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Abs t l-act 

T.UN II IS a heal?; ir)n cooler s>rlchrotra,, fiil~ + hr- 
studif's of ncccleratur, atomic and nuclear ph\-sic>, 
pres:rT,tl~- lF1ng corlstrLlc~ti~cl at the IlIst iturc i‘v1 
i‘uclc~ar Stiutir , I:nj x-i-'rsi t.i 101' 'i'c ,li> 8.; . 1 t-5 lK,\7 mum F-rlcl'c-~ --, 
is 370 'leL/u fo!, the lolls o f a cllarse to inass ratlo of 

‘I/i q 0.5, ~~r,l-I-rsp""di118 trj a maenet ic rigidity of 6. 1 
1' XI. '~116, ~~il.c~~:rnt'~l~r~rlc~e 15 i5.76 m, ,just 17 times the 
i,,t 17 11.r iorl (b~%lt of in,jector c>,clotron. Six long 
il ,'il i :'t\t SW,I ims, 1.20 m in length cnch, are used for 
1 tij. t,cvm irl.jrct i,rrl, r~xtmctim~, electron cooler and RF 
,,: r~.le~at ir,q ,771 7 1) , r~spwtivcl~~. .\t the beginning of 
1 i) x '! , ttlr, fry51 ~:\pc~rirnwlt of beam in,jectlon has been 
JWI~~‘~,I~W~ srr~~s~f1111y 1-i th use of 2X ?le\ t particles. 
T:I tllis Ji;aJx'l', Ihc statrls arid irlitial rccults of opera- 
t L,>,, of T-W; 77 ;\IY. lnwmtc~d. 

i.fl t'1' :iw final t:uIxJriment of stochastic cooling, 
i:r' dis;lss~wblrd the old TX?h; and started the construcY- 
tion of n<~li r.in3, T.&R& II in 1986111. It is an ex- 
J~~.~~imer~t~nl foci lity for acwlerator, atomic, and 
~clcar physics r;ith an electron cooler equipment as 
rz~ll as the bwun acceler.atinn and slow extraction func- 
l.iorls. This ~xoler synchrotron has the maximum mag- 
rrc.ric rjgitlit5, of 6.1 T' m, corresponding to a proton 
t~+rg~- c,f 1.1 Ce\-. The main pat-ametcrs of the ring are 
iliorm in Table I . The ring is hexagonal in shape with 
an aw!raee diamcstcr of 24.8 m. Its circumference is 
7i.76 m and r,as chose) to he 17-times that of the ex- 
txxction ortlit ,tf the injector SF cyclotron. It has 6 
:org st,l.aigllt. schct ions of 1.2 m length each. These are 
us;l~~d for thp beam injection system, an RF cavity, an 
t~lert Ritz cw111 inq clwire, and an slow beam extraction 
system. Tt t,lkes 3.5 SPC for the power supply to es- 
:,i te the r,hcll e magnet system to full escitatlon. The 
flat top duration of magnetic field is T,ariable and 
srIf'f‘i,~ir~ntl~ lirng for beam cooling and extraction. The 
RF mvit~ can hr- tune6 from 0.5 to 8.5 MHz and the 
~,cA;P~ :rmJ>l i f'i er cat) produce a gap x'oltage of 2 k\:. l'he 
rlrctron cooling system can cool the ion beam with 
crwrgy of up to 200 ?le\-/u. It consists of an electron 
mu1, an interaction region of 1.5, in length, collector 
alld r~lect.ron guiding c,oils. 

At present, all ring system are completed, in- 
cludilg the extraction system. The first trial of beam 
injection was performed in December 1988, and ,Y beams 
of 28 ?le!- liere circulated in TP&% II. Subsequently the 
beam inJ<rtion esprimmts have been performed several 
times for the Investigation of multi-turn injection and 
beam monitoring system. On the other hand the off-line 
test of e-cooling has been successfully prformed[ill. 
seam acceleration and cooling experiments are scheduled 
in the beginning of coming surmner. In the present 
paper, the main feature of the ring is presented as 
riell as the results of first beam experiments. 

