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The Dubna 4.5 GeV/nucleon synchrophasotron is used for re­
search in the field of relativistic nuclear physics. It acce­
lerates a wide set of nuclear beams. In the last few years 
experimental possibilities of the synchrophasotron have been 
extended by using a polarized deuteron beam111 • 

For this purpose some facilities are developed and used. 
They are the following: a cryogenic source of polarized deute­
rons POLARIS 11 - 41 , a low-energy polarimeter behind the li-
nac 1 5 , 6 1 , a recoil particle spectrometer 171 , ·and a magnetic 
spectrometer ALPHA✓ s,is,. A layout of these set-ups near the 
synchrophasotron is presented ·in fig.I. 

Fig.I. A layout of the systems for polarization research around the 
synchrophasotron. 1 - POLARIS, 2 - 5 MeV/nucleon linac, 3 - low-energy 
polarimeter, 4 - synchrophasotron, 5 - recoil particle spectrometer, 
6 - two-arm spectrometer ALPHA. 

SOURCE OF POLARIZED DEUTERONS 

The polarized deuteron source POLARIS operates using the 
atomic beam method. The major part of power supply in the 
sources operating by this method is needed for vacuum pumps 
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Fig.2. A layout of the cryogenic polarized deuteron source POLARIS 
on the high voltage terminal. 1 - POLARIS, 2 - high voltage terminal, 
3 - autonomous power supply, 4 - preaccelerator tube, 5 - fiber glass 
lines, 6 ~ microcomputer for the test and control systems. 

and magnets. Ion sou~ces are usually installed on a high volta­
ge terminal (fig.2). This restrics the dimensions of the sour­
ce and·the power of autonomous power supply. 

According to this problem the cryogenic type of a polarized· 
deuteron source has been suggested and developed (see fig.3). 
Vacuum in the cryogenic source is supplied due to gas conden­
sation on the cryosurfaces at the LHe-temperature, Magnetic 
fields are set up by _the superconducting magnets operating in 
a persistent current state, The cryogenic source requires po­
wer only for the R.F. and control systems, 

The cryogenic source POLARIS for a beam of polarized deu­
terons was installed at the accelerator in 1981, and the beam 
was first accelerated to high energies at the synchrophaso­
tron111, 

The following processes have been realized in this source 
(see fig,4): 

DISSOCIATION. Atom,i.c deuterium is produced by a high fre­
quency discharge of 80 MHz in a 7 cm3 pyrex volume at a pressu­
re of several torr, The discharge power is about 700 W, The' 
dissociator tube is closely fitted into a teflon block having 
a thermal contact with a shield at 77°K. 
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Fig.3. A general view of the polarized deuteron source POLARIS. 
I - polarized atom source, II - ionizer. 1 - D2 volume, 2 - elect­
romagnetic gas valve, 3 - dissociator, 4 - nozzle chamber, 5 - sex­
tupole magnet, 6 - nitrogen shield, 7 - helium cryostat, 8 - R.F.cell, 
9 - SC solenoid, 10 - electron optics, 11 - ion optics, 12 - vacuum 
gate, 13 - electrostatic mirror, 14 - solenoid of the spin-preces­
sor, 15 - Faraday cup, 16 - position of the preaccelerator flange. 
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Fig.4. A principal diagram of the source POLARIS. 1 - electromag­
netic gas valve, 2 - dissociator, 3 - nozzle chamber, 4 - skimmer 
chamber, 5 - sextupole magnet, 6 - R.F.cells, 7 - electron optics, 
8 - SC solenoid, 9 - ion ortics, 10 - electrostatic mirror, 11 -
solenoid of the spin-precessor, 12 - Faraday cup. 
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FORMATION OF THE COLD ATOMIC BEAM. After the dissociator 
a gas flow is supplied to a teflon pipe (1 = 95 mm,¢ 3 mm) 
the end of which has a temperature of 40°K. The deuterium ex­
pense equals 0.005 cm3 (STP)/pulse. The atomic beam under mo­
lecular flow conditions is formed by a skimmer. The skimmer 
diameter is 4.5 mm. The distance between the end of the teflon 
pipe and the skimmer is 11 mm. The most probable velocity of 
beam atoms is equal to 1000 m/sec, the temperature of the beam 
is 30°K1121 (see fig.5). 

SPATIAL SPIN SEPARATION OF THE ATOMIC BEAM. This process 
takes place in the gradient field of two superconducting sex­
tupole magnets. The sextupole magnet configuration was deter­
mined by computing simulation 1131 • The aperture of the first 
magnet increases from 10 mm to 18 mm along a length of 100 mm 
and that of the second magnet is constant with a diameter of 
28 mm along a length of 145 rnni. The distance between the mag­
nets is 45 mm. The field on the tips equals 1.0 T. The dis­
tance between the skimmer and the entrance of the sextupole 
magnet is 33 mm (see fig.6). 

