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\ \'e pr<:st>nt. t Iw details of the capture proct>ss in the Low 
Energy Booster (LEB) for the sse. \Ve consider onlv the 

longitlldinal dYII;IIIII(",;, Space charge forces are COIIII;uteJ 
'1l1asio:'t;lticCllly, TIlt' l)pam pipe is considered to bt> per

f"ctly condllctlllf!" \\'ith respect to maximizing the capt.ure 
..fhcipncy and Illininllzing t he space charge t.llne spread. ini
'ial 1'''11' llIilli,.;t>colld,; ar" vcry important, \\'e present, only 

Ilw first ft'w lIliliisl-'conds of t.he cycle. during which space 
"harge elrects .lre signiticant. For the nUl1wrical simulat.ion 
II'" liS,' t h .. cod,' ES~[ E. 

1 Introduction 

TIlt' Low [ncr)!;y 1300stcr (LEB) is the first of t.he svn

chrotrons of the sse accelerat.or complex, This makes ~he 
L L B a nit ical and complex machine. The LEB has t.o cap-

111l'(' ,.;evt'['ClI hunch",.; coming frolll t.he Lll\AC. and bunch 
,h"lll IIIIU ;1 ,;illf!,le I'llllcil, and accelerate t.hl-'m from J = 
IJ,/Q:21 to U,!I!I(i!J, Thi,.; gives rise to several problellls in the 

,J,'sign ul'lllI' 1,1-:13. Tlw 1II0st, important problelll. of course. 

I"; I h,' ,;i,u,nifiC<lnt. sp.:w> charge forces during the initial stage 

1.)1'1 he cyele, To und"rstand the effect of space charge forct's 
ull<' Ila,; to con,;ider the longitudinal and transverse dv-
11;II11ic,;: Ihis is tit" subject of anot.her study. prdill1ina~y 
i""SIi1tS of which are prl'sented at thes/" proccedings[lj, lIere 
II'" 11'i11. ho\\'t'I'e!'. ('ollril\(' 01ll'Se1VI'5 to t.he longitudinal dy
n;IIlIlC:-; :11\11 ('ollstrunion of the rf voltage program for the 

U~Il, \\'!.' do IIOt. wish to discuss the advant.ages and disad
I':IlIt,au,p,.; of dif['f'I'I'llt capture procedures, \\'t' present. Iwre 
'lit' "cii;lhat.ic rapture PJ'O('t'S';:Wt', however. remark Ihat. t.he 
U:\ AC' frf'quency has been selected such that. t.he paint.ing 
"c'h"llw cOlild abo he adopted, 

III ;Illiailrtt.ic captu!'p ill a rpsonant. systel1l. it is custom
;\I'y (·il h,'r to ill.l,·('t III advance of tlte moment.ulll curve or 

I') 1II.I,,(t a little abovl' the reft'rence energy. This is done 
to achieve debunching of t.he tinac bunches and to capture 
thl'lIl I\'hi!.- til .. synchronous phase is low, For example the 

1'\:\1. hooster injt'cts ahout 100 microseconds before the 
1,,)1 toll I of tilt' nlagllPl ral1lp curvt'[2], Similar re,;ults can 

.( )pf-"ratrd b.\" thr '.-Ili\'t'rsitif's HI-'search :\ssociatioll Inc. fnr 

III<' I' >. !)"part Ill .. "t "f E,tprgy. under contract No, [) E-AC02-
,-: ~ 1[': !{ ,1ll·1 S(; 
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Paranlt'ler Nominal Value 

Kinetic I~nergy 600 MeV 
Longit.udinal el11ittance(rms) 6 x lO-'eV s 

Energy Sprcad(rms) 0.105 MeV 
Length (rms) 1,6:3 cm 
.J itter( rms) 0.075 MeV 

Trans\'erse ElI1ittanu'(nns) 0.4 7i mm mrad 

Tahk 1: ~[icrohunch Charact.erist.ics 

he obt.ained by injecling at. tilt' bottom of the 1l101llt'nt.UI11 
curve hut at. SOllle Il'hat higher energy[:~]. In t.he rf pro
gram we propose Ilt're we do not do eit.her, The resultant 
transmission and hunching factor. however, are similar to 

t.he Fi\' AL boost.er. Ideas involved in the const.ruction of 

the rf voltage program are explained in Section 4, 

2 Injection Parameters 

Alt.hough the act.ual particles inject.ed are H- ions. tlwv 

are immediat.ely stripped of the t.wo electrons in t.he stril;

ping foil. The injection int.o tllf' LEB is multi-t.urn: here 
we consider four lurn injection, In each turn t.he LINAC' 
will inject. ~) microhunclws into each of t.he LEB hucket.. 

