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Development of a Thin-wall Superconducting
Magnet for the Positron Spectrometer in the MEG
Experiment

Wataru Ootani, Wataru Odashima, Satoshi Kimura, Takayuki Kobayashi, Yasuhiro Makida, Toshiya Mit-
suhashi, Shoichi Mizumaki, Roger Ruber and Akira Yamamoto

Abstract— A thin-wall superconducting magnet was developed Il. MAGNET DESIGN

for the positron spectrometer in the MEG experiment. The A fi fth tis sh in Eia. 1. Th t
magnet is specially designed to provide a gradient magnetic Cross section of the magnet 1s shown in Fig. 1. 1he magne

field to achieve good features of the spectrometer such asCOﬂSiSt_S of a_main superconduc_ting magnet and a pair of com-
constant projected bending radius for monochromatic positrons pensation coils to reduce stray field around the photon detector

and much quicker sweep of positrons than in the conventional to be placed close to the main magnet. The compensation coil
uniform solenoidal field, which allows a stable operation of js g resistive coil. Parameters of the superconducting magnet

the spectrometer in a high rate muon beam. A high-strength re listed in Tablel. Th rconducting maanet consist
aluminum-stabilized conductor was developed so as to minimize are liste abiel. € superconducting magnet consists

the thickness of the coil between the target and photon detector. A Of five coils with three different radii; one central coil, two
pair of compensation coils is implemented in the magnet to cacel gradient coils, and two end coils. The end coil is separated
stray field around the photon detector to be placed closely to the into inner and outer parts with different current densities. The
magnet. Design of the magnet and results from the excitation fie|q gradient is arranged by a step-structure in the coil layout
tests to measure performance of the magnet will be presented o N L .

here. and adjusting winding density in each coil.

The superconducting magnet is conductively cooled by two
mechanical refrigerators from both ends of the magnet. The
refrigerator is a a two-stage GM refrigerator (SHI SRDK-
408D) with a cooling power of 31 W and 1 W at 40 K first
|. INTRODUCTION stage and 4.2 K second stage, respectively. Cooling pipe for

ducti lenoidal ¢ develoned ﬂ%&:ﬂd nitrogen is attached on the end coil for a shorter cooling
superconducting solenoidal magnet was develope e and uniform cooling of the coils,

the COBRA (COnstant Bending RAdius) positron spec-
trometer in the MEG experiment, which is planned to search TABLE |
for the lepton flavor violating decay,™ — e*y at Paul PARAMETERS OF THE SUPERCONDUCTING MAGNET
Scherrer Institute (PSI) [1]. The magnet is specially designed
to provide a gradient magnetic field in order to solve some

Index Terms— Detectors, Superconducting cables, Supercon-
ducting magnets

problems inevitable in a simple uniform solenoidal field. The Coll Central  Gradient Inner end  Outer end
gradient field is arranged so that the positrons from the target gmter féi_a- ((mm)) 39191)'%; ggg-(ls g;g-é g;g-é
. . . . . . uter aia. (mm . . . .
follow trajectories W|th (_:onstant projected bendlng_ radlt_Js Length (mm) 2403 1104 1899 749.2
independent of the emission angle. It allows us to easily define Layers 4 4 3 3
the momentum window of the positrons to be detected. In :\iN - dTU"}tS (Tums/m) }13334 2234 L ?21238 1;6‘26 )
. . . . . . Inding density urns/m . . . .
simple uniform field positrons emitted close to nght angle Current (A) 360 360 360 360
make many turns and would cause unstable operation of the Inductance (H) 1.64 0.62 0.35 2.29
drift chamber system. In the gradient field distribution, the V'%/nfffﬁtyﬁ ((kkJ)) 186 10 33 %:318
: ; ; eig g
positrons emitted close to right angle can be swept away much E/M (kilkg) 118 100 33 53

more quickly. The central field is 1.27 T at= 0 and slowly
decreasing ak| increases.

