, wxd&h, ard ’

B

.septhm thu,lmesa.*f'3 I B

S "3 1 JUMP]‘\JG OVER THE SE}?TUvi
’\’ve were able to develop a purc y analytic tremmént x’ér"t‘hé'restricmd

'pxob}.em of calcu&aamc the fr&.ct*on of the pw.;auc.é.e:; ’rha ump a septum of ‘&hmk-—

o

,_nesa G, ad a, funrtmn of ra&aa.l a.mph’i,uuc A, precessi ona,l frenuvmy 6=v -1,

radml turn- -turn acpa.ratzc»n of the ocmiubmum mrbxts Ar. and G, - T}E i
_ effxciency ia caie:ulahcc, subject to the assumptions that é:he internal bearn iz of
vunifo:»:m detaszw in eqmlibrium radivs, ond rangom in ?’aizal oscillation phase,

in' the }vic':'inizty 0§ the deﬁec?:or.

A ae pﬁunn, of width 0. is loca,tcd untween r:s_ and ré%« o at €=0.

- W e e:rm uicx a. pm'i:mie of a,mpm.ucica ak es_ame: p&x‘tic:ular. phase @ o

=

L rad ml oscillaﬁion. Suppose we start c,mm‘,zmﬂ turnsg at equilibeiucy radi o
P ;:s'—'A. . Thie guarantees that the particle has nct p,g cavmusiy veschod

" the scptum. ‘ Aci:'uaﬁ'y- we cannot specify =z, thic ¢l uk,lv'-v-’it

Y

rs —A by an amouvnt Z.‘u., e}u, cquahbmun, zadineg gain pox bura, 8o lhe o

“fh ss% e:u?n we look at iﬁ:p w given a’y

. e | ((3)-3 - A_+ )\A #Acoa(v 6..(:))9 *.h NS '1,-_. 0T = 2w, {14

’F.«.if;er n_ tu:&'na %his same orbif: wiu hav 2 adzus at the pepluin a:

. -'_,\,';‘{'_,;l n ' ‘n

; Tk {(n+ N} Ar-A {l-cosl{2 wnd-3], b= v ~1. iy

.
oot
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L "An part;clcs in | ne mt:ernai bca.m axe characi.cnzea by e,heu valuca

- -vof M §wi Iun the nge'x ranf*es, our umfo m:u':y 2 umpuons unply a umform

| ~ densiﬁy in ) 3 epace. 10 calculai;e fﬁm effzczency E £¢;f gumpmg i.he acpaum .

wa hawa to caicula.te whaz fmcﬁ:wn of the A, & mcmngle (of asea 2*“) Ml@nﬁﬁ

A AN b
& -v_;-;;%o pa ticlee: mw.,:mg g.he sep&um. To do this we rewrﬁ:c (12) a8 fOﬂ@‘WS'
- R DR A i COE{Zﬁna %@lﬂ’?] =N e S ae13)

e ZwAr

7 :_and ask wh.w fra.ctmn of t"le» K,@ rec‘sancfle (of area - - ) corresponds
| ] , A . .
: f:_to Pa 'txclesa mlsgmw the scp‘tum. -The“c‘:@n ﬁmu for mxesmg or h1ttmg thc

e

aeﬂtum on 1.he N“h turn a,a.e‘ :

y <.o. / n<N,

> o/A ,v j{nnp geptum, o o . '
Lt 0 é:y\Ié o/A atrike se’p‘«:um’. T :

"R is u@eful to rep;esenﬁ: the.,e conditions f’ra;‘\mcally 'I'hio is done in fig. 4
f -jfor A ?@ 0.25 m,, o= 0.05in., Oz = 0.1 in., mé} = 30 deg. Hence G/A = 0.2,
L Ar/A = .8.4.: To underwtand the E;,',I'a.“)h the above conditiong are written ex-

Plxczﬁlvo usmg <m. as follows

R -,'_z._+~n =t < il cos(dnéw’“}’ n <N,
. and D
' g e Y B P - T S UV
{1<cos{2eNs “Hl €2+ N A [1-cos(2aN6-3)], hit coptam,
’ oo o . -4 “a ° o
R S z+’\§ mﬂiﬁ»> - + 1 Eecoa{2WNG g }} s jumm conlu.,
oy % e . - BT Av
SN Zn £zg- 4 thab absc*ssa is ?g' § 2wné, the o d‘fna:ta is "f}“ T g A w* .
; On ﬁurn n= 0 all aur particlea are in the racta gi e ADFE. On each succesazivs
’ tur*z wach pomt@' ) ) ie dwplaced by ( 27:6“ az/m‘ = A L&, so vectangle no= O
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e 'a.nd one tui'n Iater. reSP@CﬁVdV (i-e.. » @

w‘i‘-_condz&mns (15) a e equzvaient &o

is E:h«,a inte:r aecﬁidn of curves @ and a . Had we fo:i.};owedcurv@

' ---fto ﬁ:ham leiﬁ: beycml C' ‘then on 'i;he pre"\riéus turn the points on @

¥

= 1, etc. Curves a anci ?5 are def “Odby o

@)n’ ':En) =( 3 CGS? Y ; ’ S R
G )= '."’-:-'(aaém'é ni" L
. _,_n. ';ﬁi‘ -‘-ﬁ’ }r. : n e ‘ .
“j.t-\'r.rhéz'e'a;a 1 m§ "a'.'r‘ad ‘a; reorc:;ent the Iocus of pomﬁ;g on @ one turn prevzously‘ R

+

2, =6 + A. i;.ﬁ: G}»f"_ A) Smce the o

e e ndNL e
L e zN-‘é £, hit é«:epéum, B L
o . SIS B "-N > p :‘?Iﬂ’lp septura;

pari:xcles becween curves & ant § hig the sep&um, and ﬁhosc a.bove {3 3urnp

j:the aeptum provi ovzdcd on the previous turn they were beiaw o. Tim@ on turn

0 ﬁhaﬁ p&rt of the rec ia."mle above ﬁ e preaenm paz:mcieo jumping thﬂ

jsenmm. ﬁkat part below o represenw artxcles that ma.ke ancthex ‘mrn; after
L .‘_~v11~ich thay occupy part of ﬁhe ns=1} rem,a.ngieuand again the same three things

. ¢an .r:fa.ppor .

Thn a.na,;y is i is siroplified by taking the original avea to be thf:, danliie
_,shc,,c'ic,,é zore between o and Q. ‘rather than the recmngu}.m; zone n = 0. This

¢

o .ig iegitimait@ be&&m@e both zones have the same arca, and evory beam pavtizic

musﬁ Pc.ss *é.hrc}urfh e‘,,ch zone. The new zone is A BT RUANG OV DYDY O

"'.f'The dwﬁsmn mtc two cubzones occurs beca:.use of e.h(l fh st condition. Point CF

\

["_spmnts on o. meVG e contra,ry to the firgt condition.

In ihio way we have chasca a represoeniative sone guch &

¥

c.urn all (.hw part..clea are in &he ’nt«shac’zeé area below a—and thus have net o

-I'caac?led tﬂe ...eptum-—-wh:.le on tho thrn in questlon all the repreccatauve par "c’i'*s




) ;j are 23 the proccss ezther @ﬁ h;.‘a.tmg or. Jumpmg over the ser&um. N

ir

t

f_‘i‘dark-shaded a.rea above ﬁ to t.’ne total da'e:k-shadcd a.ma,. wh*ch zs ﬁ:he aame

S g ﬁ:l*a amz;im}, m@mngia ares { = 2w “K"') g

o Area (G -(3) . Arealo, -f3}
F=

[

| 17
Area(a «-a) Z?:Ax'/A |

!E. N

- g Thiu caiculatiora of F can ea.aily be dcno by pméﬁ.mg a graph hke f1g. 4, ‘and

u.,ing a, plamimeuer to obta.m abe phaae aveas noeded.’ H the m:eces ion ngle

SR 21?6 << 1 ,the calcula,twn of ¥ can al"’@ b don &1‘5’@1‘3&11?’ as fonows-, From
L f'fi » m m c‘lear that ﬁhe fraction of p@xcmles that hit the aepium is.
| . Feil-F=o d§».E'= A8 . ; FRIETE TR § 1) S
P F . . |
_.i_’.i?‘;‘_"I‘o.-obtain z.:__f we write
. | z lecogd Ar ' ’ : R
- A —— 2 = — nrr tamnp,‘ o {198)
’ v ﬁ?ﬁéA &an@A 2uw8A . ‘
; Z ~Cos Q.. : ' - -
- b_ = - —B ‘ = T g = G/A.', . o (19}
hem:é.
‘ = '- ‘ = Y vi- 5, = \;r . 2 &}
Az_g ZB .ZA : 'ﬂ(&A _:“B} 'QA‘;Q. " _ {(20a}
cosézA - cos? ?B ale, "§B}’ fs = n L -5 @i;im:;}
li ihe processmn anglc ané and /0; U are gma i eneuq’h, L% il
- ;bc & nall erough to justify replacing cos éA -coB QB G"y A gin "'?rs 50 that
Rt v‘v"». . ?‘L .
':frorx (20) we obtam S , ft
28 b 5‘ o e \
A@ N+ sin?A ' Vo

To calcu?.ate i:he acceptance efﬁcxency we have to talxc me ra%;w of the e
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ﬂ

e whemes o iruan

“ﬂ*ii#;feﬁ;,ff_,=?&#9??-zﬁs RTERE, oo o @3

[

9a) we ha.ve

.,dm:zﬂ»\ —~ _» -

o Thl-s can be used i:o replace ai‘ by $A as the integration variable in (18)-—'-3;_» .

