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SIMI' BEAM EXIRACTION SYS'lWl OF TARN II 

A, Noda, Ii. Chida, M. Yoshizawa, F. Soga, A. Mizobuchi and I'. Hattori* 
Institute for Nuclear Study, University of Tokyo 
Plidori--cho 3-Z-1, Tanashi-city, Tokyo 188, Japan 

Abstract 

A slori beam extraction system for TARN II has been 
w~lwtrwcted tc provide heavy-ion beams (p,a - Ne) at 
irltermediate energ> (15O- 350 Elc!'/ill. .?, third order 
I‘C.SOIIR~W extraction is to be used. Hardware equip- 
mcrlts r;ith specifical iotis for ull m--high vncuum( - 10- ' 'I 
?'c ,r-r) ar‘~ a1 most completed. According to beam track- 
ing, the emittancc of the extracted beam and the ex- 
traction efficiency are estimated to be 5~ mm . mrad and 
nlorc than %a%, rtqwt.i\.e1y* 

Introduction 

TARN TI is a syimhrotron/cooler ring for heax)- 
iorm 1~1:s t 0 Nts. Its maximum energies ai'+ 1100 MeV and 
350 MeV/u for prolon and ions with charge to mass ratio 
l>f‘ l/2, rcip~x:ti\~ely. 1 In order to provide hea\.y ions 
r,it.h intcrme~-lintr erlergy for basic study of biomedical 
irratliallon, a slow beam extraction system from TARN 11 
xith use r~f‘ a third order resonnl~ce has been designed 
a1111 i,rJI!st wi-t Pd. Deliverablr~ beam intensity is - 10r 
10rih p.1,' c,:,vlei 1 ~%y~*le is - 8 se<‘, ). 

TI. 1.h~~ l)resent. I~~I'I'L‘, the out1 ine of the slow beam 
r:xt~,ac:tlon s,!'st.rm aclopt,wl at TARN TT is ,described at 
first. 'Tttcc~ i hc: rtwil t s (>f‘ t.whnical development of 
equipment s for slow estrwtion are presented. Finall> 
t >-l>i' al ws~~it,s of beam tracking calculations are gi\vill 
ttg~~thr r izi?t, t.lw rzlz~~.ird quality of the extracted 
bc:m . 

Slog Beam Extraction System 

The aPpamtus for sluw be;un extraction is shown in 
Fir?;. 1 with the layout of T.ARS II. The extraction pro- 
~t-iiul~: 1s Tx~rformcd in thy follorririg sequence. 
( I ) In or-r&r- to assure thal. all thr: beams come out 

from the estra(~tion cou~'st: without being lost at 
ntht~l~ parts of t1v ring, su+~ an orbit bump is made 
ah makes thch aTx"rture of thr ring to be minimum at 
ttw lxssit ion of I he first septum of an electro- 
stat ic t:yx*(ESI~, i,lrosf: stAT)tum in located 75 mm 
outside from the c~1itra.1 orbit. The hump orbit is 
mdt? b> exciting thtc'e lx&-leg coils (BumI, Coils 
I- 3 in Fig. 1) in 1 sfx~ond tiearl- at the rnd of 
n~~rvlrrict iolti stagf:, iifter, the beam size is eslxcted 
to shrinl, ti? adidxrt ic .i:mlI)illg. 

Fig, 1 Layout of TARN TX and its slow beam extraction 
system. 

t Hitachi Ltd. 

Table 1 

________________________I_______________--------------- 
greeters of Slow Extraction System of TARN IT 

Ton Species P!cr -.. NF) 
kwli F;nfTgs- 1511 - 350 MeV/u 

Extraction Scheme Third Order Resonance Extraction 
Operating Point ~1.6667, 1.801 
Septum Position 75 nun outside from centeral orbit 
Beam Fmittancc ('irculating Beam 6 50s mm* mrad 

Extracted Beam - 5~mn.lnrad 
Momentum Spread ?r 0.2% 
______-__-_---___-_------------------------------------ 

(2) The operating point at injection is chosen to be 
around (QH, Qu)=(l.75, 1.80), which is kept also 
during acceleration. The horizontal tune is 
shifted toward the resonance, 3Qu=5, with progress 
of the extraction. Such fine tune adjustment is 
mado by exciting correction coils attached to the 
lattice quadruple magnets, while large shift from 
injection point to (1.68, 1.80) is made by changing 
the excitation currents in main coils in these 
magnets. 

