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Summary 

The beam transport and focusing syst,em of the 1’1,s 2 

C.:eV rlert,rrin lina?c is drscrihed itt this I>:q>t~t+. This linac will 

st’rt’+ as ii full encrgq irtjeclor for t,hr 2 C;rV storage ring light 

sourcr~, currr;nlly being developed in I’oltz+ng, Korea. Tltr sys 

ietrl incllldrs 8 60 hIr\’ injrrtor whi,:lt i’cunsisls of an $-t>:trttl 

prrhuw-hpr, hnnchrr, and t\vcb wwl~~rat,it~g ~olutnns J~o~v~~r~~~I 

by on- klynl,rixl. ‘I’tita norrnalizrd trnnswrs~ emitl,:tttce is 0.015 

*\lr\‘/(~ i’llI i-ad Almg t.hr liIlA(~, R total of 16 quaclrtyul~ 
triplets arp employed t,o guide the acrrlrrnt,rd hrarr througll- 

out the linar. Three tiram annlyxing st;+t,ii-,ns are :rllocr~trtJ 1,~) 

rrlnniti>r tltv l~~~;~nt prriJ~wtir5. Tlic trart<port s~~st.c~tri in Iltis 

&sign has alsc the capabili~.y of delivering positrons, which is 

plannPd br 1 lrr futurt- ttl)grade proer;lrrl. 

Introduction 

‘l’hp I’l,S 2 Gi\; linhr: is a 163rr-tetrr long. rliaclriill :I:‘- 

rel*rator whosr prince futtctiort is 1:) inject a beam into tile 

third-fi~~tPr:ttiOI~ stc>rap ring. This linar consists of a t.ol:il i>l 

41 acreI-rating swli3ns po\vCrt-d hy I2 klystrons. The klyst rott 

ii ii Sl,A(’ TrO45 nrodrl and it< pf.3.k pov;cr iy ratvl RS t-i’, hlLV. 

‘l‘hf* cipfbf:ttitrg power r)f 111’ klyst,rtlrt will 1)~ :+rc,~~ntl 50 hl!YC. 

i.jttr nf 12 klyst,rnns. 10 klystrons will rtnl~li~y b:nergy 110~ 

IblW (lCl1) iystetti5 a1111 l.lt+w lilyit t0t.L’ f’wd fottr acrrl-rnt,ing 

swt ions. ThP rrmai~Gng tcvo klyst r:ms fwd tlvo accelerating 

c~:ltttt!tts only: OIIP klgsttwrt for thv i~li~ctron ittjrcCi,r and th* 

~~tltf~r klyst rrul for tltfb Ix:sit,rott irtjw(or. 

Jnirctor Svsl~m 

‘I‘hfl injw-tor of t,lIP J’LS 2 C:f+\! lin:+c, consists of att ~IPc- 

1 r-ti ptl. au S I):Lrltl I>t-e~b~Lnch-r, illi S-lmrttl t~llllc~tit~r. t.llt~ firsl, 

two arcrlrraling secliolls and v~rio~ts associated auxiliary conl- 

ponvrtls. ‘I’110 cIwlri:ti gun is a t,rindr t>Jx. TIIP calhod+grill 

assrmhl~ is sralrd hy ceralriic arttl connectt4 to ltir gun l~otly 

via 3 .if:ittdartl conflat flni~ge. \Vttvrt t hr avw~t~l~ly is wxrtt ottl 

it, rnn very ronvcnirnlly I.:e replacrd 1)~ ii new OIIC. The cath- 

01lf’ ii t11:rtle of I,;uiuiti and t,u~qslf~n attd cart he cxposetl to thf. 

air scv~ral t irnrs ‘l’t I? I”Llsrr, uwil Ir) tlriw ttt* gun, with Ihi, 

:IvalanClic~ . ranhitors as i,hiA tlisrhar~ 71’ i!letitf~nt and t.he coaxial 

t,rattsriiiision line ai thra PFN, is plw~d in lh- vicinit,y of Ihc 

i‘at hod-grid x3wntily, and t,hrroforr ni:3ir~trnatt~r is very ear-) 

