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INIPEDANCE CALCULATIONS FOR. TIlE IMPROVED SLC DAMPING RINGS*
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1N'I'I_C)I)I!(+TION I z_ __ ....._--_----:L( _., 4 JL_.-L.k 6 7_..8_

A longitudinal, singh, bunch instability is observed in -__-___":___]_}
t.tw_dampin_ rings of(he Sl anf,)rd IAnear Collider'" (SI,( ").[1] m-}-....... CL........ "_ I1_4-mm- - 7.8 m-m-}
Beyond a lhreshold I)uFMl populal.iou of 3 x 101° particJc.s

the })uu"h energy sl_rea(t incre;L'-;e,; and a "saw-tooth" vari- _ _' 4alioF, i,, I,unch hmglh and syF,chro,,c)us phase ms funcl, ions _j_..z _'--------t'-( b-:k-----_--_s '.L_._

_,f time is oi>served. ,%llhough tl_e relative amplitude of .......... II-ft- i ..... Ck -_"l,i .'ill,, saw-tool I_ variatio_ is sn)ali only OFI tl)e order of 10(,:4'. rnm 7.8 mm {
ltw resullin K Ulll)r('(ticlat)i!ily ofilie twalll t,rof)erties in (tw
rest of tl._ SIX' accel_,rat,_>r n_akos it difticull, if not inlt)os- Fig. 1. 'Ill(' v('rtic;d i)r(,file c)f a QI) segFimn((tol))
sihle, to o[)_>ra((, llw nlachino al>o,.'e tlw tl)reshold current. ;ul,t a QI" F,('gFllOIlt (t>otloln). Nou-cslindrically
Aa a,ldilional l,rc, I)l('lll at l_iglwr currents is I.hat lhc t)uncll sylllF_wt.ric <fl,j,'cls are given hy d;mh,,s.
h:_lgtll is gr(.atly increas(,d: accordiug to earlier mea.sure-
Fll,'l_lS lho r_s length is incre_sed by 60% at 3 x 10_tl.[2] Tracking sinlulatic.ms have I)een perforFned berl'm. 1()
\VheFl lh,' hu_lcll is very long in the ring ii. I)ecomes <lift]cult ohtain the t,_ncl_ shapes and insl.abilil.y tt_reshol,t f<,r 11_(,
or itl_t)ossil}lo to l_rolwrly coml_ress ii after extraction. We current daml)ing rings.[6] The (;reen function wak,, n,.'e,tod
want (,o solve 1)o1h of (ht,se problems so that the SLC can for l,llese calculations vv;m ol)(aii_,'d in the following nlan-
run at high,'r curr-nts l.o increase the lun_inosity. In or- net: The wakefi<.l(1 fi,r a sllor( I,unch I)a.ssing t.l_ro_h
(],,r lo solve llmse prol>hm_s l.he vacuuFll chanll,ers of h(,lh a cylindrically synim,,tric approxinlation to (lte Qf) and
d;u)lt,il_g rings are I.qng rel,uilt with (hp ai_l of r(.ducing QF sognwnts w'a.,_carefi_lly calculated nun)erically.[4] (i_))_l-
(h('ir in_twdanc('.[3] Iri)ling l.h,'se r,'sulls wilh the wakefM_ts for o(ll,,.r ri_K

ol,.j('cts such as (lte rf cavities, kicker l)('lh)ws, strai_l_l
Accor,li)l_, 1,_ I>r(,vi(->_Iscalcula(.io)_s the i_ii)edance (.)f s(,cli¢m P,PM'.,<, (.tc a wak(,fiold rel>res(.nti)_g til(, ,'n(ir(.

tl_<, SI,¢' daFlll>il)_ rin_,s is (h,))_iF);,(('(l hy (.h(' it)any s)i)all
ring was ¢)l)lai)wd. 'I',) s,'(, what. Flli_ht I)(' gai)w(l fr,,)_)

