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Al,.'.tract I_ASiS ()t" SIMIII.ATION

D,q' In'gin I)y considering a single accelerating section,
The SI,AC NLC design for a next-gem, ration linear fi',l al its Ul,strvam end by au ml)ut I{F waveform that

collider utilizes multitmnching (acct,h'ration of a trgdn of travels to the other eIl(l and is absorbed in a load. At

bunches on e;t(,h RF fill) to in('rea;se the luminosity and some specified time with respect to the entry of the RF
energy efficiency. It is necessary to control the energ3" pulse, a train of relativistic (v = c) bunches enters the
spread of the beam, in order to minimize tin omatic einit- structure, and the electrons in each bunch axe accelerated

tance dilution and t)e within the energy acceptance of the by the fields (sum of RF pulse and wake fields) they en-

final focus. It is anticipated that the NLC may run ",rich counter in the structure. The total charge iii each bunch

bunch trains having length equal to a subst_mtiM fraz- is divided into a finite numt)er of longitudinal slices, small
enougtl that the longitudinal position and the energy gain

tion of the filling time. Multibunch energy simulation of the electrons in a given slice may t)e taken to be equal.
methods and compensatioil schemes at)i)ropriate to this The total voltage gained iii the section by slice r of
regime are presentc(t, l)unch n may be broken down into

INTRODUCTION

Utilizing multibunching in a next-generation linear Ai';,,r = AI'_ / + AV'trwn,r + AV'"w (1)t -- " lqlr

collider (NLC) requires that the energies of the bunches

be tightly controlled. To be within the acceptance of the We denote the time of entry of this slice into the sec-

final focus system and to control chromatic emittance rien by t,,,., and longitudinal position in the section by

0.15%.dilution in the linac, 6E/E needs to be less than about s, where s runs from 0 to the structure length L, and
consider each of these three contributions to the total

By adjusting the timing of injection of the bunch section voltage gain.
train with respect to the RI;' pulse, and choosing the The voltage AV,_/_ due to the RF pulse is
bunch spacing approl)riately , one may cancel most of the
energy variation between bunches in the train. The basic
idea is to have the RF structure fill with sufficient extra L/.

energy between bunch passages to make up for the energy A Iea,/ = / Er/(s, t,,,r + 8/c)d$ (2)
lost in accelerating the preceding bunches in the train. 0

J

However. with tile simplest form of this "matched-
filling" scheme [1], there is a "sag" in energy at the inid-
die of the bunch train, and the longer the bunch train whereErI(s,t) is the field °f thc RF wavef°rm at l°cati°n
the greater the sag. In this i)aper we shall focus on con> s and tilne t, obtained by proi)agating the input RF pulse

pensation that permits running longer bunch trains (,-, E_I(O, t) down the structure. Let us specify the input RF
a filling time) while nudntaining an acceptable energy pulse as
spread. Long trains are under consideration as a way of

obtaining the ma.'dlnUm possible luminosity and energy E rI (O, t) = Eo(t) cos(wrl t + ro) (3)
efficiency.

We begin by discussing the factors that affect the
The accelerating frequency wrl is assumed to have t)haseenergy spread of the beam. A detailed simulation pro-

gram has been written, the elements of which are out- velocity in the structure equal to c and thus is syn-

lined here. In this simulation, one ma)' take account of chronous with the charges to be accelerated.
input RF pulse shaping and timing, the dispersion of the If we neglect dispersion, i.e., assume the group ve-

RF pulse as it transits the structure, the longitudinal locity vg is the same for ali frequency components in the

distribution of charge within the bunches, the long range pulse (though it. may in general still depend on s), we
wake (LRW) including both the fundamental (accelerat- have
ing) mode and higher order modes (HOM's), the short

rangewake(SRW),andphasingofthebuncheswithre. ( j ds' _spect to the crests of the RF. We shall focus only on the Erl(s,t)=Eo t- vg(s'),]
inter-bunch energy spread in the present paper. 0
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Irl r('Mit5. (i ._l)er_h)zl ;llak,'_ tile _llai)c (,f(li(' I_I" l,ul_v li_'l,i _L],)I_!',t]_v _I Vll_'t laV,' ',','ll<'I_l('_i '+,'itIL_t _'<Jll..t,tl,l ;lllll_]i-

larlvf,)ra sharl)lyvarying v,,x'vh)lw /_.',(t).'I'},_s,,,_s_, 11_,,,h,<tricli(,l,lis:,,r,>.l"(,v._,-]_a stru,'t_re

