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.j tNzm st r.,lt&rr rchtme whir-h is oprrntrrl at> i(l Hz! 
for thp p\-l.r;+rt iron rrf higli-intmni t:- pr‘ot~~n hf’am 
(tOC)fi At ~)t‘ the .Japnnesr Hadron Prniw-! is ntrriied. 
‘f,,+, t tli rd-l ,r&.r- ~vlinr~nr~~~~~ r’yt rrlc-t i or> i X W\Ol)’ 4 1 t 0 
cv.~-rt~p the 0r1t going nfq~rnt rices of v:11-10116 6,mi t.t*u*~r~~ 

and re&clcr rff’cr,t ixr sept\rm thickrvss, tln\.ilM I\ fillit’- 
r+bt.rm3t ir.I+y r)T x. -0.05, I111ling of‘ thr rqw~rrrtinl! )wiint 
to rPs‘,,,(ln<‘P is rL~Y~<,ili),l !4lFPll by ttu, nl~-tllrd nf‘ NF :I(‘- 
r-r~lrrnt iot,. ILVUII t 1w4t I ng st4xl i f=z hi)\ S% +nwt t h:lt t t/6, 
t.yt met ion i>f Ir‘nms Ul I I1 ‘T,, t t.nII~~~~‘~ Ll[i t 0 3lln mm. ml~;ril 
is pwsit~lf~ wi ttb this 11rsttlrr1, rtl t ll<ili~h the PffrY.1 Of 
SJXWcz c‘1v11.g~ f’nn-~.s has r,ot yet txa<v~ t &en i1Lt.l) ntr~~w~t 
ir~ ttw sim\illit ion. 

Intrcdwt.jon 

The ,Japanene Ii:riron Project (Jtif’) aims at providing 
tligtl-intfvsity proton hewn, both bunched nrxi stret,ched, 
iit ;L I( irwi ir% r~wrgy of 1 C;rV. The protnn team is 
rir* I i L r~rwl frrm a 1 I?*+\’ 1 inac and is shnpd as rcqu i rwi 
iu a I-.IHni,rt,s;so~/st,~~,t~hf,r t-1 ng. The proton twm t’rcwn 
the linw !s inJtr%~i inlv Iwo rf hwkrts of t,he ring. 
In t-he strcatrhrr mode of’ orEration, one bunch is PS- 
t riwt.wi to the sl=l Int ion nautron far.i I it.y by fast es- 
traction, and after that., another bunch is stret.ched 
Gand Pstrac-t.FYl slowly to the meson scieru-~7 faci lily. 
‘I’hC~ t imcx a\xr:lgcd irl! rsnsi t.s is 200# A, rAic% is shnrrd 
tr~t.uww t 140 far*1 1 I ties. The rrlrt it,ioll r;it.rA of l.hi, 
synt 6.m is LI;II)~~~PCC tu lx’ 50 112. 1 

A feature which shor~ld be rcr~~irwlerl of in dPqxgllit,g 
the prcscnt rxt.ravtion syst.cm is that, twvalwc nf high 
InttvwitQ, an t?mi tt anv~ RR high as 30~ um~. mr-;ul 19 
rr’r),jl r-CYi tI> rmi:\Y t tip sprr charqt’ r,ffw,t r,n thrs sl.r,r.rvi 
t-enm . Atlr,t h<ar fr,at.llr-r is a rather shor.t- estI~ar~t ion 
tiw (1~~s t.han 20 ms), wliich is limited by high 
r-rywt it itIn. f Thr uc11r11 terhniquc of shifting Lhr 
nrrrat,ir@ pint. to rmmr~mw by changing the field 
st rrmgt.h of‘ cpdr~~poI~= nragrwts is too slow to tw 
adopted in the present case. Therefore w propose n 
whrxme nf shift ira thr npw-at-ing point t brorIgh nwmrwt 1~ 
&wge, which is fnsl c~nough to ntvxqil ish within t hfs 
I imited duration. Non-zero chrolmt iri ty should be 
nfwl~~d in t his s~+P~P, 

Fig. 1 Ilir~rt inrl ol‘ outgoing ntywtitriu in H nnrmal i7t+ 
phase spy at the azimuthal psition of the 
first scptlnn. 

so 

Fig. 2 IrllyoIIt of t hcl r:om],ressor,‘st.rrtr~t~~~I~ I‘LI~~ of t 11s~ 
.Jlll’ PHI i t.s equipnrnts for slor: trrtm es), t rw‘t 1 c>I~. 