(lisc(>n(iH_)iti,.s (l_a( at,' l<)¢'al('d it) tl)r' so-calh'd Qf) a)l(l (,fw r,.l)_lil( vac_u))l clla_)tl)(,r w(, hay,, rel)(,at,,d lh,. track
QF ;'a<'uu))) cha)))l)(.r S('gF)I('FIIS ele_l,mt.s such a.s (.ransi- iFig siF)i_ll.t()ot)s, at III,. not)_inal l-'ak voltage (.,f ().S Mk",
_i())_s, n_a.sks, b,.ll,,ws tl)a( are i))(luctive to the l)('aF)l.[,1] l)u) wit}) a wak,,IM,l II)al d,>(,s ILO|, include tl_(' c(mlril,u-

Sinc(. ll)eso ('arli,.r calc_tlz-niol)s w(.r(, performed the l)ellows lions <)f ll),' QI)/QI'" s(.g)))(,nls n()r of (.h(, kickor l)(,ll<,ws.
of ll)e QI) s,,g)_,,i_)s flay(, I)(,(.)) sl('('ved, yMding a fact.or
of 2 i)_crem,(, iu 1t)(, i_slal)ility tllreshold.[1] In this l)at)('r 'I'll,, instal,lilly (l_r(,sl)ol(t ¢)l)lain¢'d fro)n rh(, si))lu!a
we l)egin by (lisc_Issing (h(' Kait)s t,ha(. migh( 1>(,aclliev('c] tions is c())l)par(,(l will) ,)ll)(,r <'alculalio))s and nwa.,_ur,.-
if w, can r,,duco Iii,, i))il-'danc(' of (I_(' rings ev(,n furl.her. _nents i)_ 'l'al)l,' 1 (Not.,,: l)y "'()ld ring" w(, ))wan (he rin_
'lh,.n w(, ('sti))_a((' tl),' ,.If,,c(,))) 111_'l<>(al i_)_l>('danc(' of (.I,. l>(,f()r(, ii,' QI) l,.ll¢)ws w(,r(, sl-(,v(.d). \",% s_'(, tl)at lh(. cal-

cula((.(l (})r,.s}),>],l is a facl,>r of 2.5 hi_,her for t.h(' i)))l)rov,.(l
actual design cl);-t)_g(,s II)al at(' l)(.i)l_, l)rop¢)s('d. Thr(.e i)l)-- ring t ha)_ f(:)r II),. l)r(.s(.n( ()_l(,. I); Fig. 2 w(, pl()( ll)e r)l_sl)orta)H el(,F)w))l,,< tl)_, l)('n(l--|o-(l_)a(l t raFlsitio))s, (.lw dis-

buncl_ l('nKlll c_: <)l,laiw'd l>y til,' si_lulati<))_s for til,, i)))-
Iril>ul,.d ion l)ll)F_l) si<),,..., and (I)(' l)('aFn posiiion n_¢)ui(,->r
(BPM) ('I('ctro(h.s at,. fully 3--ditlwnsional and will l>(, slud- l)rov(,d rillg (ll_(' s,)li<l lin(.) ;t)_,i %r ll_(' c_)rr(,n( ring (li),.

" da.sl,,s). \V,, s(,(, II)at ai 3 x lC)1(_III(' l)uncll l('))g(.l)i_)cr(.a.,_,,
iod using _I':i ,)f (h,' MAFIA coFnputt,r programs.[5] for II)(' it)_prc:.',.,l rink is ¢)r)l.v IW,;{. i)ist('a,l ,,f l})_' 611(/( fl>r

KX I>F_CT I,;I) (; A I NS lh,' c)irr(.))l ri))g.
\'('rsi())) ¢ :alcula((,(l M(:;).,_I)r('d