NUCLEAR POLARIZATION. The nuclear polarization of the ato­
mic deuterium beam is performed by the radio-frequency method 
due to transitions between the hyperfine structure states of 

~ 
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Fig.S. Details of the atomic source. 1 - electromagnetic gas valve, 
Z - teflon pipe, 3 - dissociator tube, 4 - spiral resonator, 5 - tef­
lon block, 6 - nitrogen shield, 7 - teflon sleeve, 8 - accomodator, 
9 - nozzle, 10 - nozzle chamber, 11 - skimmer, 12 - skimmer chamber, 
13 - collimator, 14 - sextupole magnet. 
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Fig.6. SC sextupole magnet. 
1 - yoke, Z - pole, 3 - pole 
tip, 4 - SC coil, 5 - switch, 
6 - cryostat pipe. 

deuterium atoms in the 
magnetic field. Weak 
'field and strong field 
transitions are reali-
zed. Two types of R.F. 
cells have been deve­
loped: a vector polari-

zation cell (Pz = ±~) 

for the transitions 
1 ➔ 4 and 3 ➔ 6 and 
a tensor polarization 
cell (Pzz = ±1) for the 
transitions 2 ➔ 6 and 
3 ➔ 5. 

Each R.F.cell inclu­
des two resonators and 
a dipole magnet with 
a positive magnetic 
field gradient along 
the beam (see fig. 7). 
To avoid the influence 
of the magnetic field 
of the ionizer solenoid 
an R.F.cell is surroun­
ded with th'ree magnetic 
shields. The operating 
parameters of the 
R.F. cells are presen­
ted in table 1. 

Fig.7. R.F.cell. 1 - magne­
tic shield, Z - dipole mag­
net, 3 - resonator, 4 - mag­
net coil. 



Table 1 

Tran- Ho, d Hi, 
sition G dz Hz, G 

G/cm 

1 ➔ 4 7.0 1.0 ~1 

3 ➔ 6 43 1.4 ~1 

3 ➔ 5 68 1.9 ~1 

2 ➔ 6 38 1.4 ~1 

f, 1, 
MHz cm 

9.4 4.5 

346.4 4.5 

320.1 4.2 

384.9 4.2 

d, 
cm 

2.5 

2.5 

1.6 

1.6 

13. 

~32 

~23 

~17 

~23 

Ho - static field strength in the center of the R.F.-cavity, 

~z Hz - static field strength gradient, Hi - amplitude of the 

RF field, f - frequency, 1 - length of the R.F.-cavity, d -
diameter of the R.F.-cavity, 13 - adiabatic factor. 

BEAM IONIZATION. The polarized atomic beam is ionized by 
an electron impact in a Penning ionizer (see fig.8). The beam 
of electrons oscillates between the reflecting and extracting 
electrodes in the magnetic field of the superconducting sole­
noid (B = 2.6 T). The polarized deuterons extracted from the 
ionizer are focussed by ion optics. To visualize a pulsed 
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Fig.8. The magnetic field and electrode voltages of the ionizer. 
1 - SC solenoid, 2 - electrodes of electron optics, 3 - electrodes 
of ion optics, 4 - extracting electrode. 
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Fig.9. System for orienta­
tion of the deuteron spin. 
1 - extracting electrode, 
2,6 -electrodes of ion optics, 
3 - electrostatic mirror, 4 -
gate, 5 - Faraday cup, 7 - so­
lenoid of the spin precessor, 
8 ._ electrodes for adjustment 
with the preaccelerator tube. 

operation of the ioni­
zer, voltages and cur­
rents of the ionizer 
electrodes are measured 
ahd transmitted to the 
console monitor. 

SPIN ORIENTATION OF 
DEUTERONS. To ·avoid de­
polarization effects du­
ring an acceleration cyc­
le of the synchrophaso­
tron, nuclear spin should 
be oriented along the 
magnetic field of the ac­
celerator ring. This is 
achieved by bending the 
beam at 90° in an elect­

rostatic mirror and by subsequent spin rotation in the magne­
tic field of the spin precessor solenoid (see fig.9). The ener­
gy of the deuteron beam is about 3 keV at the output of the 
source while the current is about 200 µA (see also table 3). 

CONTROL SYSTEM 

The source dissociator, R.F.cells of nuclear polarization, 
ionizer electrodes and spin microprocessor and electronics· 
installed on a high voltage terminal. Information ·exchange 
between the microprocessor and the microcomputer placed on the 
console is performed by a fiber glass optic system1161 • A flag 
signal is supplied to the experimental physics setups at a mo­
ment of R.F. cell switching. 

LOW-ENERGY POLARIMETER 

In order to measure the vector and tensor polarization of 
the beam behind the linac, a polarimeter with 4 He-, 3 He-tar-
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gets bas been developed 15 • 61 • For vector polarization measu­
rement the reaction 4He(d,d) 4He 19 - 111 is used. The deuterons 
elastically scattered backward (8 lab= 126°) have a large asym­
metry. Not deuterons but recoil a-particles emitted at an ang­
le of 15° are detected by the thin semiconducting detectors 
(60 µm). For tensor polarization measurement ( 3 He(d,p) 4 He) 
fast protons emitted forward are detected. The results of the 
polarization measurements behind the linac are summarized 
in table 2. 

