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Abstract 

Longitlidillilllll:ltehing of hunches between the Low Energy 

Booster (LEB) alld the \ledium Energy Booster (MEB). 
if ,10111:' hy controlling thl:' rf voltage alone, requires too 
loll' i1 voltage to 1)(' practicahle, lIere we investigate the 

possihility of matchillg dynamically hy bunch rotation ill 
III<' longitlldinall)hase spaCt' at the end of the LEB cycle. 
l:ir:5t. the hllnchps ilr(' ,"lPared by an rf phase-jump into the 

1IIIstilhie rpgioll, \I'Xt., the hunch is matched by jumping 

I'<lck to tlw ~Yllchrono\ls phase, Sensitivity to errors in 
j)it,ls" ;lnd tillllll).\ iue qudied, 

1 Introduction 

TIl<' limit OIl th .. ,~ract' chiHg p t.Ullt' shift at injection deter

Illine:" rhe hUllCh piualllt'ters at injection. For a given lon
;-;itllciillal t:'lIlit.t"IlCI~ this determines the required rf voltage 
,I\lnn~ tilt' fill ti1\1!' for the ~IEB: allot.her consideration in 
Ill<' 1'11011'1' of rf volta;;" is that tlw "ynchrotron tune IS 1l0t 

,Ill int"~"r Illidtiplt'ofliO Hz[I], [fll't' do not want t.1lmbling 

:\lld r\ln Ilcr 11\('1'\',,,,,' ill til\' longitudinal emittance in t.he 

\IEB, the hunch ill th!' LER at extraction must conform 

10 tlIP iJllci-;et in tite \IEn, One \\,11:; t,o do t.his. of course, is 
It, Ill,ltch tilt' LEB hllckd ilt extraction to the ~IEB bucket 
;\ I illjPct 1011 For t lit' pr('~ent parall1Pters t.his requires too 
Inl\" ;111 rf 1()ltn~(' In tlte LEB, There are three possible op
tl()II~ \\", 1I1;1!' hlo\\' up tlw longitudinal emitt.allce in the 

r.U3 :lilt! tltu" litak .. high"r rf\,olt,lges ill the \IEB and t.he 
1.1,:n ncc"I't;lhl,', Thi" has a detrilllt'ntal effect if IW' wish 
In .lioosp (;rtttill'S :,ch"lIw for trallsit.lon crossing[2], .. \It.pr
l\;l1il,,'ly, lit' \llny I,>t tit .. hUllcit 1\llllbl" in the i\IEE and 
/.,t t h .. <'llllt tance increase. In addition to the above disad-
1';lI\ti1~" for tr;l1l~ilion crossing this lllilY Cilllse dilution of 
I rall:-;v,'rst' <'lllitt;llI(," during tilt' fill t.ime. The alt.ernat.ive 

l)r""(,lIt(''[ Iwre i" to match tlw hllncit dynamically. 

2 Matching Requirements 

I."t 'I h,' t Ite ,.,Iip filet,or. \' I Ill-' rf I'oltilge and II tilt' harmonic 
IllIIIJi,,'1'. Thl'II'--' ~In('t' Ill<' synchronolls phase in the LEB 

.( )Iwrat"(i 11.\' tilt' l'lli\"t~r~i(if'~ 1{1'~ei\rch As:-.ociarinn IrH', for 

,\w \ ".:--'. I )I'p;lrllllt'llt of EllfT!!,~·. und~r cnntrart :'\0. DF:-AC'U2-
"1[.:1\ 1{)·I;--;h 
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Parameter TIl<" LEB The ?\IEB 

Harmonic !'\umher IU~ ,92 
Transi t.ion (; a III Ill<l LUG 2·1.0 

Slip Factor U.OO:38ij I lJ.U04:340 
rtf Volta~e ,~() k\' ITO kV 

,',lat.ching Voltage L()()l k \' ITO kV 
~O k\' 1):;9 kV 

Table 1: \Iat.chillg Parameters 

at. ext.ract.ion and in t.1l<' \-!EU at llljenion are zero -t.he 

buckets will be matched if 'I" 1\' has t he same value for 
two machines. Tahle I gives the various parameters for 

t.he two machines based OIl t he particle momentum of 1:2 
GeV Ie. 