¥ '.'howvw.r one must exalude v.hc»&';e vzﬂuf"s c»ﬁ & ®, given by smaﬂeﬁ.va}mes of

§ A o{,herwme the aa*ne e; values would ba counted twicé'. The excluded

_ _'r@gion in ?E K if anyp rv.ns from K3 a1t ) Das wher¢ & Al is at v::he mammum

g

* "'.:f._j3of 3 w*th rcap«acﬁ; to 25 X ané oj 2! is a iarg@r va,lu:a of @A for which ?\“? A ,,;.- 1t éAl)

v i.,IFro;n (23), i:his rnea,ns

i hed e ByemeanTa, 0 e

Az . w1 Nlew®
A R SR n §-A _»—fn

P
I3
o

Paew)

- The éw;chided zone occurs if, and only if, 7 < L. From (23) we have

d@) (1+ .}. g':f,n. é‘A Q§A '. s0 from (18} and (24) we get
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Thege fo;éxﬁular«a shc@l& ?a@ &re@,fzec« wém s0mMé ¢au.wn e aace of the appririe

ma.f;iom {z1) The gxaphical mc&'hod uh@wg bc: amﬁ if rore ac curacy in doplver

1t is wt :surpm sing m&i’. ? 'G‘/Azf wherever > 1, '%:'"; << 1 or
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The zzmhwal; meﬂmd explamed aba 2 fowr a:he senmm caﬁ m} w be c..aﬁ d

: vf‘.o ﬁ 18 v;hc»l c:h s:m@i HQ‘W@V&?:, ,simne rather s waagmﬂ &@sumpu ons are ru.,eiﬂ

£

'ah«:mi, um paﬁ:h ot ﬁm or‘bﬂﬁs in tne c‘iu ozn‘i, we ondy © ',& c}}. salitative val’mzcgr

s o .
. N . A

:,_"for ?*ﬂ zee.aul&s g j‘ L o

g0 . S
b@nw.‘(«@"f (t% cqmlzbvmm m,b%.ﬁ,gt.'l:z 12 just grazes ’i:hﬂ ce.m&m, as shown ia

P {
‘ . .

part é.f:.?e itk rmza;m sude

@D
o
O
1
o

fz.g 6, . wwa radiug £ 9). Wa starf counting turn

A, ,Jhasc g,, whare the crest of its oscﬂ ztion just touchen the septum o ig
,__"v'i t.”m of domg o, Its difm acement from the equilibrium ozrbit, so long as
s, ca:s;s:de the ci@"'lccﬁ:or, is 2 z wbe

e) ¥ w; - v (6} = m +R) A - A {1 . eos (z«m + g;,

OEF<zm 085 AS 1, L . 273

o V& aspume the channel in shaped fov an equilibriven orbit, If the clectric feld

w chrnmel is constant then the deflected squilibrivm orbit {ealled the
‘raforen u‘f§ de eparte {rom the unideloc ,e:u,-. eguilibrium @z‘?; it rouplly quade

o icsﬁy in 9, Hence, the inside edge of the septum, of redius r, (9}, io givin
it "bf Xroy 2 4m s. where 2 {6} = ‘lﬁ*}zhi S L Ly : (ag
' @ Th' n A . v o

Hore \ is the &g mh...l longth of the ca’n:xh:x@i ead i {8 thé:-: radial deplacoinsng

©of its ead.imizﬁ:, V*‘e assume that all pariicles in th imwré follow e son
path as € y wm.:.lc& @a?é‘i o emcept that we add the defioction terin
This as stamp*i@a ﬁ.s mhuveiy ad ear the mx:zmcm, and pols woerse ag tho

chan ai 933 fwrouggh ﬁze C:VC}.C;Y:Z‘Q”‘& £ mgr@mml& With this assumption, o

digy ?&aCQKQ@u@ of cmr pe.wa cle in ‘;&m chwm; from the reference equilibrivm

b e e S ey
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; E
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3 ' z‘e:a }ecuve}.y) §

'
R
v
s

‘-”h@ w*mcm@ of im@m st are ﬁ'im

c fmm T w} ﬁwe wzlk mmemmor' re@ 3

i ‘r-vs ﬁhmga that might ha

= ;, wg . g‘sw)".‘ifu o «2% .

L

foliowlis 1& givon i i:m:ma of their cii pﬁacmmant

w 1a ,? /ﬂ“m ﬂ. ¥ smfm.mx ag ﬁtop zmd Zwvmm,

eac% m‘:‘ epﬁmm L’: 8=06, 0= o ‘ -
bmmn Le:f uﬁ‘p&&x}ﬁ 5 %) ERTE dag-}gh B o .
ﬁzsp of oOQCﬁZ’R T: 2 A0) = x&:b“;) o '_'&SS} '

ppon to o pi

,f{ N ,._1 B . o . ) ‘", ,l 6
S v ‘(a) aam}ae'mottomoﬁ sepmmﬁ B jatd w (0)= :%Ma
(*‘) mosunder chag aozl -z;:ﬁ‘"%} Gy < *-":;.{}(ixi'?)'
(b} strike e chi of scz:%x ui } R ff'“.ﬁoa'{ﬁ“?fa‘é g
i ' ‘ 0, .
. = Uy » @
' : | " Gy > ¢
. ’ o L g - 4 .
{c} eaw::o tonof gentun{T ) at 8 r«:r“{@? =z §0)
. . - ) .
Wt " ‘ » W
or 4 "
. g
. ;‘ . - "
_ T ranen ‘u:‘.f‘%.ﬁﬁfl o the a‘n turn requires (ot for na T, aod (Bi% {of, as 10
for. mxn W, Writien ex im;} y‘,,'x he above condiidens, s
o . are aa follow st
L 002 B p,
éru by -w» g =Y w4l wecos
VROAR T : .
oo f1 - ‘COL’%(@«EWZ&&SH & {nthr} i} e
tatn) 55 >
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G
Ea*» --: +[R~e:os 23-?;xmo~v 6)},.
AR - ‘any 0 €N '-hif: B
g4 d S :
f«'*‘“f,s:“ EZ»COM *—Eﬁr’mv L SR
. oyl ‘ oSN B unde:e: B
SRR {e) Qnﬂ‘} A > 6& ' {2-&:0&@«2&25}}, . hitE+ G?&" T+,
o A.; m tx:e ca.se of epmm Jumnwg alas ane, hoess (30'1@&'510?&»: m:zy m gz’a,med‘
{ zg. 6) Again we wam to lmaw what amrmcm of the A, 5 z:w%wnrrﬁ.e co
. “co w"am smlamcm on. somc turn Do ch plot in umz‘:m&, {n% ‘i\} "'/“\’?“ } space the
eu?ves bomqu ehe meqval stico {a)*, (c'}% and {4t _.These curves are labele
- as L«:sllmr s' = lowo cnve?ogao of cm Ve {a), ﬁ n + A) Ar amccsﬁﬁ;zmm ;,), ;,
; -§E-p + U/:?», v = upper envelope of curves.{c), &= .‘icif;ver,mwélapé of curves |

Ad) € =6, +(a/A).