. . . L The layer structure in the central coil is illustrated in Fig. 2.
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Compensation coil
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Fig. 1. A cross section of the magnet. Units in mm.

to the coils in order to avoid such a local energy dump. The performance of the conductor was measured around
Pure aluminum strips with a thickness of 1@ are also 4 K. The overall yield strength was found to be above
attached to the surface of the coils along the magnet axis2®0 MPa at 4.2 K. Characteristics of superconductivity were
increase thermal conductivity. Quench-back due to a relativellso measured. Fig. 3 shows the measured critical current as
high external dump resitoR2(8 Q) will also contribute to fast a function of the applied magnetic field. Operating current of

propagation of the quench. the magnet is 360 A and peak value of the magnetic field is
1.7 T in the central coil. The load line with the operating point
| Al support cylinder 0 of the magnet is also shown in Fig.3. This figure indicates
] [—oa ]| insutaor that the performance of the conductor has a safety margin of
ololojo]olo]ay Condueter f about 40 % compared to the operating condition of the magnet
olooo[o]ojo o Upiex(G-Epp) i because the operatlng tgmperature of. the 90|Is was fqund to
Slolololclolo ik?]eél.eQC—”TL.zl K in the excitation test which will be described
Sy OIOIOIOIOIOIO Pure aluminum strip NoTiICU
- LCoiI center Al stabilizer
Fig. 2. Layer structure of the central coil (left) and cross section of the g g;§§
conductor (right). Units in mm. : \
800F 6.0K ~__
Within the acceptance of the photon detectpro§ | <
0.35), the thickness of the magnet is reduced dowd.197 X, 70K \/
so that the photons from the target placed at center of the g >/'<“ Operating point
magnet can traverse. 1
In order to realize this thickness a high-strength aluminum- % s 1 s 2 25 3 3s

e . . B[T]
stabilized conductor is used for the superconducting mag-

net. It allows us to minimize the thickness of the suppoFig. 3. Measured critical current as a function of the applied magnetic field.
cylinder of the superconducting magnet. A cross-sectiondle load line and operating point for the magnet are also shown.

view of the conductor is shown in Fig.2. A copper matrix

NbTi multi filamentary core wire is clad with aluminum A pair of compensation coils are implemented in the magnet
stabilizer. The aluminum-stabilizer is mechanically reinforceith order to cancel stray magnetic field in the vicinity of the
by means of “micro-alloying” and "cold work hardening” [2], photon detector placed close to the magnet. The stray field
[3]. Aluminum-stabilizer can be reinforced by adding smaltould degrade the performance of the photon detector because
amount of metals such as nickel, magnesium, and copjlee gain of the photomultiplier tube to be used in the photon
while keeping electrical resistivity as low as possible. Nickeletector rapidly drops as the strength of the applied magnetic
at 5000 ppm is added into the aluminum-stabilizer in thigeld increases. The stray field should be reduced down to
conductor. 50 Gauss level around the photon detector.
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The polarity of the operating current for the compensatidmeaters were switched on and the DC power was switched off
coil is the same as that for the main superconducting magregtt = 180 and 210 msec, respectively. The SQDs in the other
Magnetic field around the photon detector from the maiils reacted at = 150 — 200 msec. Fig. 5 shows the resultant
magnet can be canceled effectively by the compensatiooitage change across the voltage taps at both ends of each
coil because the shape of the flux lines produced by theil. A maximum voltage rise of 1200 V was observed at the
compensation coil is very similar to that produced by the maaentral coil where a quench was induced first. The temperature
magnet in the region of the photon detector. Fig. 4 shows tbéthe magnet also peaked in the central coil 16 sec after the
calculated contour plot of the magnetic field produced by tligiench occurred. The maximum temperature was 110 K.
magnet with the compensation coils. It can be seen that the
residual field is very small all over the photon detector region.
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— — — — |, Fig. 5. \Voltage change across the voltage taps in each coil in the heater
.008 02645 BELT) L7402 quench test at 360 A.

