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The I TEF 1 ig GPV F'rotnn Svnchrotron 
I u- 1 I;r ! 1 5 now being recnnc-tr ucted Into a 

prot 311 and 1on %3CC+Sl@!-atClI- romp1 e:: which 
would be able to acceler-ste lorlc of all atoms 
with i/.3l-lCX,i z / Ft val c,e5 /1.2/. The first 
St age of the recanstructinn includes 
!ronst-t!ctlon of an 1on zn,ector, of a beam 
transpo+-t 11ne [from the new ln,ector to the 
sinctlrotror,). and modlf :cat:on of proton 
cvnchrntron syrtems TleCCeSSC3t-y for 1on 
acceleration. In part1 ct:.l a-. WE need to 
change the synchrcptron v a T’ k-L:! m chamber 
toeether wI th Its 
1 p-10 

pLtm~lng svstem to reach 
Tarr ~‘acuum lnstejd of IO-~ Tot-r now. 

fill these modernlzatlone are. pract1ca1 ly. 
camp 1 eted _ In 1988, first 1on5. of He- WFI-IZ 
injsrted Into the synchrotron and accelerated 
succrc-sfiill>, up to the enerqv 4.: GfV/&. I n 
this. yeilr we al-e going to tr,, to accel es-ate 
some heavl et- i on5 obtal nerl from the new 
in ,ector. As we hope. 11qht 1 *ns w 1 1 ? be 
accelerated UD tc 4 G&i/P.. and heavv O”f2S 
iur:f;!! lv stripped) - LII;‘ to 1 E&J./A. 
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Fig. 1. IT:CP acceleratiq complex. 

IA!&? a,- e lr~:s-iall? r.g /I cm! s ri a,?,f. t 1 < tt-11! 
maqnetlc rlng :n the t!lnne: Of t. t: P ,‘rclt,,:l 
s~jnc>rCt ran. 14 1 t t? thl5 ring flr!15t:i-.3. ‘It:, 
accel eratlcrn scheme w; I ! be c harnged. tiea r’ 
ions fit--St _ arcef EYdted 1 r, t t:e s;;'r,c trc~i.ror; 

~41th sma? 1 charge .L ai .:er I-‘> 1 ! te ctt-! p;.v:l I, j 
fo11 and saved ln the new magrEtlc 7 1 ;;.j .A> 
1 ong as the s~{nchr~tt-on syst emi it-i 
re3d,::sted for the new Ct:dl-p \ a! 1 lr’, 
AftETWS?-dS. the 1or15 wlli be rf:c.,ec?.>~! f i- <‘I., 

ttie c,.3'ili-,g r1nq to the syr,ci;r .liT o., &nfi 
aczeleratea up to the 13.3: 1f~l8.t~~ er$ek 9;' c--T.; 
GeV/kiv _ 

TPiis paper will foc:cIs on the 1 mn:cdl iits, 
future of the ITEF’ accelet-atlng conpl~;:. r.~,,, 
wordr wi 11 be said also or, the 01 ~,i of It-; 
1 onq term evol ut 1 nn . 

f+CCel er at 1 or! of unf L:l 1 y st r 1 cued iorls. 
After the flrc-t stage of il-I$ r-eronitr c,c t1oi 
1s cc~mpleted, unf ul 1 \I stripped he a ,' ,,' lUCI5 
wi 11 be acre1 er at ed on1 y- SOCl~ ar; 
accel e:-at1 on 5ctteme mal--er the 1 '31-b 
simple arid perml ts rectfat-ye 

1 I 11 e'; t i'l. 
e:-.t~r action f, Cili’ 

t!-ie synchrotron. We pav for these advar:taoea 

trv rather severe ~iacuum reou:rement5 
; 1 @, - TO Torr ) and 5mal1 er enFr- '2" of 

accelerated 1xons.. The .s.a e-1 no i-l nn in.31 es It 

possible tcl get (and t 0 ac ie1 er at.ci fLilf!/ 
strlDped icnr up tea thi- ma:.1mum ETt?,-“,‘. The 
!3roh )i;.3cL:Llfr reo?,lremer!t~i .?t-E lr,e,~, table t. L: t 

dr- not SIZE?7 t 80 I:, e ’ 00 trcxlble5olTF wi tt, 
up--t.I-c!atE YaCI,Llfl: t_ertirial3$i-. 