- ;f:_;-. Again the n = 0 rectangle is the normelizing ares, am.cx we replace it by

-"; %.h.e. CqHLVaiuﬁﬁ/d‘é%I;le\ea'i curves a and &+, v;rhere ig curve ¢ sk if ed by_ .
: }ﬁ*‘ (-? aby Ar /A) as tznfoz'ea This area in h?”m@.ﬁ m%,o “k%ba@ﬂ@ﬁ as fo 1},' O E:
N hit B_: over o, undes {:’»g‘
pit B over B, unier §,
g Bic T @ over f3,, wadior vy

Cs(ic.m vugh channe ?g 1 ovey

oy . o T
L o it s over

Vo0 T T or Biiunder y,. over & {see which curve comes from
EE Gt R Bi 1&11@% r:#} ' o

Eor T+ over e

‘E‘he"?f éedura iss f:o graph all the above curves and coloy the zyenn 20 nnd

;r‘ 3

,"&‘ma‘veoif’fh fzm 'é,icm 'z‘:c t suffer the various fates descs

4

o by raeasu: F mg c:«a,ch m&b- *cm,'&ms eiivé izg iy ulw nor

hr:«ﬁ'm:e:e, &M tu&m zone @,.;.wm mig b reck up futo two subuones, brolien at the
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¥
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 raission f‘ar fixed §, and the recults am'cmg bined in £ig. 6d - Figure 7 shows
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Fxgm'e 6 ﬂ%usﬁrat&s ﬁw cx-xnca.l efmcﬁ: p?"ec ooi on cam Imvo. Therc; mw

mree "30&35 'bl@ (triangular) aQR@E popding to’ ‘e:rag..‘msm *s,ion (C;. As

bpcnm@s ::omtwe. curve Gy n:ao\zea mto we Eci hend :é:.cme. As b @,6@9 to aez

a«z+ mevefs tc ﬁhe ngm uni:xl n@mmg, remw s ‘in th ce ).eih-naaﬁ t.\m“wie, ?:ou,t aeme

coﬁm m from ﬁm upp@x @mamnle Qmica iz usy y mucn l@@w) 1;, mz

larg;e L@GQQEEVCE (v < i), one can cmimt e:ne z.lw!’lm."h&nﬁ ﬁ;r : g.e.e.

C e v v -
"“ha, ‘ia& er vmsgibuw;mv < 3.:,“(.8613;1“3 at 1z ;fger rami ag one apprea.cheass
the ms —iz& - GJ. rB{r), uinca Do rB{r), o tarn se on .:fw is larger
g ; &
zze"c, 8o curve e io hzg,wm' ﬂ“‘u,al fer v_ » 1, wi al:so cnhances ¢ 'anwmmmn.

Qﬂﬁsequemﬂyo b should either be 2o posgitive as m&aime. 'Qr zuﬁicien@:g,ﬁ'.»,@g;ativﬁ

K , !'». %: into i:hc right«i’sa,ncl triangle,

r

. i
A cor ;am visonwof fig
-4

% 62, b, ¢, showe the effect of ampﬁ.tuﬂe A on trons-

L33 WEFECT OF 8% 'ERAM PG
‘ ) S

- ‘N;z.e t;qu w,{;m Sion Aw ot the L,f’ aning of the deflestor ehovld o ot 4ol
im a\écﬁ.;r ;.0 euhinnce jumping of the ceptuin, and this de SO
' fm*‘é,hc .akxa&m‘zel entrance,
. | 18 the raguetic i eld at the Bepin a pesins % g wirtton
uﬁﬁ',ﬂ} = u{sg) {E, 4 52.’.&%4,‘ E:.M cos tim,@} & 1:; " min %ﬂﬁ}j Yoo do
mén. hr» e:se:.mimriam"@r_bim g

L

"'z w) = Ea,»a cos ("d;

where QM 2@ avmromrma%ely c&& the center of &l

+

F ﬂu‘cf’e*. .




The raaie& gam pez ?;urn ‘thc:n iu L e R e :

T m::cﬁﬁ) dz’@ {1

,E>
]
e
5=
§

i?*a_., ihc m%@mam .Ar is, near ‘g

- o agamaf: €h@ p@. ’ﬁlcle z:c;tatmvz, respectively,

defmcﬁ.am & 'f;az.mab‘ with a given electrie ﬁam; For an-encmgn energy
. _

T g ﬁ“.éuiiluné")ﬁ ih@ i:w@.m wn;;,m be deflocted shar pw c:.nm.aw?z £6 Kave most of the

'.”-"”"hm s, s.f !.Le hﬁla a;e mbout 60 deg wmm wo ses £ &Gﬁ, the cl b.:mel azwuw .

:«:& &c” rée mc chaica of initiel ﬂmﬁﬁ;c will “’:l, 50 a:.fcc%: m:y armocunt of radial

ﬁ._ [cos 3(8 @,I} i ‘-5 tan §'sin .ﬁl@ 8 3}}{

D tani §o= raj d is. '&he Bp” -~a1 &n‘?lc” V For a inachine with appreciabie =
'~" .

3(9 om) - g w/a for i; 20, or a 9 & 3@ :1%. SN AR

Ty T

:_ C’»Cz"&ecﬁm in s valley, Then, perkaps ome chould hav\é the spiraling with the

. pa:::',:wm rmmuan ,;mi start deflection at &5?5’ bg”?m N of a x;aﬁ&?ﬁy w0 hoth

: "ﬁﬁp%r 0;?1‘ and de ca*:i:lam will be ctv-?.siiia;n;’r_::;{:if_io ;"5":'»:3: higher energion tae O
':z“tm:ﬁ ’&,:tu@'gh bwmi Rill and valley, and i deflcction is less conoilive o
pgg;iﬁ on m {.hc deflector, eopecinily 1f the epiral is agal fne cordicle

c. w0t tzou. _’

.

i 'ard %her f.,iua, the hill field falls oif faoter with radius,
- . the .ﬂzk.ﬁ.«:u. is coa.m‘zex. to \uc: {o dcle xo

T

. de f?ec*e:ar e::mm;uie ﬁ&@m.

e s o % S P . Tn -~ 3 s e
it is nm. cemp‘ic:&@iy obvious that cpiral in the pazticle~zetaiion daration

s cmi,, fcsr w.uie it means deflection con start in a va.iiz; ;g the Q:‘¥;“* iz headed
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. 4: Chean,zel Ef jciency Compmer S’tu&ms

4t .em LECTION com: cmod'x‘ .

_ Ta §acﬂica‘&e more precwa predictmma of chanml mmcmacy a
ay ci lized cempuﬁ:er cod.. far Lhe §3M 704 waa d@m med' by 'one of the SR
. ':_ "‘ .v }

au:émrs, @.n& written by @W&ns ) at Gak Ridge Na, ional Laharae.ory This

: ’ : code. ca; Lled CYBOUT, iz :meended boﬁ:’a to ca?;culata chc.nnel wa.u caordmaﬁes

i

and tranﬂmwmen efﬁciencnea.
'I‘he heax‘@ of ?.he C !‘BGDT ced@ is 'ﬁche Oak Ridge general orbrt coc}e
GOC. whxcn in&earates orbiﬁs in a T.ﬂmgf&ebﬁc field specified on a pelar coordi naé:e b_

grid in the meaian plana. Iﬁ: simuhm the offect ai an @I.acznc cm,.tmel by an |

apm?oprmie chz«mrve in the orxgmal T‘luﬁ’ﬂ@ﬁ.ic f:,\,ld, which is valici if ﬁhe channel

.i

__ia almped to th@ orbata, B8G mat the electric fxeld iz alwaya perpendicular to

”thamo”_ The eifect of & magnetic "channel" is apecafzed as & field modification,

. .given as a .f.uncﬁion of perpendicula c.aismnce fram f.he ima goptum. Firote

3

h@.rmonic perturbations of the ficld for mg@ner&tive extractions can be intro-

duced by apecrmymg the ump} tude and h:t-.uct @ i:he first harmonie as functions

of dms.

