


. . 1. 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 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. 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 INTAS - in 1996.-
2. DESIGN AND BASIC PARAMETERS OFTHE MAGNET.

- The superconducting polarizing‘magnet (see Fig. 1 and Tab. 1) contains a main
solenoidal winding 1 (558 mm in long, 206.and. 144 mmi in’outside and inside
dlameters respectively) as ell as compensating 6 and: correctmg 7 wmdmgs at its

ends. Multlﬁlament NbTiI wrres 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 ahd multilayer Screens
10 made of metal- coated mylar. The combmed current leads and tubes of helium
input and output are in the vertlcal vessel: The msulatmg vacuum is formed with
the aid of turbomolecular and fore pumps. Power supply and the protectxon of the
main and compensatmg wmdmgs are by a stablhzed power supply source (200 A,
10 V) made at ANL, USA The correctmg w1ndmgs were mdependently supplied
from two stablllzed sources @s A5 V). ’ , :
Among the basic techmcal requnrements on the magnet note the followmg the

mductxon ofa magnetlc fleld in the centre of the magnet w1th a maxrmum workmg
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current of 186 A should be 6.7 T, the uniformity of the field in a"'warm" working
volume (200 mm long, 30 mm in diameter) no worse than 10-. ;
It was also necessary to ensure a complete geometric compatibility of the new

magnet cryostat with the existing design of the remaining MTP parts, -
3. DESIGN AND TECHNOLOGY OF THE WINDING

/ ‘Tne winding (see 1 Fig.1) is mounted on frame 2 (pipe @ 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 stacking the
contact connections of the superconductor. )

The winding made at Saclay was done by a uniform 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 performance of the electroinsulating
design of- the magnet. These and other differences of initial “conditions of
manufacturing the new magnet resulted in some features of its desxgn and winding
technology

" The main winding (31 layers with 511 + 514 coils each) consists of 6 concentric
sections. When winding, glasstextolite spacers 0.2 mm thickness are used to keep
layer cylindricity (see Tab. 2). o

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

o1 mm) sequentially with the basic sectlon and over it. There are two correctlng
NbTi wmdlngs 7 of a wire & 0.75 mm over the compensatmg windings.

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

curing (trade mark: Scotchcast 252 3M, France); polymerization lasts 20 hours at
5 °C. The weight ratio of the resin to the hardener was 1:1. To apply the
compound 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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to smear the next layer.

both flanges in eacn layer of the winding were fastened with the help of two-
component polyester -putty,” The: time. of- putty;hardening<was:‘~ 10 minutes,

polymenzatlon lasted at room temperature for-~ 40 mlnutes, then it was’ possnble :
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b I - main winding; 2 - frame of stamless steel 3 msulatmg half dlSkS,’

4- hehum vessel 5- vacuum vessel 6- compensatlng w1nd1ngs,

7- correctmg windinds; 8 - glasstextollte support cone, ‘f:

R copper radlatlon screen; 10 - multllayer supermsulatlon )



Table 1. Basic parameters of the polanzmg magnet

S Item ‘
Cryostat (vacuum casing): "Umt Va‘lu?"
- length ~ 0
1- dtameter‘ inside "warm" zrnx; 89960
outside
Solenmd: - =
—inductance (main 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, Io A E 186‘
- maximum reached working current A 160 '
2 current density in wire (with Io) Alcm? |- 4
- critical current density with 4.2 K .
“inafield of 7T, noless: A/cm? )
- field the centre of the aperture (with Io) T 4.56)(7]04
- maximum field (with Io; z =+ 230 mm) T 6.9 '
- reached field in the aperture centre (with 160 A) T 5
- currents of the correcting windings A = '
- mass cooled to 4.2 K- k; 50
- number of wire solderings = i
Cor_nplensa:ing winding (in two sections): :
- winding length of each section (40 coi 3
- winding thickness (30 layers) | (2 col). o > ‘
- outside diameter of the winding - =%
- number of coils in the winding of each sectton ' = 24
Corre:tmg 1;wmdmg (in two sections) : 120'0
- winding thickness (10 layers
—»outside diameter o%the \Z/incling o s
- n.umber of coils in-winding of each section o e
Wire (NbTi in a copper matrix) : 7
Main and compensating wmdmgs
- diameter (in insulation) - , S
-number of filaments in a wire of 3 and 4 sections = e
- number of filaments in a wire of 1,2,5 and 6 sections &
- factor of filling with superconductor -
Correcting windings : 2:402:051
- dtameter (in insulation) mm : 0.75
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Table 2. The characteristic of @1 mm supe'_rconductor in_the m_agnetvsect’ions: P

