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The superconducting polarizing magnet was constructed for movable polarized target
(MPT) with working volume 200 mm long and 30 mm in diameter [1]. The magnet provides
a polarizing magnetic field up to 6 T with the uniformity of 4.5 x 107 in the working volume
of the target. The magnet windings are made of a NbTi wire, impregnated with the epoxy resin
and placed in the horizontal cryostat with «warm» aperture diameter of 96 mm. The design
and technology of the magnet winding are described. Results of the magnetic field map meas-
urements using a NMR-magnetometer are given. The MPT set-up is installed in the beam line
of polarized neutrons produced by break-up of polarized deuterons extracted from the
Synchrophasotron of LHE, JINR, Dubna.

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

CepxnpoBoaslHi MarHHT C BLICOKOH OJHOPOXHOCTHIO
MarHHMTHOTO NOJIs I/ MOJBHIKHOMH NOJIAPH30BAHHON MHINEHH

H.I'Anuwyenxo u op.

Co3pgan  CBEpXNPOBOAALUMIA NONAPUIYIOLIMA MArHHT NS MOABHXHONR MONSPH30BAHHOR
mumenn (ITMIM) ¢ pabounm obvemom 200 MM miuHo#t u 30 MM B amamerpe [1]. Maruur
obecneynBaeT noONApH3YywWLLEE MarHUTHOE noste 10 6 T npu ogHopoarocTy 4,5 X 1078 pabo-
4em obweme muiueHn. Bce o6MOTKH BhInonHeHb M3 NbTi npoBoaa, NpOMUTaHb 3MOKCHAHBIM
KOMIayH/IOM M [IOMELUEHbl B TOPH3OHTAIbHbI KPHOCTAT, AHAMETP «TEILIOM» anepTyphl KOTO-
poro pasen 96 MM. OnucaHbl KOHCTPYKLMS H TEXHOJIOTHS HaMOTKHM MarHuTa. [lpuBeneHs! pe-
3y/IBTaThl U3MEPEHHIT KapThl MATHHTHOTO MO/ ¢ HCTonb3oBaHHeM SIMP-maruutomerpa. Ycera-
HoBKa ¢ T1IM cMOHTHPOBaHa Ha NyUKe NMONAPH3OBAHHBIX HEHTPOHOB, OBPa3YIOWINXCS NPH pa3-
Ba/le NMOASPH3OBAHHBIX QEHTPOHOB, BBHIBEACHHBIX H3 CHHXpO(asoTpoHa JIBD OUAH (Hdybua).

Pabota seinonnena B JlaGoparopun Bbicokux axeprui OUSIH.

1. Introduction

MPT in Dubna was reconstructed from the previous proton polarized target (PPT) built
in 19851988 at Saclay by ANL and Saclay experts for purposes of the E-704 Femilab
experiment. This PPT has been used at FNAL during 1988-1990 [2,3]. It has been
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transported to JINR (Dubna) in 1994 and reconstructed before the end of the year as the
movable target, easily transportable from one beam line to another [4]. The international
experimental program with MPT on the polarized neutron beam at the Dubna Synchro-
phasotron was accepted in early 1994. The first experiment in physics was carried out in
February-March 1995 [5]. Just after the measurements, the original polarizing magnet was
dispatched to Mainz (Germany). Therefore, a new magnet was needed to be manufactured.

2. Design, Technology of the Winding and Basic Parameters
of the Magnet

The superconducting polarizing magnet (Fig.1 and the Table ) contains a main sole-
noidal winding 1 (558 mm long, 206 and 144 mm in outside and inside diameters, respec-
tively) as well as compensating 6 and correcting 7 windings at its ends. Multifilament NbTi
wires are wound on welded frame 2 of steel 1X18H10T consisting of a pipe and flanges,
insulating with demountable half-disks 3. Frame 2 with an outside vessel and other parts
forms welded helium vessel 4, which is fixed into vacuum casing 5 with the help of
glasstextolite support cone 8. The thermal insulation of the helium vessel is provided with
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Fig.1. Polarizing magnet MPT: 1 — basic winding; 2 — frame of stainless steel:

3 — insulating half-disks; 4 — hehum vessel; 5 — vacuum vessel; 6 — com-
pensating windings; 7 — correcting windings; 8 — glasstextolite support cone;
9 — copper radiation screen; 10 — multilayer superinsulation
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cooled helium vapours by copper screens 9 and multilayer screens 10 made of metal-coated