The matching vallie of 20,(j·1 kV ill the LEB correspond
ing to the value of 1,0 k\' in the \-IE8 is dt'I'l11ed too low 

to he prilcticable alld tite I';J/UC of 8lJ k\' is chosen, The 

matching valup oflj59 k\' ill tht> ~ICB corresponding to 

the \'altle of 80 kV ill the LEB Will cxcped tllP space chargp 
tune shift limit in t he ~d [B, HO\\'('wr, t he higher vallI<' is 
ilccept.able if \\'1' illCI'eiL-;e the LEB 10llgitudinal emittance, 

Since the synchronous philse is zero. for a givf'n emittallce 
the bunch hei.ght scal!'s ",., V± wild\' hunch width scales a:; 

\ '- t, Thenof~'rp 1\'1' lIeed to doublt' t Ite 1001l,,,itudinal !'nut

tance from the llullllllal vaillt' of ,():;K 1·\' s (9:;%), lI!'r/'. 
howevpl'. \\'1' lI\at,ell t lit' nils spre;),}" of IIIP hunch 115 d,'
scribed in the lIext :"<'('tioll, 

3 Matching Mechanisnl 

The idea is to JUIllP the phase Ilcar tlw 1'l1d of the LEB 
cycle to t.he IIllstahle ~Yllchronoll" phase and hack (0 t.lte 
stahle synchronolls "hasf', \Vhile at I he ullstahle phase. 
the bUllch shears, Theil after sonH~ time we bring back the 
phase to the stable point, The timinbs hal'e to be adjusted 
such t.hat at rl\(' ,on.! of tile LEB cyck ;1 proper bunch is 

obtained, It is, or rourse, not possihle to ohtain an l'xactly 
matching hUllch, \\'e, lioll'e\'('r, match the rills vailles of 
hllnch lwight and I\'idth to that of the Illatclwd bllnch, The 
scaling of til(' hei;;ht and width nWlltioned above requires 

that t.he hUllch width/lwigln Iw incrfil:-;"d/decreased hy it 
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Figure 1: Phase Space Distrihut.ion at ,19.:)llls 

1:ldor of the fourth root. of the rat.io of matchillg voltage 

If) the actual voltage in the LEB: this fact.or is 1.,10,1 for 

111<' presellt case. 

Tht' idea of jllmping between stable and ullstahle SYII

dJl'olloUS point.s is essential only if t.he synchronous C:llt:'l'gy 
('llrve needs to he traced wit.h a good accuracy, Since II\(' 

proct:'SS is executed at. the end of the cycle. the ... nergy galll 

durin!!, this process is negligible and could Iw rOll1pellsat<:d 
hy other adjustments. This allows. as showll below. a ('011-
sid<'l'ahle degree of latitude in the magnitude of t.he phas(' 

,1Ulllp. 

4 The Simulation Results 

TIlt' LEA is a 10 Hz resonant machille wil h all 1II,I,'cl iOIl 

Ilttlll1<'lltUl11 of 1.219 GeV Ic and extractioll tn0Il1Cllt1t1l1 of 
I:! (;t'\'jc. The proceuure requires .5 111;;. At ·I~l . .) IllS a 

"ltas., jump to t.he unstable synchronous pOlllt Il'as illill

;\I,·d Tit" pha,;e was brollght. to the sta"'" "'YliciIl'CJIIOIIS 
1'''lllt ;11 ,UU);) illS. Figure I shows th., hun('h at ·I~I .. ) III"; 
IliI"1I lilt' phase was ('hanged to t.lw 1I11";(.Clhl., sYllclII'OIl()I/,., 
1"'1111 . .\t -1~Uj5 illS the phase was shifted 1),lrk t(, tilt' ,.;Ia