For on ele.c"wic: channel one gives the @iemric Seld inthe jorrn
E{E}} = ...G '+ LL}. ) + «L“Z(J“ u) o . . ' ' . ‘:3‘:‘3‘3

© whoere @O iz the beginning angle of the channcel. A reference ray is choson

ff:' by m‘cczf'yiug iry \.i i canazﬁ,wnJ B ¥,e P, &t sorme @

m@. yrates this | efemnce orbit inte and through the cnam:.el {from C?Q to 8,0

:a.mii &:aegmmi;_ta éi’f-.- From the r, p of this ord {9), c.h.ﬁ cim el %
V s i:he afap%mm thxcime.ss O, af; the relative daaﬁswncea be’***xw.«,

orbzﬁ &nd Um two w&lia, aiae chm el wail coordinstes ‘are caleulated and

Ta e ima&e accepiance cﬂ}.mc ney, one specifies initial {;Qﬂdh fong

&

I

io.; a rep @eﬁ@nwaﬁva aet c;f orbits at radu ~uffic'ient1'y smal}.er‘thvan

that of the cha.nnel to be
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- i'arm ﬁhe compuﬁer keap@ ﬁ:rack oi thﬁhvf’ aach @rmﬁ: emw outmrie inea channel,

@he: chamml (to Qf) B’y‘ recm'di-mg wmh CSY BO U'I‘, ﬁ:he ﬁates o:f & auﬁivmenﬂy

o .f.a,::'gc umi mpr semﬁaﬁive faet of par‘éicma, arw may @sazma.%e the @fﬁciency of

ﬁxe a.ha,mml

(R s N "A,~

N Ca ‘«'*

_by a magneﬁc .Eield xrom an iron septum ¢ 2."np1y alters % he eaai‘fective fxe.ia iw. -

'__'ﬁ.lm ch&mml, and adda a magﬂei Lc Qmé’. Y tion. Y,@ the fmm belaw %hc chfwwmi

an alﬁm @imulatu. the eﬁau of @ﬁwczai c*mrmclg in series.

i

'4 NUMERECAL (JALJGUMWIQNwﬂ ST

Moa @f our nummr.cal cwlculatw*w with th@ CYBOG"" cadﬂ’ were

"\cancermd wauﬁ the c'icmf'u of a eingle ES channel fox' éD Z‘vie v m;«uteranﬁ.,

. éz nce thie case requires the largest elocivic fé@@.d, it

. v

1t channel accepiance &ppéz&;f‘ﬂ posaible eithar fox

ithe gr «?«,p'n,,cai «...ZZ.%}» is tha

2

o Qmall yom@:ive precension & = v -k, or a considerably largor negative value,

2 latter cor: reaponds to kb exira _du;k irom conve ation :,E-, cyclolrong, and

mc«jmr cmecfxive of our amalyﬂi& wag to dui@rmm the iaa@mili‘i’w of exmtraciion

ST : : .

_Wxﬁh pc&‘twe pfcce@man. 'Ehis we con sic?ea'md safer way to cm?r act, since

jWe feamd it migh‘& pmva mw@wib% o b rrg ﬁhi, beam é;‘,*au. hihe v, = 0

oy

&mi Va «ww by @anapcem i thc fringe-field wﬁmch ot )ulu. socur |
. Vo ot

awﬁcmnt iy new&ﬁwea to pravndcﬂ go ad ch.an:ml@f:&’iciwm:y, Conpaguontly, weo

A

;'chagmn ow a udiem Wt&tm i:he coede z:n,m:mrv @im c?m. Lat 37 rz where v & 1,45,

Ti.ﬁ fﬁwt ‘&&Bk wag. m dmemmm‘ values of a,,ﬁ., Mza E, (\.: 1. (36

*&h@r% give an @mcrnal beam 5 to w in. awaj g/ang parai el to.the yoke.

‘mm thcs have xw‘& yet Mt m Ear‘h orba.t ig theu m,.mgm ed wnﬁh accele”mmm s

i 'iatmksw same “J&T&. ax %ha @@p‘tme oz amem ‘f:he cnazmel I.f *lm pa mle emerai_f“(”; B
ﬁm chmmwio iw mrbm ig mﬁ:ea@ mwt,l *wi&h ﬁ:wa E.««mmiiﬁ ed mmgmmc ﬂem. The R

' ‘rmﬁe 5 if‘m eztom—z 'whe"x ﬁhe orbi.t hm,m ﬁznc:* mpmm o elecﬁrod@-, or gocs throuﬂh- s

The c,.ddaﬁ:zon %o, cr rc,placemem oi, the eieéﬁric field in theiél .:mnel B

Acdﬁticm‘ ‘of 'a imt -marm@mc b“mw modzfacaa ihe field eve rywnare. The code. S




- Thm is éene by £ mle-andoermr variaatmn cf &he Ei" :md plcct : of the

ext ernal arbiﬁ:a. g Then one @eta the elactw&e vm&age V a@ a vaﬁue gwea L
.*_”ay *hea empimcm @parl&ng lim o

'-_.,'V'E‘"-‘_E';f: mg am: o T ;;'i 53?)

ﬂ s.Iua conzgtan% is abou:& 10 kva/ cm &02.” e,opper. and perhwma twice that for '_ s
":; ‘hm gaaaa. 3mce th@ chmmel m ulwayﬁ mwmwesﬁ aﬁ &he sta.vt, thw hmit
'L-i;f"cemz'ols Eb omy‘. (it is impomant to dc "1 30k an much as pscsible a& "'he

“be g;im'xing @ince tma is moet ef:iectwe in terme of‘_mammw ing dﬁsplacemcm )

'-7’;" a% the cm.xmel emﬁ.) _’, ', e v' N

£ e R . i e S e s T B T e e
Lo

After we had proper values of the Ej, acceptance' .,Studies were run.

&

'-,'Zi‘hose iy mlvec‘i ahom ng mpm pentative parvticles a ﬁh@ deﬁccwr, a8 described

i . abf\vc. We ran five dszerezzt c,um.gs.csss zspaming AE, the energy gain per ’z;u:t’n;

).

at @ach of thoge encrgics we ran part cies whose imitial ¥, p were locate:

¥

S _-on a rectamgui&r gmd about the equilibrium 01‘bi€ for the encrgy involved.

T}\ se gnds generally inciudnd radial %mphtt.des of 1/16, 1/8, and 1/4 im

E‘m' (37 sene 37-in. studies the relevant pam,memrﬁ ware € ,mically

i
i
i
!
i

= 1 03. Ar = 0.04 in. (for T0-LV dee voliage), ¢ = 0.03 in, » ko= 108 fop,
. ﬂ‘% oy M 4 o e ) -« '.'a ) “ “ 5 e a
: ,_.E = 385 I&':V/cm. V@ = {10°/185) kV. Vo found the resulis wors quile sonsllive
o to va,rmue. parametere af cur digpoaal, Thus toward the end of the chunnel
L the heam is dispersed most strongly by the fringe-field. Consequently ooo
v . ’

- gaing 2 good deal by flaring the chaunel at the dewnstroam end to confor

- to the beam envelope, I also turned out that ucce;g‘ta.nbf, wag enhanced by

.,Iétting the ref@i"eﬁc“ ray be headed inward from the equilibrium orbit corresonding to

L 1/ 16 in. mc.iai arrm}. tuﬁc. fo@., it *mr best to til the charmel inwards

3 the refsrence ;

: relative ita an equilibmum orbit. ¥t was also a@v&:ﬁagé@us By wus

" ray much clow:c to th@ ande of the channel than 2o the outal

Ua.m with *&,he para.meuerm noted ahave we were u..b}; o gbizin extraction

c:encms @f 30 ﬁ:o 15% foz’ wmr}r&‘.udecx up a 2/8 in.
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N 'H’aw a.c:c:f-w‘“:’wn is pez‘hapa 3&!.1@§&C€erg buﬁ not muﬁmtam«im M@an; B

) ""'-f. :.' wmie we } ad b*en urged by chhar dson’) to ““3’ 1@»?@01' ‘”ad’*“ smce his exe

wcmlc% avea &pul ou'i: without difﬁmm*"}f. X the heam could ne gotiate the s

i.

a«onanc.es. channai efﬁcianey m‘mmé impmve at law rger radii “becc.uzae the
~§

turn sepaLL'ation mcreasea nea* %hez peaif of rB{r), the precessiam bgcomes

scf:orwiy n@g&tive. and leas E ﬁeld i es requ red to eﬂeﬂect, aliowmg the cha.zmal

m I::e m’.der. Ther fore we decxded to %ry CY"’%C)UT accepbance runs fm“i:her

R ém o am} check ihe remen&nces later. . -

: i""he CYEQUT Ccdu was used with the channel entrance at 38, "3-'«3.5,'

Cand 39 im Fm’ 38 in. we a)b lained ecsentially zero acceptance-~as expected

,5

4

fmfm the grapmcal an&lym% because § was negative but swall, However

2 '-‘a,'c 3@ 3/1, and 39 in., e&mczally’ 39 in. . we obtained vary encouragiag reoults.
.:% 3‘? m. the fcm‘n geparation - Lr had increaaeﬁ to about 0.06 in. p iV g (3, 8,
"1,.' and E £ €w -Me"f. - We took a reference ray i/ 16 in, outside and headed inward
by 3;/ 16 in. [z vadians relative to the c;c:arm@panding equilibrium or*\?ﬁ.t;' and
; uszcd *ﬂ'ﬂ-‘ai@@d channel shape; B = §Azf:s%3"i"‘}2 ¥/ /em, {this shapr fas the 1/7 1o,

&mph%adf% orbits falrly welll, With this conliguration we were ablc to slinia

"«’ w By Sy nd V"‘f"ﬁ"f‘ - g g PP W Sl 4 2 - " gy o raded % gy T, y / ».,....'-° My R
- about BO% ¢ransmispion efficlency for prarticies with A € 178 ., and abosut

- gource ;’: in, upstream fz:om the channel exit, *vim an ang ay spread of
N ,,'l‘./ Z d eg. The pomﬁ source movees inward with energy, about 0.1 in, /iieV.