.'.h()1_h! Fouri,'r an;dvz(' tl_,'inl)u' puls(',
_.'),f

,_i.,)-- 0-11.' .,] . (i0)

__2(_,)= / __:":(O,t),,'-"dt (_,,)
J
,._, wh,'r(' L' !--: -.....L--_r W,' a..;sun_,, r (shu,_t i_l)e(la_('e l)m"" l c

unit h'ngth) and Q) ar(' al)l)i'()xi_mt('ly imlel)en(h.nt of s.
F'or the CG siructur(',

and l)ropagate each of its frequency cOnll)OneI_ts a('c()rd-

ing (o the disl)ersion relatic)h F(w,s) -- ,,(co.s)4. irl(w, s)
for the structure: "-_(*)

1 / [l((:]'](co)('os[.t-B(co.s)]t2":(s, t) = 7 .

7I / "',o(_)
E'f(s,t) = _ E(_o) exp[i..,t- P(co, s')ds'] dw )]]-_, 0 - _,,,E(_)_i,,[_,t- _(_,s ,,-"(")"aco ,]

(6) (11)
Ilere we assume that the structure can be modelled lo- where B(w, s) may be derived an;dyticMly [3]. The limits

(:ally as a ba.nd-pa.ss filtcr, though its properties may cot,, and a:,p are the h)wer and upper pas.d_and l)ound-
change gra(huflly with s. aries of the fundam(:ntM mode. The CG structure is a

F\)r a narrow-band structure with smMl attenuation [2], fifirly good ret)resent;ttion of the detuned structures l)e-

a may i)e m_sumed indet)endent of w, and a goo(l al)l)rox- ing cox_t.(,mplated for the SI,AC NLC (h, sign.

imation to ft(w, s) is Denoting th(' time when bunch j enters th(: s(ructure

l)y tjrnt, and n('gh'cting disl)ersion, we have for thc LRW

1 , [ co-co0(s)] voltage in the CZ c_,e:/_(_,,_)= _ (-(,s- _..,,_.(.,.) , (7)
_.....' _)-_'"l#""'(s,t,j) : _-'-',,,.rs*;,,,; ,.x_,[-(t--s -,. ,,.Q, ,

wh(,re d is tlm structure period (cell h'ngth), wo(s) is the ,,,
('v_/ "q

mid-I)and freque.ncy, m,d Whu,(S)the hMf-width of the -.()s[a,.(t- tj ---)1
l)assl);uM. In the usu,'d situation, the accelerating mode c

lies in the rang(' of fl between 0 and _r/d; ii. is ('(m_mon .lf(t _ -at':"(_ _)s li(tS, a + _s _ t)
t() ('h(>,)s('/_(,,.,,./ s)d "'_ (" )'.q'"'

, -- -5-" (1"2.)
Til(' hmg ra.rig(, wake voltage AI,,.,. ft'lt l)v the slice ller(, the sum )n runs ()ver the zlm(h's in th(' wake (fun-

.
is (lamentM and II()M s), _,,, is lhc loss fa('lor, Q,,, (.h('

1: (luMity fact()r, and vu.,,, th(' gr(m l) veh)city of Ira, de m.
AI',II;."' = / Et""'(s.t.,,- + s/c,j)ds , (8) F,.,j is a for,,, fa('lor that del)e,,ds on the charge distri-j:._ " t)ution of I)un('h j; for a Gaussian (tistril)ution, l;',.,j :

('xi.( _ _ ')-w,,cr_,j/.). In futur(, linear colIi(ler d(,signs, the

t.q,.,,, I)un('h length is very short, a_M we may take F,,,,j = 1wh(.r(, :. (s,t,j) is th(' riehl at location s and tinle t, " " "

(Iu(' t()til(' wake lc'ft l)y l)un('h j. H(I) is the uni( st(" l) fun('ti(m.
Th(' c()ntril)ut, ion ()f th(' fulMa,n('nl, al _n()(l(' (o rh('

Th('re ar(' two siml)ler sl)e('ial ('ases of l)arti(:ular in- LllW in rh(' CG ('ase is
t('r(.st. One is t.h(_ c()nstant-iml)(,(lance (CZ) structure,

,na(le of i(lemi('al (:ells st) that its l)rOl)(.rties such ;ts v q,

"'""'r._ t,j) = - 2,¢,qjF,,S('os[co,(t ""' _)]ct, ('t.('., ar(' indel)en(lent of s. For th(' CZ structure, we ,-,_ _., - tj - _
h_tve

