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SPACE CHARGE EFFECTS IN LOW ENERGY SYNCHROTRONS *- 

Sliillj 
(1niversit.y of Huust.rm 

The Woodlantln. 

We llnvr ntn&etl spat? charge effects in low energy proton sym 
r-hrotron~ 11sing R sinmlat,ion code dcveloprd specifically for super- 
rompnt.rrs. The tracking nf the heam with a fpw t.llollsaud nla~rn 
partir.l+ss i5 r~onlplclely self-cnmistrnt 1 thltq making it possihlr to 
f<bll0w thf- ~.llargc rli~trihntiml its wrll as tlir ticam size ils a flmc- 
tion of tiler. A proper sllhstitrltion of the kick fcnr thr cmtinlml~p 
sp:i<‘e clmrgr fnrcr has I~=rn coxlsidcrt=cl 

Tllr simulation is perfornl?d for a model latt,ire wit11 alld with- 
ol:t linlf intrgrr rcs~~nm~ccs. In tlif lntticrx with the reonmicm. 1111, 
plmsr 41,;~ f’ (tmsity lilnit is olecrvc(I its c~xl~~cte(l, Hrnv~vrr. t.hra 
limiting valal, is Imt clirrctly rc-latrd to t,lle Laslctt t.un? shift of ill- 
&vi(ilmt 1)nrticlrs. If WC lmk nt individllal prticlrs. tlterr is R l>nrr* 
turic rrKi(bn whrsrr tlir rml tlule of smnr partic-les iirodifird by space 
cltar~f’ is within the> reson~nr~ wicltli In tllr 1;rt tier witli~>ut half 
ilLt.rgrr rCs(mmms. the rms Pmittan(.C. growth is nss0riRtrd with 
liiglim orrlf-r resonmces drivrn by tltr heam it self. Only the tail of 
thr hei\m i7 atfrac,tmI hy the res0lmnr.r. mil the plli\se space rlrmity 
at tllc rr~lf’ rrlllains &1lost r~l~i~le.l~~~~tl 

Introduction 

111 hi++ energy ~~~~lli~lrn. sucl1 as ttlr propmrfl S11prrcm~dl:ctir:g 
Snprr C’~~lli~lcr (SSC). snlall cntit tancf- heanls with snfficimt~ inten- 
sity nest he trmsp)rted from ali ion sormce through R sliccession 
of Rccrlrrat,>rs witlimlt tletrriorntim in thr I-i?ml qlmlity to achirve 
t.lir adeqmtr 1untinosit.y. 011~ of tlip limiting fact.ors iii achieving 
R I+11 lnminosity is in tll.,- lmvmt mprgy hoost.rr syncllrot.rm. For 
CXRII~~~P. the expmilmntnl results in tllP Fermilah Boostm show 
t.lii\t tilt bain mnittmce hlnws np almost by R factor of two with 
thr ordinary t)ran~ intmsity (11 The mnittancr growth has mainly 
two rliaract&stic7. One is the almost IinPm drprndence of the final 
enlitt nncr- rln tlir l,?ani intensity ht-y<mid a r&ail1 intensity v&l? 
The otll~~r is that tlte muittanw growth eccnrs within a vpry short 
tiluc aftrr tllP t,rxm is injrrtrd. Front these rrsnlbs. space charge 
pffccts ar<‘ ht,lie~vfa<I to he tllr, Ilmst prc~lmhlr~ snnrce of tllr tmtittanr-c 
gmwt11. 

Spilt.<, < Ilarge +-fff~i-ts iI1 rir<-l&r ma(.hillf-7 w(-rC first ctntlirtl Ilv 
L..J.Lasl<*t t WIUI (l&vf-tl the qn-called Lmlett tulle shift formula ‘2i 
Tllr forllllllit give’s tilr- PxpCctmI tmlr rl~‘1)r~ssiml of partirlps ns R 
fiulctloll <>f tllr tlrilnl rncrgy. i‘mittanc*,. mtl intensity. 