'I‘hce moot»m&c ei‘mca of the fring ~f ¢ids in the channsl on the axial moiin

U im f*h:avm m‘z. ﬁ:hz*ea &se-,mpie thzw in fig, &,

s

. bheam will be 1085: verﬁcally.at 38.5 in., where v = 2v

13 N
. "N
Sy

rerienca with the Eeykekay elect F moael had cenwnced h_im that pari:aclea .

N



T

ale U@RL-M%?

::,?;“:

iF

' : B reﬂcﬁamfé there; Anoth@r ia thafz the radzaﬁ bmam quahty will deaerior

in aaasing ﬁu’cunh ﬁhe v = 1 r@dxal insm‘bﬂn Vo For reasan@. ehaﬁ wﬂ,l be

S . ch:scusaed i"s the next 5ecﬁio~1, nm hay of thege effects loekea too badg so
Loy P ) , . ; oo
B o we simpe c, nh@ clmnnel for eytz‘actmm aﬁ 39 in. -ewevezr,, g are ncat '

r

‘ cammmohﬂ to %his since canmderabl@ ﬂe.}:imhty hag ‘been built mﬁa the

chg,nnol It is 108 deg loag arxd jomtod dt 72 deg, and each of ﬁ:he sm z"eleva.nt
. ‘ ‘%
pemﬁ:@. two at aa.ch end and iwo a‘%; the jam ;:mve @.hout 3 in. oﬁ radiai monon.

o 3 J.he proper @h‘.ping o£ the channel ficld and chozce of z*eference ray
Wc:a@ acccamplmhedn need‘o@s to aay. o conaiderable eyperimemai:wn

24

wis:h CYI OUT, plottmg af &eﬂcu@cﬁ orb e, ete.

Unfomuna ely,the Opull.il':us. channel shape for hmgh-energyf deufc rons
| m ﬁm 0ptimc.1 for p“rtzczu! in lowey field'a. - We £el& %i’xe pmbicm would be

: Iees severe then because the channel would necd & Woa&: v field, and go
ééix,lrj{ bé"widér, We found that the. ai}mﬂfs‘f p.». c;:amnssx;, at abau@ 12 kG, wou&d
fzt in tne chamel Since aé; Lowe"ﬂ ficlds there is more mutﬁera tha @rbbw

-'. vn 1gle X070, 80 ilm tH @i’ream septum nurvamm ahaum b\, a&ﬁ:ar, and
£ P gY

we may ;wed to put ancthor joint on the seopiam.

The statietics of our accept:ésmcﬁ: run with the 39-in. chennel airo
shown in figs., 9 and 10, the firet showing the energy spresd in walls of »uo

turn {or 140 kV), and the sccond the fraction of particles vo omplitade thee

¥ go through the channel, hit the septwm, ¢tc.

s
e

7

vt
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‘5, Bﬁng_ing ‘thé Beam to a',Chamzél Béy@ﬁ& the v, =1 Raﬁmw
A :[5 } RALIAL amm ITY

Iﬁ is n@‘t cer’&am c.hmt ﬁhe Leam can be accelera@ d out to a radius

Gric mgw (fz.g. 6&) and a‘eﬁl retam s fﬁcieﬁtly g@ad raéial and axial heam '

»

f:zs «:oncerned-»f.his is abcut ..;0 dea &t 39 n., s whcre v.® 0 8 Se far as

iai lo 58 c»f beam quam.y is cov&cermedn accuiarmion rum.a on the COG

/4 ia (sec fig. 11)
a Idrpe radi&l osmﬁatwn w&i be intreduced. Th iw e;ﬁ‘ocﬁ: may be estimated
‘as foiilows. The radial equation of motion may be written approximately
LRl B

Lol Y

+ v, H= g C086, : . {38}
age r T B, o S :

.. wheze =
%= (1'*2“3??6 >
o dfrwer'séty

hsz -'-*Zp'tg’;‘*v G = {3+ 5}@

. then

2
b
-+
¥
1%
el
0
Q
[22]
P S
e
¢
L¥2]
S
-
)
@
0
e

Since v & ie decreasing, we linearize iand ot &= -

iﬁﬁeg:&a‘tﬁ(m @5 i:}ie resulting equation invalves ¢
- the change m ® accufs gver a camg\azfaﬁ'y’@?y small range in &, 8o one gols

T »e»Amrawrratelv tha carrecﬁ shift by zmag ai.«xz,.g botween & o, The resulf i

S thet ﬁz‘av« m‘s—sal of thé; "vr ﬁ. a‘adiuez «mﬁh fz.mi:-»harwmﬁc cemp@ ont B gived

‘*if'whew v m amﬁcimﬁw less m % one to empm:m the rin»h viad aecam:&hca'_'v h
qua Ii\.y. Y.n our cycl@txon at leasw mwe is no pmblem g0 far as ph&m lasr,
= igeneral orbi.t code) shcwed ihae, %:T'ze beara guffors ha.:fdly any dmtommp on -
. pﬂwmg through Ve '5 for A <1/ 8 in. o and mﬂy medemm dmwrtmn upto

H@W@V@i"g ii there i o small first~-harmonic compowenﬁ in the fwldg




b
f

" a radial amptitude

, "f"he qua.ut*ty €. dv r/m@ can. be ol aim,,d,, fm' ezmmp};ee by running the
: @@xﬂiibrﬂm wbi& coda as; aqml wm&u ﬁmwmams @f camz'gy, Fox 60« Mev
deutemas in our cyclatron, with 70-kV dee volta g@, we hwve R = = 37 in., .

- BO l‘? >< ED G, whence Arz 1/‘? }3 im. This eguma&e; was wel_’l«conﬁrméd' ) -

by the m'bﬁ cede.

i' '} Therez a.z'e two bad conseqmencas of et ch'al-radial; amp};i‘wde, : The

fus& is fhuﬁ if the ES chann@); h&a«s henm chnped to ﬁ' cquilibrim arhima 1"

w*?..l xmﬁ: -accey& large amwii‘mdc@a Thm our calcmcvtﬁ.o“m &s’mwed accepf*"«zn::é O

d appmg from 50% to 20% betwesn 3/ & in. and 1/ 4 m. amnhmde, am, ig abeu'f' :

‘Be 0 at B/ 8 in. Secondly, the zadial amphwde can feed mm the vertic ai |

R oaczina@av a8 v = vr/a. Thie occurs at about 38,5 in. in our cyclotzeong '
b i . - - . :

bef‘ar@ ehe optimal raﬂiué for choanel acceptance.
5 ? AXJ}’&L 5'1’ABILITY

‘V»’l”"’hu coupling ('kama?mwf& mmcmmau at v, ﬁv in a formidable

,,

 barrier, and it is upually » *c:gama,c, a8 irpa fmame, Hewever, i appears that

Wii;héarvao‘ cafs passage through tiﬁia veconsnce can be obtained, if the fringe«

fwld ia nui ably shaped. This i pooeidlie becauge both the strength of the
e,z“ virag iorce ot the resonance and the resonance width gepend critically on
thar&dﬁ.ui c:.emwstweae of the avex a.g,c magnetic ficld and on the amplitude of

ra&Gil'&l oswzmm 0T,

in our cyc*a xm r%i’mie Walkinshaw regonance is never traversed in

23

thfe' isach onoa.s region of 'ﬁ:b.e magnetic dle Eég but only in the Irjnpe-dicia

o]
s
oy
o
(o
Q‘
ped
&
o
A
g
;‘t
£

wr:arc the i&rﬂe negai gradient of the average field caugec

=

- ,' large”. in thie regm*& the strongest non linear terms in both radial and axial.

