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Abstract 

A cocler s>nchrotron T&!N II has been in the cow 
mssloning stage since tile beginning of 1989. I: alms 
the beam acceleration u;-: to 1.1 GP\' for proton arid to 
3-:J ?IeV/u for heavy; i0r.s of c>/A=@.5, cvxwslmridi rg Lo 
the mxximarl magnetjc rigldjt:; of 5.8 T.m. An t3lwctroll 
cooling device znti a .sl.ow extraction chnnnrl. arc 
prepared for various t~arn expriments. Tn the prrsw~t 
rX%jxr, the st.ai.us of TAW II is descri ix=d as xell as 
the results of preliminary beam exprimcnts. 

1ntrtxluction 

TARN II is an cspcrimental facility !‘or ac- 
CPlerator , at.om ic, and nuclear physics r;ith an electron 
cooler equiy~etit as WI 1 as the functions of bean ix- 
celerat.lott and SlC,W extraction. * 'I 11 i s c 0 15 1 e I‘ 
synchrotron has the maximum magnetic rigidity of 5.8 
T.m, corresponding to a proton energy of 1.1 GcV. The 
main parameters of the ring are shohn in ';‘able 1. The 
ring is hexagona: in shape r;ith an awra&;i> diameter of 
24.8 m. Its circum:‘ei-encc is 77.76 m, just I?-t.imcs 
that of the extraction orbit of the, injector SF 
cyclot.ron. It has 6 long straight scrtlonn of 4.2 m 
letlgth each, which are used for the bear;~ >njectioil sys- 
tern, an RF cavity, an electron cooling device, and a 
slow beam extraction system. it takes 3.5 set for t.hrs 
paax supply to exc~tc the whole magnet system to the 
full excitation. The flat top duration of magnetic 
field is variable and sufficiently long for the bcnm 
cooling and extr-action. The peak electric poxer for the 
magnet. excitation i s 2000 kvA and r-elatttti pow:r c':~ri- 
swnption is 1 MW. The RF cavi.ty can be tuned from 0.5 
to 8.5 ?iHz and the power amplifier can produce a gap 
voltage of 2 kV. The electron cooling system can cool 
the ion beam with energy of up to 200 MeV/u, cor- 
responding to the maximum electron energy of 120 kc'+'. 
It consists of an electron gun, an interaction regiorl 
of 1.5 m In length, collector and electron guiding 
coils.2 

At present, all the ring system are completed, irl- 
eluding the extraction system. The first trial of beam 
injection was Txrformed in I)ecember 1988, and a beams 
of 28 MeV were circulated in TAP? II. Subsequently the 
exwriments of beam accumulation and acceleration haves 
been performed for several days per month as r;ell as 
the studies on electron beam cooling. In September 
1989, thr first cooling experiments was performed 
successfully with use of 20 MeV proton beam. F'urthei 
experiments of beam acceleration and cooling are being 
performed presently, and these accelerator studies are 
ex-pectcd to tx finish4 by the end of 1990. 

Magnet system 

The focusing structure of the magnet system is 
based on an FOB3 lattice, and the long straight se+ 
tions are prepared by inserting drift space of 4.20 m 
length betr;een horizontally focusing quadrupole magnets 
at every unit cell. (Fig. 1) The whole circumference is 
composed of six unit cells. For the synchrntron ac- 
celeration mode, these cells are excited identirallg 
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and the dzspersion f,unction and the maxi.mum LY x-val.ue 
can be kept small k-hich results in the large machine 
~ccep~zmx, 3:0x mm.rnrad. On the other hand, to real~zi? 
the zero dispersion at straight sections for the momen- 
tum cool irig, the superImrlodj:ll:;; is reduced from siy 
1.~1 thr-rr with the change of excitaticn CIII’~C?I?I of quati- 
ri~polc magnets. In this cooler ring mode, the maximw 
/3 ,-vzi1iw twv~m~; 1 .u‘Lfi’ ixic-1 : hi, wcept.anci~ is IYXI,XYY~ 
to 14OK ““ll.Ilxxi. 3 