P,>TJ, 
A,, :: ~~ 
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wlle,r(s 7, i5 tllc classical protm radius. 71, is thr total nrunl~rr of 
partir.lr-c 111 ttle tin%. /j ;rnri 1 arp the Lormtz fm-tvrs. 8” is tllf= jm- 
ticmii~~liz+~il I)rm11 emit tilnrp. anrl Bf is tllrx ln~~clling firct.or. 111 the 
cast of thr Frrmilah Booster. t.llp hare t.mle in the two transverse 
plmrs is ahrmt Ij,,v ~ 6.85. and tlit- resommc~ whit-11 would 1,~ first 
hit l)y tll*% l~mct~~l tnnc is ttlr half intfvgrr rcsmmci at 11” G.50 
TlL+m,forf, tilt, maxinuuu possit~le tlmfs qluft will 1)~ Al/,, 0.35. 
By fit till:: tlLr exp~rimrnt;~l tlata 1Iping k strnigllt lint> m tlic rf-l,?ticm 
t~r~twrrll tll<> final rmitt mm mrtl ihe hrani intmsity ant1 assnntillg 
tll;tt the, ll;mge (iistritblltioll is Ganssiim. t 11~. Laslett fnrlunlx give. 
tllc nmxinmm tale> shift AZ,,, 0.37 Tllr agrt-<lumlt is rrmnrk- 
nlilt~ 

Howt’v-r. tllrz ~uo&l is naiv<,. iuitl t lirrp arr s-vmal qllr5tioll- 
able, points Onr is the dynandcal h~tmvimr of t.lle heam or tllr 
self-ctmsist~~llt pictrlrr of tllr heals evollltir,ll. As thr cIct ailccl III?- 
servatiilli il~r~ws. 0nc.e thp rntitt.ancr growth starts. the &stril)utir>n 
itself clinligt~s. nnrl it is a fluiction of tile h?aln intensity as Wrll 13’. 

Be<.ame (If- this. them are smnc tlonl)ts as tr> wl~ctllm the tiist,anc<, 
hetwrm tllr, t)arp ttme and the lmlf intPgcr r~smmti~r corrmpoti~ls 
the nlaxinmm trmr shift and whethrr it indicates the pIms5= spm-P 
.Irmsity limit tms~d 011 t.hr constant distrihntion. The nthrr qncs- 
tiam is ttv -ffmt of ~CSOILRIICCS. The tllnr of e~rlk p,=trticle is spreatl 
rnlt IIrt wm’i1 tllc harp tnne md tlic nmxillllml loadetl ttmc. md this 
sprf-ml ir ;lt lcilst tm tiulrs wicirr tllm tllr typical wicltli of half ultf-- 
ger re~sollil*l,‘rs. III ad~litiou. half intcsgrr rmotmncm iu? afft,ctrd hy 
tllv nonlill-ar field of spore rllirrge wlliclt tllak<=s thp tnnp depmdmt 
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on the anlplitrltie of the particle This so-cnlletl tIetuning effect pre- 
vent9 prticlrc frmn routin~~ously divrrging 111 tlir amplitu,le O~CP 
they hit tllr resom+ILccs. Furtllernmr~. we know very little rrl,out 
tllr effects tnf liigli+,r 0rrif,r rr~s0niulccs 

In this paper. we will di~mss thr sPlf-c0nsistmlt 1~0~1~1 au’1 tllr 
transirrit I~~ifiil bpliaviorn of the space cllmgc &~ntinatPd hrnnl 
Wr lmv? don* R iimlti-1mrticlC cnlnpntm sinmlati0n tn repro(l~Icc 
the h~e.111 rvolntion a9 it is in tll.7 renl machinr mlti to stnrly tlir 
pll*~onlm;r 1m~r~’ clearly tllall in t llr rxprrimmts. Titrrc is tnk?n 
as tllr intir~p~~~rIent vnrinl~le. and this makes it (‘MY tn suhstitlltr. 
tllra kick for the c~mtinnmls spar’ cllargr force 

Lattice and Itlitial Beams 

As ;l tr.ct l;it ti4.r~. wf‘ nse tllf- SSC‘ L~IW Enmgy Briilst+~r (LEB) 
i4 This is tllr first Im)strr syncllrotrrn~ ill the SSC acrrlPrat<lr 
I-oulplr~x. Tllp I)<‘RIu is ar-ccJlrr;ltrtl by linmr a(.cClmatmc up to 
(iOOMrV antt it!jrr.t+cl il1t.c) tllr LER. Tllr machine Mticr hxs R raq‘e- 
track sllap~ with two disp-rsi(>ll-free long straight srrtimls Tll<, 
snpPrperir~&rity is two. The &sign valur of the normalizrd initizll 
hciu~ riitittailce is 0.513~.tlft,r.rlrrntl. and 10’” particles ilre in one 
rf tnlcket There are i2 rf buckets in t.lle ring. and par11 tmckrt is 
filled wit11 the mine tnuubt-r of partirlcss. 

