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Intr3duct.icn 

Dcutcrium nuclei were first accelerated 

u:: to relativistic cncrzics in the Pubnn Syll- 

chrophasotron, .JIXR as a result 01‘ 3 partial 

rcconstruct.icrl of both the jnject.1. and the RI: 

system in 1570 /I/ . A subsequent development of 

the Synchrophnsot ran 3s a heavy-ion acccl crater 

followc>d different paths: 

11 creation 0;’ nei< t)rpcs of ion sources with 3 

‘sigh ionization lc~rcl and rather strong pulse 

currents Ielectron-beam and laser izJi sources) . 

:1 c re3 t i on 3 C ;I po1:iri zcri dclltcron source /4/’ ; 

This report gives a descr-iption of the 

Nuclotron lattiie, the injection and slo\c ex- 

traction systems 3~~3 general characteristics 

of their elements. 

l,att.ice of the Superconducting Ring 

.? ) 13 ro:ij~*, iii!; 0 f th (’ h e;i m t ran5 ic’r 1 in cl 5 /s/ ; 

41 :~acuum improvement I>:- mcan.f of cryogenic 
is/ 

pun:ping out . 

The shape of the ring tunnel and also the 

existing injection and extraction directions 

make it possible to place the synchrotron with 

a 250 m circllmferrncr and the namher of super- 

periods divisible by 4 on the ground floor of 

ttle S~llchroI)ha~c?triln 1)uilding. 11 layout of the 

Nuclotron is shown in Fig.1. 

The ticsi,<n of the accelerator facilities 

r.smed Kuclotron has been developed to provide 

1orl~‘-tc~I-m ]“Os~,c’cts in the field of relntiuis- 

tic nuclear physic5 at the I.ahoratory of thigh 

II:iergic?, JIK.1. It includes a supcriorlduct ing 

synchrotrorii7’ [ur,der construction now!, a nck 

I inac is/ and a booster synchrotron /9! . The im- 

plemcnt:at ion of this pro;<ram in combination 

with the inprol-ed ion sources b-ill allow one 

to attain hcsrr intcnsitics li-nitrd ‘my R space 

charge of 5.10 '2iA/qz) for 7 igh: ion s and 1 0” 

1-or hrav). ones. 

The existing linac will he used as an in- 

jector at the first stapc of operation. It can 

accelerate ions from deuteron to xenon with the 

charge to n355 ratio from 0.33iq/A<0.50 up to 

5 r*lcc’/u and protons up to 20 Mc?‘/u. 

SE2' 

The dipole anil C~IJZI?LTIJ~O~C magnets have an 

iron yolie an,1 coils made from a hollow super- 

ccnductor cooled by a two-phase helium flow. 

The Nuclotro.1 lattice and its fcaturcs have 

been mainly determined by the magnets’ parame- 

ters as \$(?I 1 as hl- their position in the ring 

tunnel inside the Synchrophasotron building 

and the opportunity to derive maximum beneilit 

from the existing experimental halls and equip- 

ment . 

Fig-l. Nuclotrcn layout (Sbl-septun-ma!:nct, 

El’ - electrostatic plates, RF - radio-frequen- 

cy cavity, ES - electrostatic septum, Lb1 - 

Lambcrtson magnet). 

7hc chosen lattice ccntains 8 superperi- 

ods. Each superperiod consists oi 3 regular 

FODO cells with dipole magnets and one cell 

without them. One regular cell includes focu- 

sing and defocusing quadrupole lenses, 4 dipo- 

le magnets and two small drift spaces used to 

install correcting magnets, beam position ho- 

nitors and so on. The lattice functions for 
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one superperiod and for betntron tunes Qx ,=6.75 
9 

arc shown in fi.g . 2. 
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I:ig:.7. Lattice functions for one superperiod 

v&- 
bctatron functions, L’- dispersion 

lmunc t ion ,.J’.’ s, z - hct3t~on ~liasc~). 

‘The correcting system is com?o~cd o!‘ .32 

superconducting mu1 t ipole mngnct s and 24 bc~am 

position moni tars. It performs ci>rrections of 

chroim tic i t;; , oc tupole tune spe;id and t 11 e 

most important resonances up to the 1 -th order 

inclusive. Each correcting magnet contains 

coils forming independently up to 4 different 

t)‘pcs of rn:3gnet ic field out of 8 a\-nil:lblr 

ones: norii:al and skew dipole, q~~a~rupole, scx- 

tuno1 c ant1 cc tup.31 e. 

‘1’11~~ gt~neral parameters of N~lclotron are 

given in Table 1. 
Table 1 

Conera Nuclotron I’ara~r~ters 

Injection energy for nuclei 5 McV/u 

for protons 20 Me\’ 

Maxinun: energy for nuclei iy/A=O.S) 6 GeV/u 

for protons 12.8 GeV 

Circumference 251.52 m 

Duration of acceleration 10.5-l .5isec: 

Maximum accelerating voltage 50 kV 

Trnnsi tion energ)- 7.6 ccv 

Field in the dipole magnets 

at injection 0.020 T 

maximum 2.083 T 

Cradient in the quadrupole lenses 

at injection 0.490 T/m 

max imurr 34.6 T/m 

Betntron tur,es Qx,Qz 
6 .:5 

Chromaticit). AQJ(b p/p! -7.9 

nQ,A .A P/P! -8. I 

Compaction factor il. 0 1 2 

Maximum closed orbit (after 
correction) 4 mm 

Acceptance horizontal .I I? mn1 mr3 d 

vcrt ical 1 5 mm 1111 3~1 

Maximum momentum spread ii. lo-3 

- - -- -...... .___ 

Injection and Extraction Svstcms -..---- a.--.- 

At the first stage the existing 1 inac will 

be used to inject a single turn of 20 blc1‘ pro- 

tons or 5 \leV/u ions with the chargtt to ~:~ass 

ratio over the range 0.33 6 q/A & 0.50. 