(3) Beams which have arrived at unstable fixed points 
increase in their amplitude and after reaching the 
the aperture of ES (~2 75 mm) they are deflected 
outward as large as 5.8 mrad by a static high 
voltage . 

14) The deflectwl beams by ES are further deflected 
outward by 85 mrad with a septum magnet(SM), 
located almost one cell downstream from ES, to be 
guided outside the ring. 

As a resonance exciter, a single sextupole magnet 
located at the position indicated in Fig. 1 is excited 
at the level corresponding to the extraction beam 
energy throughout the whole process from injection to 
extraction. The injected beam with emittance and 
momentum spread UP to 1507~ mm. mrad and It: O-2%, respec- 
timely, is fould to be still bounded and stable even 
render such rather strong sc~siupole field, although the 
emit.tance ellipse is deformed a little bit.* The main 
parameters of the slox extraction system described 
above are listed up in Table 1. 

Hardware DeveloIxaent'. .-- 

For the slow extraction described in the previous 
section, equipments given in Table 2 are needed. Among 
them, the electric septum(ES) and septum magnet(SM) are 
described, k?lich have necessity of technical develop- 
ments peculiar to TARN II with ultra-high vacuum 
specifications. 

Table 2 

____-_-_-----_______----------------------------------- 
Hardware Equipments for Slow Beam Extraction 

Sestupole Magnet B"L/Bp = 0.3015 l/m? (DC model 
Electrostatic Septum E = 70285 kV/cm, L q 1.0 m, 

Deflection Angle = 5.8 mrad, 
Septum Thickness = 0.15 mn 

Septum ?lagnet B = 5 kC, L = 1.0 m, 
Deflection Angle = 85.2 mrad, 
Septum Thickness = 9 nun 

Bump Coil 1 Deflection Angle = 5.4 mrad 
I, 2 II 57.1 nlrad 
I, 3 N = 7.1 mrad 

___________--_______------------------------------- 
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Fig. 2 (a i Cross sect,ional vier; of t hi: elcc,!.r,ost.at.ir-, 
septum. 

Elwzt,r‘ost,a_fj (’ Sq’t-ql 

As the f’irst septum, an e 1 c-c-t rr~hl at i c srptlnn is 
fabricated. The negative high \,ol tag? is appl ied to a:~ 
electrcddp made of Titanium oppxing t.o t.lw earth ~x,ter~- 
tial given by wires 90 ,u m in dianf~t.r~r rmnde of’ t?~,-k ,il- 

lay st,retcheii r;i th sjnr’ing $;f I .2!5 mmi:F’ig., 2(:*1) I ‘T’..,]. 
s ions of i.t!~5<~ wi 33 itt’e ;iiiju-ti-ri I’ a tns GClt1 y. ‘I h 9 
drixring mwtt;i!li sm t.c, ad.ju.::l ttw p(isi t ion 01’ cl v:t r(H1, 
is tir~signrrl t 0 ix oi 1 f‘r,f:- iuLl t r)ic~l~;itili* ;lg;~irist tv& I nlr 
“1, t.p - 300’ c. Tlli~ f’ahrlrYl~c~ii i,liY’! rest ill it* S;i‘[‘f iiT:1 
inst.allPd int.o it.s vacuum VESSPI is r;how~ in Fig. 21hl. 
The high volta& UIJ 1.~) H5 1~1: is stcp],liril h)’ R +‘(‘rizirll: 
feed-t.hrough, .just ?!rfclrt~ wh,.,ti a Isvtec-t~~sxI rcsistr-r,i,[~ 
of 200 Iii> ihi nt.t.achfbij irl ~~rric.~ trr r,~vflav~ th8. I ll:llW* 
f’lrw irl ~~~~st? 111‘ s,ulr,klr~e. 