As t.hr, initial cllargr distribrltion. thrrars (iiffrrmt distrihlltiolls: 
GIansSiaII. Waterbag. and K-V. art- RSS~U:I(~~ ill the trnnqverse platl<~~. 
Thr longitllrlinal spatial charge distril~llticm iq Imiforn1 an<1 tllr 1n<,- 
nleut.lml rlistrihut.ion is Gaussian 

In or(t~~r to fin<1 thr mat(-llmI liram conditions. nm:lr+~.Rl inte-- 
grRtions of thp cnv~lop~ rquatious are pmt~nrlrrl nsillg thr Rml~;(- 
Klltta nlptllod. According to the cnvelopr equatims. matching COIL- 
diticms with tllr slmcr cllargc~ fm-r ti~lmids fatly 011 t.lle rnls miit- 
tmce and tllp i1ltrnsit.y. By losing this fact. I.Hnfmmn has intro- 
d111-1-(1 tiles concrpt of tliq> t~quivalcnt l>cnln ‘5 If two 1~7~~s hnvl, 
t.lifx sa~iie* rim emit tnnr-c, m(l tllr smm- intcmity. we call tllrsc two 
I~eallls “+(lnivalrnt” rrgar<ilMS of tllr &ff~r~n,~t- in tllr part;<-le <Ii<- 
t.ributiol:. 

Ac it Imtlual extrusion cpf tllc, rlpivnlrnt l:r~:un. w,. will Mini. 
tllf, rms tlulr shift. Thr rlilc tlul- shift is <i<+i~*~<l hy t IIf, ~115 1~1~~ 
part of tll,, ~*~a~-~ <-lIarfir f<trc*-. It is r-(pml t,) thfz L;rsl<xtt tmlr &iff 
~11~ the dist,rihntion is K-V bccamc~ tilt C~XP rllarg~ for<-? i, 
liltrairr. T11<3 Pqniv:&t~t I)ranl 11;~ tll~~ salnr’ runs hncar part (If tile, 
spi~ce cllargr. thus tlir sani? rm4 tlulr shift 

Definition of the Beam Quantities 

RMS rmitt allcc and its nmnnical uncmtaintv 

WI- wlli nsc thr rnis vertical rmit tancr Fy as mile’ ,lf ttlr parmm 
rters to ~urilsurc tllr t~nnl growth. 

wllr*rr y; mL<I y: arr’ tllr vrrticitl pnsiti0li nn<l <iivergf,Iicr nf thf~ 
ll(‘R111. rf-spmtivrly. ant1 rl is rirul~btr of IIIRCTO partirlrs 

Tile stmdard dpviRt.i(m of tllr rn15 rnlit tancc* as r? flmlcti~~u ,Df 
thr nunil>m of mm-n) I)%rticlrs iq 15 

3 ) 

lvc r-all tliiq ttlf, nnltlr~ricitl ntlr-r7tiritlty IIf iIll> r*m rntittm~.~. 

Cm*,, nlicI&-. and t8il widtlls 

As inrIPpmdrnt LIIP~\PIITM r)f tllr. p~wttl <,f tllr tlem:1. wp will 
<I&II~ tllrt.r, kintiq of wirlthr tmsr*~t 011 tll- l>pa~ll prnfilr* ill the ~(9~1 
sp;ticp (r. !l). By Ilsing q-vcral widths cbf a profil+-. em’ CRU study tllfa 
f~volution of t li<a (‘on-. nti~ldlr. alid tll? tail of the hraili s<~parat.rly. 
We will t akf, the, 38*0 witltll. wlliclt cleans 38”; of the totiil nn~lrl~rr 
of ~IRTIO particle arc ~uclosr(l withill the width. fm Irmknlg at tllp 
heliavimlr rlf t.lle beall co*?. tit- 95”n width for the beam tail. anrl 
t lirs 68”” wicltli for tllr ntirl<lle which shr~ltlrl t)r, similirr to the rln< 
r~ntittmlrr when tilt- distrihlltion is Garlssim 
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Phase space drnsi!y aud tmir shift Drprnrlen~t~ on thr initial dist,ribntion 