GeEera Descrip&oRn.of TAR?? II 

Beam Transwrt Line --___-~~ 

The new transport line in the TARN II room is 
composed of 4 window-frame typz bending magnets, a C- 
type magnet, 2 pairs of quadruple doublets, 4 quad- 
rupole singlets, a quadrupole triplet, 2 pairs of 

Fig. 1 Layout of TARN II and SF cyclotron 

T.AE3.E I 

?lain parameters of TARN II ring 

.?laxjmum magnetic rigidity 6.1 T. m 
Ma. beam enerey proton 1.1 cev 

ions with q/A=1/2 370 MeV/u 
circumference 77.76 m 
average radius 12.376 m 
radius of curvature 4.045 m 
focusing structure FBDBFO 
length of long straight section 4.20 m 
superperiodicity acceleration mode 6 

cooling mode 3 
rising time of magnet excitation 3.5 set to full 
repetition rate (m;uc. 1 0.1 Hz 
max field of dipole magnets 15.0 kG 
max gradient of quadrupole magnets 70 kc/m 
revolution frequency 0.31 - 3.75 MHZ 
acceleration frequency 0.62 - 7.50 MHz 
harmonic number 2 
tnax rf voltage 2 kV 
useful aperture 50 x 200 ml2 
vacuum pressure lo-" Torr 
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steering magnets (1 pairs for horizontal adjustment and 
1 t'r~r vtbrt ical 1 and an eler-t rostat ic- inflector. These 
optical elements make the matching condition of two 
fami lies of ‘I’viss parameter at the extraction point of 
the r-).clotron and the injection point of TAnU TI. The 
double whromatic sect ion is prepared hetwecn t.r*cs 
dipoles in:! and B3) for the easy adjustment of matxhing 
iondition. The b+wm monit.oring system in the linr com- 
prises forw slit-stoppers, t.rm prof i 1 t moni tars , ill, 
wni t,tancr mrsnitor and t,i;o rod stopp:rs which measurr 
t hcb beam (-w-rent and Benny pwfi le simultaneous I y. Ir! 
aridi TV ion, a beam profile monitor of quartz plate has 
bwn pl.ac& at the ent,ranc.e of inflect or. 

,Fkgnfimm 8x3 tern 

The focusit@ struct~ure of the magnet system is 
based on a FOBI latt ic,e , and the long straight, sections 
are prepared by insertiw< drift space of -l. 20 m length 
between horizontal ly focusing quadrupolc magnets at 
c~‘erv uni t. ~~21 1 . The whole ci rcumfPrence is composed 
of six lulit v’llh. For the synchrotron ac:celerat.ion 
morle , thwe vel 1s are excited identi~xLl~- and the dls- 
wrsion frlnction and t,he maximum TV -value can be kept 
smal 1 which results in the large machine acceptance, 
400; mm. mralj. On the other hand, to realize t,he zero 
dispersion straight sertion for the momentum cooling, 
the superperi.odicity is rechrwd from six to three r;ith 
tlu, change of excitation c:urrcrlt of qwadrl~pi~le magnets. 
In thl- c,r)olor ring mode, the masimum 1; -vaLue becomes 
1 a rg5 and the accept,anc:e is reduced to 1-N 7. mm mrad. 
Thrsr two modes are t,ransfrrable each other, keeping 
:hlz nperat ing Ixlint at the same position in the tune 
diagram. 

The excitation of current fol- the maenets are per- 
formed xi th four poower supp1 i +‘s, one for t.hP dipole 
magnet.s and three t’or the quadrup(.>le’ mw?nets. The cur- 
rcbnt antI ;wltagc* pat terns for the bending magnet,s at 
t.hei L’ maxim~im rat ing in the s>-nchr-otron m&e arc giww 
in Fig. 2. The current patt erli is a trapezoid KRVE 
form xi t h a wpet,it ion rate of 0.1 Hz and the r,isjng 
~x~rjocl is 3.5 see. 
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Fifr. 2 ( ur-f%rlt jmtt +~rti c~f’ i)~-r~ili~ig maen, t .\t :hcz ~IEi)xi 
,muu 1 ikt itri’ iI, t ht. ‘;jnl hi (~1 : r)li n~~tif~. 