The rf frequency of the L['\:\C will he so adiust.ed t.hat. 
the :Hi microhllncllf's in an LEB bucket. will' be equally 

;;paceel, The Illicrohunches at t he end of t.he LIN AC have a 
Iarp;e energy spread: ho\\'ewr. aft.er p;\ssing through a drift. 
and a compressor the ('ncrgy sprpad is reJuced[4]. During 
tillS process t.he microbunch is sheared (in phase space) so 
t hat. it IlPcomes longer, t.Iwrt'by reducing the charge den
sity along the bunch, III addition to the energy spread tht' 
awrage energy of the microhllnches has a jitter, Table 1 
sllll1marizes t.ht' characteristics of t.he microbunches, 

3 LEB Parameters 

The LEB has sl'lwl'Jwriodicit.y of three with three long 
"traight. sections, OIlt' of t.he st.raight sections is for the 
rf cavit.ies and t hI-' ol.llf'r two are for injection a.nd ext.rac
tion. The parameters relevant. t.o longitudinal dynamics are 
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listed in Table :..' a/)m·". "1'11<':"'> 1)<1ran1<'ter,; haH' changed 

recel1t.ly: t.he IWW paranwtprs :HI' given ill t Iwsl' pl'Oceetl-

ings[:")]. 

4 The Rf Voltage Progralll 

A" not.ed above. constrll('\ iOIl uf t.11t' rf voltage program 

,.;hould lIIinilllizf' th., space rilarg" tllil" ,.,prcad (a measure 

of which is givell by L,.,;,,;"'I tllll'.' shift.) and ha\<.> an ad

equat.e transmission. COlllplelL' delllll]('hing will require "l 

smali sYllchronous phase angle 1.0 capture a high fraction of 

particles. Tbis, ill tllrn, reqllir • .>s it high rf volt.age. Higher 

voltage. t.hough, gives a large hllcket area. does not guaran

t.ee that. hunch area will Iwl<1rge. It. i:-; t.hl' IJllllch area and 

how tightly t.he hunch fills I he hnckd that determine'S a 

favorahle hunching factor. For i1 ;c;iv"n hllnch <In'a a slllall

Iwight hucket (hut higllt'r Ih;lll the hunch) t"lId" to ;C;iv(:' a 

1011 gel' and smali-height hlillch. Tlw a IIO\\"<1 hk Ilunch art'a. 

of course. is determined hy tlte limit,.; 011 the rf voltage. 

This then determines the t'1lt'rgy spread JIt'c'-'ssary for tlw 
Illicrobunch. Thus t.he 1'1' volt ag.· 111115[. i>., so cOlIst.ructed 

that the huck"t is '1uitt' full. Ollce the relat.ivistic "frect. 
JIlore thall COl1llWl\satps t Iw hllliChill~ 1"rO('I'5';, hO\n'vp!'. t.IIP 

bllckt't area .-;hollid Iw flirt hn ill('J'ea:",',J 10 pn.'v{'lIt thp loss 

.III!.' to sloll" attritioll dllrill.~ til<' <I('('{··krMioll rycle. 
Good transmission. ill addil iOIl 10 i1v"idill;; long terlll 

attritioll. must also capt III''' a !!,ood i"rarLlnll of particles ill 
til(' illitial 11101l1<'lIt;;. \\'" arhi.·\"<"· till:" hy ;1 1';11'1 ial. rather 

than a cOlllplete, dd)llllrbing or the microbunchcs. \lore 

details of this I1lPc:hanism arc .!.!;iv,," "I:-;{~ II"lwre[G]. Here lI"e 

present. t.he resulting rf progrilill. 

