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Su mmn r \’ 

The superconducting 
IYucl ot ron / I/, 

accelerator of heavy nu- 
clei 
truciion 

which is now under cons- 
will have a linac as an injector in 

the firs; phase of operation. To increase sub- 
st:intiaIll, heam intensities, it is planned to 
construct :1 booster of a 200 >IcV/u energy for 
n u c 1 c i :hSO Ye\ ior protons) (rig.?). ‘The Syn- 
chrophasotron should ‘,e replaced by this com- 
plex. Thn intpnsit) of heavy ion beams has to 
be increnscd by more than a factor of 10 by 
means 0;‘ multiturn injection into the boostor 
and 5 injection cycles in the main ring. For 
proto:1s and deuterons it will be up to 1013 ppp, 
One of long straight sections is designed for 
electron cooling which will decrease c~l~~~tt~~cc: 
I)), :i Iactor of 70-lOOand will give a momentum 
sprca1 oi 1 O-4 - 1 O-5 
co,. the 

. Apart from the operation 
main ring, the booster can be used in- 

depcntiy for research on its inner,cxternal 
(0uter.J targets. 

1:ig.l. Layout of the booster 

Operation and Nain Characteristics of the 
Booster 

.\ t imc di;l;:ra17 of the operation of the boos- 
tcr and the rrzin rinz is shown in Fig. 2. 

jln ion beam from the linac is stored in the 
booster, and then after acceleration it is in- 
‘ectcd into the Yuclotron. The circumference 
;f’ the booster constitutes l/5 of the main 
ring one. ‘This corresponds to five fill ing cy- 
cles in the Xuclotron. The repetition rate of 
the Lbooster is fixed by the linac repetition 
rate lib ich, in its turn, is determined by RF- 
-power- sLI[)pl~. 1ftcr enlarging the latter, the 
repetition rate 05 the 3ooster can be hiphcr. 

A simpler and frequently used nethod of ion 
storage in synchrotrons is the filling of its 
radial acceptance. ‘The duration of injection, 
its efficiency and, respectively, the num!>er 
oL’ injected particles can be enlarged if a ver- 
tical acceptance is also used for pnrtical 
storage. 
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Fig.2. Tine diagram of the operation of’ 
the accelerated complex, 

In our case this advantage is rcalizcd by 
means of multiturn injection into the booster 
when a 4-dimensional phase volune is filled 
with the aid of the difference coupling reso- 
nance Qx-Q,=O. When this resonance is excited 

by a longitudinal magnetic field, vertical and 
horizontal betatron oscillations are in phase. 
At a miximum of horizontal displacement of par- 
ticles on the inflcctor azimuth their vertical 
displacement is maximum /2/ as well. If the in- 
flector with a restricted vertical dimension 
is employed, the particles will go round it at 
more dangerous turns with large probability. 

The time of multiturn injecTion is dctermin- 
cd under the following conditions. The accep-- 
tance of the main ring matches a linac emit- 
tance of 4Or; mm.mrad. This means that the cmit- 
tnnce of the beam ejected from the booster 
should be equal to or less than the linac err,it- 
tance. Taking into account an adiabatic dec- 
rease oi emittance during beam acceleration in 
the booster b) K times, wh c r e K= ( I!p ) max / 
/ (Hpli is the ratio of magnetic rigidity for 
extraction and injection, the acceptance of the 
booster filled at multiturr. injection should 
be Ax=K1: , :I = KE . 

For a 12nac Znergc of 5 blcI'/u it corresponds 
to X=6.65 2nd Ax=;\-=ZhO.Z mm.rrrad. Thus, for 

filling the booster ncceptnncc, the storage of 
particles is yossiblc during K2=.1d turns. f:o r 
the period of particles turn ‘i‘=1.61.lS the tine 
of injection is 70 ps (55~~s for protons); this 
is much lnrzcr than the time of single turn 
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inject ion into the Suclotron khich is equal to 
St1L:(lIIs for protons, respectively). 