Heavy IDT; ~n,ecto,f. 4 Sllmple resonator 

str-ucture with few arcelerst~ng gar5 c.ilrr be 
af f 62:: t1 vE,l 1 i' cr:;r:! f 2r- 2CCfl erat1 Jr. of 10P.E 
with var ioii5 :/A /., .$, ) , > ,Y. i . WE aori v E-UT h a 

s.tr-ucture 1 fi t !h e crew IT! !ertor of the 
=.v-rrk,r~,tr~n -I. i. (Fl Q. 2, _ 7% e :n.,ector cont.a:ns 

one hlch voltay electiode onlv. hi!? has four 
accelerating IgaDs. ThE- ma’.:: 1 rnL!n: L’ ;t ! ue of 

v::?taqe is 7 MV. Gs was shown bv cal Gill at.zl3n 
the momer,+um SD!- F?il csf P. 5% m,*\ we set L!+- ed 
fc- Z/A i<??UF+ fr-or; 8. 1 to $5.7. To ioot 1 m: 1 e 

caottlre for differ.snt lan t)Dec-. wi= a:t.er tt-,e 
1 enqtl: of the cyr-x:ndt=-d buncher el ertrocie a r. 3 

the tunrher vcl tage. The buncher 1s fed from 
tt.s loq ln5tsi!?e1? 2n the in,ertnr I econat ,I” 
+ q --; ;: . 

4 HIGIl VOLTAGE 
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Fig. 2. Injector. 
ble 3TE go1,-,<2 +o 3*\=p ~,&acp'-sl -r, ---i.r,--Gi 

!..r ri!lC : _:r,s (LIE tc r;, or . rnz,, t,e. kr' .z+ve 
e- trz.rtzd frc,3 'D ord 1 r:,ar- i 2Cl?yl? azmotr~r, 
:- XL! r ; e wt<1 ch s~rI'~~-~ e$ t?igtr i ctf- c 1 1.1.: es of 
t- a+ t: er !iVi ::t,*:-q{, rj, .3!.p;. 3. C! p t 3 i-t- :. Somp 
~aer513nE ri 1aEer 1 or. C-CEL.‘TCeE ar.4 ME’,?‘& 13n 
-: .i rre :,b- p hal’-c. de+,el z~cr-2 +L, 3C3di.!C? I cT:i 
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Rea.r, transport line, Ion gciide from the 
33-4 ln.~ectOr to the svnchrotrorr is assembled 
and tested. Thz 111n ~41.11 de 1 s olaced I.? the 
Pat-t of the svnchrotron t!.tnnel whlrh 1 s very 
1Jensel v occup 1 ed by b 1-11 I: y equipment of 
srcondarv beam transfer 1 ones. The ion guz de 
cj’rres around the obstacles and contains five 
be?ndl nqs. The oaramet~z of the transported 
beam are: energv - Z4iZiA! 2 M&J/A. transverse 
emlttance - lt?Wl I? mm mrad, momentum spread - 
iJl. 5x. The natural requirements to the 10” 
.g!.rl de are. as 1.1su.31 1 v: to deminish the number 
of the focusing elements, to match the beam 
rmi ttance to the acceptance of the 
suncht-atron. t 0 match the d.espersi on 
fb.rnrtlons of the beam and of the synchrotron, 
1-o S~?CLI~E art:romatis;tv of the beam optlr-, in 
t-he verrtlc31 clane. 

In decrmbar ??SY. 
NC beam 

:~ie have tested the ion 
gt::de. The ‘A.35 
transported f ram 

5;iKCE%5f ul 1 y 
the new in,ector to the 

synchrotron. 

F’.f. frequencv controll. One of the nerq 
c.,nc.h.c- :,t :nn svctems which was devel coed for- 
x:n acceleration 15 a rf-manipulation system 
i- / -. . As had been al ready mentioned, 
;‘inckrotron has to accel et-ate 1 ens with 
elfferent Z/A ratios. The r.f. frequency 
ma,n i c?,.! ?atlon system. therefore. has to be 
T?Sl ! ./’ rea,usted from one ion type to 
,llr,thc*r. The intensity of ions . especi al 1 y 

that of heavy ones . may be low. Accord1 ngl y. 
beam posltlon observation and radial feedback 
rb,r;tem seem to be embarrassing. Therefore we 
wanted to reproduce the dependence of the 
r.f. frequent-y on the bendIng magnet 1 c field 
85 accctratly as possl ble even WL thoi.lt radial 
feedback loop. The new 5‘iCbtefi: must pet-ml t 
atso to change the harmonxc nw;nber .L 3 tt.e 
course of accel erat 1 on. 

