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l+XI‘I-NSION OF I’RO(;R,4hl ‘I’R ANSI’OR’I FOR LPG,t( S 

A.J. Rtche ,(‘I~KN,Cll ~- IL1 I (irrlcv;i 23. Suil/rrl;rn<l 

(2) 
1, AtFdract 

1 hc program I RASSI’OR 1 1139 herri cxt~~~nlcd IiGrlg an upJ;itlnp 
procedrirc 10 inc!udc 3 clTivt4 : r:rnqdd motion in nccelcrat~np scc- 
tmns cquippcd jrltti wlcnoid5. scction~ 1% ith supxpoced quxirupolcr, 
and the effect of a quasi -linear \,:lriatiun of the elcrtrli. licld 
I’scud~~ - pcriodit focusing paramctt~s. 11scd for matching purpows, 
can bc ryrtrma!ically c.druhtt-tl. I’lot~ of three pnratnc~twc atrl 11x 
cnvclopcs rcculting from the xutching, help IO quickly ludgc thr 
rcsultr. Apphc;lt~~~nr ;xrr +oiw for the I 1 I’ lnjcctllr 1111~1~. (I II i 

I. latrcductitm 

I’rograrns such ah 11<,2SSI’( )I< I I 11 arc: \vry witahlc for hcam crptw 
so that thcrc is 2 strong moti~:ttion 1(1 incr-av the field of their appli- 
catlon when necrssary, 1nstcad of writing new codes I:or calrulatirlg 
the optics of !hc I II. linno, we had to rcprcsrnt thr combinrd effort of 
quadrupolc l~~u~~ng or solenoid forusing, with the lonpltudinal acccl- 
erntlon. Xlorcovt~r, the c~lcctn~ ficlri in the structure5 varies linearI> 
alnnp I up 10 a punt from \s hcrc it is ror~stant to 111~ rnd ‘l’l~i~ field 
configuration, which providrs the m,~ximunl crirrgy fvr thi. partic Its, 
is due to the combination of a quasi- condant gradient srrtion anti B 
SI .I31 - typ ICI: itlput pulse. I Isiq this more cxact rcprewitation of 
ttx actlony of the lidds on the tw:un, the matthing ha\ bcrn rc<altw 
Iatcd, and thr fTOIX~ channel ltsclf was ;dlt~rtcd hccnucc the pcriodic- 
ity in the focu7ine, had partially ranirhrd, OS 3 c~~nwlwnrc of nu~rl~fi- 
cattons sirwe thr original &sign H’;*s ma& Vuny of the p:mntetcrs, 
such as gcomctrical Ia> nut, arc frcvcn distance? hetw~cn 
quadrupole~ arc now cwstr:~ints for the ncu nx~tchirig Wc \CIII 
hrirfly outlinr the new contlitic~ns fcu the n-iachine, and ho\\ 
I I<A;iSl’l )I< I xac upd:~trd lo gilt ~~~tcm:itic:rll:, the I~xtl pwlric 

periixhc puxnrl.75 for m.dcllillg pwlxw~ I3Cdh it~~~‘l~rncnt:ll,nili oi 

lhv proprn arc ~ccvilplctd h:. plotting faillitio for the rcvllt~, 5wli 37 
cnicl~~pf~ or pui:dli c~wlli< 1:nt5, .t xyr1thrtx cx:unirwlwn of thr, 
rrcuitc king extrcmcly uwhll ~whcn Innking the many rurlc involird UJ 
the nxltihirlg protwc 

2. ‘I hc nrw opcratrws 

I ,ArrcGr~lii~m irr Ilnac sIrlr’cIw~‘r 

‘I hr clcclric field cotnponrnt [ in the I clircctlori 1s 

rnr II < ,7 c 1. 
11; 

,$ == r, + ;I[-7 ; RIld for I > 1. )’ - r 
7 5; (1) 

I hc lonritutiin;~‘ 5lucc 17 7~gmcntcd for appr~~xunat~rig the clccll Ic 
field hy It% dvcrqx (711 ear h part I his pxtitinn ic mandatory il elr- 

merits ruch a5 solsnoid5 or qu:~lrupdr~ arc s~ip~l~~~icd on the sccclcr- 
sting structure 

I (‘rwnfG~d I~m~iliiclmd i~icclrir wd mrr~wrir Rcldr 

ITaIssinyki (21 dcrivcd thr trnnsfcr matrix for rclntivistic pnrticlcc in 
ihc pnraxlal approximation I’quation~ :~nii rl~rnrnts of solution arc 
hcrc hricfly rrwtnrd for convrnicncr r’wlg mnplcF; coordin;ltes. the 
dictancr of the particlr to alis and its variation with I arc: 