. _ - . ~ Wire characteristic : : .
Number of section, | Wire length Dtameter in G oeﬂ'wlent, Numbcr ol' Mmmlum critical
numbers of winding .| in section, .. insulation, . of filling -. “NbTi | - - current ‘with -

layers coom. . mmo with . | fitaments 13T TAL

s T SR A : supercondu s

) o B -

1 (inside), 1461 .. .. 1.97 - 0. 46 | - 60 -
layers (1:6) ) . RS S eas an)n

1T (7+9) 763 1.06 YT

: : lasstextolite -spacer 0.2 mm in thickness Lol T
I (10+17) 2173 1.09 T 0,405 - ::. 2970 1|+ 360
IV (18:21) T 1159 1.09 o4l | 2970 . |- 380
V (22:26) 1520 1.08 S0.51. 2 60 41057

glasstextolite spacer-0.2 mm in thtckness Cop s

V1 (27:31) [ o5 | 108 | 05 1. 60 [~ 410

Total length 8996 m

The mtegrtty of the conductor varmsh coat was contmuously checked
This was camed out with the help of the device containing an ongmal shdmg
brush contact made of .a NbTi multtﬁlament wire from which end stabrhzmg
copper was stripped. The conductor ‘coat was made bya PE-939 polyester varnish
hot cunng under |ndustrtal condmons The wrre stram with wmdmg the magnet
was 10 + 12 kg and could be ad_]usted by an electnc motor operatmg m a brake
mode and located on one shaft wrth a feed c0|l Dunng the wtndmg, layer-by-layer
cylmdnctty was pertodtcally controlled by measunng the wmdmg dtameter m snx
cross sectlons along the magnet axis bya mtcrometnc devrce with an accuracy of
no worse than 0.01 mm The wire of an overlymg layer was placed m the screw
flute of an underlaymg one. ThlS leads to the ‘cross the wrres of these layers on
each corl Thus. a wave of crossmg is formed on the layer surface It should be
along the wmdmg axis. The waves were evenly dtstnbuted along the azrmuth of
the winding cross section. In general the layer-by layer noncylmdnclty of the
basic winding cross ‘sections dld not exceed 0.8 mm. 3 :
Before soldenng. the solderéd contacts of wires 20 cm long ( POS 6l solder w1th
tmdl. = = 190 °C) were bandagcd by a flattened copper W|re lmm m wudth and 0.2
‘mm. in thickness. After soldenng they were msulated wnh a PTFE small tube Ql 3
mm The calculated nonumformlly of the feld in the workmg volume due to a
partlal nonblﬂ'llanty of the nearing the wires place of contact is 4+ 5 ttmes lower

than that specified in technical requirements to a magnet.




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 damplng resistance of 2 Ohms was calculated ‘The most dangerous regime
was consndered the ortgln of a normal zone at the point of wire soldertng the
conditions of heatlng are adiabatic; the current at the moment of transition is 200
A. The calculation made by the technlque suggested m [6] has shown that the
heating does not exceed 100 K. ‘

* - The cylindrical part of the magnet fraJme was insulated w1th two layers of
fi berglass (see above) w1th a 180° overlapping. During wmdmg, the electncal
- strength of the case insulation was penodlcally checked by the direct voltage of
1000 V. The lnterlayer one, between indindual sections before contact soldering,
was checked by the voltage of 200V for 5 minutes. The mterco:] insulation was
 tested by the voltage of 1000 V for 5 mmutes on a special model winding of the

wire used .
4. CRYOSTAT

" The magnettc properttes of leSHlOT stainless steel, whtch were dlsplayed after
" some technologlcal operattons durmg manufacturmg the cryostat have
constderably comphcated the s1tuatlon and have not allowed a hlgher umformtty

~~of the desired field. The magnettc field measurements of the completed magnet

E ‘were carned out'in an auxtllary vertical stamless steel cryostat The influence of
-the massnve bottom of some parts after tummg procedure as well as of the

e welded seams on the ﬁeld unlformlty in the magnet workmg volume was observed

‘ Thls mﬂuence can be estlmated by a maxlmum stze of the order of 1+2 Gs as

;radlal and axlal components of the feld at some pomts of the worklng volume.

