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Zi!evclienko 1r.G. (ITS?); Vaoiljev A.A.. (I\aSc) 

A col:l~les for grOt0;l heavy iOn accelera- 
tio:i is ocin:: cozstructed on the base 0,' the 
e-is-tinL ?XI: 3;rlchro~rone. Y!;ihc Spchrotrone 
raa,;nei; S:jC'LClll is Cot to be Chllr~ed. XM.n~ CD 
the geazrs of oneratio:: seVei31 llev: buildi;lgs 
have been bui<t ~3.i-CLlnd tile 131' nccclera:sr. 
Their i-,reoence xzl;es i-; difficult to find 
ulcce fCi* a new linac - an injector of he&V7 
ions (fi,-. 1). The exiotiq lisac is used LZOVT 
for proton acceleration only. After certail1 
choil~cs it xould be possible to use It for 
acceleration of heliun. 

The developed pro$ec: provides for acce- 
leration 0: io-nc (from iiydro~en to UraJliLUl) 
with Ciffel-ent initial o-bates of charge. The 
project is to be accomplished in three sta- 
"CS, First of then1 13 based on the exslsting 
&qnet rinE only. In this case, the ions of 
tlr,e first half of the Xendeleev's table cCan 
be accelerated up to about 3,5 GeV/a.m.u., 
and the heaviest ions up co 0,7-l ,0 GeB/a.m.u. 

At the second steze o_' reconstruction an 
a.dditiozz.1 ma-;nct rim: is to be installed in 
the eksting tunnel, and t:lc third stage in- 
cludes a superconductkz accelerator, In the 
pr.-ocess 01 -czailsition i"ro:n the first ring to 
the folowing o:les tile ions nould be en';irel;i 
stripped. Flnen the second stage of reconst- 
ruction is accomplished the energy of heavy 
i 0113 v:oL&~ rectch about 5 GeV/a.m.u.; the rea- 
liztlkion of the third sta:e vroulc? raise it to 
ZC-25 CeS'/a rI: u . . . 

sage through the accelerator can be avoided. 
(J::e system.: of t?rofold acceleration with 

external particle returr cha-m1el iX3keS Lt 
CCLS~ to CiiaL~e the ~lla~m~l le~$il EC.C? thus to 
ajus-i the l~L~;h voltage pbse 01 the second 
accelerstioc. Such a pouu --i‘$ility is of great 
importance for an universal injector whick is 
to be u-ed for acceleration of ions ~sith dif- 
feren'; i/A values. 

An impel --ta2t feature of the two-sap acce- 
lerator is its stability against i/A chnqes. 
Ike calculc?ted values of the mean ion energy 
aid the useful phase iY3.llPe a-t different valu- 
es of i/A are presented &-I the follol:~iX~ tab- 
le. In tile CdCulatiO2S it T!3.3 su~~oaed that 
l~xci~r is iastallec?. in front of accelerator. 

Irl,-iut i o.nd output beztl parametez of -xT-@~> 
in'ector acceleretcT _-,-----~----Y----------- ----~.cS~bI-~e-E~fi---- 

Eearn paxmeter cl7ar-e --we L.-AL 
0, 1 0,2 0,3’ 

___--------_------ -------__-------_---------- 

In: e&ion eners;$, I:eV/i 50 50 50 
IOil energy at injec-kor 
outpx:<t, I;eV/i 5,7 5,4 5,c 

3e211 nor;,entuii varintioil at 
i::jcc-koI input&p/p, z i1 i-1 21 
Ecax mol:.en+xxi variation at 
injector OL1tpUt,Ap/>, :s &O,G LO,5 $93 
Phase ran~c ca$2;,-2d in+0 
RCCelC%CtlOll 2000 IGOC 145" 
3unch p&se %aliGe 3" the 
beam lc-:ring injector 300 ?C,O 0 ?C 
__I________-_____--_----------------- --w-w--- 