Thr cl~arg’ distril,uiion is fwihrr xnalyzr-d 1)~ l~)~~king nl tilt, 
phase sputa densit.y. To calrnla~r phase space rlens~t~y. WC norn~nliw 
tilt. coordillatt~s in transwrse phaw space. The phasr space is t heu 
dividwl into 30 t.o 40 rings of varying amplitudes. Tlv nrur~lwr of 
part.irlrs is counted for path ring to find t.he phase spat? d?nsily 
RF the rnt.io of he muuber of prticles pP* phase space arcn in 
each rilq Wr as~nnw that the phasr space drnsity is a function of 
ampli t utle only. 

Actually what we ar’ intrrrstrd in is uvl tllv phaw space dwsity 
itself. 1,111 ihr tune shift as a function of thr amplit,ude. The tnnr 
shift. is CRICIL~R~~I by summing t.hr nlunber of particles within a 
cprtain amplitude nnd npplying locally t,he Las1et.t tnne formula for 
the 1mifoTm distribr~tiolt. Obviously. thr tlunrz shift urw th? cwtrr 

111 order to sw thr rc,latirxlship of thr critical tune Rut1 thcx wax- 
imw~~ t.tuw shift, WC have ~x~mii~rd thr twtitlance Krowth for differ- 
CM initial tlistribubiolls: W&=rbag cult1 K-V. Befuus ar? equivalwt 
and hnw the saiw flu trme shift. aft .- 0.17 bnr t.hr maxinnuu 
t,unr shifts are different. The depenc enw r of thp critical tune 011 
bhe chniw of thr distributiol~ ic w,wk In ~11 threr distributions. 
t,hp critical tlmc= is iwar vy -- 11.M. Thssr results imply t.llat the 
critical tunr is lnostly tlet,rrmincd by thr rms tuw shift and 11(bt by 
the Laslvl i tlul(* shift. 

Beam in the Lattice without Half Integer Resonances 

Ilvls egui i t irll~~t’ 
iy calcnlni rvl by a siiz=dl~r iuunber of mwro particles rwilting in R 
largrr 1uI<.c,rt,aillty. We as~unw that t.h? tnnP shift calclda?t~d by fl 

As shower iu Fig.4. the rms Pnlit taur-r JPCCII~PS lug” lwar 1’ - 
11.60 an<1 comes down to ahnos1 ihc initial lcvrl at 11~ :: 11.65. #hi 

mi\cro put i(.le,s has the uncf=rtainty. milxinnuu prow t Ir n?ar vy 11.60 is not as IfirK? a.9 t hill cir~l.9rd l’y 

a,. 
the half illtrger rmouaIic.3. 

CT*,,: -: 
(4i 3,) 

The rrsltlir; dn not change whrn the spxlupolrs. which drive 
\ ‘1 I -- 35 and I’, - 2r,, = 35. arr excitd at evtv 10 ~imcs tllr 

realistir v&e iu LEB. Thp t.hird order resonanc1’s. 3~, = 35 and 
Beam in the Lattice with Half Integer Resonances I’ I * 211, 35. ax tlcfinitrly not thr source of t,hr emittaure qrowth ~~- --.-___. 