Unrletr- t.t1r “ilcu’um prrssul-t’ tx:t t (‘I’ I hil, ii l--L< t 1”K”i 
10-B Tc,!T, hi& \wlt;i<t- I f’st his tvt’r> .af<,ly I)* rii,rm~~i 
k.lthotlt, not.i<w~t)lo l~:,lli ~,iil‘i~vli . 1’j’ ti, :iiK> t’\i’li 
wi t,hout bakirlg t.ht> prc SSU~‘C j Ix.! t.er t.h:m -r x 10-” To~.r 
has already tww ;a,-hi t’vt~i !;i i ti ~~vzn~~~;~t.ic~:~ l;t I 1 i;:lr% if 
turbo-molwxl zw pw:y and h Cryogwlir pump ct‘ pumpirlg 
spPt!d of 200 arv1 800 l/SPf‘, rwywq / \ (‘I!/. 

Thtz sc+.im magnt~t is fahr1cat rot 1. I t t! iol itI i 1’011 
block instt4 of laminated plat vs :U-SSIUII~I;~~ I):‘ o])cr-;it icai 
in onlet. t 0 suppress dc:gassing rat ‘. In .I hts ],l’w-~nt 
GaSir? , magnt~tii field of 6 kc; i5 rrquir.vl i:ith thr 
septum thicltrx+w I(w+ t IL:u~ 9 mm. 3 

The r:rlrl.fzrit der1si1.y at t-h+- ,6(!pLl;i:l ( ‘r i Is wlii,iIllt 5 t 0 
78 A/nun’ am!1 i~oclling of t.!lesr (‘(71 ! S is i:ol~siiit~Iwl to 1,(x 
a sP”crc~ prr4,l Pm. tlor;c?\ (jr tempm%t ,irt ,‘I !if. a: srpt llrn 
roils has bet?n eq~riment;lllJ studit>.! irl !.fua air and is 
found be1 ow 30” C for the max i mum current . 4 Although a 
lit:tle bit higher 1’1se is anticipated fol, 

Fig. 3 ll-ie septum magnet installed into its ‘i%cuum 
chemixr . 

Fig. 2(b) The electrost,atir: sept.!.uri irlst.c\l I& into 1tc: 
vacuum Chad cr. 

real ~Lsaga in ii \~ar:utm, i’ti~untwt~ cliita t - In’+ of‘ rc)i~i‘~~ - 
t-ion, it is r*ssulwA &at 1X ix,itat.ion q-8 to f‘ull kkn’- 
I-Pllt of‘ 251)o A is 1.Y.l.l i,, .I riNi’,- i-)1‘ 1,L‘z-t Li’Rl i&C. 

kx,t her i ttw 7 0 l,r p=lIri attimtlcll bi~i-:luse of IX 
i);,wt~iit i(.vi i”: I tI<. 51 sf-> <>f‘ 1 ~Y~‘CR~P maqwi 1 f’ir,i~l i~lltsi~Gf~ 
t tic% srtlt un (-oi 1 . HCWII Irith lar<~-* 9~7~’ just oi’ir~r irl- 
,itv,t ji:ri :- ‘ill1 1 ,C’ 1 p-l t ml t s ! o.;ist ,it tk+: j~i:i’~ visr‘> i~liic~~ 
to lb -i~[‘t~lm i‘.il I . ?l~~:i:;r~wii f ~81 I,~,ri~ai~i,~‘it~ ill tt1 
;+lertiiw is better tlixl ii.4 X :3tiS.i t hr, lr~tli:~r2r~ f‘it.ict 
~,lrt~~~gll~ :-m~~lsicirs ttlta s~:t~l~u~ isi -:-5- tii:111 I) ‘ii “6, of ttl. * L 
f’iiilil strr..nyth iI> 1 tlia ;2ti,~I’tlili., dhIi,l 3s ~ooi~,iiii~lr~ri if. 

