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Abstract 

I review t(he demands on Fermilab Ant,iprot,on Acrxlmula- 
t,or in t,he Main Injector era and show that, a major upgrade 
of the stochastic cooling systems is necessary. The main 
possibilit~ies for t,lie design of t.hr new lat,tice are out,linrd. 
Three lattice designs are presented and dkussed. 

1 Introduction 

PresenUy, the Fermilab Ant.iprot,on Accumulator accepts 
for st,acking 3 x lo7 antiprotons every 2.4 seconds. Wit,11 
t,he advent, of Main Injector, the number of ant,iprotons in- 
jected into Fermilab Antiprot)on Accumulat,or is expected 
to increase about, three times, while at t,he same time t,he 
period between injections should decrease t*o 1.5 sec. Since 
the cooling rate is proportional to the bandwidt,h of the 
system and inversely proport,ional to t,he number of parti- 
cles in the beam, t,his will inrvit,ahly lead t,o slowing tlowu 
the rate at, which the ant,iproton beam is cooled. 
Since t,he flux Qci increases, while the energy apert.urr of 
the Accumulator does not,, t.hr volt.agP profile of thr ma- 
chine 
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must, stay the same. Here, /Y = v/c, A = In f,,k,,z/f;rL;,, , T 
t,hr revolution lx,riod, W t.hta Iran(1widt.h of the st,ocha.sl,ic 
cooling system, and 71 t,he mom~nt~llrn compactliou fart,or 
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Among t.hasr, p, I’, A. 7’ callnot, change:. If Qj,, IS t.o iu- 
c‘rrasr, E,l will remain i~ncl~augc~tl if IV ailtl ‘1 scaltl si1c11 
t.hat. t.heir ljrodlict, rrniaiils coilst.ailt.. This cau l)e SPPII 
as follows. MT ant1 11 are r~~latc~tl I)y t,li(a r~cliiirc~inr~ilt. that 
Scliot.t,ky l,aiitls iiot. ovc~rliip ill t.hc* ~~as:“l~i~t~tl of t,llc, sys- 
t,eIll. The widt,h of II--t.11 Scllot.t.ky baud is ltAjVil,, whrrc> 
“i”L = 7,b V?L 1’ ’ thl1.s t.llr witltli of 111~ highcist, liariimuic ii] 

tllr passband is .f;,i,,,T7jA ’ +. This mrlst IW smallt~r 1.11a11 t.lrcA 
sl)aciilg brt.wc+3i t,llt, l~a~~ds ,f; ~ ,, 

‘Opf=xatcvl Iry tile IJni\,rr5it.ir+ I~rw,rn~lr Ah~<b~.iiltiolt, IIIC II~ICICI- 

~‘l,llllili‘t wit.11 tllr 1 rs Dq’t. l>f Ellrl~y. 

This defines t,he rrla.t8ion I)et,wrrn fmnr aud 71 for a given 
lat,t.ice, 1.. f fVr. a.ild thr momeut,uni apert,urr $! : 
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From this wt‘ conclutlr t,llat, 