The new system .and t.he alyorlth~m of 1 ts 
tunl ng. as well a5 harmonl c !~umber ch ~n,l,e 
process have been tested Wl t’, prnt.ons and 
!iEl+ Ions. Rel a?~ ve devi at1 on5 cf f requenc-y 
val ue5 (with bra! ep. f aedback ? oops? from 
those given by Cal c:ul at 1 on 
1 s/1 -‘, 

d 1 cl nut et‘.: teed 
ThlS accuracy 15 suff1cier.t for 

acceleration . 
In first exper1 ment Is WI th HP.lC 

acceleration made up to now we did not I each 
the desired efflclency by t:he beam 5 at- men 1 c 
number change ac-como? i shed at. an : ntrr IT:: 1.2:. ate 
flat top af the magnetic i ‘?’ c 1 e . The beam 
lo*ses wet-e near 4GE and at-r c..pla!l?ed t,y 
some shortcomlnqs ,of the r-f. stations. 

Vacuum cvstem. Last VZC3t-. w r h a :’ e 
changed the z~;nchrott-crl ;’ d c c, I: m chamber .3n : 
1 ts pump1 ng system. The new vacui.(rn sy~te;r, L-,T~ 
be heated up to 4rzIWC. For puwlng. We L, 5 I’ 
NMD pctmps an.3 getter element5 wh1 ch a* :r+ 
stretched in the /ZCLt.L!m io1 u!ne al cng t r-, i 
vacc~um chamber wal 1 c-. . To get t.t!es.e el rblr:~.r~! r 
we cover- sta1ri1ess Steel tubes b 7 [:‘jt-oc:: 
tltan:um. The tltanlum ~5 act~.vated when +-> ‘1 

tubes are VacLIIm hzated by elect: I : i 
current _ The absorbion cacab~ li ty qf Q g t t- r f 
arm‘; be Improved 1 f stain1 es5 tubes are coo? G.~I 
b:, ?:qulO nitrogen. We have reached 1 p-to 

Tcrr In c-ome sectlunc- of t h e synchr ot r csn 
~‘acuctrn -hambet-. The 
( 1 !,‘2 

C3~iEi-agt? ~*CLIII(TI r ita 
Tot-r ’ 1s n;l.w dzf I neti by *old t :‘pe 

Internal tarneitc wt.:ch i-1 I: be c.i,bct 1 tts+ ed 7 I, 
a ‘:+a?-. 

Sl O&-l extraction. The third order 
bet&r-on resonance wi 11 be used for slow be,arn 
extraction from the synchrotron. The 
resonance oscillations of the ions are exit& 
in the vertical plane. The particles wltka big 
er?cugh >sc~ll~tlon ~~mpl~.t!::l~~~ ;. ‘nr 0‘ ,Z’ t ::il; 
1 t-on septum of a Lambertcon w 1 t h 
vertical magnetic f 1 el d. 

magnet 
The particles are 

deflected by the field radially. pass throLc.sh 
the def ocusl ng magnrtlc block of the 
synchrotron and get Into t h e team transf et- 
line. As shown by calr..ulation, 13 such a Way 
we can reach high efflcxent. 51 ow 
in spite of rather severe field 

e::tracti:zn 

In horizontal plane. 
nonlinearIt-{ 

Acceleration of fully stripped ions. T1h e 
iona of the elements of the end of Mendel eev 
table can not be fully stripped at the first 
Injection to the synchrotran. Therefore 
ions wi 11 not reach the 

tt.e 
max i mum energy. It 

will be possible to strip them entlrel;’ when 
the saving magnetic rlny installation ~111 ?2 
finished. Underst.ri pped heavy i 0~15 
accelerated In the synchrotron wi 11 b $3 
recharged in the foil placed in the ion guide 
linking the synchrotron with the saving 
and stay there as 

I- 1 I i LZ 
long a5 the syncnrotr ion 

systems are ready to accelerate ion-, with nev, 
charge values. Then the ions are reinjected 
into the synchrotron and accelerated there ap 
to the maximum enerc;:’ ‘Y-r.5 Ee’.+‘,Af. 

I I I I 
M T? M 

w 

3 

2 

1 

.P D F 
Pig. 3. The lxttice function and the 

dispersion function. 

The ring has FODO 5trurtc:re and 

consists of 21 cells formed by 42 bending 

magnets and 43 quadrupol e 1 enses _ The 

magnetic field in the ring 15 constant an,3 

there are no acceleration stations (small 

r-f-voltage will be used for beam bunch1 ng 

only). Figure 5 shows the lattice functions 

and the dispersion functxon of the ring. Most 
of the bending and quadrupol e magnets have 

been manufactured and are now instr.1 led in 
the synchrotron tunnel _ Vacuum chamber 
production is started. The equipment of the 

beam transport channel 5 i between the 

cynchiotron and the 5av1 ng ring) ~ power 

supply systems, and the control system are 

constructed and being produced. 