Ion sourse . As it :'ias mentioned above we 
pLave g.0 room for a long iniector system. By 
;neans cl" .a shozJi s::stem it is ii,:possible $0 
perform a big number of rechnr$nc:s, and %e ';' 
uiitial state of char.-e ~-,ust be high e;lough. 
It seenls inexpedicznt go begin the accelernti- 
Oil Of medix7I ions fro19 L/,?<O,l, 0212 tllat 01 
keaviest i31iS fi-Oli! i/l,< G,O5. It meam that 
the r,iedil.m 2nd heavy ions states of cllarge 
I:KIS~ be not less f&n 12-lL1, md preferably 

. 220. h sufficient arno.~~t of such ions can 
'0 e seneratei bg CO2, laser source [I] if 
p&se enercj: is 1' then several tens 

its 

j odes. Zenerating " 0uch ener xei' 2' 
have been mai?.ufaCt-dred in several places. 

Ion sources based on elect-ron CyClOtrOil re- 
3ozmnce [ 21, 22 well as cryogenic souxes 
wit? electron beams 13 J CCC be considered as 
reserve sources. 1: laser source ni-th accumu- 
l,zted ener;;r about X0 C is now under develop- 
r,ient . Ye hope that it would provide ions with 
cherze valueo of abou-t 20. 

T3q -i ec-GOT. A tvo-L i '-30 resonance accelextcr 
wit- or tv:ofold be&z passace (fig.2) 
v,-;ill be used as an injector. 3speriance of 
IIT? (Xovosibir;ikj Siloir'fS [i; ] tknt 3 Liir at 
3 Llfiz can be obtained OA the drift tube, Ever- 
;;~r increase in a single passage would be not 
less than 5 ;leV/slmv~e, i.e. cbout 70 TeV per 
zuc1e.x if i=:4. :he second pcnna~e v{ould in- 
crease tilis energy to l$O-13G i.Celr. The first 
of the firlre.3 is valid for acceleration rc- 
pentec. :ziYhout reclzi'zin,, and the second one 
if the ions are stripped between the first 
aEd the second ncceleratLon. If the source 
cr.lj.ts ions lvit:? ciiarges 71 20, the second pas- 

v3 ci~.l.l.l:: problems. .!'i cayc‘:<n-.: %1_ il:~ro~Jer?e?t of 
vacmm iil the "; ti mchrotrone vacuur.1 chamber is 
required when ckwging from proto:: to ion ac- 
celeration due to the fact that recharge 
cross-sections have very great (a-l-omit) va- 
lues. :"he ex?erir,lenl;a?_ date. analysis indica- 
tes ti;e ;Josslbf.litg t3 e:;tir.ia-te total recilar- 
c:e cross-sections in tile i2OSt important ranse 
iron 0, '; to 100 i:e': per nucleon by a sLmple 
empirfc formula 

G s :c l lo-y/J3 CIfl 2. 

tions s1101:r tjlat fol 
tir.le the necesSar;T cacuur_n,~s ylbout 10-10 tor 
to accelerate U20+ 5.10 toi- for u3*+, 
and 3 .10-'1 for uTo+ (:-rhat; seems impossible 
i-n our conCitions). It was considered that 
zot i,:ore tilaz three to fivefold vacuum los- 
"es can be adcpted in the nroject. Greater il 
loss values are dangerous, becaxe two or 
tilree times vacuum deterioratioins which are 
always possible distur's in this cases the ac- 
celeration to-tally. 

At present tile vapuwn ir the accelerator 
chamber is 1-2 x IO-" tar. 'llhus it is neces- 
sz*î y to undertake a radical reconstructioi> of 
tke vacu~un chambe% as well a3 that of the 
z>ole eVacU~ti03. syz;ei12, 'Je are plaZlilii2g to 
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we dis’tributed evacuat.:.ou xi I;11 nots7rzt~~ecl 
,cti-er. ,"i3.'3'1 eXpe1':illt':liS I!O,VC ljC?eIl SIICEeSS- 
filly fCill.ed n-l- ITL’I’. 