Ttir J~~tlw lrngtlt from t,htb c~l~~?trcttt gin is 2 ns ‘I’lie ~utotlc~ 

volt ag” is 811) k\’ and the pc’tk current, is higher than 2 A. Tl~r 

rrpviitic~tl TRIP is 10 NIL (I20 JIz tt!axitnutti). Tlte tli.~twlr~r (of 

1 tir cntlhi-IclP rtnitlrr rrgi!:n ii 16 mm 

l‘llr 2.tlb long out J~til dwi rcti tirani from t.ttr tali%c.t rm gun 

J::+wY tltrottgh r,he prebunctter and the hllncher. The hpatn is 

then ct1~nJ~r~3icd in tltr fortrl of wv+ral rliicrr~tr Lttrrch~ Sillct- 

t,hcb II 1: [:owrr for driving thaw Iwhunclier ca\rity has :4 frwptvttcl 

of 2RWi Milz. l.lir 2 tis I~PRIII ~:ttlsr will fi>rtn six rriicrcl l~uncht.9, 

urlti~,h we :;tll t,hta littac hunch. The si7p of I.hr linac hunrlt 

strtirigl> affects 111~ tlfv~in rnrr~y sI)rv.;ld in the linsc. In this 

tlwitqr, Ihts dist,ancp front f,ltr Ilrrt~l~ttr.lt-r lo t,llc- hrllic,lt+r ii ?I.! 

rni, a litt,lr shnrtrr t,han ttt:rt of SJ,,4C’s ‘J‘ltis is t.o al‘commo- 

date higher pn curwiLt,. Tllr illput power for the prrhunchrr 

and the hllncher is provided hy klystron Kl. Hot,h the atri- 

plit utlr attrl the phasr of 111 P RF fhlvc tri:. field c,f rltc, hlinrtif~rs 

arta i~*~jllSjtilt~l~ itirlcq?~~ttd+-nl 1s in order tn ;lplitr:iYcs I hr~ l~utrclt- 

ing cmdi!ion. The prrbttnrh~r is a rr-pntranl type, st:tndittg; 

\C;?VP cavity. The inI]ut I:~ow~r to t,his .c;tvily is al,o~~t 10 k\l’ 

1’~ trtirrirriizt; Ihfl c~ffwls 811’ trt~ipc;r;it,i~re, tnwhanical sdisliwt iotth 

aucl clwtron hrarl~ lo;~tIing on t,lre cavily hid, :I low va111ra of 

I&! ih tlcsirc?d. ITor this reas*n, stainles.5 st,wl is wlrctetl f4.:r t.trr 

material of t,lLe cavity. Thr cavily Q is 1000 The vrlocit,? 

tnotlulatiort itrtroducd t>y t,hcs pri:li~ttt(~lii~r c;litws 52% i:f ttiv 

t~li,(.l rotti ti: lita tiuttc~ltrrl wil hin 3 70” iitlrrv:il iu lhe 23 clli tlrift 

‘I’tii- tiuucht*r Ita-, a ir.~~‘i,littR-~‘.;i~~, slTuc(itrt, with cattle foltt 

cavities, including the input and olttJ>ttt ravities Jt. is nperat~rd 

in the 2x/3 mode with a phase velociLl; of 0.75:. ‘I’herrfore, 

it has a lrngltt of me free-space wavrl~ttgtlt (101.96 I~IIII). A 

wwtrr-cooling I,III)P is hra7.d 10 il I; cltitrr surf;\cr attd :i fxrtsirig 

cnil driven by iln indrpend*nt, power supply bvill provitlr thi 

Ilrcrssxg fwwiup, fit~ltl. ‘I‘ltv ittI)ut HI; J )oivrar i:, iil)i>ut 1 hl\l’ 