1729 
PAC 1989



Control system. Control system of the 
neavy-ion accelerator complex Is based err Che 
exlstlnq proton synchrotron contr-01 syst en: 
and 1s 1ts log1cal development. Sever al 
mini-computers are 11nl:ed at t h e same 
hlerarchxcal level by a ~1~igl~: c.om~Llr,, cat1 C,!l 
line. Mini -computers are eqai ped with 
powerful stat-age de\*icec and c at-r y out ths 
functions of the central processing G3lC-l the 
data basing. The distributed equipment of ttte 
accelerator complex ic- rommuni.cated with the 
central processors by mLtltlcirop par al lel 
busres. The length of bcrssec 15 up t0 4:??3 m. 
bit-rate is 5 Mb/s. rntefface crz.tes 
connected to the multldrop bus;. play the rrsle 
of knot stations which may be Ll5,ed far 
module5 lnrorporatlon and multIdrop bL!S 
branching. We are goig to ctce several tvpE-5 
of knot stations. Some of fhem are simp?r 
data transmitter-s between the ma1 tl drop bL!c 
and branch busses. and the of her c can be 
drlved by ml cropr~3re5sor1 or . Lontalri 
lm-ll t 1 -processor assemb 1 i ec. T5 reduce the 
load of the mu1 t 1 drop busses F.rime of the 
procer;sor controlled k:nots are communicated 
by addi t 1 onal ser1 al data llnk5. Sev,eral 
tvpes of microprocessor mndul es deal wi ttt 
local control of var1ocls types of act elET*+ C’:- 
equipment. 

Outlool. in the FL!ture. inns-Trr 6, 
proqress of ITEF ac.cel erat.or compl e:: 15 T.iiW 
under consi deratl on and 1 E, nct :I 0 tl f1r;al 1; 
decided. We consider- two ma: n w ,; \.’ 5 cl f 
de~/elopment: to increase proton eVrerg'/ Lii tc 

15-&j?! GeV and beam intensity tc s*l@'2- If!" 
P/S. or to conntruct an 
ta oenerate more t.har: 
Wlt.9 1fl-Y -l@-b munochromatizlty . To 
have couch an 1 nten51 ty of ant1 prnton5 Ore 
needs at least 2.113 T2 p.‘s - of the 5am’r 
energy. An IntereF.tl ng progr amm 2f 
e~:perlmentc wxth such antiprotrn hea,m5 t-b d -5 
been recent1 y suggested /4/. 

In the e::istlng 25@ m lorig tunnel ) the 
prnton energy of mnre than 15-17 Sc:,‘J ?PfJ ,: :;..:I 
Tm: ran be reached wlt;h s’~:pPrc.olndLtc. t;i-lL: 
magnetlr blocks only. Ex:t prutcm 1 nte!-,ir 1 y crf 
a supercondiirting 5ynchf;kron 1s rat!>~-.r 
severely limited become of Icrng ramping tin -’ 

of magneklc field. Ever1 c?n 0 pt. I m 1 5 t 1 r 
ectlmatlcn chows thrt ten scceleratlon cyq le5 
per ml nute lead to iP( W’m therm.=\: losses lri 
mgnetc what leads to a rather t1q c rycyenir 
system. A higher ~nte~:cjl tv prot.an beam can 
wily be produced b ‘: d convent : unal 
s~;nchrotron with high repetJtii>!! rate. 

Ecological problems lne-/it-shl ;, ar i .sl n-2 
with high Intensity acreleratnrs have been c!F 
to now decided on the bacl c of t-he e.:per, r?nce 
gathered at old acceleratars w1 tt c e n : 
percents beam 1 ossec. MDZier-rr ‘SC rrl PI at I! 
technology: perml ts to dlminist; beam lnses to 
I-?‘, -. and to decrease losses ~cc:.rr ing at 
random places to no more tt.art c). 1%. Therefor ET 
the possibrlity of accelerat.lon of l.fij’f Fs’i: 
(and may be even more! can be cor3r.i derrd 
set-1 0~5.1 v. The places ,z:f possible beam 1 c.cj%~c 
certanl~; t.0 be careful 1 y chosen iC?.d we1 1 
eqccroped to redilL= g : ! t 5 1 d e r-adrat.itr: to a 
5 .i f e 1 e ‘4 e 1 . 
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