raction arise 'iz'om the avemg@ field only.
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nc» ﬁuﬁ%ebdcpendent terma, as in ordma:w cyclmrons‘ W.., aave arﬂy ﬂv-

’ »*

i 'la,rgjc@t nmlinear t@rma in m@ ifrmg;@-ﬁ\,ld mm@n ami i’md ﬁmﬁ the equwawna

‘

for x= (z - e«e)/ T, " = :%s/ 5 are ppmvﬁ*aaizely
e & ',

2.

e e

.ﬁff» ns.“" ’z- a3

v “'2 * _ R A i A - S S
B 'd?"v‘ "+ ;% Wy ¢ i RN S AT
¢ - . E N S
é@ 'v Y . Lo ‘».v;é., '.."i [
%hom #? ) (3" @f m(“‘@)b (d '(r@’ﬁ/ drgl.  These cquations follow from 2
I{amilfsaman o | | o SR o ,
w o 2 Z 4
J-z— ?’Y + —Ez ‘{:z - 6x"yTry )_g
s | (42) -

iﬁ one examines the potential ¢ tormm, one finds a set of equipotentials

. é’isﬁﬂit*c‘hé origin, repremmiﬁg stable motion, and thon a set going to infinity,

PR

he‘s cmﬁ:e rimost stable af;;mp': entin crovses the = .J“B.{i v &::r:ﬁ al

UL I TR T - 5 s
PR . % LS e kg N oo o g P L E v'_‘__’ i——— %.g ;_-’)
. _ Max N L. N ep YIRS @ T

"“A . !
o In our mza,c:hinf: v, = 2v, near R = 33 ia, ywiwza‘u,- pitt m -180; o *’5:%..,;, =
. o R b Ldiable
Thus the mctw..ta will never become t:: uly un watable ofore the particleg hic

-.v‘v.-tim d@eﬁ:@._f_‘@ z® 3/4 in.. At v, = Zv, we have, from &43)5 that yma:j’rmw = 3/”(&

Fc much amaﬁier &mp}iﬁude@ the equipoieniials croes the x and g, armms itk
. in ;.atio of 1/2. Now since we can tolerste only = <3/4in., we
< E/ 4 in. to be safe, if the particles stay long enough in the
- ". _smp s:zami ﬁc; move an appreciable distance abuedi the equipeteuntial. But wo
b have seen i:}mﬁ to keep A < 1/ 4 in. 1{:@15.75@& the first-haymonic amplituie

B, <2 G when v_ &1, Conse uently, safe passa e of the coupling resonance
i v y . & &

v

[ﬁ m firmt oi asn inaﬁruc ive to ccmaider E.he aitua.tmn if ‘e:"se*'e are o . ,v



-25- Co zsczm«wam A
ud for our cydo‘*wm t:mmztmna nf *é‘hea umm is cwﬁéred, has radml

S0

&mns uzder E/é m., snd 4 2 < 26 at 3‘? e s

c

. ﬁ,_'ﬂ,.'}.;*‘fae mtuacm suld hav" :ﬁen wm:am r»ad Y“na:" oq. MJ), been

v

-

: Iﬂd@ed, tmicm:a one I: eens g/Bg dwm i ,J the .

@ S yi y
E"’.ﬂ”h‘i’ ”ﬂ"’?”-

ssm.z}ie

f' cwe g&?‘ﬁg ft*m b-rszm wﬂ,i be 10 ot zama.li‘.y even wzalmm. any coap‘fy_ g reacné&cé. |

’ o C?n %he oi:hw“ hami. thc &bavc e emen&s on A ,:z& i’% : i,;ﬁ e

|

l

e'iruzed. ’.’i“?’xe mcﬁ (:hg,r. :&: m 60 Larggge fior our cyci@trcn m,eﬁ.n.; that we can PR 1
r ma’%iy ignore th«a lam: term in eq. (ﬁ?ﬁ, a0 the motion is .lmca,r invy. ,-'I{‘hg 1
|

J

et 3 e 3 S
i:m:;n 4‘-’-"2-- xy . may be repl&c»d b; & E LA D (vz, already contains
R S wu‘ e el 5 R
& term - v_{,-j 4 Lo «-2@ - .&W’ hAppendiz 2}, Hence

: wc w*zﬁe. fo:. the efi‘i‘ecuvc ve**“r*af, f u':uem:y.

o B 2 2 {"“ 2 . R ) ) . N . :
o - oo ’ = - v-ﬁ-«--” A S ‘{%“%‘ i
; o v * L vy v}’% o Tl [ . - ' - ‘ L { ‘ ¥ |

2 . " 5T e iger e By : -
,whwrca ‘5350 ie ‘me m za}-. frequency for zero radisl amplitude (ref. ), s .

"'3'“_.;19:)@:»«1: 2), andA A Jre

K*avwﬂ ;umifwd the neglect of aonlinsa

&he as mi emmrmn m inc hmo. the most fraportan

‘\”'.‘ iy .us, P

s we}‘.?; Z{umm Chat *::h@ eﬁffecﬁ of the axnial 1:{.&@%%@;’; own the radial is p;&:::u,c&ic;,:,‘:

: : . ,
ncghg bh hence the radizl noilon is taken as givent K is now convanic. i
‘ : =

w

7 follow a methad derived by Veroter aand I pmzdmur;‘:s " foy patting the arial

() - ;i ' ‘ :’ .
. ey ain a form derivable from the | ,ar iltonian Mt
‘ N A f o2, 1, .2 R | f
-, BAY, P, 6= = P % + 20 q&m S 45y o
| where ;
o 1: £ 3 2' '“l’ "‘ }e _‘f_ o o
& o & g b . y
¥ o= f / Y QV =f ~'/ éaﬁy 4 o & £ 9 {46}
e Pl o2 1 4 ,elg
I : - ._va o h& (L’-“ﬁ :z i h o« }'T z £ } L o C’:,‘ﬁ;‘ %; f ?l f
. oo . ” i
‘We use a dot for ,d/d& and a g}rr,me for my o= S

“ ,:'.': T Ta o

xLHoweve s tl'\e above conmderatlons, predlcang y < 3 A whenever x < Xmax

. remain, valm, so whenever the’ succeedmg zmaly is pred;cts violations of
. this ruls, 1t ma/y be dlsregarded.?ﬁ . EERSEDRA ,



2!

'“4‘gs=qﬂ;+‘ﬁ»A i”:‘p#“, n=p, i - P, W 41'*?”“& o 4%?9
f‘Zm’* m@ amz;» ma«@ \%‘h@ magmeﬁm ﬁmm is &""*f m’ in ‘&he Wum’% p L:me ?W
3€ @B ""inlé-?;@%[ﬁ M'

if ome wses emuﬂ;xbarmm-orbu v.almm wz‘ ¥ mm’i p in the above .

. @qm.u@nss, g&a ; b@cmnea a Hxn cqwticm f 2o whida m@ mw;uﬁ frequency .vy

may be @biaimd Eﬁ, c abo bc c,e::fmi zv._ﬁ a.ur wsg ixw tZ e sm@a’ah appmximmiam

A

a.es @we) @z: ‘ﬂw amhc £ zza.ve d@me } Mcswe’wm', the I;;Ea.éﬁgl.to m m.c* hcm is ma.su

Y . the - B S
the rud«‘aaL meﬁmn in terms m/acya:zhhz* wa orbit and free osc ila i,mn ag-
1 ' o

B
.:(.

'MW“xém*nW% | ']';ffﬂf.www

e By .,
Ef wﬁ :'w L :s.:pam: eﬁ as in ro i, 7} then

- g

1‘\({ 13“& @) EA g’o ‘ A P"" s b b L ‘4‘;3; whl bese
24 . ' '

: = 2 5
S TOLE B e L R TARE L
w o+ iy -y H Lt gy b _
g 5 101 g i 2
——— SO 8 | 3L we bl LA .é.” E Y] m:«‘
’ ” +( Z!z_/ Py (*5-5 pf 5! ?ﬁzp Yok

N e
Xome]
3

1{ oo~ 7 :ﬁ
o

v : [
: n PP ' R . ’ ) s
S WwE f:ﬁ cos Qvﬁ‘@ - N} 4 *ﬂ*fﬁ*«f}-ﬁ“w«mw éwi e co ivﬁ 8 = &

ol
WY o4

: r:cm mm@m foﬁ' see mg tha exfcam: o:}i’ the a"*a ,?. betatron osct El‘ i, ma. A We wm@:e
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! Yo ) o ' ’, ' 5 C"')N ﬁaﬁ;g“} vv : o .f.
6@ !:i \_Qg{v a@’ v ': -1{ P‘" + * | N£ - J _g.ﬁa‘” !: o “ igz) .
. Hence thu Hamilﬁ;oman may. be Wu%e.en s:i E{Q + Kl' where KO is the

: ;:,ﬁamxl‘tomian thh u = 0 @nd 1{3 is eﬁw Qerturbamon due’ ﬁ.o the ree'radial :
i .(_vv.‘aamiilmi(m W S Ny ol _ ) |

w:m ws h ve dropped ihe raﬁzai phaem au_q,le a.