Ttw mt t:ri ~11s of t.11~; ~aouum rvh,amtzrs main.ly corn- 
[>,‘I SF’ 3161. sl i3irlli5s st ci~l aId pure nliimina .-erilmil-s. 
It the vcmlc~r nf w~:tl twirl dirxjle mna~nc~t, <*j t.hr,r u-- 
spit ttzr ior> p\mp (WNI or JO0 I/s) r~r a t ~tanium sub- 
, 1 nrtt i nil p\mip II I/s) 1s irlstall~~~l. The i nf lector 

chamber and the chamber at the crossing poi.nt of thr 
main ring with the loam ln.]ection Lint2 ar(’ espwiall) 
evacuated by sputter ion pumps (-if’ 800 I/s. The 
auxiliary- pumping systems comprise a 5011 I/h tur- 
bnmo I wWI ar ~xxnp, a mechanical b~wst.v~, pump and a 
mt.ary puma, Iu~attul at two I ong strai,ght seir:tions I 53 
and SS] and at the inf twytor <:twntx:r. For the beam iti- 
.ject ion line t-he vacuum system comprisw -I turbo- 
mo 1 I-vulal~ pumps , :i sputter ion pumps and 4 titanium 
sub1 imation pumps. Present.ly, both the ring and the 
heam in,jrrt ion line are e\-a<-llated wit-h only ti~rbo- 
moLecula1. pumps and the baking process has not pet been 
tl~leci. Prt~sswc at t.he ptmrp head is around several 
times lli-9 Torr while the average pressure in the cham- 
ber 1s one order worse t.han t.hls value. The main com- 
ponent of residual gases is H$J. ,\ t‘lnal pressure of 
the order of 10-l’ Torr will be realized ur~n operating 
the sputter ion intmps and sublimation pumps after a 
high-temperaturr bake-out.. 

RF .Accelerat ion and Beam hlonit,orin,b Jystcm 

in RF system accelerates t.he ions from the in.jec- 
t ion energy to the working encrg>-. Ttip lovest in.yction 
energy among the various ions from the SF cyclootron, is 
2.58 Mev/u for t+-‘+ rorresponding t,o the rvvolut ion 
frequency of 0.307 MHz. At the top energy of 1100 
Ye\-, the ro\-olution frequency is 3.3 MHz and the RF 
frequency ratlo of the initial and final si.ages is 
thirteen. The harmonic number is chosen as t.r;o and t,he 
designed acceleration frequency chanqes from 0.6 Wx to 
7 MHz. i\n RF volt,age of 2 kv is adequate for the ac- 
cwleration of the beam with the moment.trm spread of 0.3 
% within the acceler~t,ion period of 3.5 sec. This RI 
x-oltage is produced using a cavity loaded with t‘n-rit,e 
2.5 m long. Jn this cavity, the resonance frequency 
has been successful I>- varied by a factor of 13 ulth the 
change of ferrite bias current from 0 t,o 750 1. 

The low Level RF electronics system controls the 
frequency and amplitude of RF f ir=ld, and the automatic 
tuning of the ravitv. FtmctionaL shapes of the RF 
frequency , cavity \ol tage and bias currents are 
produced xit.h the use of a personal computer PCYhOl, 
t.hree memory’ modules and three MC ‘s . Data in memor) 
modules are read out at, ex’ery increment, of the magnetic 
field stxengt,h through a H-clock signal. ‘The heart, of 
the system is a volt-age controlled osciliator, the RF 
frequency of whjch is produced according to a sum of 
tlie fruir~t.iorL \-oltage from the memor:; modules and sig- 
nnls from the beam posi t ion (, R) and beam phase IL. ,Q 1 
monitors. With the aid of this feed-back loop, the RF 
s i gn;il c‘an 3 Lr,ays be phase- Itx-lied with t hc ci rr-ulat.in< 
beam buwh in t.he ring. .\t. t.he injrvt.ion period, 
howvr , the RF f‘wquerrr-: is phanc:-lwked with the sy!~- 
t.hesi z=r si gr?a.L , c.hich is nd.just.ed by t.he operator in 
the c art I.01 room. The RF amp1 i tude is modulat.ed XC’- 
ct~tding tv the r-alculated furlction si.gnal nnd the t-x- 
;ialnpe iigilal. in the (:avity. Xl 1 components, ix-J riding 
the hi zh pcw‘r pnrt s , are cvrmt r(>l led by the c.c.nt.ral 
rcirnp\~~ t’-l”-, , thrrwgh the starial highway of CSLK S>‘st em. 

