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l. INTRODUCTION 

The movable, polarized target (MPT) in Dubna was .reconstructed from the 

previous proton polarized target (PPT) built in 1985-1988 at Saclay by ANL 

and Saclay experts [2] for purposes of the E-704 Fermilab experiment. This PPT 

has been used at FNAL during 1988-1990 [3]. It has been trans_ported 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. Its reconstruction and 

improvement [4] were supported by INTAS grant 93-3315. 

The international experimental program with MPT on the polarized neutron . 
beam at the Dubna synchrophasotron 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. Its 

construction was supported by INT AS in 1996 .. 

2. DESIGN AND BASIC PARAMETERS OF THE MAGNET 

The superconductingpolarizing.magnet (see Fig. I and Tab. I) contains a main 

solenoidal winding I (558 mm in long, 206.and 144 mni in outside. and inside <-. . .. ' ' 
diameters, respectively) as.weli as compensating 6 and correcting 7 windings at its 

~· .. ~"- ~~-

ends. Multifilament NbTi wires are wound on welded frame 2 of steel IXI8HIOT 

consisting of a pipe and flanges. 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 cooled helium vapours by copper screens 9 l!:nd multilayer s~eens 

I 0 made of metal-coated mylar. The combined current leads and tubes of helium 
• • > • • • • 

input and output are in the vertical vesseL The insul~~ing vacuum is formed with 

the aid of turbomolecular and fore pumps. Power supply and the protection of the 

main and compensating windings are by a stabilized power supply source (200 A, 
' . . ' ' ~ : . . 

I 0 V) made at ANL, USA. The correcting windings .w.e~e independently supplied 

from two stabilized sources (25 A., 5 V). 

Among the basic technical requirements on the magnet, note the following: the 

induction of a magnetic field in the c~ntre of th~ magnet with a maximum working 
\' ... , \ . 
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current of 186 A should be 6.7 T, the unifonnity of the field in a "w~nn" working 

volume (200 mm long, 30 mm in diameter) no worse than 10-4. 

It was also necessary to ensure a complete geometric compatibility of the new 

magnet cryostat ~th the existing design of the remaining MTP parts. 

3. DESIGN AND TECHNOLOGY OF THE WINDING 

The winding (see I Fig. I) is mounted onjrame 2 (pipe 0 143.5 mm) with case 

electric glasstextolite insulation. Two layers 0.2 mm in thickness of such insulation 

were applied on the cylindrical part with epoxy gluing and subsequent turning 

processing. The inner part of flanges 2 was insulated with dismountable half-disks 

3 of glasstextolite 6.5 mm thickness. The half-disks 3 have the grooves for going 

the superconductor out of the internal sections of the winding and stac)dng the 

contact connections of the superconductor. 

The winding made at Saclay was done by a unifonn piece of wire with a small 

spread in diameter through the whole length. In contrast to this, individual pieces 

of a wire of different length (see Tab. 2) might be used for the winding of the new 

magnet. Additional winding difficulties were due to a small (± 0.015 mm) 

difference in the diameter of the individual wire pieces. The presence of six 

soldered wire connections complicated the perfonnance of the electioinsulating 

design of- the magnet. These and other differences of initial 'conditions of 

manufacturing the new magnet resulted in some features of its design and winding 
technology. 

The main winding (3llayers with 511 + 514 coils each) consists of6 concentric 

sections~ When winding, glasstextolite spacers 0.2 mm thickness are used to keep 

layer cylindricity (see Tab. 2). 

Two sections of compensating winding 6 in Fig. I are wound up (also by wire 

0 1 mm) sequentially with the basic section and over it. There are two correcting 

NbTi windings 7 of a wire 0 0.75 mm over the compensating windings. 

During winding, the wire was moistened in epoxy resin compound of cold 

curing (trade mark: Scotchcast 252 3M, France); polymerization lasts 20 hours at 

75 °C. The weight ratio of the resin to the hardener was 1:1. To apply the 

co.mpound, the wire was passed through a plastic bath. The levelling spacers were 

pasted with--the same compound. During winding, the edge coils on the side of 
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both flanges in each layer of the winding were fastened with the help of two­

component polyester putty, . The.· time. of putty, hardenmg. was;- I 0 minutes, 

polymerization lasted at room temperature for- 40;mhuites; then it was·possible 
< '~~~--:::.-:_·: -

to smear the next layer. 