a t ~>i<~rflt)li~ ratw. 1 
11, OL,~I~.V +O 11s~. th:, :,,t-bii:rii ITI~~PI~~~~ it! ‘I’il?:\. I1 

rirg. i:tc ,ti r~~f~lil-e-, 111trit trigt! \il I11UT), II ic, ~131’; iu- 
,‘.‘l’t:il‘t. 14-i IY!rilhY, t1ic ~‘ut:~ii’-rl!g 17°C’. i:iv’:i,,!;k~ of 
<‘~~l~.lriii~’ (.’ 1:it ,ri;g ;iriil ,51itvt :i $)I h,3l~i <,I, ti~h:i i‘c>r, i!i+!it:i-- 
Lion, I;<‘ iwrt: af’r~ricl r~f‘ l;l1~~:t~ :wr0lrlt r,i‘ dW:issillS I,nt tv. 
‘I‘hi- s,ry1lt tml trn\gtxst ri~rr, i rli: ‘I!sl,nl I%+ iii,, p’l~‘L’Yh:.i iI>I 
3 t i \‘:ir‘,,iiili r41:ufllx’, ii -ti.8~iil iii Fib!. ::. Iibh,bVt I’, Jif’l / // 
tbhiry?. q, :t-> NY C durirl,r! -1X hLur-s:, 1 hi, ~~!‘~+srlr’+~ <If‘ 
2 x IO-” ‘I’n1.r has a.1 rYwiy !% ‘S’,i ilr.hl L’\ IAfi lr’, 1-11 i’\‘:ii’Ilii-- 
t ir,ti ml:; by a t~~r~i;~i-nl:~lI-~~Illilr~ ~xnq~ 01‘ t~rrut~i~ii: ijw31 <I< 

IO0 l/SW. ‘Illis ~a1 e , i:c’ r~r.<i~libr, 15 \.f.ll a~-‘~‘i,~~nLli~ 
i,l I‘PRI ilsay<?. In 1, i g, t a , ,,,:i!,i !-,p.r>t vii tx~f’mr illid 
aft.cst- t tie txrki1ig ilw sl~own . k:,ks of’ 11 -.t’ ;url i-1 ; 111’ ?? 
are rfxlwt~1 ;tftf’r’ t)iiii~i~g, i4li IP horn*’ ]XYkS l>f’ ll~-dl~l-l- 
r-artxw iIi(.r<u+‘s ai‘1 r>r tx:ki ,li:. ‘l’liii is fmri~;i4ii~rrml t 0 

bp &a? t c) t tlr, ~ivs. WI) of’ semis ol-ryini<* m:itr?r-ials iu tl 
a!? IGll~i cm. 

It)-* range 

d II2 

Hz0 ! 
N2 ,(‘I3 

2 
P,, .-I I Exlo-’ To:-r 

i bef‘or? h;ik i nc) 

71 .6x10- ’ Terry, 
(aft Pt- kaki tig: 

1@-8 range c ,G /iJ- _ * 

Fig. 1 ?I;LSS sIwv\t I‘H c>f thta chamber in(yllxiing thr 
sqkum magnit k-f‘r8rt2 f dnstlcvl 1 I 11~’ i and 

aft,erfnalid line) baking at 80’ C’ durjng 48 
haul-s. 
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BEAM BEHAVIBUR IN TRANSVERSE PHp\SE SPACE 

III-T-7 

$ 
-0.01 

1 p.... 1 

.a&d----~ 
.D5 0 0.05 ri.1 

tmetr DE ,IITIPN 04, 

Fig. F,!;i) 13eam be~avi our in the horizontal spare at 
the cntratxce of ES through the wholr process 
<,f e~tract,lon, Beam xi t.h central momentum 
.md emi t.t.anre of 50 * mm * mrad is trilclred. 

CAST THREE TURNS PLUS EXTRACTED BEAt- 

0.1 

i ao m 
P 

-0.1 

0 20 40 00 
ofST*McE ALCWO THE BEAti eR*tr ,“I 

I, : p . ?, :I,) lhwm lo<:at isjr15 :.)xx’r‘ the whnlr c:j rc:amfrtY~ncP 
ill tli~~v tur-r15 just kefo~-tx mtr-ac:t.ion anij 

thcv (axt I.a,-,t <xi hvam positiol~. 