B LAfter an addltlonal check of the magnetlc propertles of all the parts of the

5 ‘iworktng cryostat some of them were replaced by nonmagnettc ones.

S Dunng the manufacture and assembly of the cryostat after conductmg each of
the weldmg operatlons the tralnlngs of the places of weldmg in llquld nttrogen
were carned out. Then the subsequent vacuum tests of the hehum vessel vacuum
casmg and 1nd|v1dual units also were carried out at 300 K usmg a hellum leak
detector.
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A combined current lead, cooled by retum helium for the maln'(;‘iOO A) and two i
correcting windings (2 x 10 A) were placed in the stainless steel pipe & 40 mm,
whereas the current- carrylng elements are copper foils. The heat leaks to llqutd
helium via the current leads, were no more then 0.8 Wt for a current-carrying patr
to the main winding of the magnet at 200 A and a flow rate of cooling gaseous
helium ~ 0.8 nm%h; 0.15 Wt for two current-carrying pairs to the correcting
windings at currents of 10 A and a flow rate of ~ 0.15:nm%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 :
1) the magnetometer MN-18M using the - nuclear magnetic resonance
(NMR), : '
2) the NMR frequency ‘meter- F3-63, : ; .
- 3) devrces for moving the gauge magnetometer in steps of 10 mm along
the axis and in steps of 5 mm in the radius direction. The angular movement of the
gauge occured in step of 45 degrees D L T P
The basic characteristics of the magnetometer MN-18M were:
l) the measured fields- ranged from 1.7 t0 6.5 T and - were -measured
usmg two replaceable heads of the gauge, ‘ , C . L
2) errors of the magnettc fleld lnductlon _measurement -turned. below
103, -
7 3) the vo]ume of an acttve part contalnmg polanzable protons was
approxtmately 3.5 mm3 NMR on protons was applled A
o 4) the overall dtmensnons of the gauge thh a replaceable head were 9 x
17xxmm,' | o
5) the length of the cable, connectlng the gauge thh the other part of
the magnetometer was about 15 m, e e
- 6) a search for NMR, adjustment to it:and otheréadjustments‘are kmds

of tuning were automatic.



~* The described magnetometer has been developed at the Laboratory of Nuclear
Problems, JINR [7.8]. i

7. RESULTS OF TESTS
- * Repeated long time-frame tests of the polan'zing 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 state. The local and remote control of the
power supply source for the basic winding was used. el
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 "1" 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=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-10+ within the working volume
was achieved. This uniformity in the second, downstream half of the working
volume, was better : 7.8 x 10-5. i
T 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 104, The used current mode was: Iman = 75.2 A; Ieor1 = 1.8 A; Leor2 = 5 A).
After the run, an additional warm correction was applied by a small steel ring
" (Dmia. 95 mm; a section of (0.35 x 3) mm‘2) and by a three-layer coil (102 coils; (1 x
k 8) mm2 Dmia. 95 mm; current of 0.211 A). The field uniformity increased by the
factor 1.7 over the warm worklng volume It reached final values of 2.67 x lO“‘
and to 4.4 x 10 on the axis (see Fig. 3). Therefore, the expedlency and efl‘lclency
of an additional >vvarm correction was experimentally confirmed. The correcting
" elements can be installed inside a narrow gap between the target and the internal
solenond cryostat “wall. Mobile conls individual steel rmgs or a punched

ferromagnettc p1pe can be used for these purposes

The future experiments will prov1de an oppomuuty to mcrease the umformlty

of the magnetic field in the workmg volume of the target and to reach better value
than 10+,

8. CONCLUSION

- The constructed polanzmg magnet for MPT allow to contmue the program m
physics and to plan future expenments at- the LHE synchrophasotron leferent

magnet parameters may ‘be’ lmproved as dlscussed above Thls w1ll mcrease the
MPT polanzatlon 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 (Imain. = 74.42 A; Ioor.t =2.60 A; Ior2=4.64 A).
a) L=-110 mm ++90 mm; [Bmax(180°) - Bmin(0°)}/Bo =4.6 x 10-.

b) L=-110 mm <0 mm; [Bmax(180°) - Bmin(315%)}/Bo=7.8 x 10-%..
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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

(Iinein = 74.4 A; Toor1 =2.60 A; I;,,.:=4.65 A).
a) R=15 mm; L=-100 mm ++100 mm; [Bmax - Bmih]lBo =2.67
b) R=0; L=-100 mm %—HOO mm; [Bmax - Brﬁin]/Bo =4.4 x 105.
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