mylar.
Table. Basic parameters of the polarizing magnet
Item . Unit Value
Cryostat (vacuum casing):
— length mm 890
— diameter: inside«warm» mm 96
outside mm 400
Solenoid
— inductance (basic and two compensating windings) H 13
- winding length mm 558
— diameter: inside mm 144
outside (basic winding) mm 206
outside (frame flanges) mm 268
— number of sections of the basic winding 6
— calculated maximum working current, lo A 186
— maximum reached working current A 160
-— current density in wire (with Io) Alem 24 % 10%
— critical current density with 4.2 K in a field of 7 T, no less A/cm 45x%10°
— field in the centre of the aperture (with lo) T 6.7
— maximum field (with lo; z = + 230 mm) T 6.9
— reached field in the aperture centre (with 160 A) T ~58
— current of the correcting windings A 0+10
— mass cooled to 4.2 K kg 120
~— number of wire solderings 6
Compensating winding (in two sections):
— winding length of each section (40 coils) mm 43
— winding thickness (30 layers) mm 27
— outside diameter of the winding mm 254
— number of coils in the winding of each section 1200
Correcting winding (in two sections):
~— winding thickness (10 layers) mm 7.0
— outside diameter of the winding mm 268
— number of coils in winding of each section 768
Wire (NbTi in a copper matrix):
Basic and compensating windings:
— diameter (in insulation) mm 1.06 + 1.09
— number of filaments in a wire of sections 3 and 4 2970
— number of filaments in a wire of sections 1,2,5 and 6 60
— factor of filling with superconductor 0.405 + 0.51
Correcting windings:
— diameter (in insulation) mm 0.75
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Among the basic technical requirements on the magnet, note the following: the
induction of a magnetic field in the centre of the magnet with a maximum working current
of 186 A should be 6.7 T, the uniformity of the field in a «warm» working volume no

worse than 107, The windings are mounted on frame 2 (pipe & 143.5 mm) with case
electric glasstextolite insulation. The main winding consists of 6 concentric sections. When
winding, glasstextolite spacers 0.2 mm thick are used to keep layer cylindricity. Two .
sections of compensating winding 6 are wound up (also by wire @ 1 mm) sequentially with
the basic section and over it. There are two correcting NbTi windings 7 of a wire
@ 0.75 mm over the compensating windings.

The wire strain with winding the magnet was 10 + 12 kg. During the winding layer-by-
layer cylindricity was periodically controlled by measuring the winding diameter in six
cross sections along the magnet axis by a micrometric device with an accuracy of no worse
than 0.01 mm.

The temperature of the adiabatic heating of the hottest point in case of the transition of
the winding to a normal state and the evacuation of stored energy for an external damping
resistance of 2 £ was calculated. The most dangerous regime was considered: the origin of
a normal zone at the point of wire soldering; the conditions of heating are adiabatic; the
current at the moment of transition is 200 A. The calculation has shown that the heating
does not exceed 100 K. When calculating we have used the method suggested in [6].

3. Current Leads and Magnetic Measurement System

Combined current leads cooled by return helium for the main (200 A) and two
correcting windings (2 X 10 A) were placed in the stainless steel pipe & 40 mm, whereas
the current-carrying elements are copper foils. The heat leaks to liquid helium via the
current leads, were no more than 0.8 W for a current-carrying pair to the main winding of

the magnet at 200 A and a flow rate of cooling gaseous helium of ~ 0.8 nm’/h.
The system for measurements of the magnetic field map in the warm working solenoid
volume contains the magnetometer using the nuclear magnetic resonance (NMR). The

errors of the magnetic field induction measurement turned out to be below 107, The
volume of an active part containing polarizable protons was approximately 3.5 mm°> {7.,8].

4. Results of Tests

Repeated long time-frame tests of the polarizing magnet at currents of 80 and 120 A
were successfully undertaken [9]. The current of 160 A was applied for a short time period
only. The emergency protection of the magnet winding was tested as the superconductor
passed to a normal state.

The magnetic field map inside the warm working magnet volume was repeatedly
measured (Fig 2). The measurements were carried out over the length L from the middle of
the magnet, along its axis (R=0 curves). Other measurements were performed at
R =15 mm in horizontal steps of 10 mm and in an angle step of 45°. The field uniformity

of 4.6 x 107* within the right (the first along the beam path) half of working volume was
achieved. This uniformity in the second half was better — 7.8 X 1075,
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Fig.2. Results of measurements of the magnetic field in the working volume of the target
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Fig.3. Results of measurements of the magnetic field in the working volume of the target using
an additional «warm» correction (I, =744 A4; I =260A; I ,,=465A) R=0
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The magnet operated reliably in the July 1997 physics experiment in which polarized
neutron beam together with MPT was again used. The longitudinal MPT polarization,
averaged over the target volume was 73%. During the whole run, the magnet field
uniformity along the working volume axis was better than 5.7 x 1074,

Using an additional «warm» correction we could really increase the field uniformity by

a factor of 1.7 over the warm working volume (Fig. 3). «Warm» correction was applied by
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a small steel ring (@mi d 95 mm at a cross section of (0.35 x 3) mm2) and by a three-layer

coil (102 coils; (1 x 8) mmz; %] 95 mm; current of 0.211 A).

mid.

5. Conclusion

The constructed polarizing magnet for MPT allows one to continue the programme in
physics and to plan future experiments at the LHE Synchrophasotron. Different magnet
parameters may be improved as experimentally shown above. This will increase the MPT
polarization and spare the machine time.
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