,\I I.hc, straight w(:tions, mariy kinds ot’ txvun 
ilie in, t ol,in< titxiws i~rrs ilwa inst~al led. As dest ruct i \‘c 
ITNNI~ t ors three IIWII prof i le-and-(wrrmt moni tow wi t h 
IJW of qlr:rrtz plate which is hit by the 1011 be;un and 
I he I ighted yrt ion of the \quart,i- aw \-iewd wit-h 11 
qwrne1’:l thtr~,t& the glass f lances, a sl~intillation and 
tr., 1 rod beam prwf i I ~.-;irld-l.‘lrr.r.erIt m<,rli t ors which move 
hcil~lzontal ly t‘tom the intic]. sic&J atlrl sl~r’apes off t.he 
1rYun xal m~‘r~‘.‘iul“‘s t hr, ht+ur, prnf’i 1 vi . l’ori destruct i \‘e 
~wm monit ibl’ .s> stem rotnp~‘l stfs the six ~Iect,rost,ati~~ 
twxn posit ion man i t-ors distributed alon,~ the ring, a 
*x~rmaLloy core monitor 3s a DC c~tri-cnt transformc~r-, ii 
Schottk>- s I ~1ir1 man i t or’ ~71‘ t.rave ll i n,q xave t.yy ?nd t w 
phasra monitor-F; for ! he= RF feecIba:+ wntrol . 

S I 06; 13qam Ext rat t i on 

The acrrterat,ed and rooled hen;-\. ITUI twuns :IW tn 
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tw ‘>I~Y. I\ cextracted utilizing the third inteEer 
I‘~‘s~~ncal~ ‘t’ ‘I’iw CT\; I. 1‘30 tt?d Lx-am rmer-g>- IS rt\quirA i 0 
i-u, varintil t’ 0~ (or a wide ranar from 150 Pie\ /u to 370 
kli-\ /u. ‘liills, the beam ert Im~t iron must tx? **?l.fUrmtTI 
f‘g,l, a < jivIulatin4 beam I,1 tti a rat?lr~r lal.ge emit.t.anw 
( Iii1 .. mm mw~ I . Tn 1~~5pmci tt~esc requi rwnent s , h 1 gli- 
rtf’f’ii,ient F\t ]-:a-,tiilr , met.hcd MA liropl,sed vi t h use of 
t~:\t.hr~t’ CY~I~,I ir.;tt w-l :arljttstmrnt of tht~, curwnt of dilx~l~ 
ma~~ri~i ;.tnd quadruj~~ 1 I i< ma~;rv,t [ :i 1 . 111 \ iewing t,his 
s~hme as a f I Id grxrl , as a first t r1e.1 <>f the ext.ral,- 
I i on, :I sinq~lt~ ~xtrwt~ion wt tiotl has been in progress 
Ltlt’rf~ a scst upolr magnet i 9 uswl for rt?sonaw‘P rYc~i ta- 
i i <)I,, threl> bump field5 for the c~loswi orbit c11st 01.1 ion 
and tules art’ \aritd from 11.75, 1.80) to (1.6lj7, 1.80) 
with tht> Im~han.<t: :~t‘ ql i:~A-up~, I +’ !i~ar(twl .-~lrl.<.nt k . 
I’:irant~t eri of‘ xlnw tv,trai,t ioI1 ,yst.f?m aw Zivrali in ‘Ta1)l I: 
2 * TII this schfmc>, tlw s(~xtl.~p~~lr~ t’l i:lds is I%: e.x’i t,ed 
:u~i it c~ln tw s(~ri frum the simltlat ior rrv~11 ts that the 
te,irnl vrfi>l,v ~~ir’vul~~t.c:.c. ori an ellipse, even wlth an es- 
i c i r,nr-t 1 of rt<,nl I 11cal’ sext.ul)ol(L f ivld at the inject-ion 
*‘,,r’r’<y. ,An <>I c,c,t I.if> sc’~‘t\liil, 70 liV/cm and 1 .O m long, 
l.\i‘ lo<-at ~1 111 the second st r-aighl sect ion ancj the 
f: IY+ <t,[)t \un nmgnrt , 5 I& in nl;xgncAt ir% field strength 
.1:ic1 1 ,rl n: : ir14 ) Las at the third sl raight wct,ionll]. 