Irk ctrrtc~r t 0 re-ltx:f: bc2cun iors rh1rlfrfi ! htb ‘~3.t r:i~ t iofj 
,‘l“r’rss , it is rrqrlirvd to uttnin a rrnsclw~t,li I:~r.gty 
t twn srparation, comprd k.i t.h t.hr% ‘isf’l’cct iT:c t II ic:l,- 
,,VSS , see,, by t.hr beam, of thr first t hlrt sq>t~nn. Ill 
this <*ont.r5t., the diwct ion of the out going txwn qtll~~ll~l 
1x7 Irekd cnnstmlt as far as Innsible, during rxtrrirti~,ri. 
For this reason , a scheme to owrlap outgoing 
wparfltrirrs <at cv~r‘y instant by mak i rig usv rrt‘ t Ilr? 
third order resonance est,ractinn has trrn p~rtwrtri iri 
t hr Jlit’. 

TII the present. paper, the basic concept i,f t 11~3 
scheme to overlap outgoing beams at the pxition of t 1~~ 
first qI?ptWO iS described briefly at fir?1 t Ttwr1 t!li- 
sl.ow bmm extraction system dopt.ed ill the JllF is 
prcsrnt cd . Finally, typira1 resul t.s of txwx 1 I wk I r,i: 
for this rst rac%t.itxl system RI’P giver). 

Ccliltli I i ?n c>f C)).~trlappi.!# (hrtgrui tu! Srpapt ri.c~:;s . 

The condition of overlapping outgoing seprat rircs 
with various emittances, at the position of the first 
septxm, is given by W. Hardt as follows; 

& H = -S/(D'cosq5 .-Dsin$ c)/-17tQ, II) 

where 6 I is the horizontal chromaticity del’inpd hg- 
(AQ/Q),‘(App/pI, S the strength of the resonant ev 
citing sextqmle, @ c the angle which the wItgoing 
sepratrix makes with the X coonziinat,e of the norwl- 
ized phase spac+=(Fig. I), n and D’ the normalizrd dis- 
persion func*t ion and its derivatiw. Q is I hr numtxv 
of txrtat ran osri 1 lat.iorls pvr revolution. This rondi- 
t.ion is derived 1 o get, rid of amp1 i tudc doper&wce of‘ 
th? y ’ roorxiinat~ (Fig. 1) of the unstfible fixed Ix’int A 
on t.hr out.going sqxwat.rir. J 

The angle 6 t is related to the tetntrot, phaw~i i)l 
the sextrqole and the first septun (p S and @ +, 
resprcl.ively) by the relation 

~.=K/6t~.-lJ,* (21 

Sins-e (d + varies in princlplp with c-hrulges in trtnt t-Iv1 
trme, the direction of y’ axis itself rotates whrn clh- 
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~~r-~-ecl it! t hr, Irxlx~rator)’ frame t.0 rfhivh the septum is 
f i ~vri. 11, ,>,‘fif~l t I, s,,~,~-<~ss the dcvint ion of t.he 
ltl?~P~‘l irlll ill‘ !I19 OlII goinr! trams c,,,igir)atd \,y this 
rt2tnt ir)n, it iq necessary to Icxwtr fllr sc~strrprrlc ils 
I-~],,w RS pnssi h t (1 Lo I hr! scpt,um nnd rr~irlce the amount 
01’ rc,tnt irrll anglr~ rlf thp outgoing wpvat.rix. 

s I <!wm l~~t.r~nc!, ior, ~~~~ytn of t.hv JtIT’ 