Si)tc(" iii(. QI) and Qf." vacu_]i)) cha))ll)(,r seg))lents a.r('
the domiilant col)(ril,utors to the in_pcdance of tile dan_p- Old rin_ I. l x 10]°[(;] 1.5 x 10)t)[7]
ing rings til(. maiF, elf, trr (,flhe r,,d(,sign l,roj(,c( is being ai>- l'r,.s,,,_( ri,_ '2.() ><I()_)[(;] 3.0 x I()_°[I]
pli('d 1o reducing ll,,ir c<))_lril)utions l.o a n(,gligil,h, quan- l)))l)r_,v(.(l ring ,I.N × Ii) _(I

tity. 'l'lw vertical l)rofih' of (.ho QI) ai_<l Qf'" s(:gFnents ac(, Tal,l(- I. "II_,' calculal(.(l and m('a.,_ur(,d

shown in Fig. I. In rh(, Qf) s(rgnlet_l,s, for (_xa)lll)le , w(, thr(.sl_c,l(ls curr(,nls for difl'-r,'n! ring vt,r-
fin,t a t)e)_d-lo-quad transition (2), a BI'M (3), a l>(,llows simms.
[now sl,,(,ved] (.t), a s(:rf ga.ske) (5), a sy))cllro) rort ra,.liatio)_
n|,'_._k (G), and a transiticm to (.I_('n('xl l)end (7). l),ot.l_ t yl)eS What ,.vi,l,,))c(, ,I<, w(. hay, tl)a) w-can b,'li-v,, iF) (h,.
are cylindrically s.vmnl(,(ric ex_'('I)( for (lw (.ransi(ions a)l,.lsin)ula(ioF) r,.sulls? l"r¢)F))'l'al,l,' 1 w(. s,'(' tllal, alth()t_gl) (h,.
(fw BPM ,.lectrodos. l')otl) s('g)_wF)( (yi,,s ar- tel)eat.e(] '20 al)solu((, t})r(.s]_()l(] val_ws a.,_ca]('_lla((,d ar(" :))()(/(.lower (}_an
ti)))os in the r}ng. A]so }-'ing r('d,'sig))('(] ar(" t}le dis(ril>ule(l the n_,,a.,<ur(,d (m<,s. (h," r,'lal iv(' i)))I)r¢)ve))_,,n) in (he l)r(.s(.))t
ion pUml) slots in lh,' l)(.)id cl)aFIll),'rs, and t.l_,, kicker l)(.l- and (>l,l ri)_K r(,sulls of II,, cai( _lali<)ns n)alch(,s ll_al of II)('
lows will ho sl-eve(l. _nea.'<ur,Fl,.F,)s. I)) ad(lili(,n, )It(' l)unch sl_al)e calcula(i,ms
,Work supported l)v I)(q)artm,'n( of l'_),.r.(z,y ,onlrac! lte fc)r tl,, (:I,l ri)IK w-r(, f,)u)_,l t,) I)(' in voW _,_,<)da_r,'(.))wF)(

A('03 76SF0(1515. wi! }) ( }),. Fn,>a.,<ur,,F)t(.))ls. [7]
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w I 1 r t hers are circular; therefore transitions are required. This

2 - _ __ sil.llalion canllc,l. ]_e changed wii.houl, heroic eff__rt.s, sllch as
_ -- '" - rel',llil¢ling the I_elkd lnagm,t.s. F'ina.lly, reldacing our elec-

,_ - -.--" |ro{tc alld cavity l.yl_e of lll:'M's by l..he I)u! |,ms type would
ta .-- ..- .i _ also require a nlajor_'fforl t llal will tiof I_e _lom' now.
g 1. _ - 'l'he lna.ior cllallges l,_ the dalnpillg rings will b,,:[3]

t.he mllnlwr of QI) b,,lhv, vs will I_e reduced t.c, 12. an_l
o',,0=4.95 nim

- their sl,nwes will incl_ldo a 1.,5 mm slep (for prol.ecliolt
against, synchrotro=l radiation)" tile Qi)/QF ma.sks ',,.'ill