When I\’;1 0 %h,e Y mcti@n is gwcn, to sufficient ag:curafcyﬁ, by o

AR

W@ use ﬁh‘. meahod of vamatian of cunmamaa rogax’umg A a.nd d; as siowiy””
:Vui’}’lﬂg parameteree : 'I‘hma R |
Do K, = =2~ AlD) cos f,v? 6-¢ (6] " beosv 6 . o {55)
R ' ) vy :
D Ef c«nomc&z transformation is made from Y P, to —im AZ’Q Y= the new

R S : v 4 .
LIRS T ﬂa,_m,,_mnizang a8 pointed out in ref. *}—ic just Kys eq. {55} and from it

'j the aquaiians; of motion for 4%., & can be derived using .

‘E oo 2

a vy 2-\ . o™ ap L - %y »
a\ T A T EE T T R e
L / B 4%

I we keap only the terme of frequency v = Zv_y - ¥ the resull is
approxzimately

C. S dA L wa o, e e e e gy

bl ~~-2§-~b co:s(f?.){)-‘-.%’s-v . N T L {570
G ey, & e AU g Sy 5 _ N

Kv '2' Y b coxa v, 6 ) : ‘ _Zv :  . (53)"-:',’:-.;?2'
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5

- %h@ ammmﬁ m an &phbu.ﬁ growth in each case, we

‘Q"?&G u.nC B

| ttan’é”“ ?l ftan (¢ xghl exp - - 6)

.

o %@s R
: - ¥
Mﬁ = e -

)

{wriﬁ:en as an equali%y)

vy o+

' .ﬁzha gh %‘ze stop~band m fast cs:;mpared to the time geqw,ire

xf» -:r/ ‘E in the m.aae he reversze is truo. To see which de:;masm

¥

The lockein time @ g o obtained by solving (57

A

i
&5
P

" r.xc t.za% a reasom&b}e mck-m timoe to take wou «1d be %nen thh

Tc.v g;et thee map-b&nd wad h L\E) we e p acé' v by ;h&@ ia 159

‘Z‘} @ mtuai:ian is com;;lmmed by the fact that v, are not constant as the

TW@ ﬁmi&iug cases can be considered. In one the traneiton

i1y

add

ke

o

e

g
7~

: pamicle is bemg accelerate& ﬁbrough the ,a‘taﬁawbaﬁﬂ.. ,-'.-L‘ét ';'ufsi ‘approsgimate

5 : “30) g

o phasa

A

w

2
v

64y
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80 that the conditien for lockinw mﬁo i*ho phase ); 'f:/fé 'Id};‘.riﬁg mo.«& oi' " |

3

tha transition through ﬁhe reasovmme ie Ad >> A‘Qﬁ“ or - »

v, . R

b >> bﬁ .v;_'Vx '/_?-" . icckem . g ’ {65) .

&f i:hia ﬁs thﬁa cwe. b >> b g0 '&:hen we appm ma&@ m@ m al ampmude gmvﬁh :

-:,-v"by in%egxating ﬁhe A equa%mn wm sin ax*:, am Zxﬂ = {E qag v /b)

_,oetween 9"‘ ' A@ /Z '""he resul is A/ b, = ap[ b /élév )]I.":ac‘i
_ w«a'usefd the mammum gvowth rate acmus e.hcz whole C‘ﬁe.. &«-?ﬁ*&“&d we w«muld aavga
the same formula wzth a 4 remacmé Lhc’ 36 Short o§ a mmmue ir:ﬂﬁ; gmﬁien

1

) of ;,ha mo‘“iom _a c‘amp omiae cm the vam,,zg 8 g m:, fea.mmbleo _:

P TR . 2 ; 2 N P aww wanf;‘“timm L S A '
..éi‘/‘ﬁ‘iéexp Em} /(,S.Vy vﬁ)j Th > vxvuél/‘?‘ o : _%6)

4
[N

o , the other h&n Whém b << bﬁ,, X 'wm not éhamvé mmh'éufﬂ.ng

i t'ééms Qm thzo».xgh the eﬂ:@*:«r”é*&m Bince in {61.) the - 9 ] térm is genc*«*aiiy

s

y ) i ’ .
he szge m. we salwe x bys ucceqsmvc apprammaﬁana to ob‘“mn
‘ s i
. R TR e T " . . . 'o ' . .
¥ {G) = X~ 3 e - — CQS(B;( G}C{v @ ) + ain(a }g@‘i&f‘%w 673 .
T . N w&‘" Noae - 0 : _ -
i ‘ . (673
P ' { o 2e/w © 2 :
- where C and 3 are the Fresnel iuteqrals, C(s) =) cos <+ u° din, olo,
AR . B . @ L
- We ig;n ' tha Ge 3 terms @nd ‘um\z&:.’r:“.zﬁv in the A eruation, whence
. ’ . : "l‘
A é; ; b w “‘2“ o Y g ° Z i £
_ 4a fé‘“;“w — gsm 2%qC ,,v 67y ~com 2y 8l 07 . (e
T Ty T | J
: ! : e, Rl
;{ L v . fast transition
T S b T et RN E . 1/2 .
AT SRP e T sini2 X g = 3 EE L S {59}
B T - ¥ b o
: %ve'*ee '; g ia thﬂ {random) a,ma phase at the conter of the slop-band,

L e el RIS ¥

o f We ime a.d to make & more exact intogretion e:;f eqr: ‘ éf*}'?aa} end {01, for all

parametesr valwa~if\nec@aamy by c@mpumm y oo
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For the zrmge .-501& af our cyclo%mn b > b

(66) is the relevart one to Mppiy., '_ ‘:; |
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&nd fo‘r @he mmbam qm@ied above, thi& gives A,/A cyp (ZO A

i

A m mchc&, or 2 fac*tor o£ 3 5 far A = 1/4 in. ” 'if-xh e_;::i

£ _ _
amphuuﬁe is ovex‘ R/ 4 m. o t}:en pmt cilc.: wz.ll b»ﬂ- 1@3& to the dees. Té avaidv s

1

: .Jheon the mdial; amul %u@m A

(s

- @i:s vaxy Rarga eq. (73) reéuces

Poukies Con

R

ii 1" do.mn&toﬁ the ﬂu%:i:er term, ﬁhc& we wxa, compare. the exmnants for
%-" ?’ P
. eman arzei large A, (we use subacripts § and L.eo refor to resonance ws,th_
- aman & 4:% 1aﬁ'ge A g Feopectivelyh:
. N R . (1 __ . £ d 1323 )
. Un ""‘z/ Ay g S £l sy, Mg Ty, “’%57 | 74)
w#(znA;;/.A.; : (T N (4 1y P ~
: S 31 C o
;E"cw our c*grc!imz'ozz this ratio ig &bouﬁ unity for A g = 1/4 io. if ey & 5,
v. ) A ¢ '* L
which iz qmte ahuszﬂleb gince the lorge radial amplitude A, incyons

ria

fe. i eq. {44}7, cmwm s.h: rogonancs o cccuyr at 2 smalier rading,

~whers ' is smaller. .i‘*if.‘k«.\n-{?{?d:".ﬁ”n a large radizl amplituds

t‘z’m bearn to spill out of the cycwtgffm radi Mi; efore tho cam ning reso
s reachea, ’l’hm we reach the p& radoxical conclusion that to gurvive axiciiy Vo

g f:ha 'a.dia,a a.mplimde must eithe be kept quite small é_i' very 1a~3e Oux

cyclscrcn &bh& ore n ,adermiom '

3 *uez’imn abmrva dons have been mads tending fo conflrm the sluve

anaiy@ifsc Fimﬂy, orbite have been intograted through the zeermanco v

R S . PR .t g
AR eieraatwna usmg the C‘&k ngm General Orbit Code ™) withh the m

Sﬂuimch--cycm{:ron fmm ‘irw pet the inltial ax A"M. amplitude at 1/4 {2 and
“took &adial amp?itudes of 9, 1/8, 1/4, an nd, 1/2 in. The factors of inerense

hre Shmm in table 3. L

'mum m lmp%; l@@w tham 1/ ¢ in ‘.".”ﬁm mgam ,g::,a mwmd ‘ba &m&ax T AR S
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’l .