1 I, Fi 4. 2, t h(. layout of t ht, rrm~‘r.rww/st ITI (.lwt. 
l.irtg of thp Jllr’ is nhorm togethf~r r.~ith thf? q~~ipments 
for- lh,, slrw <‘Xi r-rtrt.inn. The orbit I)~imp 1 o milliv t II<’ 
ill~~rt.urr~ minimum at. Ltw first srq,t unn(KS 1 is producrTl 
wj I 11 three IX:--cxri t r?l hiImp magnet s, 1?1’1 , EW? HIKE 81’3, 
I*%ich RI-T arrangwf to makfz no orhi t dlst.nrt.ion outsidv 
the region nf t.hesP mndnPt.s. The chrorwt ir,i 1.y r~orrer‘- 
t ion is made b.5. .srxtrqmlr? mngnets lr~:Xtrd hrtWeer1 t.hr% 
(1 i [‘o I e ntld qll:~drrl~nlr~ nkigrlet.s. t-c-1 Is in the brmq) orbi! 
arvl their opp>sit,~ ones do not inrlrnln sextupoles I” 
o~ylrr. t hat t tv Iv&! tir*t ion of the ht ml]> orbi t, doen not. 
interfere with thf: arl~ustment of chromaticities. 
Wofold agmwtry is kept, to compensate the cont.ribut.ion 
to the resonanw of these nextupoles for chromat.ic*it,y 
ndjust mmli . 

As shown in I,‘ig, 2, l,r~o sP!&uvIlC magnet.s(So nrvl 
-so) a? Lhe r,*sr>nance c)ii‘i t er are Jcu~ntvd at the RIUW 

pw+itinn of stlperrrritxlirit.y of thp main 1at.t ice with 
t tlra 9ww at rw~.g,tl~ a114 upiY)sitP pc,lnri ty in or&&r to 
cl im~ natr t.lwi r rcx1t.t i but ion to (-5ht-omat,ir*i Lirs. In 
t tl i s IW.X~ thP 1 I’ e-f fwt s as the ws~nanre ex<:i t-r can ht- 
r~~~)lnr~t~i wit11 s sirlgl~~ ef‘fcY,t.ivr F:rxtuIrlle magnet Wh0sr 
91 r-f~lgf 11 S nr\11 Iv~trtf 1‘00 plrr~se (I R iwp rrlilted 10 t Iw 
III I.rv,gth Si end phaw # i of‘ indivitlual mngrwt h>- the 
,‘P h t if It, 3 

S. r,xpl:li@ 8) = ZS, 1 dxpl3iy~ ,). (3) 

III the prrsrnt wxse, the ef feet ivc, sext upole locates 
:~lrnost~ 30’ upstrwm of EZ in tx+ixt.ron phase as il- 
lrwt.r~~t.r~l in Fig. 3. 7%~ present conf i gurntion 
saticflrs tlw nbov~ ment.iorted condition that. the phase 
;td~~;rnce from t tic, effwt iw scxtupnle to the first sel,- 
tm shorrld nnt tw too large for alignnwnt of the dir-- 
t,cm rtf‘ thrs <mtgning ham at. the wpttlm throughoirt. ttw 
uhoIP extraction process. 

Im 

Fig. 3 Incation of the effective wxt,uPC)lr relative t.o 
the first neptwn. The real axis is chosen t-o 
hc the azimuth of ES. 

BEAM BEHAVIBUR IN TRANSVERSE PHASE SPACF 

0.02 m----l 

i.-. -o-0$.] -_A G 
-L.-&---i 

n.i 
BRBIT cEV1ATIB( !“I 

Fig. 3(a) I&mplr of overlapping of out.go1rw 
separnt,rirrs kdween trams wi *.h rl i f‘fr~rrn t 
emit tnnc+s . 1brlmnt.81 Arorwlt ic,it.v iv 
ColTrTttYl t 0 tH- -0.05” . 