C) 

lf) 

~ 

Fig. I. Polarizing magnet MPT .. 
_ .. -_ 

1 - main willding; 2- fran{e of stai~Ies~ steel; 3 - ~sulati~g h~if-disks; 
~ - - -

4 - helium vessei; 5 - vacuutri v~ss.el; 6 - comperisating windings; ·. ' 

7 - correcting windinds; 8- glasstextolite support' cone;.; . • . 

9':. copper radiation screen; to:.. multilayer supermsulation: 
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Table I. Basic parameters of the polarizing magnet 

Item Unit Value 

--mm 890 
-diameter: inside "warm" mm 96 

outside mm 400 

H 13 
Solenoid: 

mm 558 
• .1 I mm 

mm 
144 I y 
206 

mm 268 
6 

A 186 
A 160 

Ncm2 2.4xl04 

-
Ncm2 4.5xiQ4 -r 6:7 

T 6.9 -
T -5.8 
A 0+10 
kg 120 

6 --
/ --mm 43 

mm 27 
mm 254 

1200 --
--
mm 7.0 
mm 268 

768 

--
--

mm 1.06+1.09 
2970 
60 

0.405+0.51 

mm 0.75 I 

"' 

f 

4 

Table 2. The characteristic of 01 mm superconductor int~e magnet sections 

Wire characteristic : . · · 

Number of section, Wire length Diameter in Coefficient Number of Minimum critical 

numbers. of winding in section, . insulation.·. of filling NbTi . current with 

layers_ m mm with fllaments . · .. .. .:.~:1T.A 
supercondu' 

ctor·- .. . '--' --

I (inside), 1461. 1.07 •' 0.46 " 60 390 

layers (1+6) ' 
:,; ... :, ·.:T!i' ·'' 

II. (7+9) 768 1.06 0.465 60 . ''440 

glasstextolite spacer 0.2 mm in thickness 
. 

Ill (10+17) 2173 1.09 0.405 . ' 2970. '· 360 

IV (18+21) 1159 1.09 0.41 ; 2970 380 

v (22+26) 1520 1.08 0.51 60 410' 

glasstextolite spacer•0.2 mm in thickness . • 

VI (27+3D 1915 1.08 0.5 ' ' 60 . 410 

" 

Total length 8996 m ---- ..... 
----- -- -

The integrity of the conductor varnish coat was continuously checked. 

This was carried out with the help of the device containing an original· sliding 

brush contact made of a NbTi multifilament wire from which end stabilizing 

copper was stripped. The co_nductor coat was made by a PE-939 poly,ester varnish 

hot curing under industrial conditions. The wire strain with winding the magnet • •• ' ,, -, « -· 

was 10 + 12 kg and could be adjusted by an electric motor 'operating-in a brake 
< • ~ • • • •• '. '' • ·,.. • • 

mode and located on one shaft with a feed coil. During the wlnding, layer~by-layer 
cylindricitywas 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 0.0 I mm. Th~ wire of an overlying layer was placed, in the s~rew 
flute of an underlaying .one.' This leads to the cross the wires of the~~·lay~rs ~n 

'' ~ -.. - :. . ~--. . , .. :: ·. -· .: 

each coil. Thus, a wave of crossing is formed on the. layer surface.lt should be 

along the winding axis. The waves were evenly di~trib'~ted al~ng th~ aziinu;h of 

the winding cross section. Iri ~eneral, the la.yer:by-hiye; ric:incylindricity of the 

basic winding cross sections did not exceed 0.8 mm. 

Before soldering, the sold~~ed Jo'ntactsof wires 20 em tong ( •pos-6t ~~lder with 

t~clL = 190 °C) were bandaged by a flattened copp~r wire I m?I in width and 0.2 

. in min thickness. After soldering they were insulated with a PTFE small tube 0. 3 

mm. The calculated nonunifonnily of the field in the working volume· due t'o a 

partial nonbiffilarity of the neari~g th~ wires ~lace of contact i's 4 + 5 ti~~s lower 

than that specified in technical requirements to a magnet. 
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The temperature of adiabatic heating the hottest point in case of the transition 

of the winding to a normal state and the evacuation of stored energy for an 

external dampi?g resistance of 2 Ohms was calculated. The most dangerous regime 

was _considered : the origin of a normal zone at the point of wire soldering; the 

conditions of heating an! adiabatic; the current at the moment of transition is 200 

A: The calculation made by the technique suggested in [6] has shown that the 

heating does not exceed I 00 K. 