I,k 1",llIl. Figure L SltOWS t.he hunch at -W.li:) illS. Fi.l!.lIr,' 
:~ "llo\\,,,; I lw bllnch at 50 I11S. t.he end of tIlt' LEn (·y('l,·, 

Sililulatiolls with phase jump at points oth,,!' thall tit" 
,.;ynchronous point.. with t.he same t.imillg; ;1;; ;lho\'t', \\"'1',' 

:Ii,,!) illvt'stigated, In Case 1 the phase I\':IS kql\ ill 
tit,· ,.;1 :til'" syncitronolls point through 0111, For ('il";(' :! 
I it,,· "itilS" \\'as altered bet.ween st.able and 1111,.,1 ,I ill,' ",VII

.. itr,lllollS points respect.ively. In Case :3 t Iw pitas" .Il1lllJl 

lI'as I SU and then back to the synchronous point, Tit" 
Illo,.,l practi('ahk case. Case ,t, is prohably wit,'l'" lit" l"lil";" 
I,.; locked at It'O degrees between 49,=> IllS andl~l.(j;) III"; <Inti 

lite!'e ilflf'l' Illltil the end of th(' cycle the phil",· j,.; jIlC!;"" ill 

() degret:)s. 

Tht' t'xtractioll timing has t.o 1)1' decickd 1IIIICit I>d(l!'1' 
lit,· la"t (J.5 IllS, I1enet:'. jt will not Iw pos,.;ihl,· It, <'('1111'01 
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Figure 2: Phase Space Distribution at. ,Hl,f):)!II;; 

15 

f .. ""l 
.L .~. 

5 
;: . 

• J) 

~ 

LJ.J 
.;) 

~'l 

-5 

-10 

-15 
-2 

Figure :3: Phase Spa('" Di"triillltioll ilt .illtll,.. 

2 



-,-

-! ", -

-[ '5 

( ';1.'1 '- I 
( ';1";1 '-:! 

r 
r 
'-
r-r 
: 

~ 
~ 

r , , I 
-- d 

..:. I, I rlll~ I .\ I, '\ 1."11 c: til I l'lll.~ ) III 
:;, ·-)C; I ! :i 

') l(;~ 

:.' ,-IL() 

:: "jlil; 
:! .. -) 7:) 

T:lhle::' Hlilich ill [XI r~lctl(J)1 

i I I i 

, I , iii I , , , i I 
-lOt 

LENGTH (~Hr1;.,rs) 

I 'J, ,j 

.,.,.',-
_d.) . 

.\'10)-

"'::.)d' 

:::;1,) 
.,.,-).) 
_.).).) 

I I 

-1 
~ 

"1 -, 

~ 
~ , 
~ 
~ 
i 

~ 
~ 
~ 

~ 
~ -
~ 

J 
, 

, ~, 
" 
~ 

Figure ,I: (':1';(,: ad\'allced pxtr:lclion 

til(' t'xtractioll ti1l1e ,.;uch Ihat thl-' hUlich has shaped prop-

\\,i1lllltrodu,'e ;ill ,>)')'ur oj' ahollt :! .\kV III tht' ";Yllchrollulis 
1"lI'>rgy Thi" ;;y~telllaIIC ,'IT0r (':III I", cOll1pells<llt'd "it her 
hy adjustillg: th" IIlJectioll IllOIl)('lltlllll of th" .\1£0 or. the 
c'xtract.ion 1l10lllentum of tlw LEB, The lllatching scheme 
Ilere is to match tlw 1'1115 v:1ltlt'5 of the bllnch to that of 
111~ttched hunch, Further trackJllg of the hllnch in the ~1£13 
.'ho\\'s this to he adpquatp: thill i~, tll111hlingofthe bUBch in 
till' ,\1 EB bucket alld gro\\'t h III t ht' longitudinal emit,lance 
IS not ohser\'ed[4], Thus II'e c0ncillde that tilt' procedure 
outlined lwre is adequate. 
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