BEAM BEHAYIBUR IN TRANSVERSE PHASE SPACE 
0.02 ,_._ 

0.01 i 

.D (J&&--L+ &.A-, .__I ’ - . -0.05 0.05 0.1 
BP4311 D%IAlIBI CM1 

Fig, 4(b) l&ample of the case where the o~;rrlnpping 
condition is not satisfied. Horizontal 
chromatjeity is rorrected to tnz -0.098 and 
RI 1 thr ot her parameters are the same as 
Fig. 4(a). 

Table 1 

_________-___--_--~--~~~-~~--~--~~-~~~~~~~~~~~-~~------ 
Equipments for JtIp Slow Estraction 

Bump Magnets BP1 Deflection Angle -0.518 mraci 
BP2 II 1.51 mrnd 
BP3 ,I 1.51 mr-ad 

Sext.u~le Magnets 
Resonance FXciter so and -so (So- II.185 l/m*) 
Chromaticity Corrector 10 SF (SF- 0.216 l/m2) 

10 so (S0lr-O.34!~ l/m*) 
Electrostatic Septum E = 60 kV/cm, 1. = 2.5 m, 

Deflection Ane;le q 10 mrnd 
Septum Thickness = 0.1 mn 

Septum Magnets SMI 0s tikc, I. z I.(! m, 
Deflection Angle=RR. Ii mrnit 
Septum Thickness = 15 mm 

St42 0 = 10 kG, I, = 1.0 m, 
Dcf lwt ion Ang I c?= 17 7 . limrnd 
Selpt~~~ Thir,knws = 50 mm 
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LAST THREE TURNS PLUS EXTRACTED BEAM 
0.2 

0.1 

z 
L% 
; 5 0.0 

i2 
c 
D -0.1 

-OS2 0. 
DISTANCE ALatO THE BEAH WG3,T ttf, 

Fig. 5 Ihm 1 <~-at i one: w:er the whr,l v c’i ~r~lmlfr~rencp i n 
t hrw t turns ,jtwt hefore the rst r-wl.ion and the 
I rxvrt.ionq r~f 1 Iw rut rnctwl lxwm. VW? ral rwl R- 
t.ilw r~~r.r~?~Iwn~ls tn the cww of Fig. 4(a). 
N~nnln~rn in t hp figure show the sequence in 
t hrw turn? lrforr extraction. 

The first septum is necessarily of an elect ros- 
tntic t>?wz t&i& utilizr thin wirw to reddrrre septum 
t Ii i r.knms. ’ Fnr thP prss~nt. case nf‘ high int.ensity of 
100 g 4, t.hrB thi&rv:ss of t tw srpt,lmt stwriid IF r-trlu-vi 
to an order of t.rn mic:rons, which might rwprirr twhn- 
t-n1 rlf?vrIopnrmt s including addit innal \ISP of nrivlratp 
prcstyd.~rnl~ hi t t) shnrtrr lcwgth and lower vol tagr. 
Ikwcver it is not thr scope of thv present paper to 
rl~s~rr~s t.rr~hnjral. d~Lai 1s and hew we have ~nsum+3 
60 kV/cm and 0.1 mm as elwtric field strength of ES 
awl srptt8n thir-irnrns, resIpc.1 iwly. The length of lhp 
sepf.tnn is asciumed to be 2.5 m. 4s for septum magnets, 
tie assured 5 kC and IO kG for SMl nnrl SE12 with sept.imt 
thir-knew nf 15 mn and 50 mn, rr~lw+i-.vly. In 
tiktiIr\ I, tnric- pnrfmwtrrs r,t‘ quiImr,nts for the slow 
rst.ract.ion of t.hP .JtP are listed. 

hmt Iwr condit.ion t.o determinr? the arrangement rot 
the rpsonanre excitrr is the dirwzt ion of the outgoing 
Ipam in the real spnvr. In order t c) ItrvI, nccrsaar? 
Spw’P fnr the septum of the second srpt Ilrn of II nagwt 

t.TF, the direct ion of the outgoing beam at. the first, 
vptrtrn is rwluircd to be almost parnrell tr) s axis. 
The arrangement shown in Fig. 2 wit isfit nlnn this 
vondition RS wi 11 be shtwn in the next section. 

ken Tracking 

For the extract ion system above mrnt.ioned, beam 
tracking has been performed. The calculation is based 
on thr mat,rix formalism and the vffwt, of the sextupolt’ 
field is taken intn account, by the thin-lens appro’imR- 
t i or * In the ralculat,ion of the efftrt of RF accelera- 
t i cm, phase rhmgc due t 0 momentum rlrIwndwvr or 
revel ut ion ppri ml i s t,rlkcn into owount.. 