RMS euut tallrr 

When the initial distribution is Gaussian. the we emittanw 
grows if the harr ~unc is chown hrlow vg = 11.6G RY shown ill 
Fig.l. From now cm. we call the tune hrlow which the emit.tancP 
starts to ilkcrrasr “critical tune”. It is most. likely t.hat. for this 
CilSP. thr half idcgcr resonance 1s causing the enlit t.allce growth. 
Howrver. it should br noticed t.hnt thr critical t.une is much lower 
t,han eqwc~ed Sine? th? maxinnun iruLe shift is avy :- 0.33 for 
this distrilmtion. some partirles in Ihe beam with small amplitudr~ 
prr~unal~l~ Iiaw alrrady rritched the rewnanw whw t.hr bare tune 
is alwut 1~” ~ 11.83. Bllt. WC cannto,t sw any growth hrtwrm fry 
11.83 and the critical tluw 

C’orr~ mi~ldle;~ and tail widt)s 

In ad&t 1ou 11) t.hP rms r&t t RncC. WC can rxaminr thr b*ha\.iwr 
of thr wi(ltll of t.he rrtre. ~niddlr. al~d tail as shown in Fig.?. TOP 
widt.h bw,~mes wider as the tunr tlpcwasrc lwlow lly :- 11.66 and 

tllrsrr is II,, erowt.11 R~)OVI’ that tune value. Again. we .sh~~~~ld m)tiw 
that thP &wfl, starts at a nlllch 1owPr inne’valw than 1Sqwlwl. 
Fnrtherm<lre. we CRU see that t.hp growth is larger for the cow t.han 
fix the tail. an indication that th r charpp disfrihntinu i9 no Iwgf,r 
fhra samt anlcr the, growth starts. 

Phase space density and tunr shift 

Thp larapr growth of the cow snggc~sis that the dcusity L~~RI 
the (‘orv is ;rffecied mnrr than th? oth& parts. This CRU bc sew in 
Fig.3 whr,rc thp phase cpxce d*nsity and thr t.uuP shift are shg)w~ 
as a fiu~ctioll of the pxrticlra amplitude. Whrn the t11ne is b-low 
“Y Il.62 ant1 tllc runs e,llljttanrC incrrasrn by 111orP tllilll i\ far-tclr 
of iw<). thv phase sparr &nsity and th P corresponding trmr shift arp 
limited tr) cut&l valuers. The maximum tunr shift near the ~,rntu 
is aborit <‘qua1 to 01 somewha( less than thr (list iulc(x lwtwwn tll*b 
bare t,lmr and thp half integer resonai~ce 
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Cow. middlr. and tail wi,lihs 

FiRnrv 5. for thr squared width of th(- ,:orr. middlr. and tail of 
thr Iwain. shows t.hat only the t.dl has the growth similflr t.0 that of 
the rms PIlLit t anw Thr growth of the core nnd middle is reln~iwly 
small. III ront.rast to the twljttanrr growth drw tr> tile llalf integer 
resonnnrr9. ihr growth is not related to 1hr phase ~piv-? dwsity 
limit but e-nrtspd simply by tltr distorti<ln of tlw tail. 

Phase sl~aw density autl trint. shift 

Thr rvsults are morr clearly shown in Fig.6. C)uly largr~ an,- 
plit udr partirlrs iu thr bt~am arc affrctrd ai the hare tune rr’#llU 
where th? rms emit taurr brromes largfs, end thrre is prwiirall,y 
ii0 changr~ in small amplitude particlrs. Iu atlditioll. from thr tip- 
wrs nf illr phaw space drnsity and the t.mne shift. wc noticta that 
the distorticu of t.hra distrihntlun 0Tcnrs mostly ai thr ampliturlr 
which has thr loaded ttmr Iwar vy = 11.X1. Aliltollgh thrre is IIO 
half iutrx:+r reouance at 1’” 11.5U. this tune vallle, still sums t,t 
qmern~ c a*, <=ntit tancc grwth 

smplitude (initia! sigma-t) 

c -32 
= n 
g -33 
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0 I 2 f 4 I 

amplitude (initial sigma-11 

Fig.3: Phasp spare den- 
sity (top) and tune shift 
(bottom) xx. particle an,- 
plitudes when bare tun? 
v,, = 11.63. Solid linm shon 
the initial values and dot- 
ted marks show the final 
Ollf=S 
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$nglr particlr rnot~iori 

