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INTRODUCTION 

The Nuclotron [1, 2, 3] is intended to accelerate nuclei and heavy ions 
of all elements up to uranium. The maximum design energy of particles 
with the charge to mass ratio Z/ A = 1/2 'is 6. Ge V per nucleon. A 
high (up to 1 Hz) frequency of.accelerating cycles cit the NtiGlotron offers 
wide p

0

ossibilities of using it as a booster also. The ring of th~ Nuclotron 
comprises 96 dipole magnets 1.5 m long, 64 quadrupole lenses 0.4 m long, 
28 multipole correctors 0.31 m long with 3 or 4 types of coils in each, 
twelve 6 kA helium-cooled main current leads, 234 leads of 100 A current 
for correcting'boils and special-purpose magnets, 32 special.units of beam 
injection, acceleration, diagnostics, and extraction, and also about 600 
sensors of cryogenic temperatures. 

CRYOGENICS OF THE RING 

The Nuclotron magnetic system is based on a magnet of the ":Oubna" 
type [4, 5]. T~at is a pulsed SC magnet with a "cold" iron y9ke and a 
hollow superconductorwing.ing (see Fig. 1). The cryogenic performances 
of the magn~ts are presented in Tab!e L The magnf::t is fastened in a 

Tab_le 1. Cryogenic performances of the magnets 

Mass, kg . 
Length of SC cable in winding, m 
Dynamic heat. releases at 13=2 T/s, Bmin=O, 
Bmaz=2 T, and f=0.5 Hz, W 
Static heat r~leases (~fiero current), W 
Helium pressure 'difference bet~een headers 
when magnets run at indicated ramp rate 
and x0 =0, x2=0.9, kPa , . 

DIPOLE 
500 
62 

21 
6.6 

20 

QUADRUPOLE 
200 
24 

12 
5.8 

20 

vacuum shell of the cryostat-~540 mm b'.f·8· su~pension.parts of stainless 
steel. A nitrogen shield ¢490 mm covered with 20 layers of superinsulation 
is .plac!:!d in th!;! insulationvacuum space between the.magnet and the 
vacuum shell. The supply and return helium headers, which _the magnets 
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Figure I. The cross sections -of the dipole· and' qu'adrupole·•'magnets • 
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of the accelerator half-ring are connected in parallel with, are placed 
in~1de. the nitrogen :shield ( see Figs. 2 arif 3). The 'inter~al. diameters -of 
th'e·supply and'return head~rs are ·35 mrria~d 52'rrim, r~~pectively. Th<' 
cooling of the magb.ets is performe

1

d oy' a'two~phase heliuni'flow. The 
mass vap6ii;, content of heiium :va~i~s' fro~ 0 at ·the inlet 'cif the ~~gn~t 
to 0.9 at its outlet. Helium in the supply header of each_half-ring is kept 
in a liquid state by inearis of' a phas~ separator,. a mahi'subcooler, and a 
large number .qf small subcoolers. The temperature sensors are placed at 
the helium inlet and outlet of the winding and also at the helium outlet 
of the iron yoke of eackmagnet. 

Figure 4 presents t];ie values of heat load for the Nudotron at 4.·5. K 
versus the repetition frequency of accelerating cycles .. Th.ese, datah~ve 
been obtained from the measured values .. of. heat releases in individ11a.l 
components of the magnetic system. In a·ddition, about 4.44 g/s·of liquid 
helium are needed to cool the twelve 6 kA current le~ds'. · · · · 

CilYOGENIQ SUPPLY; SYSTE]yl 
, ,·,• \ _! ,, ' ,t/:~ 

The ·cryogeiiksupply system: '[6]· is' based on three· refrige_rators/liqueficrs 
- of a nominal cap'acity of 1600·W·at 4;51( made by the·NPO ''GECYt-1'ASII": 
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Figure 2. Flow diagram of the. magnets. I - suppl:1i head~r; 2 - small suhrnolPr; :i 
COTT<'d.or or special ele.nwnt for lwam extraction and diagnostics: 4 - ttibe for cooling t hl' 
irou yoke; 5 -- quadrupole winding; 6 _,_; return header; 7 -:-,dipole winding; T thPrmomd<'r: 
x1 , x2 - average mass vapour cont.ent· iu the helium flow at the outlet of the wi11di11g and 
the yoke, respectively; x0 - mas~ v~pour content in th~. supply header 

