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Superccmclucting Supercollider Lahor<tton·x 
:2:):)0 Bccklcnneacle ,-\\·c .. DallclS. TX /:):2:){ 

and 

Abstract 

\I iguel A. Furman 
Lawrence Berkley Laboratory 

University of California 
Berkeley, CA 9"11:20 

\\'e present. the det.ilils of the capture process in the Low 
Ener:,:;y Booster (LEB) for t.lte SSC. We consider onlv the 

longiwdin:d dyn:unics. Space charge forces are comt;uted 

qll<lsist;lt.ically. The~ beam pipe is considered to be per

f<'ct.ly conducting. With respect to maximizing the capture 

<"iliciency :llld ''''nillliZlllg the space charge tune spread, ini
t 1:!1 fc11· milliseconds <H•: very important. \\'e present. onlv 

t.lw first fell' !llilliseconds of the cycle, during which spac~ 
,·l,argc d!'ects ;w: significant.. For the numerical simulation 

IH' use the code ES \[E. 

1 Introduction 

The Low I::nergy J3ooster ( LEB) is the first of the svn

dnot.roiiS of the sse accelerator complex. This makes t.he 

LLfl a. criticill and complex machine. The LEB has to cap

t.IJre Sl·~vcr;1l hunches coming from the LIN :\C. and bunch 
tlwm i11to a single ilunch. a.nd nccelerate the1~1 frorn i] = 
11/!):l:l to lUJ~Jfi9. Thi:o gi1es rise to several problems in, the 

d<'sign of the Lf::I3. The lliOst. important problem, of course. 

is tli<' significant space charge forces during the initial stage 

ol' rhe cycle. To 11nderstand the effect of space charge forces 

011<: l~<lc; to consid<:'r the longitudinal and transverse dv
IJ;unics: this is the :mb.i<'Ct of another study, prelimina;·y 
,·,·suits of which LilT pre;;ent.ed a.t these proceedings[!]. !!.ere 

we- 11·i I L hom:'VCI". con fine omsel vcs to the longi tud ina.l dy

IJ:.unir,; ;111d <"OIJStruct.ion of t.he rf voltage program for the 
LUl. \\"e do not. 11·ish to discuss the advantages and disad

' :tnt.a.ges of diff'crcnt. capture procedures. \\"e present. here 

t lw adi;Jhat.ic capture process;we, however, remark that the 

L l i\ AC frequency has been selected such that the painting 

sch<'IJW cc)l!ld illso be a.clopt.ed. 

!11 adiahat.ic capture in a resonant. system. it. is cust.orn
:ll·y <'itlier to in,1ect in advance of the momentum curve or 

to iny~ct '' little above the reference energy. This is done 
to achieve debunching of the linac bunches and to capture 

tlw1n IYhilc the synchronous phase is low. For example the 

1· ~ :\ L hoo:oter inj,~cts about. 1 UO microseconds before the 
hut t.on1 or· the JJ1agnet rarnp curve['2]. Similar r~'sults can 

* ( )pt·r.:ll.ed h!· the C: nivcrsit.ies F:.esea.rch Associati(Jil Inc. for 
I he l.' ,<.;. D"p:trt nwnl of Ener~>·· under contract. No. DE-A C02-

"~ i l·J\ -Ill ·I :':t; 
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Para rneter Nominal Value 

Kinetic l~nero·v b. 600 !VIe V 
Longi tudina I emittance( rms) 6 X 10- 7eVs 

Energy Sprcad(rms) 0.105 MeV 
Length ( rms) 1.63 em 
.Jit.t.er(rms) 0.075 MeV 

Trans1·erse Emittance(rms) 0.4 7i mm mrad 

Tabl<c 1: \!icrobunch Characteristics 

be obtained by injecting a.t. the bottom of the momentum 

curve but at. son1e 11·hat higher energy[:J]. In the rf pro

gram we propose here we do not. do either. The resultant 
transmission and bunching factor, however, are similar to 

the FNAL booster, Ideas involved in the construction of 

the rf voltage program are explained in Section 4. 

2 Injection Parameters 

Although the actual particles injected are H- ions, thev 

are immediately stripped of the two electrons in the strir;

ping foil. The injection into the LEB is multi-turn; here 
we consider four turn injection. In each turn the LINAC 
will inject 9 microbunches into each of the LEB bucket.. 

The rf frequency of the Ll N AC will be so adjusted that 
the :3() microhunches in an LEB bucket will be equallv 

spaced. The microhuilches ott t.he end of the LINAC have~. 
large energy spread: however. aft.er passing through a drift. 

and a compressor the energy spread is recluced[4]. During 

this process the micro bunch is sheared (in phase space) so 

that it becomes longer, thereby reducing the charge den

sity along t.he bunch. In addition to the energy spread the 
average energy of the microbunches has a jitter. Table 1 
surmnarize;; the characteristics of the rnicrobunches. 

3 LEB Parameters 

The LEB has superperiodicit.y of three with three long 

straight sections. One of the straight sections is for the 
rf cavities and the ot.ht-~r two are for injection and extrac

tion. The parameters relevant. to longitudinal dynamics are 
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Table::!: The LLB l\traJJJet•.'rs 

listed in Table ::! abow. These· p~n<~mctcr~ haw· changed 
t·ecently: t.lw nPII' parameters ;w• give11 in t.lws•' proceed
ings[5]. 