To atll<ly tllr possil>le rrsrm~~~~~ strtlc-trlrp iit phasr sp%~‘~. w’r 
havr tracked 11) test particles alld plotted this nlotiou ill thr I~CX- 
nmlizrd phaw space. The lunxitmml allq)lit.lld~~ is qua1 to 317 *)f 
thy. dist,rihllt.ion. TRIP horizontal anlplitudr is zero. Wr ASPUUF‘ t.llat 
t.he cliarpr of thrsr part,iclvs are illfiriit~esirmlly small 60 Llmt they 
aw trackrd ill the sanw way as mac’rv partirlm. but t.hry do llrit 
coillril)llt<T to tllr calcldation of tlw cllnrqr, tlistrilllltiou uld tll<, 
spar.rx clmrgr~ forcr. Tlw t.racking of trst .l,articlrs toF;ethr-r with 

d e particle mot.iw in t hr. mwro particbs mahlrs us to sw a sill 
wlf-mmsistmt &ld wlCcl1 is d~~~nm.ira?ll 

Figrlre 7 shows thr P&cars ’ 
map of tl~r, first 32 turns of tllmr 
t,pst particles wl1Pn tllr hare tlul? 
is vy ll.GO. Particlrs wit11 t,llr * 
alqlitlld~~ war 3rr alld t.hp cm- 
rrspcmdille londrrl tluw of about 
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La1 tier with hiqhrr snpfqeriodicity 

Siilcr, tlww is 110 drivilig forcr for fortrt,h indrgm rrswmnr-es ill 
the rxtrmal grlitlil~g nlagtlpt.5. the reso*wmcP f&d hrrr mmt hp 

ronsidrrrd to I)r rxrit,ed by tlw beam irself. An import,aut q”es- 
tiou is whrthrr thr tlriviq term crrated by the l)ealll has tlw salm 
harlllonir structrlrr as tlw lattirr. To clwck the rolr of 1.11~ latticr 
harnmuirs. WP have ronstructrd a lattice t.wice RS large by conwct- 

ing thr two rings tqethrr md strldird the effect Ilear fJy = 23.5. 
Sillce this largr miwhiilc has sl~l)PrIl~riocliCity forlr. 4r/, ~ 84 resil- 
tlallc~= is not a strurturP rrwmatlw. The heam irtt.emit.y is cm?-half 
of thr original valur so t.lmC the l~mximum tulle shift is ill? si\llw 
RS heforr. The cmit.t.ancr growth disappears in this big lattice. III 
fact. a silltilar rfiet;rt of thr l&tic? harmorlirs leas hpell suggrsted tip 

G.Parzt-11 il. Howrvf~r. his silmdat.iml with mdy a fpw parti,.lps ic 
no! as c~~tlvil1cing as tllz prcsmt study [8’. 

Summary and Discussions 

111 tilt, lattirr with half illtc-grr rmmlmcr’s. tllr lilnit of the phasv 
spacr rlmsity ant1 t.11~ limit. of tll? tlmc shift exist. It. is obvious that 
t.llrs lnaximrun tmlP shift is limited hp t.llp dist.al1f.e from thP harr 
ttul~ 10 1111, rtw>nan~‘P. c’omr=qwwtly. as tllr harr tnlkr is tnkt,Il 
rinser to tile rm,,1Ia*IcP. R largm rms Pnlittallce growth is obs*rv+-(1 

HOWPV~. blw limit appears only whm t.le hue trm? is ~lrncll 
rlowr to tltr rcso*mlIcc. brlow v,, 11.63. than exprct.rd Sincr 
the Iwan1 initially has Llw maxi&m t.ww shift Av, : ~- 0.33. W? 
rxll<-ct.cd that the maxitmm~ t.unr shift wonId be limited t)?low 
the J)arf’ tllnP rry 11.83. Clmltrary t.n this cqwctaticm. hdwrm 

“Y 11.83 and 11.G3, thp mnxilllum time shift is st.ill maint.amed 
at thr initial valll~. altd some particle5 haw the loaded tuw we111 
hrlow the w.wnauw. Thrrrfore. the rrs011anc~ frrr rqion on tllr, 
twlr sparr camlot 11e rst,imat,rd simply from t,lle maximum tmlr 
shift. ac-<-,,rditq to tllc Laslrtt formula 
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Ir~trrrsti~~gly. tllr rCsoriancv frw reginu 011 tlw t11116~ Sl’a“f’ is 
allllq,st tilt, siwl~ for diffr~rmt initial (-hargr di>trillllii,~ll~. l~r~~~idr~,l 
that hrmw arr takrw tn lw rqllivalrnt This sllggrst s it ~OIIX~.Y t I~:ti 
WC sl~mll~l taktx thr r111s twkr shift. whir.11 deprnds mlly 011 tllf’ flm 
f-llJtt.aIlcr. ratllrr thw tlip turn shift glf intli~idllal particles. as thr 
lL1FaI;I,rr’ of t11rx tiistal1c.t~ lletwfwl thP harr- trlllt‘ atld tllr, T(‘S~~lIaI1(‘~’ 
Thv rnls t ~mt’ shift Azcv 0.17 ;tfir,‘t”i 1lnt~-11 )jf~ttfl7 wit11 tll, 