I’he pulse duration of l~cams from the linnc 
(uiich operates at the Synchrophasotron) using 
:I laser so:Ircc and 317 IiBIS is equal to lo-25us. 
‘l‘hi5 permits ions ir, tho booster to bc stored 
almost Liithout losses. A considerable gain is 
also obtained by using a dun?lnsmatron rind 3 
polarized deutcron source which pulse dtlration 
i s 1 0 0 - 5 0 0 L1 s . 

‘l’~~blc 1 gives pulse intensities of- the huclo- 
tron for the linac :rnd the booster 3s an injcc- 
tar- and after- the dcvclopnicnt of the ion sour- 
ccs. ,\ nlanned Layout of the booster-Nuclotron 
region ls shown in t‘ig.1. 

Intensity of Nuclotron he:lmns at Table 1 ____ 
various t:fpcs of injection (ppp) 
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‘The cf;‘cctivc procedure improving significant- 
ly the parameters 01 :i beam is electron cooling 
v,hich mnakcs it possihlc to reduce the pulse 
spre;id and cnittnnce of circulating nnd cxtrac- 
ted hcar~s) to incrcasc the efficiency of slow 
cstraction at the Yuclotron and to procidc bet- 
ter conditions for experiments on the beams of 
the hoostc~r. 

Tk.e task oi the accclcration of polarized 
dcuterons will hc decided comparnt ively c:is) 
sin~c there :,I‘? no depol3ri3ing resonanscs up 
to the four-t!1 order in that interval of cnerg) 
;~nd for i)et;itron frequency oscillations 
!?.=(-i -2.25. 

?i ‘: 
I’!:? acceleration of ur:lnium ions specifies 

recta i TCI;ICII t s for the prcs su re o I rc s i dual gas 
which should hc lo- 10. Torr at beam losses of 
il fC’l\ ]>C’J’CCIlt . 

!hrli inc I,ntt ice __- __----- 
The l)oostcr lattice cont;lins 0 cells (I:.ir:.3). 

Each ccl1 consists of ;I t~OFl)Ol) type quadrupolc 
cjuartct :ind tko sector dipole rragncts. ~I\$0 
str:l izht sections 2 . 6 111 and 0 . 9 m i 11 I eng t h :I r c 
usc~’ to install the clcmcnts of the systems: 
inj es t ion, extraction, acceleration, correct i- 
on, cl i:i;;nost ic and clcct ron cool ing. 

‘l‘l: c injection systcrn includes a scI)turr-maynct 
for ;lrel inin:iry hendin:: of an injected l>cnm, :I 
sept~~~ll-~n:ll-:r~c~t, 4 h~lmp-~~agncts to protlucc :i lo- 
c:11 distortion oi the orbit and ;I solenoid to 

nets are b x h = 102nm x 1013~ for dipoles 
(Fig.41 and D=90mm for qun~rupoles (I? 1s in- 
scribed circle radius). 

Fig.3. I,:ltticc of the booster. 

1 REINFORCEMENT OF 
I V>ACUUM CHAMBER 

POLE FACE 

1, i \r . 1 . &7 Draft of the dipole mahgnet, 

The ~:eIlernl ‘?oostc>r p;ir;ifriCteri; :Irc ::i\‘en 
i n ‘I‘n h 1 e ? . ‘I‘aSlc 2 

Injection encrpy 5 &\‘/u 

blax cncrqy (q/.1=(1.51 2 r 0 blc \‘/ II 

Chilrgc 1 imi t 2 * 10' 2.\/q !I?.' 

Inj cct ion t imc 70 LIS 

Circumfcrencc 5 n . 3 ? m 

Numbc r of I~OI~IIDI) (1 

Field in the dipoles (max) 1.:3 ! 

Gradient in the qundrupolcs (nns) 7. ‘-1 ‘T/m 

Rctntron freciucr.cy !>xZ 0, 2. ‘5 

.I c c c p t :1 I1 c‘ c! Ax = .I 2 h !)A- mn - m r 3 d z 

Srnittar.cc at cxt r;fct ion Ilx=t:- < 4 :! 7 mm - mrad &. _____-.-~.---.- -..-..--.- 
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of 2 Zn !iicl\cr and an extraction septum-rnagnct. 
1‘ ;1 I\ i n I: into account the use of the vertical 

\-0 1 umc 50 1 storage, the apcrt:ircs of the mag- 
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