7.5. 2;r;tru. “he 3ccelera+ion frequ.enc‘T 
rm1L;e 1'1l.IC~ :::oin 4 1-o 25-311 wit-11 tran::itron 
_“rOlY pl‘O-l-323 t0 ion:;. To i.:ke ail acceleration 
S;TSte:r vii:1 SC) his fl:f2?liffilC;; FuilCC is not a 
trrivial task. LLIVIO pOSSibl.litieS are UllieY toll- 
sidera l-ion. The first one iz a. relay accele- 
rst.lo12 3 c2lc!.:e 
!;oi~I:ill~ 

xiitll .t,<io ncce!.eration sy3.t cx3 
3118 a1ter 2rlotilelq. In tlli3 carjo it 

::mAd ‘oe neccsoai-lr to i~1~tnll 11evr accclera- 
-Coil stations insl;iead cf t:;ose xe have :~ov:. 
The second possibility consists in transitio:; 
Tr01: l!i-:;el: to 1oriel- T.2. lxti~nosicS ir tile 
procer:s 0: , ccceler3tion. ;uch a -tYans:i lion 
TIELS 1.13 cd :JIIJA 1’71 :nd II?EP I: '3 1. The nain GE- 
Zicul i;;- 1~:e is tic neces:ait;: to accomplicll_ 
ft in very begTnni;q of the 
3.0, ‘CJ::el1 

a~celerntion cyc- 
tile r::nC;r?F:t field pulsations are par- 

t:i.cul.arly pr0noUi~CCd.. Ihe efijcienc:r of t3.s 
13 .’ 0 c c r_: c: 
'jrc:: 8ciI I;. 

ii: cr.!~crLl,!e,l-i;nl~~i iIlr;c::-tj.~:l~-i;E:i! p*i 

Particle cxtmc-tion. ‘L’hc exiotin~ __ :- T '/'I, 1' 

::;-il~:.;.~Oi-;.C:Ic Ix'2 110 ~lO?i e:c::-t~~ac-:~oll nys te.'.p., 
nIld Ct!l tl:e existin!-: r:a,E,r:netic bloc!: arra,il- 
gemc.?.i- :i.-:;-: c--p-, !b;ieo, T _I _, 1. :: i1~possiblc. 

.i'ni+.cLc CXiI‘ii.C bion CLtii lje accoIiq)liol:ed 
by menil:; of -i-lIPiY r;cattelkl& de"I'3.dill:: Cl 
ux.:avyinZ 011 iil.tCL'iILLi tflrge-to. %e cal.culn- 
tio,x3 show ‘iha-/; li$ltcst ions oniv can be e:;- 
‘pi-5.c ted bg i;cat’;c:~in;. The l;!OS-t ainple me- 
‘d~od 0: ion cxLrac-Yi0n is thcil- recilrirzing, 
i.e. beam s-tri;:,ping in tlte target material. 
If t!?C bChl ~~~~OaClle:; -l-he ta,~::c-t r;l.o!-; eiloy$ , 
kl:e c::tnc:-Lion process can be well stretched. 
?::e iozs stripped in the target are sv;ept b:r 
tile S~:nclIro i;rone Iiaenetic field itild br0u~L-t; 
out of the accelemtor vacuum chamber. The 
extracted beal:\ can be Directed to 51-e exi.s- 
tins ioiqJLdes if i/Z is oimaller than 0 7 

, I l 

Jorx consideration+3 aSor; intensitv. Let 
us c;inlunie xl’;e;xity losses aimion, 
acceCevation and exLraction. Losses depend on 
the acceleration SCl?Ci;l? , Each ion reciicr -e 
dexiniaiieo their lrLu-\iber by a factor of u-,7 . 
I,ozr: facto? evalua lions TOT sini;l.e recharge 
x-e ~;i~;en below. 