11 = I-go, y _ & 
dz 

‘I he force 111 thr tran\\crv planr, (Iilr tcr lhc lr~rlritrldinal :uld r;idi:l! II 
fdds iq : 

,.‘-: ,,,(P(.,l _ ,.!Q!!! 
2 (I.7 

1 llr lime rlcriL:itiir ill tjw trarlsvrrfc m~~m~*~t~~m p nn I\ 

2 _. ($y + FL!! dp 

dr d,: 

(\’ 
d- 

dR : tecdlt 
-- I 

rcc‘fJ& t d/,’ 

a. 1. ) 
C-1 1 

For it IIc;i\isidr ctcp II, tu It, 01 lhc lo~l~itu~lirbll >JIIK, id IS tlr<. 

m;ltrl~ ic 

,I 

I: J, 
c 

II 

(it, fl,) ( ‘Y I 
I(‘(‘i I 1 21. ‘ 

I (1, il ilxT ir1tt. (ll11~1:3111 11. \‘i~rlrt.lrlt i.liTtriL. iii&l. .llld i’:,crp,“ / <WI 

t, al t11c mds. thr rnstlix ,I 

f<<T(:, $$;,y ,t*iih ,i+*,tic~ ((,) 

I’vl!p chc\c ti.~rlclrr ill.it:llr~ I<. ihr lY~.un Ir~;ctrl\ ,.I Ii/ I! “‘~~~“‘l”‘l 

Itorn a p>int li> wwtlirr :~cc~v~lir~~ tii 0, Rii,l<’ 

I IIC ?li~rrrerlt\ (If ci ai< tlw 111(‘;111\ 01 1111. \i~L.O11~1 s1rdu 1!10111.‘11,.1 
x x ‘, ,I iI\ <Ii < x > I l~~\‘\\l’Ol< I g,K% rc’.illli ,I1 tllc 

linutu of tlir d~wcnts. Solrn~~d~ arc Iclv~w~trd by a ialtr:d pit. 
uhcre I\ is conctent,ulth 2 dgcx oi the I Ica\ dc t) pc, thrwph which 
the longitutltnal field wncs abruptly hrtwern RIO anil I3 The parti- 
twn of a v~lcrwid in suuxxivc srgn~nts rtlll keeps the conditiorl 
I1 = 1) at the point situ;ited at the limit txti\ecn two qmcnt* ‘I hrri., 

the rnccha~~i~d :mgular rnon~cn~urn p+ = r J$; (.qll:llc lil<, C.ln~vli~.11 

rr1~3m~~~tu~11 I IIc c.inonicd anpulu r~~or~~~n!~~n~ rp, t Cv,Ip 1, Itlviui 

ant A, i’i tlw rompcuw~t uf the vcclor potcrlti;ll; r,4,. the llur 

Wc r&r to (4) and (5) Ior dlsrllrsicln :~rxl Ilic~lry (>I crniti;cllcr irlv:+ri- 
ants. II is possible, in rllxl:itcd ‘I’l<A~SI’Ol< I, ti) avoid closinp ihc 
lick! h> 23 Ilravisidc itcp 3t R point or to include the so~~rw in tll< 

field ( ilnrncrced source) ‘I’he envcklp ( g1vul hy tht lrrmr O,, ilr 

f7,? 111 the hwrn matrix) do tld &pcnJ on the fx.1 111xt the point5 

u hcrc they arc cdculatcd arc at /rro field or wthx the firld ‘I hr 
yrohlcm of the sour~c is diffrrrnt S~NCC the initial carwnlcal nnwlar 
morr~ntum is conserved, the cnvclc~pcs oht:Anrtl with a swrcr 
unmcrscd in a firld may differ ~~x~cidcrahl) from thosr ~~l~iaitlrrl willi 
et wurcc pl:~cod at ~cro fdtl, a~ illustrated hy r~ytl.~tcd ‘I R,\N~I’OII I 
runs gi\~~i in (h). and a fpre in this report 

I ~hrdrupoic~ crvrthincd K.l!h :m~irudmd dwrric rz~icicr~~iwn , f,; 

I’rc7jvctlrip thr rnorcrricr~t on L~IC of the ‘1~1’ of tlri. tr4nww lA~rl~, 
$a) yq WL’ obtain for the force 
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-prig (7) 

uhcre g is the gradient, ‘xnd for the tirnc drrivative of the transvrrsc 

“lor”c”tutn 

dp,- -fCiil+er& 
z-PC di2 i dz (8) 

If it, is the Initial momentum and if the variahlcs are changeJ hy 

/ 

(;*= = 4 ; :ry- 1 (;n l+rn*z i 

cpP, / 
u=2 z* (. -4 rfl 

(9) 

WC pet fronl the equation of the d>natmcs 

LL+l4+;& 
ifJ u du (101 

The solution 15 3 linear form of Rc~scl functions of first and second 
kind. 

