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INTRODUCTION

The Nuclotron [1, 2, 3] is intended to accelerate nuclei and heavy ious
of all elements up to uranium. The maximum design cnergy of particles
with the charge to mass ratio Z/A = 1/2 is 6 GeV per nucleon. A
high (up to 1 Hz) frequency of accelerating cycles at the Nuclotron offers
wide possibilities of using it as a booster also. The ring of the 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 helinm-cooled main current leads, 234 leads of 100 A current
for correcting coils and special-purpose magnets, 32 special units of beam
ijection. acceleration. diagnostics. and extraction. and also about 600
sensors of cryogenic temperatures.

CRYOGENICS OF THE RING

The Nuclotron magnetic systew is based on a magnet of the "Dubna”
type [4, 3. That is a pulsed SC magnet with a “cold” iron yoke and a
hollow superconductor winding (see Fig. 1). The cryogenic performances
of the magnets are presented in Table 1. The magnet is fastened in a

Table 1. ('rvogenic performances of the magnets

DIPOLE QUADRUPOLE

Mass, kg 500 200
Length of SC' cable in winding. m 62 24
Dynamic heat releases at B=2 T/s, Bpin=0,

Biraz=2 T, and {=0.5 Hz, W 21 12
Static heat releases (at zero current), W 6.6 5.8

Helium pressure difference between headers
when magnets rau at indicated ramp rate

and xo=0, x,=0.9. kPa 20 20

vacuumn shell of the cryostat ¢540 mm by 8 suspension parts of stainless
steel. A nitrogen shield 0490 mm covered with 20 layers of superinsulation
is placed in the insulation vacuum space between the magnet and the
vacuum shell. The supply and return helium headers, which the magnets
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Figure 1. The cross sections of the dipole and quadrupole magnets

of the accelerator half-ring are connected in parallel with, are placed
inside the nitrogen shield (see Figs. 2 and 3). The internal diameters of
the supply and return headers are 36 mm and 52 ., respectively. The
cooling of the magnets is performed by a two-phase helium flow. The
mass vapour content of helium varies from 0 at the inlet of the magnet
to 0.9 at its outlet. Helinm in the supply header of each half-ring is kept
in a liquid state by means of a phase separator, a main subcooler. and a
large number of 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 each magnet.

Figure 4 presents the values of heat load for the Nuclotron at 4.5 Ix
versus the repetition frequency of accelerating cycles. These data have
been obtained from the measured values of heat releases in individual
components of the magnetic system. In addition. about 4.44 g/s of liquid
helinm are necded to cool the twelve 6 kA current leads.

CRYOGENIC SUPPLY SYSTEM

The cryogenic supply system [6] is based on three refrigerators/liquefiers
of a nominal capacity of 1600 W at 4.5 K made by the NPO "GELYMASHT.
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Figure 2. I'low diagram of the magnets. 1 supply header: 2 small subcooler: 3

corrector or special element for beam extraction and diagnostics: 1 tuhe for cooling the
fron voker 3 guadrapole winding; 6 return header: 7 dipole winding: T thermometoer:
Xy, Xy average mass vapour content in the helimm How at the outlet of the winding and

the yoke, respectively: xo mass vapour content in the supply header

Two refrigerators are connected each to a half-ring. respectively (sce
Fig. 3). The third one is aimed to run in the liquefaction mode with
liguid helinmn fed to any refrigerator in the case of its failure or the Nu-
clotron operation ar a maximun frequency of accelerating eveles. The
refrigerator includes three turboexpanders T1. T2, T3. a liquid nitrogen
bath, double- and triple-flow heat exchangers. wet turboexpander T4,
and a liquid helium receiver with a volhume of 1000 L. The nominal pres-
sure of compressed helium at the entrance of the refrigerator is 2.5 MPa.
The pressure in the hiquid helium receiver is about 0.13 MPa. The basis
of the compressor system is a screw compressor [7] of a 5040 m?/h ca-
pacity manufactured at the joint-stock company “NHTURBOCOMPRESSOR™.
Three piston compressors with a capacity of 1200 w’/h cach and four
piston corpressors of a 900 it /h capacity each are used for step-hy-step
variation of the compressed heliim How and its redundancy. Gascous
bielinm is stored 1 10 vessels of a4 20 1w capacity cach with an operating
pressure of 3 MPa.