Transi- Polari- Linac 
tion zation output 

3 ➔ 6 Pz 0.47±0.04 
Pzz 

Pz 1 ➔ 4 Pzz 
-0.37±0.04 

-
Pz 3 ➔ 5 
Pzz -0.06±0.08 
-
Pz 2 ➔ 6 
Pzz 0.54±0.08 

INTERNAL BEAM POLARIMETER 

Recoil parti­
cle spectrom. 

0.44±0.03 

-0.39±0.03 

-. 

Table 2 

Spectrometer 
ALPHA 

0.52±0.05 
0.00±0.08 

-0.32±0.04 
0.08±0.08 

0.19±0.04 
-0.66±0.05 

0.22±0.05 
0.53±0.05 

To determine the degree of beam polarization during accele­
ration, an internal polarimeter was mounted inside the ring 
of the synchrophasotron 171 • The products of interaction betwen 
the polarized deuteron beam and the thin film CH 2 /CD 2 target 
are detected by a two-arm spectrometer with semiconducting de­
tectors. The vector polarization is determined by measuring 
the left-right asymmetry of recoil protons/deuterons. The re­
sults of this measurement are given in table 2. 

HIGH ENERGY POLARIZATION MEASUREMENT 

To measure the deuteron polarization of a slow extracted 
deuteron beam, the two-arm ~agnetic spectrometer ALPHA is 
used 18 • 151 • The measurement is based on the left-right asymmet-
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ry of the deuteron forward scattering of hydrogen, where the 
well-known analyzing powers Ay and Ayy can be used to 3 GeV/c. 
The r~sults of the polarization measurement are shown in 
table 2. 

USE OF THE POLARIZED BEAM 

The acceleration of polarized deuterons is approximately 
15% of the running time. The beam of polarized deuterons is 
extracted from the accelerator by the slow and fast extraction 
systems (fig.1). The results of the polarization measurement 
presented in table 2 prove the absence of depolarization du­
ring the acceleratipn. This corresponds to the calculations 
according to which a main resonance exists at energies of more 
then 10 GeV. The synchrophasotron is a weak focusing machine 
(v 0 = 0.87). z 

The intensities of the polarized deuteron beam at different 
places are presented in table 3. 

Position 

Beam energy 

Beam 
intensity, 
part. /pulse 

Source 
Output 

3 keV 

5•10 11 

(200 µA) 

Linac 
Output 

10 MeV 

2.5•10 10 

Table 3 

Recoil Spectrometer 
Particle FALPHA 
Seectromet. 

9 GeV 

1.25· 10 9 5·10 8 

Some groups of physicists use the polarized deuteron beam 
for studying nucleon-nucleon scattering and deuteron structure. 

It is planned in future to increase the intensity of the 
polarized deuteron beam up to' 1 mA by using the charge exchan­
ge ionizer 1141 • 
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EpwoB B .II. n AP. 

I!OJUIPH30BaHHb* IlYtJOK AeHTpOHOB 
Ha CHHXpo~a30TpoHe 

El3-90-331 

KpaTKO. OilHCbIBalOTCJI 9KcnepHMeHTaJI:E,HOe ci6OPYAO~aHHe 

H YCTaHOB_KH AnR YCKopemrn nonnpn3OBaHHoro IlYtJKa AeHTPO­
HOB Ha. cnHxpo~asoTpoHe OIDIH. IlpHBOARTCR ocHOBHb1e xapaKTe­
PHCTHKH KpnoreHHOro HCTOtJHHKa nonnpnsoBaHHblX AeHTpOHOB 
IIOIDIPHC. IIpeACTaBneHbI _pesynhTaTbI nsMepeHHH HHTeHcHBHOCTH 
YCKOpeHHoro IlYtJKa, a TaK~e BeKTOPHOH H TeH3OpHOH nonnpn­
sau;nn Ha BbIXOAe nnHeiiHoro ycKopnTenn JIY-20 n BbIBeAeHHOM 
nyqKe, BeKTOpHOH nonnpnsa~n BHYTPH KOnbn;a cnHxpo~asoTpo-
Ha. 

Pa6oTa BbinOnHeHa B Jia6opaTopnn Bb!COKHX 9Heprni'i OIDIH. 

Coo6meeue 061,e)UleeHHoro HHCfflTYTa Jl,l(epm,IX uccne.llOBaHHH. )ly6ea 1990 

Ershov V.P. et al. El3-90-331 
Polarized Deuteron Beam at the Dubna 
Synchrophasotron 

The experimental equipment and setup used to accele­
rate a polarized deuteron beam at the Dubna synchropha­
sotron are briefly described. Basic characteristics of 
the cryogenic source al polarized deuterons POLARIS are 
presented. The results of measurements of the intensity 
of the accelerated beam, vector'and tensor polarization 
at the output of th~ linac LU-20, inside the synchropha­
sotron ring and in the extracted beam are given. 

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