4‘ = AN,(U) +- nJ,(u) 

I 

-=(*,,I -AN,(u)-nJ,(u)) (II) dv 
dz 

A and I3 are determined by the initial conditiona An analog sohltion 
holds for the o!hcr transvcrsc coordmatc 

Matching 

I'wudo pcriod!r. firuclifg .riwclwPT 

A p~nodic pattern of focusing clemcnt5 such as a 1;OlKl pattern ir 
lhc natural ;mJ ccoriomic~tl solution. identical qu3dmpoles are UWd. 
pourrd 1,;; tiw same supply, and the vxnnation of the energy iq hnl- 
:m~cJ by incrwGrp the L!ist;mccs hct\rt.c*u tlrc qu~lrupoles along thr 
linac. For ;t pl\-en linx, thcsc distances, once 0ptttniXd arc. of COurEc. 
fixed t,ro.n a tranqfcr matrix R. suppc~rrd to hc pcrioJic, the UYWII 
‘I’u-icr paramctcrs arc rnlculatcd for one of the transverse dircctiou a\ 

C.)E,,I) = !cy!!l ; /I = K,, R,, - II,, 
sir+) ==q 

(12) 

‘I’hc beam is wprcw~tcd hy a distnhutlnn in an cliipwid Itr equation 
i< 

,Y7n ‘k.= I (13, 

whcrc the components of Y arc the coordmates and their z deriva- 
tivcc Consider a simptc mutton decoupled in the 3 coordinate< 
‘l’hc beam matrix for one of the transverse directions is 

o= (“,, ,y (14) 

1 lerc. the elcmcnts of the he.im matrix .rrlated to the paramrtcrs uf 

the barn, are writen using a. [i. 7 = (I + x2) / /f , and the cmittancc I: 
, i.e , the I’wiss p;uxneters derived from the transport matrix R for ii 
pWiOd 
The beaux is perfectly matched at a point if the parameters of thr 
heam are equal IO the corresponding ‘I wiss parameters of the transler 
m&lx R With periodic system, thr cwxlition. fulfillrd at onr pain, 
wilt automaticalty hold at any other point. If periodicity 1s more or 
les5 suppressed tg some important perturbation, the matching is 
spoiled, the hcam rnvclope dlstortcd. the parameters at the end arc 
changed and the transmission may suffer if the trancvrrse amplituJr\ 
of the partirlrs with I, rca,+ the edges of the available apcriure 

Takmg the example of I.11.. thrre are t&o rcawns which make the 
matching difticult. 
‘I he energy was changed by a factor 1 3 from the original design of 
the focusing systrrn, nnd tho e -- and et beam< travel through thr 
same focusing system. The matching is made for the positrons. for 
which the cmitt;ince is high and Iosscs not welcome: The electron 
beam ts mismatched. In LII., the quadrupoles uf the FODO array 
are grouped m 3 farnihcs. powered independently .and 5 matching 
quad~polcs arc set in front of the FODO. with independent currcntf. 

Matching pttrcdurf. 

We proceed by successive approximations: staning with B set of 3 
currents chosen for the I~OI>O families, WC calculate the local 
pseudo- periodic matrices thanks to the part of the propam update 
spe&Hy developed for that purpose 
Transfer matrices R of ruccessiw sem - periods are storrtl. Ry multi- 
plying 2 consecutive matrices, WC have the matrix for the period 
around one point. The cncrgy found at the point is taken .xs an avrr- 
age for the period. ‘Ihe Twiss paramctcrs ar~c derived fbr wch perioJ. 
printed and plotted. In a second itcraticm,the choice of the 3 curwnts 
results from the maximum availahlc apcrturr. If, as for 1.11. this aper- 
ture is determined by the iris of the structures, it is quasi-- constant. 