dist,allr.e 1)~twt.m tllr critical tmlr mil tltr resmmcC llllp tllwn t llr 
nmxiiw1lll tlm- shift. 

We mn~llldr that tllr Laslrtt trrnc shift ,>f ilhdivi<lllal 1”irt i,,lrF 
is riot rvlt,vitllt to tllr- caffvcts of lliilf IlltvRe’r re’CIIIIarI,‘Pc. Illst~~arl. 
t.lw rills t mi1c shift rq~rmmtili:: 111~. h<*iuil as a wl~~~l<, 15 th,- ,111~’ 
t.l:nt tlr~tvrmines tllc rrsonaucrl frw rr>gi,ru iu rllr, ttm<, F~IV< Thr, 
phtb spat-<’ ilrmity limit app<‘ars wllm tllr llar t’ trin<~ 1s titkiol clq~se, 
rnougl~ to tlit. rvsunilnc~ zuch that tile, distwlr-,> frvril tlI<, I jar*- t Iu1c 
111 thr *~~~LLRIICP 13f=conlrs lt*ss thati tlie me trutc shift, Bf~:awe vf 
this. one s~licnw for wrlllcing tit<, maximwn tnrLc shift t7.v injfaf.t iq 
tlw lwnm wliformly in pliaw spm~‘. the so-cnllwl pailltmg rclirw~~. 
should not he rlfrctivr if thr rrsldt.ing rms rmit tnrlcr is thf= szwle. 
Fw tllr dwision of thr Iq)timun~ linac rnrrgy whcr~ it is r~wcl as tl:r 
inject.or tcl the: tirst buostrr synchrotruu. the rm5 lull? sluft sll<)uld 
Oc rxamint~l rathrr tliai~ thr Lnslrt t talc shift. 

TRIP rms rmittallc~ growth is ohwrwd CYP~ whctl tli~~r~~ 1s ~~c-~ half 
iut.vgt,r rvionar1c~‘ in tilt* ring H~wt~wr. iri <~<1nt,:tst to (IL+‘ growth 
CRIISC~ lrg the half illtcgrr reso~im~r’. th<. ~1owtl1 1,~ this (a.w 1s 11clt 
rl-latpd to tltr rxistcncr of a phase spas-e (itwsitp lilnjt Thv c,llarge 
dist,rihntirm with tllp lipam dwc 110t ~.hnrlgr nlll~.lh f,xCvpt iit tilt, 
tail part. T11p mr&muu tune shift is not affrrtwl I,? :uything in 
t.lw t.lmf’ rqion wr lravt- srlrvcyrd 

From the obsrrvatimr of 111~ 11hasr~ s1>aw tr;~j~~<.t~o>; mrf a singI+- 
pnrticlr. WP hvr foun(l tllnt the rnls rmittarlCP growth I* geuvratrri 
by the fourth integer resonance. Thp driving force rlf rhp rwonar1cp 
is t.hr spwr charge forr p of tlw henm itself. By choosing the ma- 
cliiiip slll’(,rll~riodicit,y props-rly. we ciw rliminatr thr emitt RnCP 
growth. Thr rrslllts f<,r a lnt.trcc with tlltz snl”~rJ)~,ri(~(li(-itp tllu 
show that. the rim rmittaiim grqwftll is llot Visihl~ w 111~2 frlrutl) 
irhgrr rrsoniucc 41!, Pi. 

Tlw author wonl<l likr to thank I’rofrcsor S11,l ()11111m1;\ for vnllt- 
nblr sugg<~st.ions and tliscllssirrrls 
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