arid IIIC Iwak fti4d is al,ou! 3 5 hlV/rr~. ‘I‘lw ciwirrd el(v.t rotl’r 

I?:L.~.*. 1111‘ t)utli.tliar wii bin a pti:wr inlrrv:il (If 30” and wil h 3 

irl,:r,it,y of il 8 ( Art rlw:tribti I~+~:+III ‘1) ti;t~~~i(~i zrlt~J>, tw l,r-rl 

lv*rf~~rtt~td wit.ti 1 he hc,lI: of t Ius ci)ttlI)ttti;r pr~~grattt 1)1~N;\RIL 1 

[I]. ‘J’his prograt:t sittlul:il(+ I ht. I~,~igit~~~lin:tl attd tr;ttlsv~rw 

tttot iott of prtirles frotn t,h~ elect ran gtttt to the ens-l of thi- 

fit-d :+cc.rlPratine srcliott S[~i(‘th chargt- r*ffr~i.~ aw itivl~rrit~~l in 

the cnlcrtlat,ion ‘I‘ltr progrwrt solveh t ttr ftdlciwittg r~~~twli~~tts 

rtutti~rically by using IttrJ Rt~t~jy-Ku1 ta It~c~tlIod: 

drt 
-g =Ar;(bt,O + Asc(4,,4;) + AdA,O,) 

44 1 
p+-Jg-$=y 

rfR .’ =q 
df 

\vhrhr.. 1~~1.2 “, [ = z/X atril 

A,, = __ 2 ‘ItfiJ2” si[,(4, + i$.j!.!) 

n=-: 

A,, = gg$; ~G:,,I:.z’)srGAy4, -- Qi), 

c;i(q,e’) = ~,~l(R,~‘a.!~i]~~-c~,,,~~,~~:~, 

“=] Pun Jlhk 1 

g = ,c1”!FP 
2*H,,M -- 4 h; I 
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At! zz .-. 

when E > $‘,ff, 

/If,! = -. -$&m~ #;((,)(I -~ e-*)0, 
,=I 

when f 5 &fi, 

In thaw alcove rcluat,ioris, R is the rnvrtnpr of a bram,‘X, 
c0 the iuit,iat emit1 iinc.e I ttle t,i*arri ~urrrnt. in ampi?res, B, 

t hi, magnpt ir field in g’t1~ss~ 17 the Ierlgf,h 9f periott norrnalizr~t 

Ii) the wavrtengtti of the I?..E‘ v.xvti, r: t,hcL shunt inipfdmci~ in 

D/m N t.lir ii(.t.enliation paramel,rr of I tie accelerating scAc.bioil 

ill f,l -l, i the pulse lengt,h of x bf?am in sfWlds, b ttte avrr;rg+ 

bore radius of t,tie accelerating sert,iori in m, ,uo the root of t.he 

13r~c~l fulicl.ic,n, Ar t tit, nurrlt~er of’ slices in C>II(’ bizarre bunch li)r 

thta conlpul.ation, f the frequency or t,he RF syst.em in 11x. ~3~ 

t I)(. ~IIWW vr.lilcity/c. ,fYy 11~~: group viblocily /r Z. 1 hr. Trrc-, spar+’ 

impedan:e which is 120 ~9, and fii~+lly E, ip (Iip xrq)litudp of 

t,t1r ,116 . ip:+c~~ harinoilir: wxve. In Ihrb calclitat ion 111(, b~:it~i 

tilinih i< cC.~n\~rrlirlltly rli\;itIert iirt,:j 22 stir,cAs, and spars chug+ 

I)o(*riti:+t~ for t htaif, hurrrht~s arc c41c1111~l~t t)g IisiriK thr forrnt~ta 

liirrb:l :~lio\~~. Th:A Irqnc.r,ii, lic%ltls itri’ cati:lilat Tut using t hca 1 hi& 

I;ty+,r f;>rr~i~~ta [:!I. Tt ’ ii rv11t t:<nrr; frolrl lhP gu,r VQ’a5 t;lkPtr fo 11,. 

rp,::.:! 3*x 10-5 III 11lcJ(‘. 