‘I’h:, F.x’i t at. ion rlf (~:rrf31:1 fr~r the m~Lgnr>t.s arc li(‘i’ 
f~~rmcvi r;i th four parser s~ppl I PC,, WC for thp diIi”it: 
ni:ignt=t ii a~.rl thret~ for the quudruIio1 e nla,onet s . TI-c= ramI> 
shapts of the diplr> :^icld 1: is a t ra;?eroicl ~.n\‘c form 
wit-h a repeetltion rate of‘ 0, 1 11;: and the rising I:erxd 
is 3.5 sw. Thi? current s of t hre? power supplies oi‘ (3 
nragr~i:t~s arc tracked r;iti; the bendIng magnet current. 
wi t,hin the tracking error 16s than 1xlW4 vi th 1us.e cf 
tllP sclr‘ 1 earni ny pmrKillr~~=, in t.ilr~ ,-~ont.rol CompvteI~ 
svstem. ’ 

v;ic ‘Lien s~-stem 

It. 1% 1,equirec.l for thr: vac’wm conditiox 0; ixttel 
than lo-10 fw the hea:y ion accm.wlation and accclera-- 
ti on and then the vacuum &amber and other elements are 
mnd~~ of or~gan.~ f’rt?p materials, Th? ramping rate of 
magneti (: f i c I rl is x low as 0. 1 ‘I’/scr: and then thi: 
\‘R~liJlilil ctl.mtFr~ at (11 IK>I e awi c~~;id~-up1 ri magt,et s RT‘I’ 
In;id<~ of ‘LS 3 161, wi tri th1 ,cknc9i 0; -1 mm. They LU’C hIi-- 
ahlc “I, t cc 350 D C b:., h*;it.ing r;ith c-~li,rent, flcwing 
di ri-c:t 1 y t hr.r,ugh them. P,ct,w:in each pair of dij)olv 
mignrts, z I t hw II sput.lc:~‘ iorl pump ( CiOO or 400 1 /s ) CI 
a titanilw sublinntlon pump (100 l/s) is installed. 
The inflfvt or c:hi&wr and the channi!wr sit. the crossing 
pi3ini, of I he main ring with the beam injection line arr: 
cspecinlly f\zc~i:itc4 l)y sput tr>r- i.on pump:+ ?f Ii00 l/s 111 
c!rd~r to pump thgl ring cli ffervntial ly. Tot.:*lly, 7 
t i t.anium cubI i-nation p\lrnp ( 1500 l/s 1 , 5 sputter ion 
pumps : 800 1 /s ) , 3 sput.trr lm: pum!:s (-100 l/s) , an?. 3 
tir-bo-mol eiul ar pumps ( 500 1 /s 1 arc! used for the: 
cYilc:lI.3t, 1 on Present I y! Lh*: a\‘L;rarrr- ~RC”Unl pr-cz5surY~ i II 
the ring is several t,imt:s IO-’ 0 Torr atwi the: “(131 c>f 
10-11 Tc~rr IJill be obtained after the bnki nr: of &a~- 
hers. 5 

RF s:;stL?rn 

The lowest injection energy was chosen to bc 2.58 
&V/u for 2 ONe 4 ‘-ianol~,g the various ions from the SF 
cyclotI‘cn, corresponding to the revolution frequency ot‘ 
0.307 EMZ. At the top energy of 1100 MeV for protons, 
the revolution frequenry is 3.5 MHz, thus the ratio of 
the lowest, to highest frequencies js thirteen. The 
harmon:c number i;as clvxv ti, bt~ 2 and the designed ac- 
r:eleratio;l frequency is 0.6 ?Ifiz to 7.0 MHz. An ac-- 
crl -rat icii: voltage of 2 ItV is enouch for the becam with 
0.5 X momentum spread within the acceleration period of 
3.5 SEC. 

.An 7-l’ cav i t7 a single-gap, ferrite-loaded, t.i;o 
cparter-ws-:e co&i’al resonatxxs, has been construct&. 
T t. covers the frequent>- range from 0.6 to E 0 HHz b:, 
c:hang in.< t hc ferritz bias current f roiil 0 to 770 A. h 
porter amp1 ifier with t:he maxinnlm output, poower of 5 I+’ 
can prodw-e 2 kV i:f accplcrat1r.fi vol taae over the gap 
throughout the whole f rec,uenz:; range 6 