4 The Rf Voltage Progra1n 

,\;; noted above. const.nJrt.ion of t.he rf voltage program 
should minimize the spilce charge t.lill<:' spread (a measure 
of which is given by Lasskt tllll<: sh1ft) clnd han~ an ad
equate transmission. Complet.c clebunching 1vill require " 
small synchronous phase a11glc t.o capture a high fraction of 
particles. This, in t.urn, requires a high rf voltage. Higher 
voltage, though, gives a large bucket area, does not guaran
tee that bunch area will lw large. It is the bunch area and 
how tightly the hunch fills the bucket that. determines a 
favorable hunching factor. For a given hunch ;uea a snJall
height bucket. (but higher thilll the hunch) tends to give a. 
longer and small-height. bunch. The allo11·ablc bunch area. 
of course, is determined by the limits on t.lie rf' voltage. 
This tl!en determines t.he energy spread necessary for the 
microbunch. Thus the rf voltage mllst. lw so constructed 
that the bucket is quite full. Once the relativistic effect. 
more than compensat.es the h1111ching I)I'OC<'SS, hoiHoH'r. the 
bucket area sh01dd he ftJrtlw1· iiJCI'I'<tS•-'" t.o prt'VPIJt. th,, loss 
dnc to slow att.ritiOJl dlll'lll_!,!, t lw ;,lccel<'rittion cycle. 

Goo~! transmission. in <ldditJOil to iiVoiding lc)JJg term 
att.rition. must also rilptnre a. good l'rclct.ion of' particles in 
the initial illOJlWnts. \\'e achi<'H· tl1is IJy a partial, rather 
than a complete, debnnchlltg of the lllicrobunches. More 
details of this mechanism <tiT givc11 else ll'here[G]. Here we 
present the resulting rf progn111L 

Fignre l shows tlw huckl't '''"'" ""' " funct.ion of time. 
Fot' the first :)0 11:; (ahout. t:l t11rns) the volt.age is kept. 
at a minimum, preferably at zero; 11·e have used the value 
of 4 kV as practicable. Then the voltage is smoothly but 
rapidly inncased up to IJ.:-J 111:-; such th;tt. a bunch tills the 
huckr~t. quite tightly. The hiJJlch area (9:)%) at this mo
ment. is about .U:l eV s in conqJ<trison to the b11cket area. 
of 0.0:38 eV s. The bucket ;ne;l is IJJaint<tined at. .0:38 eV s 
up to :3 t:ns, by which tiJtW t lw relativistic effect is able to 
co1npensat.e further lliJIIching. Tl1is t.ight. a bunch can not. 
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Figure 2: ru Voltage VS Time 

be maintained without. further loss of particles as the syn
chronous phase angle is increased. Therefor" the bucket 
area is further increased t.o .0:)4 eV s het.,1·een :3 to 5 ms. 
This bucket area is t.hen maintained (not shown in tlte fig
ure) until :3() ms, beyond which it. can not be maintained 
cltJe to the decrease in the value of slip factor and phase an
gle. Based on the above ideas the rf voltage program, the 
first 5 ms of which is shown in Figure 2, was constructed 
using the program RA!I'lPRF presented else where in these 
proceedings[/]. 

5 Simulation and Results 

\Ve use the code ESME for the tracking simulation. 4:1,200 
particles ( 1200 in each microbunch) were tracked. To ac
count for the jitter in the energy, the energy spread and 
the .iit.ter were added in quadrat.ure. Space charge effects 
including the conducting wall are included in the simula
t.ion. The space charge calculation::; are based on a qua-
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sistatic evaluation a~ per the code CSiV!E[8]. Due to the 
very small longitudinal emittance of the microbunches, for 
the first l ms, it was necessary to give nine kicks per turn 
for a proper est.imate of the space charge forces. Beyond l 
ms a single kick per turn gave adequate results; we, how
ever, present. the results using nine kicks per turn. The 
transverse beam size corresponds to the average value of 
the beta-function. The act.ual l.)t~am pipe is not circular, 
but rat.her an ellipse: the effective beam pipe radius used 
was the geometric mean of the two axes of the ellipse. A 
particle is assumed to be lost. if its average closed orbit 
deviation is more than 2 mm. 

Figure :3 shows the space charge tune shift. The effi
ciency of capt1tre, or tr<Ub>~IISsion. is 98% for the entire cy
cle. The longit.udinal space charge forces reduce the trans
verse tune shift by about 20%. The space charge effect, as 
seen from Figure 4. l·estdts in mixing of the particles and 
spreading the particles over most. of the bucket area. The 
bunch area(D:)%) at :3 ms is about. .0:30 eV s. The bunch
ing factor at ai)(JIIl 100 t11rns is co111parable t.o the FN AL 
si mula t ion[2 .6]. 

6 Discussion 

The rf \·oltage program, presented here, gives results com
parable to the rf program at the FN A L[2,6] as far as trans
mission and bunching factors are concemed. \Vhet.hcr this 
\\'ill allow us to prt"·dict the behavior of t.he LEB using 
the FNAL booster r~s an experimental proof of transverse 
dynamics is not yet clear. There are several differences 
between the machines: for example superperiodicity, tran
sition gamma and syllchrot.ron t.unc. Another qttestion is 
whether a simple scaling of the intensity and transverse 
emittance is theoretically sound. Though \\'C can not give 
a ri,gorous proof. \\'e expect that. the rf program we propose, 
as far as adiabatic capt.ure is concerned. is well optimized 
for good bunching factor and t.rans111ission. 
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