‘I‘llit ?ali~lit;tt,ii~li illdic:ilf5 1 h:*l whpfl the gu” c~irrf~i~l i> ai 

tlicll it”: :! A. 62’3~ of the ~teci,r~:~ns are I~UIICII~~ wit hirl R l~t1;1.9 

inlrr.A of 7” aI f ILP ~nd iif t,tLr first, .3rcetrrat ins hi~l-ti(,n. ‘t’l~~‘r+ .r 

fore. rrorl. 

LIE 
- ZY 1 -- ,“&) 
E 

O.li;% iancbrfy dl~cl runs al I hrx en:l of t.he 2 GPV linxc would 1)~ 

r~ul~t-clf~l if t,hc, ot,tirr p~rlllrt~ations w(‘r<’ nc~p,li,eibtr. ‘l%p nx’:+ 

i1lrisA ~‘~~~*rgy sprrxl for the 1 .1 Gpt’ iiljt,::lor tina,: at Bt’I’C [3j 

i< 0 ti% at l’!Vll 51 In I’iK 1, w- SII-w Illi. rll:rgnralic- lir~t:] ;IIICI t,ti+ 

i~:iti~lll:~l~~(l l)ia3l11 PIIYPII)~)P :&)nr: t,llr, irlj~~c~~i~~u ~:li,!n, frown tttli 

~:“II t,o the erict nf t,tlP first acc.~lrrat,i~q srction. The rrlagrit~t,i~ 

lif l{l~ ;IW Irillilrl,‘(l i:l S;IICIL ii w;t:, I hat 1113~ I)t’:~t:l forrr!s 3 \>:ii\t 

al t hi- cf31I,+r of tlli‘ prebiincher and the t~linctltir, respPctivrty. 

Fik. 1 hl:rgrrrt ic field variation and t)i3un rrtvelopr froln Llir 

eun I D f,hP end nf the first accrlrrat,ing COILI~II~~ 

The 60 hleV injection se&on of thr PLS IillitC will he 

purchased from Ihe Inst.itute of High Energy Physics (IIIEI’) 

in China. It is scheduled to be delivered by March, 1991. The 

klystron for this injector is 24 hlW liotver (S1A.C >(I<-5 model). 

Though this power is enough for the beam to reach t,he asymp- 

t,olic ttha3e nt thr first, arxelrrnting sec(,ion. for the aakr of oI> 

eratiomt Safely, we tlhl ti? ret)t;irP it, try t,tie 65 Mb?: ktystrorr 

irilmc~diat.Ply after delivery. 

bVi( h gi\-f=,i initial conditions (ro,dto/dr), t,]it~ I~~~,[ic,,~ of ;, 

rAtlivii;tic rtrclroit bpan1 througti t.hr i’c~nstniit-Rr.ldi,~llt. accp]- 

~hr:+ling srclion cali be rxl>r~5s~~d in Iht~ folIowiny, nintrix fiirr~l’ 

(&d; > = ( ,; “‘~~~::y) (dr:;dJ 

where A = SF/Fe, EJ is ItLr init iat isnt,rRF rlriti SE is this en*rgl 

gairl t hrciuglk a ilist i*ll~~~ I,. ‘I’h~~r,~fiirr~, fx a11 ettvtr:,il till:ir. t iii. 

beam size gri)ws toartrit.hJrlic;rtly AS t,hr etri.t.riin br;tlri is lrans- 

port rtt t hroIigh Ltkt, tirlac. ‘I’his fott~ws frull (11~ fart t.h;lt Lhts 

specie c,h;irg- rffcbc( I~~Yw~~ws iii~gtigihtr for ;f rc>tativist ic et~cl ran 

hiialri; sp:tc<’ c.h:irl;e: fi>rc.- ii; invf:rht~t~, propor iorliil lo (h<s s(pnrr 

of t.hty rt>txtivihOii. y. ‘l’lir tilp,arithlnic ttivrrgrrrce of x brnrti IBC 

~.f~i(:~li’h t.t.cs ptnc-cltirrrt :~f’cli~a~lruti~~t~~s slung t,tltd t railil~i~rt tit]<. 

ol’ a rel:+tivCty t~>ng tinac. 