@(,I/ = const.. PI 

Summarizing, if the stacking rat,? is t,o increase by a fact,or 
3:, t,lie moment,um compact~ion fact,or 71 must, scale as q/3:. 
In core, the cooling rate is prol~ort~ional to 71 and W has 
t,o scale as 3-W. 
Presently, the stack tail syst.ems use the 1-2 GHz band, 
while the core whose smaller frequency spread permit,s the 
use of higher bandwidth uses 2-4 GHz. There is also a 4-8 
GHz core momentSum r.ooling system. An upgrade t,o twic.e 
these values recpiires drrreakig 71 t,o half the present, value. 
7~ present,ly 1ia.s the valrir 5.43, which givts 71 = 0.023. 
Since only t,litJ al~o1ut.r valrir of i/ is import,ant., wt‘ have 
t,wo possible valil(+, NJ.01 1. Thr solut,ions ark ye = 6 74 
for positive 11 and 7~ = ~1 for negative one. The latt,er 
value would lrad t.0 t,oo low dispersion for t,lir purpose of 
stzochastSic cooling alltl will uot. bc considered furt,her. 
7~ is rlet,rrliiillrtl I)y tllr vallirs of t,lir dispersion funct,ion 
in t,he tlipolrs, 
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where < 71,. >, is t,llr iIVt’ln$,P tlisl)ersioii ill a given dipole 
;LII~ 8, its I)rl~tl augl~. Frown t iii> c>spression it. follows that. 
in ortlrr to illcre;lsta 7~ w II~I\Y to &crt~as~ values of dis- 
persiou III tilt, tlil)ol(9 At thr ~;IIII~~ t.iiiicA, tlisl)ersiolI itI 
t,hcA st.r;iiglit. htsct iolls whc~rc~ the i)ic.k~~l)s ai1~1 t.hr kickrrs arr 
locatrtl (high ili~(l low tlisl)rdr>ioii, rrsl)rctivrly) liillst Ilot. 
ch;lr~gca sigilificirlit ly. ‘I‘li~ Iat tic(s f’iiI1ct.ious of’ 011(’ WXtilllt~ 

(half of t.hcl slil~~~rl)eriotl) of t 11td I)reseut. Accumulat,or arr 
s11ow~1 ii1 Fig. I 011 t,ol’ of’ t.litJ l)ict,ltrr is a sclirmat,ic 
rrprrsriitatioii of t,licA 1;lt.t.ic.r. \vit.ll tllcb llright, of tllr I)oses 
rt~I)rf5t~lit ill;: t 11cd lic*ltl gl.;i~lirilt. 
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Fig. 1 The present lattice functions of one sextant of the Ac:cnrr~u- 

later. 

The following table lists t,he st,ochastic cooling systems 
in t,he Accumrdat,or wit,h their present, and future ba~~tl- 
widt,hs. 

SYSTEM Present, MI era 
STACK TAIL Ap l-2 GHz 2-4 GHz 
STACK TAIL /3 l-2 GHz 2-4 GHz 

CORE Ay 2-4 GHz 4-8 GHz 
CORE /3 4-8 GHz 8-16 GHz 

CORE Ap 4-8 GHz 8-16: GHz 

TABLE 1 Bandwidt.hs of st,ochast,ir cooling systems in 
the Accumulat,or 

2 Options For New Accumulator 
Lattice 

We shall consider only the possil)ilit.ies which rebill the 
porn&y of t,hr present, Acctunlllator ldticr. In order of 
inc.rrasirig complexity, we can 
1. Cllnng~ only t,he quadrupolr graclir~nts; 
2. Change t,hr graclietds and allow clllil(lfllp0l~S t,o iiiovr; 
3. Add new focusing elrmrnt,s ant1 cllaqe tllr exist,irlg 
cpatirupolr gradients. 
111 w11at8 follows, we slia.11 rxamilbc, t.lic-sr 1)ossilbillt.irs. 

3 Examples of Lattices 

1. Clkallgc! only the q~vdr~iplc~ graclitqlts 
Hrrr one list‘s a lat,t.ictl tlrsigu Ibrogr;llll wit.11 optillliz;it.iou 
capd)ilit~y (hue MAD’ was Ilsrd) t.o vary t.llr fields ill t.hr 
quadrlipoles 111 order t.0 drcrr~c~ t,llr clispersioil in t,llr re- 
giotl of liirgr tlipolrs. s;ul).jrct, to tllc, c0ilstriiiut.s of 