1103s factor 
.:cceleration in injector- 
;Cecllctr~e beTore the injection 

4 ,o 

into tile mnLn accelerator 
Ue,ani trailsportatio;: and input 

790 

_ 0 s 3 e s 
Capir,re in50 acceleration 

195 

~lrocezr; 2,:, 
li-21xoll.i.C ilUmber Cilailge 290 
Output losses 1 ,5 
_------------------------------------------- 
‘~OkLl losL;en 300 

‘2 c ,ye’; IO3 accelerated par-ticlcs me need 
3011 paldiclec a-t the in> ector iriau-l;. Xe con- 
r:idev J-1 : ~~63 Inw~bcr 03 renlia l-ic. (?,it!l elect- 
i'o1; bear1 sources, particle number may be an 
o:,:der of !I:agnitudc lower because such SOUP 
ces s';ri!l ioiL2 rach Geeper, Vjhai; mal:en LlilXe- 

Of TJiC,': Of <-ts 

of -iGIlL: 
; ?,(3 y" i-i, dO..,)yp 7. I- Y.. 

eliier-$im fro:;1 i!ie SOLli'Ce, cl-.e sC::e- i 
ulY91Si-I;LOiI thrOilC;l; iilj ectcji- 

p~:.~iCts tno rc~harye~ , ITumbc~ ol" i onn Iron? 
the :Jc?u:-cn iilcreaaes fastei- 
l-OS3eS , vrkicl? becomes 

tl2.m rcclla.r:;e 
necessary i.2 t!:c cilai-- 

;e is reducei.. ‘I’herefore it is too ecrlT7 ilo"! 

$0 ciloonc the fin31 injection version. ” 

ColIclLG3ion. i;s F-t follows from above ‘bllF 
reaYt1Cd1011 Of tile first stnge of reCo&tlrI.C- 
tion is not connected with any 
engineering work or 

serious civil 

ruction. 
special equipment cons+- 

The nccct of ver;r high -~i~cuun~ ( IO- 70 
tar) and t:lere_“orc the total. reconsi;ruction 
of tke vacua: syc: t er:: is the mos-t clI.fficxlt 
fez-ture of the p;-0 ject. I:s L k was r:cnt~or~cc! 
above development vrorks in -t!lis iie1.d are 
succeas5Ctg advanci3~. “he tno-zal3 accele:a- 
tar-injector is in the process of installa- 
tion. Iii+-frequency systenl is ifitensi-TelT- 
worked a7 . J 

. 
is started. 

Develop:wnt of hcnvy ion SOLU'CCS 
The firzt part of the projec’; 

can be accom?li3hed wi.tliin next f~;: yeiZ?z. 
The works 
parts arc 

02 the seconc and ';he thirci project 
yet in an initial stqe. 

7. 

2. 

3. 

4 . 

5. 

5. 

7. 

8. 

References 
Ju.1). Besiio$.ch, et al.. , JI1.K; iiep. :‘+&q.- 
245, 1984. 
I;.:;. Golovanivsky, ,1<.Zn. , 19&t, v. 56, 
iseue 5, p. 30-j-310. 
7 8' U.C. -. !J 0 11" -t s , 
v . 1 7 

2I.e::;. Port. zwl &t.:Zn., lsL2, 
issue 5, p. 93-1-9'51, 

I, G. -1ta1rar0v, et 2.1. ) 
sijirslr, 796s. 

Fyq-fint II;F, ;so.~o- 

Tr !,A . 2Lmche I!. I?ohnc, 3. ;‘ra11z:rc Prcc. 1 I 
111-t. Ccni”. ‘Xich. El?. i~cz.; IgzO, ‘p. 1 220. 
G.Cr. Gulbokja:? et al. , .iil~:? Ite;,. IS-E;- 
-:- 5 1 ) 132:. 
Jll. D, CeT,>--c,.’ ,lci;, L.i:. 
,i1:;,; _‘,cy . 

::.i,~.ovTcv et al. , 
1 SC,:: -, ii . !; . 

“S-i] ?- 14 , 
i;Ul'O~/) 2,) IT 1.‘ 'L' 3, 1973: p, 79. 

sixplicit;:. Thin scheme either need.:: cr does 
no-t llecd ion recl>ztrC;e before t3ei.r i::jectLon 
iiito tile ~;?lCilTOt~Oll -lependitq 011 t-le cl~arze 