TcmLE :! 

I’aran~t~tr~r-5 of‘ slov eutmrt ion syst f’m 

imi 501.f‘iIki 
130 d;“.L 

, C, and lie 
RtwN kl,“l’iiJ 370 MeV/u 
F>.l rw!t 1011 5ShFYlll’ 1/ 3 resonance 
CipLrat i on I’oinl il.ijC667, 1.80) 
Septum I’rjsi t ieon 75 mm outside from the central orbit. 
irtwn Em i t t :an(‘e 

C ir-cu IatilrJ tie2m 63: mm- mrad 
Estract ed Beam j ., mm. mrad 

\iomentum Spread 0.2 x 

~&v~l~s 133 Firs& Bc+r &+erimnn_& 

in the fall of 1988, the first t.rial of beam 
transport from the SF cyclotron to the T.4RN 1.1 ring, 
LHS per-fi~~m~~l \i I t h us<’ of 28 Ne\ Ix beams. .4t the exit 
of t hr s~(~lcll-,1~crl, the beam emit tanc:e was measured at 15 

mm mrad I hori ront,a 1 1 and 20 :, mm. mrad (vertical), 
!vspwt i w 1)’ and the momentum spread was 0.2%. In this 
tq”“‘i mPllt, t hp time, struc,ture of beam xas continuous 
r>a\‘r? .rrd I hi> ilLY~r‘3RP current Ii3.S 1 *_ A. The one third 
of t-he btwn vas transported to the Injection point of 
ttu‘ ‘I’W? 11 ring, thrwtgh the r;hole translmrt. line of 
-IO “, ler1gt fl. 

.4f’ter thi5 srlccecsf’ul trjal of beam transport, the 
filxt espr-inx?nt of mu1 t,i-turn injection in t.he ring 
ws carr ied out at, the brginning of lY89. In this 
’ ‘i,SC , the I-ycIntrofl arcelerated the pulsed beam of 28 
?IC\ J pcwtIr~1e.s. The 1x11 se width and the renetit iron 
rate wt’t’ 1 mwc and 30 flz, respectively. Th; peal, 
r~u~~r~r~nt at the ex 1 t of cyr~lotron ws 3 li- A and that of 

Fi$. 3 Signals from the electrostatic beam monitor. 
Beam injection was performed with 30 Hz. The 
hori ::ont a I and wrt.iw, I s<~nles are 3 ms/dix- 
and 2\‘/div, respectively. 
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the transported beam to the rin,e was 1 y A. After 
passlrqi through t,he electrostatic inflector I<lt h volt- 
age of 41 kV, the beam was mu1 t.i-t\wn injected in the 
ring r+ith the esci tation of two bump magnets for the 
distortion of closed orbit. The deca> time of bump 
fields were ad.justed to 40 L ses, around 20 times of 
revolution period of the beam in the ring. Then the 
injected beam was adiabat~ically captured by the RF 
fields, 500 U set after the multi-turn injection. The 
frequerlc:?- of RF field was nd,justed to maximize the cap- 
ture efficiency-, In Fig. 3 the signal from the electro 
static beam monitor was gi.ven. The amplitude of RF 
f’ield was modulated so as that the width was 15 msec. 
‘I’htw the signal disappeared suddenly at 15 msec after 
thp beam in.iert ion. I’he life time of the stored beam 
was measured at 0. iri SEC wi t.h use of the beam signals 
frum t-he Itltermediat e Frrquenc>m I 0. J55 ~1.z) amplifier. 
Its si,qnal was &splayed on the spectrum analyzer whosv 
central frequency was adjusted to IF. The life time 
was determined mainly by the residual gas pressure in 
the ring of around 1O-s Torr. The vacua chamber was 
not yet. baked out and the three turbo molecular pumps 
wre used for this experiment. In Table 3, the results 
of fl rst beam erperlment, were summarized. 

r.ABLJi 3 

Results of first Beam E;,priments 

Ion txsm 4HeZ+ 
Ion energy 28 Me\; 
Number of stored ions 108 
Life time 750 ms 
Pressure 10-e Torr 
RF frequency 7.98ii MHZ 
Harmonic number 17 

Fig. life 
time measurement. Scales are 0.15 sec/di\ 
(Horizontal ) <and 5dB/div (Vertical ) . 
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