0 ___1 I I I I be rellloved, the I_end-to-quad t ransilions will be taporedO 2 4 8
N/lOt0 more gezllly, the distributed ion punlping slots will I_e nar-

rowed, the I"BF'M transitions ',',.'iii be renlov,'d, and t ho
Fig. :2. (:alculat,'d rlllS ])1111(']1 ]englll if t.lw flex joints, the s,'rf ga.sk,,ts, and tlm kicker I_ellows ,.,,,iii ali
C)I)/QI" s,'glJl{'llt, inll_e¢lallce is n_ad,' n,'g;ligil,h' I,,' sleev{'d.
an_l _t_,' kicker I)_'llow's ar{, sh,,.ved.

I M I'I'_i)A N( '1'_ ( '..\ l,(:[i I..'VI' IO N,';

INII_'I';I)..\N(:I'_ I{F_I)IT("I'I()N '1'_ c,slilllal_, ltl_' i_l_e{lanc,' cd' a_ i_,.lucliv{, ,'l,'l_l_.l_l
The Sl.(: dat=_i_i=_g ri_=g itnp{,dance is v{,ry i=_ductive ,,v_. tirst /i=_d II=,' wakefield fi_r a ga_=ssia=_ bunc]= oftyl_i<':,l

al the tyl_ical r_s t_=_'1_ I,'_glh ,'r: _0.5 c_1_. i_ 'l'at,lc 2. h'I=glh nt=_=v,ri,ally _lsi_g a tii_=,,_h,_ail_ M.,\I,'IA l_r,_gra_zl
v,.',, r,'l_r,,,tl_c{" a list ['ro_ l{_'['. ,1 of Ilw al-,l_rc,xil_ate c,,n- ('1";2 or 'l':_,). If t.l_,' ehq_w_t is ind_cl.ive lh,' wake ',','iii I_,'
lril,l,tic, ns at. I¢,v fr,'_lU_q=cy <d"l.l_{' i:_=l_{_rl;-t_lli_,tu:tiv,' ,'l- si=_ilar to the _h,rivative of a ga_=ssian, l"itli=_g t_, it' -
,._,q_is t_, tl_, }l_l,e,I;_c{, _,t"tlw ¢,1,1 ri_g. ('l'lw "l'_acl{,r '" --.-l. dl/dt, witl_ IU lhc wak,' :,_t,I 1 tl_, t_,'l_ sl_al_,', w,.
i_ III,' l;_l,l,' r_'l,.",'s_'nls an :_/i_l_ll_;tl tilli_g t'acl_r, _]s_,{t i_ _l_t;_in rh,, i_l_=,'ta_c{, /.. l:,.,r s_,, si_l_l,. ,_l,.i,',.'ls s_,'l_
ll_,. :ai,'_l:_li,_ , f _f _,l_-cvlil_,lrically sy_l_{,lric _l_.iccls; as a si_all cavity, :d_alhve,' iris, .,.d_all_w Ira!_siti_,l_s. s_ll;tll

I...-al,c,l_t :IS I_ll. Sill{',' tile ring circuv_l','renc,' is 35 _ tin{, i_l),,{ta_c,,(Not,,: ct. =: I c_)

iI_l_,',la_c_'_)t'll_e rfcaviti_.s, v,'l_ich is resistive/capacitive-" l_ "l'h_' i?,cn,t-lo-()_ua,t "l'ra_siti{ms
I/I .......................

()11_' IIIIISl. l}_* awar{' ill;li 'l'al_le 2 is an al,l_r{)xilll:-tli(_ll lo

l]_e QI) I,{'lh:.vs co_lril_ule o_lly 25_7_._f t.l_e 'l'al_le 2 total. _._._

,l,,.v w,,r,, ,,li,,,i,,al,._l fro,,, ,1,,, si,,,ulatio,,s. _"._} !_'_%',.