Slow cstraction Nil.1 be performed :it an!. 

cncri;y in the rarrgc from 0 . 2 t 0 0 0 C e 7,‘~’ II i n 

two directions SE1 and SE2 existing for the 

SyI-c~irOI~,hctSOtroJl. Tts duration will be up to 

10 sec. Rather complex schemes for thr csxtr‘ni- 

tion and injection systems and I?.-:lrn t ,‘;Lnsfcr 

1 ines both with horizontal and l’crt icsl beam 

bending were designed bec:iLlsc, tha Nuclotron 

r i n g w i 1 1 he placed at a 3.9m 1 eve1 be7 ow the 

existing linac and the S~,nclit-oI,h;~sotro:l expc- 

rimentnl equipment. The inject ion and cxtrac- 

tion systems placed inside the accelerator cry- 

ostat must have a low level of gas ticsorI)tion 

and heat i ng to avoid additional loads oit the 

cryogenic and ~3clLlm sySteo!s. 

‘i‘akir:; into account all the features of 

Nuclotron, the injection schcmc was chosen to 

Ilr-oxide a beam bond in the \er-tical plane. The 

injection system contains a septum magr.et ISM) 

for :S prel imina ry beam bend and :I y11 se de\rice 

(electrostatic deflecting plates - EF1 for fi- 

11;11 fitting the beam to the reference orbit . 

The injected beams completely conform with the 

Nuclotron lattice in trans\‘erse phasr space 

and dispersion. 

The sentur: magnet has a rather snail field 

(up to 0.2 T) and 3 large thickness (l@ mm! 

at a 0.5 m length. This permits one to make 

the superconducting coi 1 3nd cur rcn t s cp turn . 

The vol.tage on the electrostatic dcflcctinp, 

plates does not exceed 40 kb’, and the level of 

gas desorption and heating for this pulse de- 

vice is much lower than in kickers. The effcc- 

tive length cf the dcflccting plates is 1.5 m. 

In accordance with the chosen betatron 

t.unes Qxc Q, 2 6.75, it is iiorthwhile to use 



460 

the nearest third brder integer rcsonancc. 

30x=20 for slow extraction. The working point 

is shifted to the resonance hand by the lattice 

qundrupole lenses. Simultaneously the ZO-th 

harmonic of the sextupole field component is 

created hy means of 4 sextupole :nagnets. The 

slow crossing of the resonance hand is produ- 

ced by the J special quadru~~ole lenses placed 

at equal distances apart. 

The beam is cxtr-acted in either directi- 

ons with the aid of an electrostatic septum @Sj 

and 3 two-section Lambertson magnet (IX) , The 

ES deflects particles in the horizontal plane. 

The applicntioc of the Lb1 allows one to pro- 

vide a beam by-pass around the lattice elements 

and its rise up to the level of the existing 

beam lines in the experimental halls. Gcneral 

parameters of the slow extraction system arc 

criven in I‘ciblc 2. The phase trajectories 

at the entrance of t:2e ES are stown in Fig.3. 

Thcrc arc an ellips surrounding the Nuclotron 

nccc!,tance (Ax= 2lOi;n?m mrnd) and phase port- 

rz its for the elcctrostat.ic septum and the 

Laml~ertsorl mngnct (hatshiI?g 1 . 
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Fig.3. Phase trnjectcrics and phnsc portraits 

of the slow extraction clcments at the entran- 

ce 0T the electrostatic scptu17. 

Table 2 

General Chnracteristic.s of the Slow Extraction 
System 

Pnran:oter llri it E;crgy(GcV/u) 
.2 6 

dRz/dx (quadrupoles) T/m 0.14 0.68 

d2Bz/dx2 (scxtup01es) T/n? 13.3 233 

Tension of the electric 
field in YES KV/m 1 . 26 10 

Field in Lbl T rI.136 1.450 

Effective emittancc 
horizontal mm mrad 9.5 2. 5 

vertical mm rr.rad 20 2.0 

Instantaneous momentum 7.1 o-4 2.10-3 
spread 

Duration see 11 L 10) 

Duty factor of the ex- 
tracted hea-n current c 95 95 

Slow extraction efficiency “, 95 96 
.~.. -..- ~----...--__ 

Present Status --. 
The statr of work is the rollorving to 

date. All basic lattice elements are almost 

ready and their electric and cryogenic tests 

have been per-formed. The mea surcd non1 ine:I I-i - 

ties of the magllctic field in the lattice di- 

poles and quadrupoles arc less than the calcu- 

lated to1 ernnces. Complex tcst.s of man)- days 

have been carried out for l/8 of the Nuclotron 

ring. 
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