• H(t- _"' "-')H(C'"'__ - _j +t,-t)
(,

.0.. (13)

E"/rs,., t)- 1/_rr [ReE(w)c()sl_.,t-/t(co)s] where 8

,-,,o (9) t. = __Q___"Zlh(1 - _,.) , (14)

co,./
- lmE(w)sin[_t - fl(w)s] e --''C",)"(ta.,

;tlld K I iN a._;Slllll('d t() ])e in(h'l)(,n(l,m(. ()f s. The llOM's in

n()n-(_Z structur(,s _ay I)(. t.r(,at('(l l)y (.(luivah,nt ('ircui(

'l'h,. ())l,,'r Sl)('('ial ,'a.s,' is _h(' c()ns(a_t-l:r;t(li('n) (('(,) _l,),l('Is{,l]. l)ut (iris is l)('x',)_td til(, s,'()l)e ()f til(' l)r(':,.ut

...Ir_)(t,)r(.. whi<'l) xvl_(.)_ ulll(,a,l(.,l ha., ,o)_sta),t (.h.,'tric l)al)<,v.
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Table 1: Parameters

RF frequoncy, fr! = 11.424 GHz t...... _ l I _--'--_--'--[ -'_.

Sectionlength= 1.8m [ ( ) ]i,Attenuation 7 = 0.505 C_ 7
Fundamental mode Q = 7107 0.c.,:, _- --i

Fund. mode loss factor, na = 203.75 V/pC _ "'.
Filling time, T_ = 100 ns .-" i

Bunch spacing = 16Arl _ 42 cna _ ""
1

O.OOO - .,. j" i

charge = 1 x 10 l° _Bunch

COMPENSATION SCHEMES AND EXAMPLES -0.001 -

We model the linac as made up of CG sections (as
defined above), with 2n/3 phase advmace per cell. bunch
charge 1 1010.X Parameters age as shown in Table 1.

• . , , I .... I , , , . I .... I . . j
The most promising strategy useful for bunch trains ' '

of lengthatillingtimeorlonger, istopre-fillthestruc- .... I "-" ' " I " ' ' ' I ' ' ' " f" • _--'-

ture in such a way that the energy gain of each bunch

during the transient period approximates the energy gain o.ooi - (b)
of each bunch in the steady state[5]. In the simplest "

form of this scheme, the amplitude of the input II_" field _ . o ..a_.. ,..,t_

is linearly ramped during the first tilling time, then the_ • •
bunch train is injected at the beginning of the second o.00o -..-. t'_
filling time. The input RF pulse used in our example is _ ," :'. .:,+ "
shown in Fig. 1. However, since dispersion creates large q:3 " _- _,:,; ._"

amplitude variations on the front of the RF pulse, it is -0.001 -
desirable to wait an additional 10 nsec before injecting
the bunch train, to allow the worst of these dispersion
"wiggles" to propagate out of the structure. The result-

..... ! .... I .... I .... I ....
ing fractional energy deviation, for a 90-bunch train is o _c, _o 6o _o
shown in Fig. 2. Were it not for the effects of disper-
sion, the stead)" state would be rea_Jaed at about bunch B LlIlch

70, as can be seen in Fig. 2(a), where dispersion is not

included in the calculation. Fig. 2(b) shows the result Figure 2. Fractional energy" deviations of bunches in long-
with dispersion included, but with its effects diminished pulse pre-filling compensation scJ_eme, (a) ignoring disper-
by allowing the front 10 nsec of the pulse to propagate sion, (b) including dispersion.
out of the structure before injecting the bunch train.
.-. 100 "i .... I ' ' ' • I ' " ' " I " ' '"'"i "'" " ' Finally, we mention a related strategy[7], in which
E one approximately equalizes the bunch energies via the
"- matched-filling method and then modulates the RF in-:>

80 - - put during the time when the train is passing through
/ the structure, to compensate the "sag" one would other-

c_ 60 /_ - wise get in the middle of the bunch train. Such a scheme
2

may be the best for _rains which are of order a half of
40 - the tilling time in length.

a_ We thank D. Farkas, R. Miller. and R. Palmer fora:
._ 20 - suggestions regarding compensatic_ schemes, and the
_ members of the NLC structures group for other helpful
c o t ..... I ..... I .... i .... discussions.
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