The low lexrel RF elect-rr~nlcs system is compxed oi" 

a voltage control.led oscillator~LC0) and se\~ral feed- 
hack loops. Three memory ndules store the functional 
forms of frequency, voltage and bias current t.o be 
produced as a function of magnetic: ‘field strength. At, 
every increment 1 Gauss of the magncstic fiel.d, measure<1 
at, the 25th dipole magnet for field monitoring, t,hc 
data are read from memories and converted into analog 
voLtages through 11AC’s. Thry are fed into a voltage 
control I r;l oscillatory, amp1 i t,udc modulator and bias 
current pcjk’er supply, respectively. The error of bias 

current or equivallently the degree of detuning of 
catty is detected as the phase difference between the 
RF signals at the grid and the plate of final poser 
tube. It is used for the correction of resonance 
frequency cf cavity via a hardware feedback I.OO~S(AFFC) . 
In addition, the signals of beam position (0. R)md of 
the phase error (A 4 ) between be~am bunch and accelera- 
t.ion RF field, are fed back to !.hr ~wltagr control I& 

05,:: i 1 1 ator. The output rf signal of this osri llator- is 
f.ail t,o dri.,.er and rxwer ampllfiprs. i 

On the 0t hC>r hand , :tt thP li;.]w:t. ion {:xx:.~r,? i.he 
\‘i‘c) IS phase 1 orkrd with the RF si gna1 t’rom a f r-cquenc) 
svrrtksizer-. The freqlwnc:?; and \wl?.agr~ a:. th] s 1 r,~t:c- 
t j11r7 reriotl are f’ine!y ad,!ust.rv1 to iirt l.i:P nia_\;lTllml <cap- 
t ,m: cai‘i‘irienc~s.. 

Beam experimrnt s 

‘I‘ypicxl results of exper~mtm:s on !-*-Lam m ject iorl, 
a~.-~c~umr~l at i on and accelerat,i on arc as i‘ollorxs. .4t ;he 
f:rit <,f SF Cycl.otrJn, the a beam energy was 40 MeV arnd 
the emmitance xas measured at 15 77; wn.mrad Chorlzontal ) 
and 20 7~ mm.mrad (vertical ), respectively and the 
nlnnientum sprr~ad was 0 , 2%. The one third of the beam was 
t.ransportrd from the exit of cyclotron t,o the injection 
Irlint. of the TX?KTT The b+xm was mult-turn injected 
jnt.r the ring wi t.h t,he excitation of two bump magnets 
r;i 1-h the rcap~al:i 1- 1on rat-i: of 30 Iiz. Thp decay t line of 
t,wiij> fields wire sr,1 t.0 apI~roxlrw11 8’1;~ 4oy Si’il i-hi (~11 
~:~JlTw,pIlds t.0 ahcd 20 times of’ t.hc re\-olutloll perloii 
of t,hP beam in this ring. The f‘rtclui~I~c?- (>f RI; f’i~,id ws 
set to be t.tlt~ value ~orr~s~z~niiln~ 1.0 t i- e harmon i c xui~- 
her 2 of the beam circi;lat~loll. (1.113 HEz for alpha 
tams 10 PII-‘;) . Jn big 2, t-t,<, slgrl;i?5 of pul.sed arc: in 
the cjc1ot.ron, di schargrd cl Irrents of kicker magni=t fiil. 
t>sTn:!, <,hopIK‘r , and : h~-rs~, I 15 tia bump :rrr*gnc L s arc: show; . 
Frim th 1xwi1 s igrial ilf the ciltrclrvst at iI, mu:At or, t!ii: 
:a~ :I of in tr>ni;i t.y of the ci rxvilat j *I, a kr2wi1 has incrcvIs*x? 
l>,V ~rtmitt 13 t,i1rris, t.h i<yh ri-s.il i ?,I’s 14iil 1 thf, i~:xp~vi (4 
\:il~,x simdiation. 

Fig. 2 Pulse shapes of cyclotron arc, magnetic 
fields of kicker magnet and two bump 
magnets. C From tap to tattom) 

The lifet~~ of the beam was measured bs. the &~a: 
I~:-,nst.znt of the si.gnal from one of t.hc elcctrostatir 
h\-rlit<,rs (F:g. -1). ‘:“ne e--foldin lift,1 :mtl has found t.0 
he 75 se<‘. It r.xs detxrmined by the scattering r;ith 
the rcs i drxtl gas. This 1 i fi:,timt’ IS raughl:~ in agree- 
mcnt. wi t.tl 1 tie (.~;~l<:uliit itii I-PRIJ~:. on t.hr condition that 
1,tic a\‘i~ragc~ \‘;1cll,lm I’r”ssul’tz i 11 the :-j ng rias ab0tll 8 
x 10 - 1 0 T?,r-r. Th+ t tune r-al;x!s WPI‘E measured L’ith RF 
k ri 0 I> k 0 u t m+t.hod at 1. 737 ( horizontal) and 
1 .R25(wrt,icaI), respectixvly. 