‘the oIrrat ing point. of betrrtrnrl t.unps, at. whir?h 
t hi> i n,,itv:t ion is performed, is chi~wn t,n br C-1 osrz I.0 

tt1c rr’sonnnce , SO long as the benm stability is kept 
tlurlng injection. Tn t,he presrnt C~SF, t.he in,iw.t ion 
time of 400~ 9, which corresponds to about 600 tltrns 
nround the ring, i s rwrutecl t 0 awumu I at r t hr 
destgr~d intensity. In order to .411ow 1 he b+vlrn vi I‘(‘II- 
1nt.r ntahly tlllri,lg thin Ixriod, the dist.ance tvf tht, 
otx~rat i!bg Iwint. from rhp rwwnnn~~~ should tx~ gt’rx:tt CT 
than the c*rit.icnl vnlw cnlcul~ted from t.lw f<>l lowing 
rc- 1 n t i c sn : 

a q 1: lS1/Hn . qyG--gT I (4) 

HPrP E is tlw emittrince of tlw cirt.ulat.ing beam, nrti S 
i c, tlw st rtmgt,h of t.hr rennlwxe esoi t.ing se~t.rqwl P. 
For the &am with an emittance of 30~ mn. mrad, t.he 
cqv?rat ing Flint. at, injwtion should tw arsrt from the 
resonance by at. least 0.0031. In the case of Fig. 4, 
thp opr?rut.ing point, rlt. injwtion is chosen to tw 
(4.3380,3.25). 

The chrnmaticity is corrected according to Eq. ( 11, 
to realize the overlapping rendition of outgoirM 
sqvlrat,r i ces . An example shown in Fig. ,+(a) is a 
rrsult ralculatcd with a rhromaticity elf -0.052. 13% it; 
shown in the figure, beams with different crni ttCnnws 
m-e o~x5r lapped, if thr chrcmaticity is apprnpriatrl)- 
vnrret:t.crl, 7% rorrwponding chromat i r-j t y rnl~v~l at c~f 
with Eq.(l) is -0.058 whirh agrees fnirly wll wjth tlw 
onp obtAined in the simulation. If t.hp rhromat ic-it)- iq 
cl i f feren t. f mn t hr 0pf.i mi zwl val uc , t hf’ o:.rr-I appi ng 
rwndition ik d~slrnyed, as shor~n in Fig. 4(t1) I:Ivrfs thr 
chromnt.icity is -0.098. 

Figure 5 sho\;s the trajectories of the (Tirrulnt inq 
beam at the last three turns befctre rstract,iorr and the 
.5trwt.Pd twin. Orhi t pRrametPr4 are the s~mr fls thow~ 
in t,he case of Fig. 4(a) and the emitt*u>ce of the cir- 
r,rriat,ing beam is 30~ rmr. mmd. 

The tltrn separation at the first septum is cal~w 
latrvl to be 9.6 mm and 4.7 tmn for cnscn, of ri7vlIl:rt.iw 
ham rmi t tnnces of 30~ mn . mmrl and 0. 5n mm . mi-wl, 
w~pcot.ivt=ly, whirti C~IRCS a twam loss of * frra ,rri wI t 

if the thirknpss of the first. septum is 0.1 mn as IW 
hn\ P nsn\mwl. Rlrther rcnenrrh anal rirvrlrry*ncwt , R 
needed to make thr rffect.ivr sqtum thic-knrns to tn, nl- 
most, one otd-lrr smn 1 Irr *s al ready mm+iontrl. in ortl+%t. t I> 
kc?rp bfwm loss AS low RR 0.1%. 
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