\‘\!hc,lr iii~l~id~~ring ttrt- forilqiilg i>sr+lli, ;ttl~~rr1;~tin~ singlt,l>, 

l)ri)\ idi, a loV.izr firttl gradirJu1 xrtt (bus t ightfsr fix.tlhinf: than 

t riptr~t,-: and dout)lr~t,s. ‘I’hr\- sillgti~t~. how.iyvt-r, rrquirr a rvitlt~r 

I)orf, sili l~c;tiisr Ihry arrs wral~lx~d arollnct 1,lifb :icrrt:ratilq 

c.,7tumna. This is costly. tri t,trr PLS 160.rn tong tina!. w(’ COI)- 

si(t(sr t,hr rrquirPrnrnt for tiglll focusing niwi nnt he sn strill- 

gent. In addition, triplrts provide larger alignmrnt tolerances 

:uld make it elasii:r to ot)(.ain a symmetric Itram six? cornparrd 

to atlrrrlnfillg siqti-51 c and ttoublrtn. Therrfnrr, a I ript+t fo-us- 

illfi schelnr was ctt~xwn for t ht. P1.S 2 GP\J tiriac 

\l’tl Irrt\rf- tlrsignisd 1111% I)rartl tr:iri~pf~rt s>sltslr~ u~\i~rr~rl Trolli 

IX A.fcV iI> 2 GCV. This ~RL: carrird ollt. with ttir i‘,‘rtll~l~lf*r 

l~r~~pra,rlh ‘I’11 ANSl’Otil’ alld (.‘O~II’OI~I’ IFor t.l;fb t-;rl~~ula(icrn, 
bv(’ assum-d that t,tir nclriilalizr3l rrnit I.allir of fhr t~raril! is 0 015 

rAreJ’j~+ (7,~ ;rftgar thib first :iic~l~~r;~t.illg hisc(iiili At ttlih ljoirh( 

(t-e. 60 A4cV) th? radius of the t~mrn is xssu~wtf to be 5 mm. 

‘I’ll~sr vntlirs are tht~ init.ial condit,iolls r~fwtd lo c;~t~ut;rl~~ tllr~ 

beam t.ransport system of t.hr tinac Fig.2 shows t,tie sctiernalic 

layout. of t,he transport, system fL;r (he t’I,S 2 C&V tinar. Fig.3 

shows t.he variat.iou of the typical envelope of an electron byam 

along thr 2 GeV tinx 

,/, I,< Ll, 6,: 
~~lZYF-IX_-~~:S~J 

P ---z _qr- 

*.I A.2 1.8 (1, 

Fig.2 Schc~rri:it.ic layout of lhrb P1.S 2 C&i\ ]iii;+c 
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Fig.3 Typical beam envelope for 2 GeV elertron 

The designed syslem has a capability of accommodating 
an rmit,t,anrr up to a factor of three larger than the design 
value. A l,otal of nine quadrupole triplets arr used to keep 
the tiralrl size within t,he accelerator aperture. The additional 
hevrill cI~lR~lrupolt~ triplets are reservrd for Ihcs posit.mn tiCam 
transport, which will be considered in the fixture when thr 
storage ring tic~~ands posi(ron injrct,ion. The rrmaining seven 
quadrupolr t,riptet.s are not, pssent,i:al for thP rlrctron beam t r- 
ansport,, but. arr ronsittrr~~d hplpful for a bett,er pf~rformance 
‘I’t~+rrforc~ ii t,r>txl of 16 ituadrup~~lc- triplp1.s will tbp incorIx)rated 
in Ihc 2 GcJ’ liner. 

