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RESUME 

Afin d'obtenir un faisceau de deutérons polarisés, une source cryo­
génique "Polaris" a été développée dans le cadre du programme de recherche 
du synchrophasotron de Dubna /1/? 

La source est raccordée à une borne haute-tension du préaccélérateur 
linac. Un faisceau de deutérons est accéléré dans le synchrophasotron'^'. 
Cette source est actuellement à l'essai. Un polarimètre à cibles % e et TIe 
a été conçu afin de mesurer la polarisation du faisceau après le linac. Les 
résultats de ces mesures sont publiés dans ce rapport. 

ABSTRACT 

To obtain a beam of polarized deuterons, a cryogenic source "Polaris" 
has been developed according to the program of. research at the Dubna syn­
chrophasotron '''. 

The source is installed on a high-voltage terminal of the linac pre-
accelerator, A beam of deuterons from the source is accelerated in the 
synchrophasotron'^/. At present the source is being improved. A polari-
meter with ^He and ̂ He targets has been developed to measure the polari­
zation of the beam of deuterons after the lihac. Results of this work are 
presented in the report. 

1. DESIGN OF THE SOURCE 

A cryogenic pulsed source "Polaris" for a beam of polarized deuterons 
is described in the Proceedings of previous symposia'''2'. The design of 
the source has been changed and improved. A principal diagram of the sour­
ce is shown in Fig.l. 

Recently the problem of increasing the intensity of sources due to 
cooling an atomic beam to cryogenic temperatures has been of interest'3>^i 
This possibility can be easily realized in a cryogenic source. 

Earlier a dissociator and a nozzle of the source "Polaris" were 
cooled to a temperature of ~120 K as they were attached to a shield col­
led with liquid nitrogen. Presently, after the dissociator the atomic 
flow is supplied to a 4 3 mm teflon pipe 95 mm long, the end of which has 
a temperature of 12-38 K at the output depending on the state of contact 
with a liqued helium cryostat (Fig.l)'^/. Due to decreasing the tempera­
ture of the atomic beam, the aperture and length of pole tips of a super­
conducting sextupole magnet is changed. The configuration of several ver­
sions of the system, their geometrical dimensions, values of ion current 
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Fig.1. A principal diagram of the source "Polaris". 1 - dissociator, 
G e f l o n  pipe 3 nun in dia., 1 = 95 nun and accomodator, 3 - heater, 
4 - separator 5 m in dia, 5 - pole.tips:Q input 10/doutput18, 11=100 m; 

16, 1 =70 rmn, 6 - superconducting sextupole, 7 - R.F. 
'inputZ0/Qoutput 2 
transitions, 8 - superconducting solenoid, 9 - ionizer electrodes, 10 - 
- Faraday cup, 1 1  - electrostatic mirror, 12 - solenoid of the spin-pre- 
cessor, 13-ion optics,l4-accelerating column,T1=120 K, T = 16 K. 

in relative units and other parameters are presented in Fig.2. As seen, 
if the atomic beam is additionally cooled, the ion current increases in 
the case of optimization of other parameters of the system. For chacking, 
the temperature of the teflon pipe was increased by putting a heater on 
what led to a decrease of the ion current by a factor of 1.5-2.5. The 
present design of the system is more simple and compact. It is not re- 
quired to align the dissociator relative to the sextupole axis. 

Fig.2. Ion current of the 
source depending on con- 
figurations of the system 
and temperature of the 
atomic beam. The apertures 
of the sextupole are 

Qinput20/Qoutput 16. 
The dissociator temperature, 
T, is 120 K. Ill1 is a re- 
lative ion current value. 



To match the source and the linac, the spin-precessor consisting of a 
90° electrostatic mirror and a solenoid (Fig.]) has been developed in- 
stead of the Wien filter type precessor used previously. An oscillogram 
of the ion current after the source is shown in Fig.3. In this case the 
intensity of the beam at the linac output (5 MeV/nucleon) is 3.10'~ deu- 
terons/~ulse. 

The atomic beam is ionized in the magnetic field of a Benning ionizer 
produced by a superconducting solenoid (B = 7T). The operating magne- 
tic field is lower (B=2.6T). ~everthelessyro diminish the influence of 
a stray magnetic field, it was required to place a double magnetic shield 

Fig. 3. Signal of the ion current. 
1,2 - background and atomic signals 
measured by the Faraday cup; 3,4 - 
the same signals measured after the 
ion optics (13). 

round R.F. transitions. The R.F. 
transitions were designed as boxes 
with a double shield as well. 

Two types of R.F. transitions 
have been developed: 

1) with a weak magnetic field for 
the transiticn 1 -. 4 (B =7.5 G , AB= 
=_+ 2.5 G and v =  7.0 M~z), 

2) with a strong magnetic field and two cavities for the tra~isitions 
2 -* 6 (Bo=40 G , A B=*3 G and v = 380 MHz) and 3 + 5(B0=75 G , AB=+_8 G 
and v =325 MHz). 

Static slope magnetic fields of the R.F. transitions are produced 
by electromagnets and can be controlled. The R.F. transitions have a po- 
sitive gradient of the magnetic field relative to the beam. 

The R.F. transitions, as well as the source dissociator, ionizer 
electrodes and spin-precessor solenoid, are on pulsewise by means of fiber 
glass electronics and controlled by a  microcomputer/^/. 

In order to measure vector and tensor polarizations of the beam after 
the linac, a polarimeter has been developed using reactions 4~e(cf,d)4~e 
and 3~e(a,p)4~e recommended for 12-14 MeV polarimeters/6-9/, The polari- 
meter is schematically shown in Fig.4 The vector part of the polarimeter 
is placed in the chamber filled with '~e under a pressure of 1.0 atm. 
After the linac, the beam of polarized deuterons is collimated by means 
of a system of slits. The deuterons, elastically scattered backward 
(Blab= 12b0), have a large asymmetry. Not deuterons but recoil a -par- 

ticles, emitted at an angle of 15O, were detected in the polarimeter/7/. 
With this aim two silicon detectors 6 0 ~ m  thick were used. 

Fig.4. A dia ram of the pola- 
r m e t  I - &e chamber, 
2 - system of slits, 3 - de- 
tectors for a -particles, 
4 - 3 ~ e  target, 5 - Faraday 
cup, 6 - detector for fast 
protons. 
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Fig.6. Spectra of f a s t  protons. 



The system of slits can be removed. As a result of this, the beam 
of deuterons interacts with the 3 ~ e  target (d 32 mm, != 80 mm, P= 3 atm). 
The windows of the target are made of mylar 80sm in thiCkness. The beam 
of deuterons, having passed through the target, stops in a Faraday cup 
280 pm thick. At the same time the fast protons, emitted forward ( 0  =0°) 
from the 3~e(d,~)4~e reaction, pass through the Faraday cup and are co- 
unted by means of a detector 2 mm thick or a photomultiplier/9/, Typical 
spectra are presented in Figs.5 and 6. The analysing power, AZZ , of the 
reaction is precisely measured for our case/lO,llf. 

The vector polarization of the beam of deuterons from the source, 
P, , is -0.53+0.03. The spin direction was changed by means of the sole- 
noid of the s~in-precessor, The tensor polarization of the beam, Pzz , 
is equal to -0.585.06. The measurements were performed for the vertical 
orientation of the spin (8=90°). 

The authors are grateful to A.M.Baldin, Director of the High Energy 
Laboratory, for his continuous support and attention to this work; to 
V.V.Avdeichikov for his participation in the work on the polarimeter; to 
L.B.Golovanov, V.L.1.lazarsky and A.P.Tsvinev for the development of the 
target. 
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