(1) ninint.ailling its va.11~ iu t.lkr I~igll- aucl low dispersion 
sect,ions, 
(2) maintaining t.llr values of Ida functions wit,liin re;lson- 
able limits, and 
(3) keeping the 1,et.a funct,ions in low-beta regions as small 
as possible. 
Similar investigation was done by G. Dugan in 1989”. 
The lat,tice obt,ained ill this way is shown in Fig. 2 together 
with it,s latkice flmctions. A detailrtl description of this lab 
tice can be found in Ref. 3. (Small negative dispersion in 
zero-dispersion st.raiglit, sdion was added t,o comder t,he 
sma.11 residual tlispersioil of the lat,t.ic.e.) 
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Fig. 2 The lat.t.iw fruwtir~ns of CDIW estmlt of the mw Awumulnt~c~~ 

1ntt~il.e ~~IJtniIlrd lb,, \‘arying t.lw fl sc-wing st.rengtll. 

The Iat,ticr has c~scrll(~tlt. proprt,irs regarditlg t,ht: st,ocha.s- 
t,ic cooling nretls at~tl is t.rrlluically simple t,o realize. Fra- 
sibility issnrs are tliscllssrtl iu tirt,nil itI R.ef. 3. Possible 
disadva.nt.agr of t,llis killd of solIlt iou might, be a. drt.eri- 
orat,ion of fiel(l clllillit~, iw soliir qliadriipolrs run in t.hr 
saturat,iou rrgioli. This prol)lrm mot,ivatd t,llr followilq 
t.wo tlrsigiis. 
2. Change the gradifmts aud allow quadrnpoles to 
111ove 

The prol~lr~l~ of uhirviug st,rollger focusiiig ill err- 
t.ain rrgioiis of t.llr marliiii~ may IW solvrtl I)$: moving 
cl~ladrupolrs. iti atltlitioll to cllaugillg t.lleir st.rru& The 
rrsiilt,illg lilt t.icv togf~tllri wi1I1 it5 ldt.t,icc- fuiictioils is sliowii 
iu Fig. 3 T11r I)TOI)I~~III of’ t.llr firlrl clldit,y is 111ucl1 less 
,srvrrf~ tliair iii tllr l)r~~violis Iat t1c.f.. 

3. Add II<‘W q~~a11~11~~~11~~s autl vary gratlieuts 
Herr w(‘ KIIII to ilvoi(l ol~rdtirl;: 111 t.litA sirt,llrat.iou reginir 
iiltogrt.lic~~ ‘1‘11~ I~iis;ic irc~iiiwt~~~~iit is t.llils tllitt, tlkrl firltl iii 

t,lirl I;lrgc~ q~ii~tlr~l~~olf~s ~11011ltl r<Jlli;liil at it.s present. vallir. 
Thr a(l(lit.iolial foc\~s:i~~g tlrrtlrtl to c)l)t,;iili Iiiglirr -!T is oh- 
t,aid I)), ittltlltlg ;I III’\\’ (~~I;I~I~III~oI~~, ;IS scv’11 ill Fig. 4. 
wliert~ t.licJ I;itt.lua iii s11ow11. ‘There IS 110 cl1211lgr ii1 t,lle po- 
sitioiis of’ t IIv Iilt.t.iC’P r’lc’ltlrlltd wit II respect, t 0 t.llr 1)rrsrtlt. 
1;it ticca. 
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Fig. 3 The lattice functions of one sextant, of t.lm new Ac-rmnrht.rn 

lattice trLtainet1 ty changing positions of quatlrupcJes and varying 

their focusing strength. 
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Fig. 4 The Iattire funct.ions of one sextad a,f the new AWUIIIII~A- 

tar latt.ice oltained by ntlding one new qwd17~pnle and varying tlrr 

focusing strengths of srrdl quadn~polrs. The large cp~a~lnq~~&r are 

I,< It rlmgetl 

It, t,urns ant. t,ha.t, oue new t.hiu large quadnlpole is soffi- 
rient,. The gradient, cl~anges in existing quadrupoles are 
small, therefore t,liere is no coiirern about the field quality. 
This lat,t,ice and the relat,ed feasibility issues are discussed 
in detail in Ref. 4. 
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