The acceleration tests r;as performed to the top 
energy of‘ 240 WV, which is presently 1 XII t,ted due to 
the capacity of electric power station in the in- 
sti tute I I’h? improvement of the capacity is under con- 
struction and the accelerat.i.on to the designed top 
energy, 370 MeV/ri, is expFted in this October. 
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In Fig. 3, the esriti:,Lioll pattern of’ bendim nagnet 
and the ar~~:~leriitcd h?;un currrni. are shown. rur1rg t11ca 
a;ce]frat.~c>t, period, beam ! ass was almost negliglbl~: 
which WE ~~tt.ained wi th the fine adjustment of fJ$ and 
R feedbaclr imp ,gajn control in the lox level RF sys- 
ten,. The nml,e:~ of iuxcler~~ted particles WEIS ?XTUtld 10” 
artd the r~uck :att.rn: inn was paid to the improlrement of 
+hc sets it i x’i t y (: f tva:[I nmrlitor-ing tk~~re and the noise 
riduct,icm ;f t~lectr~onic system. In Fig. 3 the detected 
signal of %9m orhil AH, is show where we can se? the 
drx-iat,ic,n (of clo;e..! orbi: during t.he ai:w ler-atiol~ was 
i:ont.r<,1 1 i-ii 14 i thin sever-a.1 null. 

I‘iL:. ? Tlif+ t~y~,ii.at ic-,I, yttcr-rl of t*ndin!: m:iPnnt ( 1qi-i. 
/ciiv) ;mcI the intrns,ly of ac~~~l~r8.t 6~1 !~PT> 
vu-rcwt.( 1 1: Aitliv) . -- !.$yer pictrlrc 
The devial.ion of r:lost?.i or-hi i.( A 3) chn-i llir I hr., 
:~c~2ler-at i nit ( 5rrxUdiv) . 

I(hp cil ti:-l.rr-xi c!x71 ing esperimrant has perfoniiwl for 
20 PleV proton beam which was injected intil the ring hs 
mu1 t i t.ur.11 injer,t,ion mf:i,hnd. Number- of In.jrx:ted Fa’- 
t,icles was atmut 10’. Aft,er the adjus?mrnt of corrt’c- 
tion magnets which cc,rr.pensate the effcv:ts due to the 
solenoid and t3roidal magneti;, fj e Ids of ele(,trr)n 
equipments, we observed the cooli.ng effect and the 
momentwn sl~t~nd of stored proton beams ras improved 
from the init.ial value, of 2x10. 3 to the final valw of 
1x10-4 xit,t, the e-folding cooling tine of several 
se?onlis. Tyj,~ral t.irw evolution uf mOllleIlt. lllll spread , 
equivallently tte spread of revolution frequency. was 
given in Fiz. 5. Yachine parameters relavant to the 
electrcrl cwoling is given in Table 3 and Ihe details uf 
cooling espcriment.s are presented in the other pal-wr in 
this sy~posjwn. * 

Table 3 

Pkxhine parameters relbvant. to the electron cooling 

Proton 'wan energy 
Electron beam energ) 
F.1ect,ror-t current. 
Initial momentum spread, A p/p 
Final momentum spread 
RF frequency 
Harmonic number 

20.26 MeV 
11.20 KeV 

0.3 A 
2x10-3 
1x10-5 

1.578 Mffz 
2 

10.2 m 
3.7 m 

:t,i on 4.7 m 
1.71 
1.80 

Horizontal p at cooler section 
Vertical b at. cooler section 
Momentum dispersion at cooler se( 
Horizontal betatron tune 
Vertical betatron tune 

t’!!?. ,! riea*m :;jglplls fi,c,m tt,t: elt-r~i rmr;tsii ic :la,l;iti>i 
( f&,/div). Hrmrizorltal seal<% ii; 7 SPT/?~~. 

Fig. 5 ‘I’imc evc~lutlr~n of frrquency sp.:~~:tlWm Of il 
bunched proton kam after- injectjon with 
cooling. Horizont;~l scale; 15 liHz/div, 
vertical ; 5dB/div, and central frequericy 
; 29,985 MHz. 
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