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Table 1 Specifications of the REBCO single pancake coil.

REBCO Coil

Conductor length [m] 40

Conductor thickness [mm] 0.22

Coil height [mm] 4.1

Inner diameter [mm] 96

Outer diameter [mm] 156

Number of turns 101

Self inductance [mH] 1.73
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Fig. 1 Time evolution of (a) the induced current and (b) the
resistive voltage in the REBCO single pancake coil.
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Table 1 Specifications of the LTS magnet and the REBCO coil.
LTS magnet REBCO coil

Inner diameter (mm) 317 96
Outer diameter (mm) 380 156
Height (mm) 377 4.1
Number of total turns 10856 101
Self inductance (mH) 24290 1.73
Mutual inductance (mH) 34.0
Coil constant (mT/A) 26.6 1.02
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Fig. 1 Time dependence of (a) the resistive voltage and (b) the
maximum temperature in the insert REBCO coil with each
dump resistance after the shutdown of the outsert LTS magnet.
Thin and thick lines show the experimental and the simulated
results, respectively.
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Fig. 2 Dump resistance dependence of the simulated maximum
temperature and the number of turns in the normal state.
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1. Introduction

Coherent muon electron to transition (COMET) experi-
ment is aiming to discover the new physics through the rare
decay processes, u~ + N(4,Z) — e~ + N(A,Z). The
superconducting magnets system plays a significant role in
whole experiment, since muon beam intensity and their mo-
mentum are affected by the magnetic field. However, the
superconducting magnets have to work under the high radi-
ation environment to obtain a goal of 10!' muons/sec with
low momentum. The magnets will be refrigerated by con-
duction from the cooling pipes with 2-phase liquid helium
flow. In this paper, the radiation stability of the most im-
portant superconducting magnet, pion capture solenoid, has
been studied.

2. Radiation estimation

The Particle and Heavy lon Transport code System
(PHITS)[1] is used to estimate distributions of neutrons and
charged particles in COMET experiment. It is predicted that
the superconducting coils are irradiated by over 10! n/m?
neutrons and nuclear heating of 3.5x 10~ > W/g will deposit
in the conductor at peak during beam operation correspond-
ing to the irradiation of 0.8 MGy for 280-day operation.

3. Thermalstability

The thermal stability is calculated by following the 3-
dimensional heat equation. The heat deposition calculated
by the PHITS code is employed as heat generation. Fur-
thermore, considering the radiation damage in Al stabilizer,
the resistivity should be fixed like p(7) =po(T)+ Dp, +
Apg , where pg (T) is resistivity of conductor without mag-
netic field, App is magnetoresistance and Ap, is neutron-
induced resistivity. The relation between neutron flux and
resistivity has been studied in the neutron irradiation with
reactor neutrons[2], where the resistivity rises 0.03 nQ2'm
for 10 n/m? neutron irradiation. The RRR of stabilizer
will drop to 160 for 1 month irradiation by using this factor.

The maximum temperature in the pion capture solenoid
as a function of elapsed time of continuous beam operation
is shown in figure 1. Obviously, the temperature will ex-
ceed the current sharing temperature of 6.5 K after 1 month
operation, although the irradiation damage in aluminum can
be recovered perfectly by thermal cycling to the room tem-
perature. The peak temperature can be reduced to 5.6 K
by modifying the inner heat sink size, sink edge length to
helium cooling pipe.

The coil temperature at the possible magnet quench is
estimated by using MIITs, and it is found out the the tem-
perature will rise up to 266 K if the RRR drops to 100 in
figure 2. To investigate the quench properties in detail, the
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Figure 1: Maximum temperature in coils.

quench simulation with heat conduction with the complex
structure of pion capture solenoid was carried out. Details
of the analyses and the temperature distributions in the coil
will be reported.
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Figure 2: The MIITs estimation of conductor.

4. Conclusion

In this study, the radiation and maximum temperature
of pion capture solenoid has been investigated. The ther-
mal conduction can be degraded by neutron irradiation, and
thermal cycling to the room temperature is likely to be
needed after | month operation if the heat transfer along
aluminum sink in the coil is not sufficient. Considering
the temperature distributions in coils, the quench protection
system should be designed carefully.
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Fig.2 Inner view of cooling properties test for actual size coil
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Fig.4 Test result of cold storage properties for actual size coil
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Fig.1 Picture of the outgas evaluation apparatus

specialized for SCM

Table 1 Specifications of the outgas evaluation apparatus
Temperature range 20 K to 300 K
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Range of vacuum meter
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Fig.2 Partial pressure of outgas from GFRP at room

temperature
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Fig.3 Partial pressure of outgas from GFRP at 50 K
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Fig. 1. Outlook of Yoroi—coil structured DP coil
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min for two representative single pancake coils obtained from
derived theoretical expressions and finite element method [4].

15 T T T T T T T T T T
T Parallel-field loss (slab)
i — — Perpendicular-field loss (slab)
r Total loss (slab) 1
r -—-— Perpendicular-field loss (strip) / 5 | 1
~ 10 P *
?-/ i /" T -~
2 i / Tl
S L S Tl
3 ! S
i '
< 5- i
L /.
I
: / ="
, =
0 - ST et PP L 4 !
0 30 60
Time (min)

Fig. 2 Estimated AC losses of HTS insert.
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