Figure 5 shows the characteristics of the refrigerator/liquetier in the
"mixed” operation mode: refrigeration and liquefaction simultaucously.
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Figure 3. General scheme of the Nuclutron eryogeuics. 1 - vacuum shell; 2 - heat shield;
3 - supply header; 4 return header; 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 frequency of
accelerating cycles
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Figure 5. Characteristics of the refrigerator/liquefier



TEST RESULTS

The first test run of cooling [6] of the 80-ton magnetic systen of the
Nuclotron was held on March 17-26. 1993, Four runs of a toral duration
of 1000 honrs were carried out from March 1993 1o NMarch 1994 The
magnetic system cookdown tine was varied from 103 (o 126 howrs and
determined by eiven cooldown rate. The investigation of the accelerator
svsteins with a pradual inerease of stored cnergy in the niagnetie svstent
particle acceleration and irradiation of the targets were performed i the
runs. In the fourth run the value of the magnetic field was increased np
fo 1 T that is equal to 50% of the maximum design value. In this run
deuterons were accelerated up to an energy of 3.5 GeV per nucleon. aud
three collaborations of physicists carried out their investigations using,
the internal target of the Nuclotron. The cooling of the magnets was
stable. No flow rate oscillations were observed in the parallel cooling
channels. However. there were quenches in some units of the maguetic
systemn when an excessively small heliuin flow through the magnets or
helium vapours in the supply header were initiated. So. quenches in the
SC windings of the leuses with correctors were the result of decreasing the
pressure difference below 15 kPa between the supply and return headers
or incomplete immersion of the heat exchanger of the separator into liquid
heliwm (the liquid helium level in the separator was less than 50%). These
units have the largest value of static heat releases (about 14 W) whichi 1s
due to heat releases through the current leads of the wmultipole coils.

The next rn of the Nuclotron is planned on July 1994. Studies with
heavy ion beams are included in its schedule.
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[IpuHMMaeTCS MOANKCKA Ha NPENPUHTHI, co0bieHus O6beAHHEHHOTO HHCTHTYTA
AfepHbIX Hecnenosanuit n «Kpatkne coobwenus OHSM».

VeTaHOBAEHA CEAyloUas CTOMMOCTb NONNHCKH Ha 12 MeCsues Ha H3NaHHA
OWsIY, BiuIlo4as NEPECbUIKY, MO OTAEIbHBIM TEMATHYECKUM KaTeropusM:

Hunexc Temaruka lleHa MoAmnMCKH
Ha rof

1. DKcniepuMeHTANbHAT (PH3UKA BHICOKUX SHEpIrui 7 22600 p.

2. Teoperyueckas (pH3MKa BBICOKMX SHEPTHH 59200 p.—-

3, DKCIepPHMEHTAIbHAA HEHTPOHHA (PUInKa 7800 p.

4. Teopernueckasd Qu3MKa HHIKUX 3HEPrui - 23400 p.

5. MaremaTHKa 14800 p.
6. SnepHas CnEKTPOCKONUA H PAIMOXHMHA 12000 p.

7. ®u3nKa TAXKENbIX HOHOB 2200 p.

8. Kpuorennka ) T 1400 p.

9. Yckopuresu B 12200 p.
10. ApToMaTu3anusa o6paboTKK PKCNEPUMEHTATHHBIX AHHBIX 12200 p.
11. BoluuciauTesibHasd MareMarthkKa ¥ TCXHHKaA 14300 p.
12. Xumua 1200 p.
13. Texnuka PU3HYECKOIO IKCHEPUMEHTA 21300 p.
14. WccnenoBanus TBEPABIX TEA ¥ XKIKOCTEH AOCPHLIMH MCTOAAMH 7200 p.
15. DKcnepuMeHTaNbHad PU3UKA AACPHBIX peakuui

TpH HU3KHX IHEPrHiX o 2600 p.
T6 Ho3umeTpus ¥ (PU3NKA 301ATDI T 2200 p.
17. Teopus KOH/IEHCHPOBAHHOIO COCTOAHHA 12200 p.