Two refrigerators are connected· each to a half-ring, respectively (s<'<' 
Fig. 3). The third one is ainied·to run in thf )iquefaction modP with 
liquid helium fed to any refrigerator in the cas<' of its failnr<' or th<' Nn
clotron operation at ~. maximum frequency of ,icc~l~rating cycl<'s. Th<' 
refrigerator includes three turboexpanders Tl, T2, T3, a liquid uitrow·u 
bath, double- and triple-flow heat exchangers; wet .'t1irbo<'xpander T-L 
and a liquid helium receiver with a volume of 1000 L: Tlw nominal pn•s
sure of compressed helium at tlw e11t.rance of the .r<:frig<'rator is 2 .5 ~!Pa. 
The pressure in the liquid hPlium receiwr is ,ilJOut. 0.13 I\IPa. The lmsis 
of the compressor system is a screw compressor [7] of a 5040 m3 /h ca
pacity manufactured at the joint-stock company "NIITURBOCOMPHESSOH ... 
Three piston compressors with a capacity of 1200 m:1 /h each and four 
riiston cornjH~ssors of a 900 rn3 /h capacit; eachafr llSfd for'~tC'p-by~st(:j) 

', ,'c ,,• •• f > ' f q,, \.> ' 

variation of the. compressed helium flow 1and its .redunclancy. G,i.sc•ous 
hdium is stored in 10 V('ssds of a 20 m:1 capacity Pach with auop<'ratiuµ; 
pressure of 3 MPa. 

Figure 5 shows the characteristics of the refrigPrator /licp1PfiPr iu tlH' 
"mixed" operation mode: refrigeration and liquefaction siumlta11Pousl~·. 
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Figure 3. General scheme of the Nuclotrori cryogenics. 1 - vacuum shell; 2 - heat shield; 
3 ~ supply header; 4 - ret'urn head~r; 5 - dipole magnet; 6 - quadrupole magnet; 7 - main 
subcooler; 8 - phase separator; 9 - refrigerator; 10 - gas bag; 11 - storage vessel; 12, 14, 
15, 17 :.. compressors; 13, 16 - purifiers; 18 - safety valve 
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Figure 4;: Heat load for the Nuclotron at 4.5 K versus the repetition f~equency of 
accelerating cycles · · 

2.0 ~--.---.-------r--,-------,----,-----r-i 

~ 
:::, 
&i 1.6 

~ 
0... 

g 1.2 

~ 
(>:: 
w 
c., 

~ 0.8 
w 
(>:: 

wet piston expander 
' ' ' 

wet turboexparnler 

0.4 L----'-----'---.....J....---'----'----'---~~ 

0 20 40 60 80 100 .120 140 
LIQUEFACTION RATE (1/h) ·. 

Figure 5. Characteristics of the refrige!ator/liquefier 
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TEST RESULTS 

The first test run of cooling [6] of the 80-ton magnetic system of the 
Nuclotron was held on March 17-26, 1993. Four runs of a total duration 

. of 1000 hours were carried out from March 1993 to March 1994. Th<· 
magnetic system cooldown time was varied fronr 103 to 126 h~urs and 
determined by given cooldown rate. The investigation of the accelerator 
systems with a gradual increase of stored energy in the magnetic syst<'m. 
particle acceleration and irradiation of the targets were performed in the 
runs. In the fourth run the value of the magnetic field was increased np 
to I T that is equal to 50% of the maximum ~esign value. In this run 
deuterons were accelerated up to an ~mergy of 3.5 Ge V per nucleon, and 
three collaborations of physicists carried out their investigations using 
the internal target of the Nuclotron. The cooling of the magnets was 
stable .. No flo~ rate oscillations were ·~bserved in tlie parallt{co~lihg 
channels. However, there were quenches in some units of the magnetic 
system when an excessively small helium flow through the magnets or 
helium vapours in the supply header were initiated. So, quenches in tll<' 
SC windings of the lenses with correctors were the result of decreasing the 
pressure difference' below 15 kPa between the supply and return headers 
or incomplete immersion of ~he heat exchanger of the separator into liquid 
helium ( the liquid helium lev~l in' the sepa~ator was less than 50% ). ThesP 
units have the largest value of static-heat releases (about·14 W) which is 
due to heat releases through.the cur~ent leads of the multipole c~ils. 

The next run of the Nuclotron is planned on July 1994. Studies with 
heavy ion beams are included in its schedule .. 
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