‘l‘hr ratio p / energy will be kept constant, as it rcprcsents the proJ- 

uct P*c . i.e. the square of the maximum transverse beam sire. We 
have finally a set’of currents which are optimized, and the correspond- 

ing values of P,E,, Y,F, along the machine. Given the beam matrix at 

the system entry, WE USC the program standard matching proccdurc to 
trim the currents of the matching quadrupolcs, forcing the elements of 
the beam matnx at a series of points to he equal to the prcsct values: 

cilz = /],et,, c,, = y$*r,, where I sr:mds for x or y, and j for x’ or y 

The number of points whcrc matching is required gives the number of 
constraints while the numhcr of varying currents is IirnitcC ( to 5 in 
our apptication ) t3ecause of the tack of pcriodlcity, we require 
matching at more points than is allowed by the number of vtiahks. 

and therefore, the fitting accuracy has to bc rclaxeJ We repeat the 
process with points chosen JilTcrently, for vcrilication of the stability 
of the solution and his best arhicvcmrnt xt ;OI points ‘l‘ho required 
beam characteristics at the Imnc end arc supplementary conditions for 
the matrhine ‘111~ automatic romputation of the machine pwido - 
prriodlc pxamctcrs .a~ shown on I$ I, is of B grrnt help , the plot- 
ting facdity alw, for cay vcrificatlun of thr colution at each strp 7 hc 
1.11 e t beam cniclope~ arc chown on I’ig 2 

10 

t 
fk+ij *+4*C+t*+t+***~~~-~** *+ 

n I 0‘2,0(0000 0,0000 
.._--.--Z.-O 

c MO 0 
‘0 0 OLOmO ;’ 

0 M 0 0 +3 0 OMC VI 

I 
I / “1 I 

I;,p. / J’aridon n/~/l ~ j r’r;cr-gL’ , /Jy / e,,cr~~ n, rucces.rive QI’ and (!I, 

oJ the linnr 

A r;lpldly cycled air core colcnoid pro:~d~s the focusmp for the 
pcxitron\ lwving the target ‘l.his field dock not pcnctrate the bulk of 
the target. At the contrary, the tarect lays in the tield of the solenoid 
placed around the following accrlerating section, because it is Opcratcd 

with dc power supply. On I:tg 3, WC compare the cnd~pc~ calculat- 
cd when suppocing no field on the target to those obtained when 

including, the target in the constant stray field. 
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[-;f,,j x nnd y pnyrlopcs Jhr- poGr,-on hc~iln? Ji-On1 Ilrr’ tnl,~l’I tI1 (1:~ 

end oj‘n,-celpmtiq spctionc with o~rociof~d ~olcncid~ 

Data cards 

I)du rurdr /iv VP~ &mm! r 

‘1 R~\\SI’OR I d;3la card5 1~01~1 pmnmetcrs fi)r dc5cnhing Itle hc:lm ill 
entry or Ltr pmgrnm com,m;md~ or for cliwnhing an action on ill< 

beam \vhich i\ further trarl9l:itcd into tr:msil.r matrix Ir, or(irr I’> 
take ~ntcr accour,~ the vxiatmn ol the electnc lirld and the :iwxi:IlcJ 
actIon of accclcratiun with mapnctic fields, the number of the data of 
the corrcyxmdmg iad7 Id to hc incrcavd .\ simple ,y7lxn xtlctw- 
ttic rwding 01‘ the p;tr;unctcr~ iii si~ppimw~l. ;ml c~cn ;dlow~ readinp 
stmdml 5rt> or cardc ni ucll ;1\ tile new OliC5 3 n(‘w ~‘;‘r‘lmctrr\ 
ii, 
d’i ’ 

t2 xi ;&id dtcr thr stand:wd onrc li)r the druiptlon 01 

accctrrilll~lrl If !ilr fir\, card of ;a gr~,up klcvrihci i3 Frgl~lctil ,witll p”rc 
:tcc.clerxtlr!n. the scquenLT 01 it> parameters 15 ttic h~vc 1131 II th 
fir51 cud divrihei :I ~cgmcnt in ,which :I m:ignelir livlil I\ comhlnai 
with accrirration, the list atxnc follrnrr i!x slnnJ;~rd paramctcrs R3r 
the magrlit fiddt If thr cml is not Ihc fir51 oni’ of Ilic vro11/1, tlrC 

dC l-lrst ,ir\v p,“:“n’tc~ ( -$ for pi”” ;rrrclcr;tlllw, or the :‘,,(‘,i!, p111 f(V 
i 