Rtwn T~~cli i ,ig duri n:: F\: t I-+:!~+IcI 

.A: ‘F’.V+; 71, t iii’ hr?I-izolltal alxsrt?lr6 is basiwll:~ 
ilt~siqn*lJ to k-w * 1011 mm, l,lO at some pIRI!C'S UlXiY~ 
islcv,: rrhtat i+~ j7i4-li-ups lrxYi:r , it i 5 1 imi I vd by mu& 
+mil lt’1’ \illllf’ a5 + 70 mm. 1 II or-dt~l’ L(~ as?:t2rt ii in t 1iat 
ES IFRI J >- II Atli-: 1 hc. avai fnl~lt~ qertur-e for. t.he cir- 
wtlatir~g t~~~an~ to 1~ minimum ultdc:r t.hc prsense of 
: lw ~.~r~:.r I t 81mq~ :ilx~e rn~~ni.ioric~~, it is r-ifWIrd to in;vs.- 
: igzttcl thv b~varr mot ictn in Lhrut: turns just before (3X- 
t Kurt 1~111. Fc,r t t-, i s p~rpse, tr::m t r~a:-:ki ng is pcr- 
fi ,lJll<4 I Hcw;ii mot ioil in l,rans~~~erh~ p11asr~ s])aces is 
t rarc~(l r2it.l t rnns!‘eI‘-mat ris formal ism. Thts no1>1 inear 
c~Ienif:nt is tr~rut.fd wi t.1) thin lens appruximat ion. The 
I-Y:UII mxncnt~m~ is kept at a certain x.aluch, because no RF 
x 011 age is t <I txb al)pl i-3 in the pr~+x:nt (w.se during tht: 
cs t rarxt i ~.bti prwrttss . The horizontal t,unc~ of the ring is 
r?;rwk~ull~- slliI‘t+Ld from 1 .15 lx:, 1 .6667 by changing the 
fir-181 yrxrli+irlt.s of tlic 8q~lac~r~Ilp11lt? magnels linearly. lli 
Irig. 5(a) , beam behn\riour in the, horizontal space at. 
t IIC t-n1 IWY‘P of‘ ES is showr~ t,hx~ugh the whole process 
fur stich a beam with cent.ral momrnt,um and emit,t,anne of 
50 7c mm * mratl. Beam locations in three turns just 
thefort+ t:xr.rx:t.ion are shown in Fig. 5(h! together with 
ht~.m psi t iota of the r-xt ratted txwm. 

such a tracki.ng has heen performed for \;arious 
txmn cwndi t. i on In Tab1 i! 3, expected turn sepwnt iorb 
rv~d est,raot.ion efficiency obt,aind from these tracking 
is sumnu3ri;:d. :n Fig. 6, the beam shape of the ex- 
tracted txxu: in the hnr-i zontal phase spxe at the wit 
of‘ SPI is shc~wn, whr;re t,he high voltagt? at ES is reduced 
f‘rr,m 85 hV t c) 72 kV from the bcginnirg t.o the end of 
thP ext ruc:t.ion p~uc~ss. While the instantaneous 

Table 3 

__~----~~_------___~-----~~~~~~~~~~~~-~~~~~~~~~~~~~~~-- 
Turn Separation and Extraction Efficiency 

Condition of 
Circulating Beam 
Emittance A P/P 

Turn 
Separationimm) 

Extraction 
Efficiency(%) 

1 mm - nwad 1 
kin 

pi-. 

5n 0 .o 
5, -0.2 

50 71 0.2 

Son 0 . 0 
50n -0.2 

2.5 
4 < 0 
ii . 3 
1.4 

2.6 
1.2 

93 
56 
98 
89 

94 
96 

I’l’ddl 

O.OIS 7 

0 o,, 
t 

big. 6 seam shape of the extra-twI beam in the 
horizontal phase space at the exit of the 
scpturn magnet.. L’alues of K E and A p/p 
prc+or~t, the ones of the circulatiruZ heam 
before extraction. 

emi tt,ance of the extracted bcnm is -2 ~mm.mrad, the 
integrated remittance over the whole extraction process 
js estimated to lx> -5 71mm. mrad. 
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n11 turr . ‘rhe computer calculations were performed with 
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