l{ing{'l_'_t,'_ I,(_II) Factor N I.(_II) , ' "

sine;le t.{)lal q.',_i. ! ¢ / /\ . / / t '., ',"\

QI) ,k" QI.' _asks 0.47 1.0 20 {).5
'l'ransil.i_ms 0.26 (I.9 ,I() 9.3

Ion Im_l ) slots 1.32 0.! 40 5.3
Nick_'r I,,llows ').03 1.0 2 ,1.1 "_ "/ "...._. .... .--_".... ,.

i"h'x .ioi==ts O. I g 1.0 20 :al.f; ,, .......
I"BI'M transitious ().I0 0.8 .10 3.3 Fig. 3 'l'h_' _ew }_q_¢l-l,,-,l_la_l lra_siliol_.

'l'otal 50.() _l_tir{'s a transili(,_ 1"_'_a ratl_(,r r,'('t.'-_ng_tlar cross-s,,('tio_

_l'al_h. 2. 'l'he <'<_tril_ution to tile i_tlw(lanc, , (_f ll_' l() a ci,'c_lar ,'_t_,.. l)res,,_lly tl_{' allgl(' {d" Irglllslli{_ll is
_l,I ring _l" tl_e _ajor i_l_luctive _'le_e=_ts. rc,,_.gl_ly .15 0 :\_ al_t,roxi_al,' t'_r_" 'a 1}|at ('iii! I_,, ils_,{] ['_r

a l_air of sl_all,:.v, c5'li_,.Iricallv sS_,_,.l ric _rallsi_io_s is[4]

Vro,,,'l'al,h. 2 it_isclea,'tha, t.l,er{'ar,,,,,any,,l,j,.c,s ,...Xe /.20, ,/:,
Ill;li C_)llll'il)tli,' l.O I.]|O i_,l_e_llu_ce. ;u_d co_l_l,'l,'lv m'w v,'r- 1. 3/{i ¢_
si,,_=s <,f II=,, QI) a_,t QI" vac_u_l_ ,'l_a_t,_.r s,.g_¢,l_ls will I,,, 2,"rc he ,"r (1)
r,',l=_ir,'_t ['_)r tl_,ir toni ril,_l i_=_ t,.) I_,,co_,' _,,g;ligit_lc,. 1!1!- veil It Z_ --- 377 _. c ii={, Sl),,,,,l ,d" ligl_l, ct a.=_¢lI_. resl_,.ctiv,,Iv,
f_,rlunal_.ly, tl_,.r,, ar_, _;t_y i_raciica] r,.as,,_s ;v]_v tl_,.s_, llte s_all a_d larg,' ra_li_ls, .._X- b-- ,, a_l 0 III,' ll';lll:';iti,,ll

SOglll,'lltS ,';lllll()t illS| ]_'{' r,'l)lac,',l I_v si_l_l,' sll_,)_tl_ tl_l_,'s, allgl,'.

I_{'ll<,ws *';=l_ I,,' r,',l_,',',l t_,,' sh.cvi_=g,, t,_t t]_'_= _asks are i_=g/'e,';=k,'ti 'l,I i.'.,i_,l_<'tix{'. ,.vitl_ I. -- 0.():'-)_][ I>er tral=s[l[_l_
_,,'_l,'d I.<>l>rotecl t]_{, sl,,ev,,s t'r,_= svli<'l=r,>irc,_ ra_li;tli,_. I>air. ,,r L -- :2 nii [;w ali .1() tra_lsit[<>_l pairs. N,:,t,' thai _=s-
Nl¢_r,' Sl_,,cilic t,_ SI,A(' t.l_,, tw_,l va<'_t_ clla_l_,rs I_av,. il_g I';,I. (1) willl ti_,' v,,rtical,li_,,_si,_l_s,a_l ll_,'n _livi,li_<
:_ ratl_,r r,.cta_=g_=lar ,'r,_ss-s{,cti,_ wl_,.r,,as ll|_, ,l_a,I cl_a_- t[l_' I'_'SlIII t)\' :2. W_' R_'I 1[1¢' S:tlll(' ;tllS"&'_'F.
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