mixed at’t~c~n ) ic rcplaccxl hy a dummy numhrr ll.~ggin@ lhi. \rpnlr~~t 
‘I hc ahscncc of Illis flap or the occunetlcc of a c-;url dc~~~rlt~illg ;ulillllcr 
type of operation cntl~ the domain c?f appliCdtioil of lhc accelcrali~~rl 
a$ it has hecn dcscrihcd prcwoustq 
Input is aIs3 slmplifird by the proyratn because it drlinrs aulilln:lti- 

caliy the point whcrc the cowtant firlJ t2 rrplaws ( rd’tcr I ) t11c I-I>- 

inp limw field. and splits art) element which would lie ncroc? tllC\C. 2 
parts. 11, orikr to tlcsrnh? 1hc arcclcratlon corrcr.tty, :I? sllo\vli on 
IGg.4. 

.A. 
m ; xj 

1 / 

~- ;s,: 

\,I, 
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I 

c, 
. 

1, 

~ 

j 
p9; 

/I s / 

id i, 
I 
I// 1 

‘, 2 

I.;!. -.g---- 

Q3 
+ r:!‘i > 1, 

0 .’ t Ill ) I, i, 

/if.4 wrinrion II/’ the lon,~itrrdinnl ~nntponcnt o/‘ rhc rirrtrir JicId 

nIon,f 0 I.II. nrcclwflting .sImcIure Irld:catio:i oi 111~‘ ~upup~scd 
quadrupoles and the part1tm1 l’li Ilk” ht.l cnrds 
inlrrmplrd llric rcp~~.‘icnl~ the rwct liclel 

( ‘nhl~~r~nr; 0, tlw p~wdr~ rvrhdir pirr rivvi~v T 

A Ilag tnggw lhr pro~c\\ in the program 1‘01 cotiu~~~w~~w. 1 hi\ 113)~ 

consi~tc in charlpirlp the qa of the \aluc ol‘x’-n, ~n the card dcvnh- 

1”~ tlrc hcam at the head of LIK dntn srt ‘I hen. the rouplc I+ cxd’i 
13 4 3. (hcam m:rtnx print our) 
6 (I I. (update of the tmn+r matrix) 

is qstcinfticatly ptaccti al each mid - qwidrupotc poin1,1il c;~?L’ of 8 
f 01X) structurr at the mid point< (II‘ earh SCCC~II<~ ij~~a<lr~tp~~I~. II 
tripIrIs wcrc urcd 

Arknowld~mcc~lz I hr commrnts ,111d run;dc of K Ili~lvic~ at<’ grdir- 
full\- acknovctctl@crt 

IMiograpll! 

I , 

?I 

31 
JI 

sr 

hl 

I< 1 Hn,irn.l) ( .(‘3K> ,(’ 1~~lm.l I~r!lha<kcr I I<!\\.cl’( II< I 
a comp11tcr piog1am for- dc+lrle Ctl;lr~rd p:‘rtlclc hcnnr tr.1,1\ ~ 
port C! stcm~,(‘I’l~ s NI 0-l 
I.1 I;iissin\ki I’cvu~irlp dsvicu Sbr 3 povtror lwni at ~11~ 11nc;u 
xxxha10r at or\n>,l~lS,I /\I : VI\1 Cl (l’b7) 1x1 I’)6 
1 I.\~‘irdrmnnn. Ytronp focusing in Iinc:~ accclrmtvrc, l)r\! fh ‘5 
K I .13ro\v~r,II \‘.Crnr:wckn (‘ro\s- plmc ml]‘tln~ :llld IIC 
cffvit on projcctd cmittancc.. YI I(‘ I’ll11 46’0, \ll~Uil I’JW 

culmitlr<l to I’;trti~ir i\r~~.li~r;!lor.~ 
~1 Ikagt,l’ Srr-i,(i.Ranearaj?n .I hw1-v <II 1 rnitt~mcc IIl\.~ri:1Il!~ 
1 ‘S (‘lzP.\ S;~ihxrl 0~1 Ot~\~r-\.It,lill.l~i,l~ll,lri~ :iriil (‘~~I~~~LI or, 
ill p:Wrtc hcams (‘apr-i,C IW+)l Slprmgsr \‘crl:~p, W i?l 
,\ H1chc- A modllic.lliorl <I! pn!~‘J”’ ‘I IbIUI;I’( )I< I <l!l<l It\ 
;~pplicafiwc 11) Icyttrn litl:rs.w~I~ :t’i ihc I I,I’ 1tljrA0r IT I I’ 
smc 8’) - 22 