18. Hcnonp3opanne pe3ylbTatoB
¥ METOOB (yHIaMEHTANBHBIX QHINIECKHX HcCIeoBaHMH

B CMEXHBIX 00NAcTAX HAYKU M TEXHHKH - 1800 p.
19. Buodmsuka __*_,_A_W___.___g__,ﬂ,_____’_,ﬁo‘o_?__
«Kpatkue coobuenus OHAN» (5—0 BRINYCKOB) 15000 p.

[Toanucka MoxXer ObiTh oopmiehHa ¢ noboro Mecsalla roia.

OpraHu3aUMaM K JMLAM, 3aHHTEPECOBAHHBIM B nonyuenuu uspanui OMSAH,
CIlellyeT NEPEBECTH (MK OTHPaBHTE 1O nourte) HeOOXONANMYIO CYMMY Ha pacyeTHsli
cuer 000608905 JyGuenckoro duinana MMEKB, r.Jlybna MockoBcko#i 00macTH,
wuaL. 141980 M®C 211844, ykasas: «3a nonnucKy Ha uspanus OHSIHD».

Bo usbexanne HefopazyMeHHi HEOOXONMMO YBEAOMUTH M3aTENBCKUH OTen O
IPOM3BEACHHOH OIUIATE ¥ BEPHYTH «KapTouKy TIOANHMCYMKA», OTMCTHE B Hell Homepa
i Ha3BAHHS TEMATHUYECKMX KarcropHi, Ha KOTODHIC odpopMisieTcsi OUNMCKA, MO
aapecy:

141980 r. Oy6ua MockoBCcKofi obi.
yi. Xonuo Kiopu, 6
OUSH, usgatenscxuii oA



Basaun A M. v ap. L8-95-65
Kpuorennka 1osoro cBepxiposoisiero \ ckopures HVKJOTPOH.
TlepBblii rox dkcravataiim

Cepxnporoisinmi CMHXPUTPOH  _{abOpATOPHI  BbICOKMX — DHEPIMi:
OBbEMHCHHOrO MHCTHTY M 4ACPHBIX MCCACIOBAHMI B /LybHe Obia 3anyuIcH B
mapre 1993 roaa. C sapra 1993 v no mapt 1994 r. Gino nposeaeHo 4 ceanca
PAdOTEI VCKOPH TCT9 OOLICH 1 POI0KATCAHHOCTBIO Boace 1006 yacos. Oxaax-
ACHWE MATHHTHOW (UiCabl yCKOPUTE 9 LMol 251.5 M 0CYLUCCTBAAI0Ch ©
TMOMOIUBIO ABYX {0 1HCBH . PUPDAKCPATOPOR XOA0A0NPOR3BOAMTEIBHOCTHIO 10
L6KBTnpu 4.5 K. Murymrn ¢ JHOCTATUPOBAIMLUL [TOTOKOM ABY X(DA3HOTO resius .
Bee 160 marinros aoakAK0UCHS Tapaiicabo K TATAIOMMM U OTBOASILIM: ¢
FCAHEBBIM KONCKTOPAM. TIPHBCICHB ONUCAHME KPUOPCHHON CHOTEMBI HYKJ10-
TPOHA M CC IR CIIVE W HMOH iy RAPAKTCDUCTHKMY,

Pabora sotnccciv b 1aepar opuu smicorinx suepren QUGN

=okauui. Jy6ua, 1995

Baldin A.M. et al, E8-95-65
Cryogenics of the Nevs Superconducting Accetzraior Nuclotron.

The First Year under Operation

The 6 GeV superconducting sy nchrotron was commisioned in March 1993
at the Laborasory of High Energies of the Joint Institute for Nuclear Research
in Dubna. Four runs of a total duration about 1000 hours were provided from
march 1993 to March 1994. The cooling of the accelerator magnetic system of
250 meters long was performed by two helium refrigerators with a capacity of
1.6 kW at 4.5 K cach. The magncts were refrigeratcd by a two-phase helium
flow. All 160 magnets are connected in parailel to the supply and return helium
headers. The description and opcrational characteristics of the Nuclotron
cryogenic system are presented.

The investigation has been performed at the Laboratory of High Encrgies,
JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 1995
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