Fig. 4. Co_ntour plot of the residual magnetic field. A box in the photon Fina||y1 excitation up to 380 A coil current, which is 5.6 %
oo a5 no nct e oo Sy .+ s e SrfJENr han the operating current (360 A), was performed.
field was measured in the excitation test is also shown. ig6 shows the coil current as a function of time in the
excitation. The temperature change of each coil is also shown
in this figure. It can be seen that the temperatures of all the
I1l. EXCITATION TESTS coils were kept below 4.5 K during the excitation.

Excitation tests were performed to measure the performance
of the magnet. The superconducting coils are cooled down
mainly by the refrigerators. The liquid nitrogen cooling pipe
was sometimes used to shorten the cooling time and to
equalize the temperature of the coils because large temperatureg 4.8
difference between each coil could cause undesirable thermal E 47
stress in the coils. All the coils were cooled downitp—4.4 K
in 5 days while keeping the temperature difference below
50 K. 45

Temperature and stress distribution were measured during 4.4
the excitation tests by using temperature sensors (Pt, CGR, 43
PtCo) and strain gauges attached to the coils and support
cylinders. The origin and propagation of the quench were
observed by using voltage taps installed at both ends of each %1
coil and by superconducting quench detectors (SQDSs).

A S_enes _Of excitation runs were performed, gradually Ir]:-ig. 6. Coil current and temperature change in the excitation at the coil
creasing coil current. At each current step, a quench test wasent of 380 A.
performed by inducing a quench by switching off the DC
breaker of the power supply, firing heater or switching off The strains in the central coil and support cylinders where
the refrigerator. the axial component of the electromagnetic force concentrates

The severest test was the test with a quench at the centwate measured with strain gauges in order to verify the
coil at the coil current of 360 A. In this test a quench wamechanical strength of the magnet. Fig.7 shows change of
induced in the central coil by firing a heater. The quendhe strains up to 380 A coil current as a function of square of
was detected by the quench detector and SQD reactedthat coil current which is proportional to the electromagnetic
t = 130 msec after firing the heatet & 0). The protection force acting on the magnet. This figure shows a good linear
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relation between the strain and square of the coil current
(electromagnetic force) although slight hysteresis can be seen
in some strain gauges. It indicates that mechanical strength of

the coils and support structure are sufficient. 6
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is specially designed to provide a gradient field to achieve
Fig. 7. Change of the strain during the excitation test at 380 A coil currergood features of the spectrometer. In order to minimize the
thickness of the magnet, a high-strength aluminum-stabilized
The magnetic field produced in the bore of the magngbnductor was specially developed based on micro-alloying
was measured. The field measurement was done at a e@ill cold work technologies. Performance of the conductor was
current of 200 A with the compensation coils off. Fig. 8 showgeasured at 4 K. It was found that the overall yield strength
the magnetic field measured along the magnet axis whejthe conductor above 220 MPa at 4 K is achieved and the
calculated magnetic field is also shown. It can be seen that igerconducting performance of the conductor has a safety
magnetic field in the bore is graded as designed and showgargin of about 40 % compared to the operating point of the
good agreement with the calculation. magnet.
The magnet was successfully tested up to the coil current
of 380 A, which is 5.6 % higher than the operating current.

0.7¢
ED,G_,, The quench tests were done up to 360 A and quench propa-
06 0 gation was observed using voltage taps, temperature sensors
055 Il - and SQDs. The mechanical strength of the magnet was also

05 measured using strain gauges. The measured magnetic field in

the bore shows a good agreement with the design field. The
stray magnetic field in the photon detector region was found
to be less than 50 Gauss.
The results from the tests indicate that the magnet has a
et good performance with a reasonable margin for operation in
Izl tml the positron spectrometer in the MEG experiment.
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Fig. 8. Magnetic field along the magnet axis measured in the excitation test
with a coil current of 200 A. The calculated magnetic field is also shown. ACKNOWLEDGMENT
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