The cylindrical part of the magnet frame was insulated with two layers of 
. . ~ . 

fiberglass (see above) with a 180° overlapping. During winding, the electrical 

strength of the case insulation was periodically checked by the direct voltage of 

I 000 V. The interlayer one, between in din dual sections before contact soldering, 

was checked by the voltage of 2~0 V for 5 minutes. The intercoil insulation was 

tested by the voltage of I 000 V for 5 minutes on a special model winding of the 
wire used. 

4. CRYOSTAT 

The magnetic properties of I X ISH I OT stainless steel, which were displayed after 

some technological operations during manufacturing the cryostat, have 

considerably complicated the situation and have not allowed a higher uniformity 

of the d~sired field. The magnetic field measurements of the complet~d magn~t 
were carried outin an auxiliary vertical stainless-steel cryostat. The influence of 

. . 
. the massive bottom, of some parts after turning procedure, as well as of the 

welded seams on the field uniformity in the magnet working volume was observed. 

This illfluence can be estimated by a maximum size of the order of I + 2 Gs as 
'.· ' ' ' • - • < • ' ' ' 

radial and a_xial components· of the field at some points of the working volume. 

Mter an additional check of the magnetic properties of all the parts of the 

·working cryostat, some of them were replaced by nonmagnetic ones. 

~uring the manufacture and assembly o~ the cryostat ~fter conducting each of 

the welding operations, the trainings of the places of welding in liquid nitrogen 
: ' ' ' .'\ -·· -

were carried out. Then the subsequent vacuum tests of the helium vessel, vacuum 

casing and individual units also were carried out at 300 K using a ,h~lium leak 
detector. 
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5. CURRENT LEADS 

A combined current lead, cooled by return helium for the main (200 A) and two 

correcting windings (2 x I 0 A) were placed in the stainless steel pipe 0 40 mm, 

whereas the current-carrying elements are copper foils. The heat leaks to liquid 

helium ~ia the current leads, were no m~re then O.S Wt for ~ current-carrying pitir 

to the main winding of the magnet at 200 A and _a flow rate of cooling gaseous 

helium - 0.8 nm3/h; 0.15 Wt for two current-carrying pa!rs to the correcting 

windings at currents of 10 A and a flow rate of- O.J5,nm3/h. Thus, the copper 

temperature of the cold end of the current lead was no more than 4.35 K. 

6. MAGNETIC MEASUREMENT SYSTEM 

In order to determine the magnetic field topography in the warm working 

solenoid volume, the system used consists of: 

I) the magnetometer MN-18M using the nuclear magnetic resonance 
(NMR), 

2) the NMR frequency 'meter- F3-63, 

'''i' 
3) devices for moving the gauge magnetometer in steps of I 0 mm along 

the axis and in S!eps of 5 mm in the radius direction. The angular n~ovement of the 
gauge occured in step of 45 degrees. 

The basic characteristics oft~e magnetometer MN-l8M were: 

I) the measured fields ranged .f~om 1
7
7 to 6.5 T and were measured 

using two replaceable heads of the gauge, 
:r 

JO·S, 
2) errors of the magnetic field induction measurement turned below 

3) the volume of an active part containing polarizable protons was 
' . ' ·. . . . . 

approximately 3.5 mm3; NMR on protons was applied, 

4) the overall dimensions of the gauge with a replaceable head were 9 x 
. ''\, 

17 x 35mm, 

5) the length of the cable, ~?nnecting the gauge with the other part <?f 
the magnetometer was about 15m, 

6) a search for NMR, adjustment to it and other adjustments are kinds 
of tuniug were automatic. 
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The described magnetometer has been developed at the Laboratory of Nuclear 

Problems, JINR [7,8]. 

7. RESULTS OF TESTS 

Repeated long time-frame tests of the polarizing magnet at currents of 80 and 

120 A were successfully undertaken; 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 st!ite; The local and remote control of the 

power supply source for the basic winding was used. 

The magnetic field topography inside the warm working magnet volume was 

repeatedly measured. Fig. 2 shows magnetic measurement results for one of the 

current modes of the magnet winding power supply. The correcting winding "I" is 

the first one along the beam path. The measurements were carried out over the 

length. L from the middle of the magnet; along its axis (R=O curves). Other 

measurements were performed at R = 15 mm in horizontal steps of .1 0 mm and in 

an angle step of 45°. The field uniformity of 4.6 x !Oo4 within the working volume 

was achieved. This uniformity in the second, downstream half of the working 

volume, was better: 7.8 x 10·5. 