Encreaae of axml a.mphiudc after accelera\tmn thrsugh Vo Zv?'

reseﬂaxxce va ra.dml amphtuac, from compz.,ﬁcr rUns and fz*om theory

m A {in,) {Af/ﬁ,i}c@mfmmw éA }{i@i)' alow, éé;:g; {66) ;;f__ ‘V"'fa_mt,' c»eq. _(6‘9}

Sl ner 0 o e s

04,27 - b 7 as | o5tz

224,143 - | 150 I o2te®

o : ;Thaae mms am in qualitatwe agreement wsth br theory above, and show that

- ' the ﬁramutxon £rom fast to a}.aw traveresal occurs’ at about A l/ 4 in. T

wdchr probe measurements

L centemd at 39 in. (beyond the :e:eaenance)_%
‘ .shawed z-adzal amplitudes U.p to 1/8 in. and of half the intensity that the beamn
'_n.ad at 3(3 in. (before the rewm,ncei, whore Qhr,,cmwonmaau emem:s showed

'"fup #;0 3/4‘: in. &mpliwc‘;e, The interpretation iz that when A > li/ & in.

th@ reaso aance caum«i axial blowup.

mfin ay

o h&w 'ﬁ}een adduced oy Richardgon' . Furthormore, Richa: c%z:m I:-a"y' introducing

o about 20-G first harmonic

S, 5 R B S
R LG anove

L]

o
e
2
fay

without serious azzial blowup, which ig

 arpuments about large wd.ia’.&. ampl tudas,

%}}aizh thase theoretical results and the compuies
- ia the radial equations, which take encygy out of she

: 1‘7‘ c?;@ Earge: 80 i’.h@ dvﬁ**éngg %,c»,z":.q b 7 p A in the

: ‘emmbimsc} radial and a“iaé, a.:amjag:zo 08 ¥Novesn
Lol is a 3-dimensional space, corrog peading fo wo'»:
T ot ellipseidal for small myixﬁuuem We have besn

equitorial motion. . v .

-Seccndly. theze is expa;eimen’cal confirmation. When the beam was -




ﬁx. Dimm I‘wm-marmonic I;uecm

If %here is a.z*y ﬁm%. h&rmamc in &he mmg trcubie can ensue at

v 1/2 First @f al‘.i., the fzelcﬁ bump itae‘i{ camribuc@s ‘&o Q {@)9 eq, (50},

" gx are tb@ amahmde, ‘azzmum,, an& spxral angl;e Qf th@ firet harmamcu -

-« gee that this

g becondlv. there wiil be a camrxbwmn {J." ss.ﬁ, wher@ xi iB the aiz'aé harmamc

L .f
L pax't of ﬁhe equihbmum orbm [see ref, ,% eq. {H}} ‘
A O T ‘;ZEL cos 0-0,) o @s

‘ i

sa the partu?bation in the Hamﬂwnmn is (setting 91 = '_0)},;2 R

g

n - ‘

. K'Z ‘2‘ Y (“@1—-—- C / e:ouB C tan §;§ sm@ v -. }(7{,;

o By cemparing (76) wx‘th (93) it is clear tha,t we can use all of the above theory

o of the couplmg resanamc. if we replace b in eq. (‘32) by

o e s&” - 2 _73/3' o
S I LY ‘?é""‘ ~Gp ) 4 c:i%mz S N (o}

and. véﬁ by 1. The dominant term here ia c, u/1t 5o whenever A, eccurs

‘e

it chould be replaced by G,/p'.  Since we have pf = 0.1 where vy /2,

' we find that Gy = Bz/,’fﬁg = 3/16G3 ... corresponds to A? = 3f6 dn, Bt iz

[eS

L a 12-kG field this would be 7 G, which gives risoto & = § fu. ence we
s ] . i _ _ ks :

$ o & - . e oy, oy 2 e . PRI SN . RS SO A S
FESONANRCH 18 iay l‘:’Jﬁ 3L¥rl§-€.)£&&ax.ﬁg L oY Cyc.ﬁ@ug'i}f}.g TAREEY LR

" coupling resonancey,

[

':: o5 ammm w il 3 % . [i:;l cae‘awa(,})‘@ * Etm; g,g afsirswm’ﬁ H, whmﬁea Gl" & 1. zmd"“ '
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U’rae cf 12 i!‘uﬁ? H" "*msnic to Aid }"szf.rac,tm"k

R

‘ uem oroit compuﬁer runs havez been c«:.r*’-icc'. out co;re%pandmg to

e the’ wmuauon m which beam 50111 wag mcmcea by n\zchardscn (sec, 5)

B

' 'ﬁ’.}ia TR %;he: ou&%mr vallsay cm’xectmg cmis 80 thaﬁ: %hoy prmauced a ﬁrst harmonbxc :

amplrtuce riaing 6lowly from 30 m. toa pea*c of abcut 20 C at 37 in. , o With the
peak of izhebbump_zzo deg counter-clock ize frcm *th«, south (beam~1eavmg)

' deé‘ﬂ‘ﬂ.ap.-:‘:_v ."’i‘hve ;com.puted 6r§i3'ivté .delveldlped radial amplieudes of abOut 3 in. ai':'{‘ ;o

. about 37 m. » and then spxlled(one zthird of ;.hem vn’to the dee, howeve*) Th'é';wl

dxvergerme oi the Brzll beam was very larba,. However, a zuw turna before s

S thea smll, and near the deflect or-emrance BY imuﬁ;h, the,orbim "\"riere v’ery '
conce nt:'aatea in r, p space, showed rowplete turn-to-turn sseparatmn {for

o an iniﬁ:ial 1/8 in, -a.mnhwtudo digiribution); and Juxnped 8u fzciently to enler

hannei with almost 100% emamaencye Unfartunately, the orbits also

have abc»\.t 16% less enersxy than they would without a field bump. ""“his
o cauld maan that anmher 100- K‘J/cm electric field might be requir ed to

' dnﬂ@m—-bu& this mwl it be mm Led b“y' ‘1@ Ea:"gc;‘ radial momemum of the

H

o bumpe& orhi‘tsﬁ Further investizztion of thio pussibility is planned.

i
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Many ne*'son@ he,.,ve coﬁtmbu ed ﬁ:@ the shearatical work 'Qn the - -
' aefiecwm sya&e*n fo" cu‘* cycaoﬁrm-, : Ezmensive comﬂu&a.tmm he.ve been
~ Carz'icd ou** by H. (}. Blo a;r*ez at Michigan State c_m. tha pomibﬂit‘y of

regens rative a*{tmctwn with the e%rsting wz.dmahapes, é‘;eﬁé:ct@r channal; '

I au.d dee volta.ae. 0” asaeczal m‘,ewest are the radia 1 pha.se plma he cempﬁed,

"wzth vaﬁoua 'f:»ump- ﬁ:*awthe: 1 w’étw.oui. a bu emp. I‘t w neﬁ: approp ate i‘cr

X ‘ués ta de@cribu 'ahiﬁ wm‘k - we hope he «wes -a ut we cearmmly wwh %a
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RO

Tha most mnportant wark mf writing and c;p@ rating &he relevant

nputer codes was carriad c:uﬁ: by . C. Owenﬂa pam:ly at ka Rid@@ No.tmﬁal

;; waoraear;r.  He proﬁrammeé: the codes CYBQUT an& GOCB and carricd out
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»,

camputatiene hes also bec,n rendared by.& é?n Kenney, Jo I) Youn and

FSS -1 Breinard.
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“ et GRNL. In particular the deoinn of the deflestion code Q‘L BOUT, war inuch

aided by c'éi&cuszmmm wi:h B 8 Dendor and R, H. Enasel,

il

 thank F. T. Cele and Dlgabeth Chapman at MIUTILA for thelr help with the
. D1 Tempered Five Code.

Y

It goes w*&fwm saying thet B, i }
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e
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o discusgions of the resconances and R, Poetere for discussions on the

- “mechanics of the eystern.
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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 behalf of the Commission:

A.

As

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

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.

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.
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