Fig\ll'(, 1 ,.,hows the hllCh'l <In'a a" a fllllnioll of tinte. 
For the first :)0 JlS (ahout [;) tllrns) th., voltage is kept 

at a 1Ilillimull1. preferahly at Z('ro: we hav!? used the value 

01"1 kV as pract.icable. Theil the voltage is smoothly but 
rapidly ill('J'{'a,,; .. d up to 0 .. -' Ill" slich that. a bUllch tills t.he 
hllck"t qlli(.' tightly. The hlillch area UL")o/c) at. this 1110-

JIl<'lIt i:-; about .1):) .. \' s ill Ct!llIpari:-;oll to tit .. hucket area 

of 0.0:)(\ eV s. Tile hucket an'a is Illaintaill<'c! at .. U:38 eV s 

lip to :) illS, by which tilll<' til<' rdativislic etfect is able to 

("Oll1pellsat.e further blilldllll!.!;. This tight. a bunch call not. 
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Fig\ll't' 2: fif Voltage vs Timp 
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1)(' maint.aillt'd without further loss of part.icle,,; <1.-; t he syn

chronous phase angle is incl"!'ased. Therefort' the bllck"t 

a rea i,; fu rt.her Increased to. 0:")4 e \' s Iwtwet>n :3 to :j illS . 

This hucket area is then maintained (not shown ill t.he fig
lire) unt.il :30 I11S. beyond which it can not. he lIlaint.ained 

dne t.o t.he decrease in the value of slip factor alld phas .. all
gle. l3ased on the above ideas t.he rf volt.age program. t.he 

first 5 ms of which is shown in Figure 2. was constructed 

using the program RAi\IPRF presenl.ed else where in these 

proceedings[7]. 

5 Simulation and Results 

We ust' the code ESi\[E for tlH' t.racking simulation . ..j:\.:200 
particles (1200 in each mirrobunch) wcre tracked. To ac
count for the jitter in t Iw elwrgy. the .. nergy spread and 

the jitter were added in quadrat.\II"e. Space charge effects 

including the conducting wali art' included in t.he simula

t.ion. The space charge calculations are based on a qua-
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Figure:~ Space C'h;nge tunt> Shift vs Tinl<' 

"ist.atIc evaluat.ion a:'; !wr th,' code ES;\IE[8]. Due to the 
vcry slllalilongitudinalcl11iuancc of the l11icrobunches, for 
t.he first I ms, it. was necessary t.o give nine kicks per turn 
for a proper est.imat.e of the space charge forces. Beyond 1 
ms a single kick per tUI'Il ga\'E' adequate results; we, how
t>\'er, present. the resulls lIsing nine kie-ks per t.urn. The 
transverse beam size corre:,;ponds to the average value of 
the Iwl a-function. The aCI.ual Iwa 111 pipe is not. circular, 
but rat.her all ellipse: the effedive heam pipe radius used 
\\'as the gf:ol11etric mean of I he t.wo axes of the ellipse. A 

particle is assumed to he lost if its average closed orbit 
deviation is more than L! 11111l. 

Figure :3 "hows the ~pac(' charge tlllW shift. The efli
riellcy of capllll"!'. or I rall"oIllSsioll. is 98% for the elltire cy
cle. The longitudinal spac!' (harge forces ["('duce t.he trans
verse I line shift hy ahollt L!U<;c. TIlt' space charge effect, as 
,;pen from Figure .1. re:-iults in lllixing of the particles and 

"!Heading t.he particles over most. of til!' bucket area. The 
hunch arpa(~);)7c) at :1 ms is ahout .U:3O eV s. The hunch

illg factor at. abollt 1110 turn,.; is cOlllparalde to the FNAL 

"il1llllat ion [2 .()]. 

6 Discussion 

The rf voltage program. presented here, gives results com
parahle to tlte rf progralll at tlw Fi': t\ L['2.6] as far as trans
missioll alld bunchillg factors arl' wlIct'l"IlPci. \Vhet.hcr t.his 
\\·ill allow II"; to predict. tilt' hehavior of the LEn using 
the Fi':AL booster as all pxperillH-'ntal proof of t.ransverse 

dynamics is lIot yet clear. There are several differences 
hetween the machines: for example superperioriicity, tran
"It.ion galllllla and synchrot.ron tunt' .. \llot.lter question is 
whether a silllple scaling of the intPllsity alld t.ransverse 
,'mittanC'(' is tlH'oretically sound. Though WI' can not giv,' 
i\ rigorous proof. we expect. t.hat the rf program \\'e propose. 
as far as adiabat.ic capture is wncerneJ. is well optimized 
for good hunchillg factor and t.rallsillissiun. 

3 

W 
<I 

-2 

-+ 

(:0 1 
LENGTH (m,net',~J 

2 

Figure 4: Phase space di;;tribulioll al lms 
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