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 l0o4. The used current mode was: Imam= 75.2 A; Iror.l = 1.8 A; Icor.2 = 5 A). 

After the run, an additional warm correction was· applied by a small steel ring 

(0mi<L 95 nim; a section of (0.35 x 3) mm2) and by a 'three-layer coil (I 02 coils; (I x 

8) mm2; 0mi<L 95 mm; current of 0.211 A). The field uniformity increased by the 

factor 1.7 over the wa~ working volume. It reached final v~lues of 2.67 X !Oo4 

and to 4.4 x l 0·5 on the axis (see Fig. 3). Therefore, the expediency and efficiency 

of an additional warm correction was experimentally confirmed. The correcting 

· elements can be installed inside a narrow gap between the target and the internai 

solenoid cryostat · wall. Mobile coils, individual steel rings or a punched 

ferromagnetic pipe can be used for these purposes .. 

8 

The future experiments will provide an opportunity to increase the uniformity 

of the magnetic field in the working volume of the target and to reach better value 
than l0o4. 

8. CONCLUSION 

The constructed polarizing magnet for MPT allow to continue the p~ogram in 
physics and to plan fut~re experiments at the LHE synchrophasotron. Diff~ent . . . ' 

magnet parameters may be improved as discussed above. This will increase the 

MPT polarization and spare the machine time .. 
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Fig. 2. Results of measurements of the magnetic field in the working volume of the 

target (Imam.= 74.42 A; Icor.l =2.60 A; Icor.2 =4.64 A). 
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• 
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of the target using an additiof!al"warm" correction 

(Imam= 74.4 A: Icor.l =2.60 A; Icor.2=4.65 A). 
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AmuueHKo H.r. " Jlp. 
Csepxnposo)lllll.Ulii IIOJI.!!pH3yrotUHii MamiiT 
,Will IlO)lBH:lKHOH IlOIDipH30BaHHOH MHtUeHH 

B OJUIH <.ny6Ha) co3)laH csepxnpoBOJl.!Ill.Ulii n 
noiDipH30BaHHOH MHllleHH (IliJM) C pa6o'IHM ofu.eM< 
[1]. Mannrr o6ecne•msaer noiDipH3yrotUee MamiiT 

4,5 X 10- 4 B pa6o'ieM ofu.eMe MHllleHH, a TllK:lKe 
. o6MOTKY )l11HHOH 558 MM C )llfaMeTpaMH 206 H 144 

KOMileHCHpyrotUHe H KOppeKTHpyrotUHe o6MOTKH. Bee 
IlpOilliTaHbl 3IlOKCH)lHbiM KOMilaYHJlOM II IlOMetUeHbl 
«TCIUIOH>> anepTypbl KOTOporo 96 MM. 

OnucaHbi KOHCTPYKUH.!I H TeXHOJIOm.!l HaM01 
H3MepeHHH KapTbl MallillTHOfO IlOJI.!I C IICilOJib30E 
)laHHOfO MamnTa IlOCJiy:lKHJI aHaJIOlli'iHbiH MamiiT, CO 
·ueHTpe Saclay (ll>paHUH.!I). YcraHOBKa c IIIIM cMc 
HefiTpOHOB, o6pa3yroll.UiXC.!I Ilpll pa3BaJie IlOIDII 
H3 CIIHXpo!\Ja30TpOHa nB3 OJUIH <.ny6Ha). 

Pa6oTa Bb!IlOJIHeHa B na6opaTopnH Bb!COKIIX 3HC 
OJUIH. 

llpenpHHT Ofue.IIHHeHHOfO HHCTHyYTa ll,!lepll: 

Anishchenko N.G. et al. 
Superconducting Polarizing Magnet 
for a Movable Polarized Target 

The superconducting polarizing magnet was co 
polarized tartget (MPT) with working volume 200 
The magnet provides a polarizing magl)etic fieldup 

of 4.5 x 10- 4 in the working volume of the target. 
winding 558 mm long and 206/144 mm in diam 
winding placed at its ends. The windings are made of 
resin and placed in the horizontal cryostat. The diamc 
cryostat is 96 mm. 

The design and technology of the magnet windi 
field map measurements, using a NMR-magnetometc 
at DAPNIA, CEA/Saclay (France), represented 
The MPT array is installed in the beam line of p 
of polarized deuterons extracted from the synchrop 

The investigation has been performed . a 
and at the Laboratory of Nuclear Problems, JINR. 
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