t’lacerll+9lt, of t.hr st.erring tli[>oles is necessary so as to cor- 
react t,hP orbit distort,ion due t,o various pert,urbations in t,he 
linac. \ye e1nptoy in tot,al 16 pairs of skpring tnagn~ts. placrd 
both horizontally and vertically. These magnets are placed in 
thi. vicilliiy of qlL:*drupol(% art11 attxherl t,o t,hr accelerating 
section to skvP spacr. tn order t.n prevent t,he weight, of tbr 
st,P<,ring rnagnf:i fror:l damaging tht= accelerating sect#ion. a spe- 
ri:il sut)port will t)~ ttrsigned. ‘I’he current and po1arit.y of the 
t”~ur supply driving (hP stepring magnet shorlld he arlj~~stal~l~ 
from t,he control ronrr,. 

‘t’brrc- are in t,ot.al t,h ree bending magnet,s along the 2 Gel’ 
Iinac.. ‘I’ht:Se nlagrlets will bP uSed t,o iiIlaiyZk? the XC~l~r~tf?tl 

elect,ron (or posit.rnn) beam, and possibly to extract the beam 
f<;r thr basir physics resc~arcb ptannc~d for t,hr future. The basic 
par;tr[!~~t,rrs for tItr bending rrlagnrts are list,rd in ‘I’ahle I. 

Table 1 

Parameters of bending magnet.s 

1 2 3 

Ilistanrt~ front the (m) gun 9.5 35 165 
Beam (M~lr) energy 60 350 2000 
Efffv-I iv+> ICnglh (fn) 0.5 0.42 1.12 
t3endiug angle (degrees) 30 20 10 
blqp~~t~ir field (T) 03 I.0 1.01 

The first bending magnet, together with its associalrd 
beam analyzing station, is to be used for monitoring the beam 
from t,he GO Melr injection sysknr. 

The main purpose of the second bending magnel is for 
future analysis of the positxon beam when the upgrade to a 
positron acceleration system takes place. 

The last bending magnet, should be a precise analyzing 
magnet; it is a fanned magnet rather of a rectangular one. The 
profile monit,or used to measure the final elert ran beam energy 
and energy spread of the linac will be located on the focusing 
plane. 

Positron Focusinff System 
It is a well-known fact t,hat in a storage ring the posit.ron 

beam provides a longer lifetime than the electron bparn. With 
electrons, the ions dissociat,ed from the residual gas molecules 
become trapped nrollnd t,he path of the rleclroris, rrstilt irig in 
poor vacuum and beam quality. 

‘I’tir possibili1.y of having I hc f’LS linac inject iait,llrr an 
electron or a posit,ron beam into the storage ring is at,tra(-- 
live. We will leave: room for the posit.ron converter upst rrarri 
of llrr arcelerat,ing section lio.7. whrrr the cIprt,ron beam prl- 
crgy will I,r 350 MeV. In t,br fut,urcb. wbrn t.he st,orage ring 
rc~:luirrs injisctillg of t.tiia [\ositrt)ri heam. we* will nerd only to 
mc\unt, t,lie solenoids surrounding the accelerating serl.ion No.7 
and No.!?, and Lo Iocat,r the p:xit,ron converter as well as a rq- 
ture solrnoid. .4 positron current of 8 mA could be achieved al 
the rnd of tile linac, withoul. grrxt diffirlilty 

‘- I.$, >mii,-r,:- i I, ,i, 
‘I II I I 

II I I II I 
i I I I I 

I 8 

3 ,” ‘I\! cc F, co .‘C 
,mf?,,vi r: 

I;ig..l ‘I’ypical be:lm ~nveloIt~ for 2 Get\! l~osil rili! 

Due to the large emittancc of the posit,ron beam, we place 
16 quadrupole triplets as described before. The normalized 
emittancp of positrons after the acceterating section No. 8 was 
assumed to be 0.15x MeV/c cm: which is a factor of t,rn larger 
than that, of the etectxon beam. The beam size at. this point 
was also assumed to he 7 mm. Fig.<! shows t,hp typical posit,ron 
hram envrlopr along t.hp linac. 
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