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Introduction
- ミューオン電子転換過程の分岐比： 

- 標準模型：O(10-54) 
- 標準模型超える理論：O(10-15) 

- ミューオン電子転換過程の発見は新しい物理の証
拠となる 

- COMET実験： 
- µ- + (A, Z) → e + (A, Z)  
- 目指す実験感度：< 6 x 10-17 

Flavour Violation on

Quarks, Neutrinos, and Charged Leptons

Quark transition 
observed

Quarks

Lepton

�
�������	

Neutrino transition 
observed

発見されてない

目標感度：< 6 x 10-17 

要求されるミューオン量：> 1011 µ/sec
(現世界最大強度ミューオンビーム：108 µ/sec)

大強度ミューオンビームライ
ンの開発が必要となる

（現在、COMET実験のため、J-PARCで超伝
導磁石を用いた大強度ミューオンビームライ
ンを建設中である）
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COMETミューオンビームライン

Phase-II Optimisation, 22 Feb. 2016 Ben Krikler: bek07@imperial.ac.uk6
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パイオン捕獲磁石：MuSIC VS COMET

MuSIC COMET
ミューオン強度 108 µ/sec (DC) >1011µ/sec (pulsed)

一次陽子ビーム 3.9GeV, 0.4kW 8GeV, 56kW
中心磁場 3.5 Tesla 5 Tesla

直径（捕獲磁石） 900 mm 1344 mm
長さ（捕獲磁石） 1580 mm 6520 mm

YOSHIDA et al.: SUPERCONDUCTING SOLENOID MAGNETS FOR THE MuSIC PROJECT 1753

Fig. 2. Magnetic field distribution in the pion capture solenoid magnet and
the transport solenoid magnets. (Upper) Magnetic field profile along the sole-
noid axis. (Lower) Compensation dipole field applied in the transport solenoid
magnets.

for pion-capture with a 3.5 Tesla magnetic field. Backward-scat-
tered pions are captured in the 3.5-Tesla magnetic field and fo-
cused forward by the graded magnetic field. The field distribu-
tions are shown in Fig. 2.

The neutrons, scattered protons and other high energy par-
ticles are expected to be emitted more in the forward region
with respect to the proton beam injected on the pion production
target. To avoid severe irradiation on the subsequent supercon-
ducting coils, backward-emitted pions are collected as shown in
Fig. 1.

There is a gap between the coil of pion capture section and
the coil of transport section in order to inject a proton beam into
the bore of the solenoids. The gap should be as short as possible
to avoid loss of pions at the valley of magnetic field. Optimiza-
tion of the injection angle of the proton beam has been done to
keep pion transmission at the valley and to keep the system be
compact. A larger coil would be needed for shallower injection.
With a larger injection angle, the coil would be irradiated with
a harder radiation dose. The angle is determined to be 22 de-
grees and the gap between coils is 55 cm. The radiation shield
should be inserted between the pion production target and the
coil (Fig. 3).

III. MAGNET DESIGN

A large bore superconducting coil with diameter of 900 mm
is placed surrounding the pion-production target. The length of
the coil is 1000 mm. The target is located at the magnet center,
where magnetic field has a peak of 3.5 T. To tune the position of
the field peak, the pion-capture coil has an additional winding
along a 400 mm length of its upstream part. The thickness of
the coil is 35 mm, and the thickness of the shim is 5 mm. The
operation current of the coil is 145 A, and the coil can generate
magnetomotive force of about 4 MA. The design parameters are
summarized in Table I.

The superconducting wire is a round-shape copper-stabilized
NbTi superconductor with a diameter of 1.2 mm. The wire con-
tains about 1800 filaments of with the twist pitch of 40

Fig. 3. Layout of the pion capture solenoid system.

TABLE I
DESIGN PARAMETERS OF THE PION CAPTURE SOLENOID MAGNET

mm. The total copper ratio is 2.4 and the RRR of the copper is
above 240.

The coil is cooled by 3 GM cryocoolers with total cooling
power of 4 W at 4 K and 134 W at 40 K. The total cold mass is
about 1 ton. The static heat load on the cold mass is estimated
to be 1 W and the nuclear heating by neutrons penetrating the
inner shielding should be less than 1 W.

IV. RADIATION DOSE

Nuclear heating in the magnet was estimated by MARS
[10]–[15]. The radiation heat comes mostly from neutrons.
The shielding surrounding the target is made of stainless steel,
which is little affected by the strong magnetic force caused
by a superconductor quench. The inner bore of the shield is
tapered so that pion absorption is minimized. The maximum
thickness of the radiation shielding is 27 cm. In the simulation,
the density of the coils is assumed to be 9 and the
thickness of the stainless steel support structure of the coil is
10 mm (being located at 44 cm from the solenoid axis).

MuSIC COMET

392 MeV proton

8 GeV proton
1580mm

世界初めて+唯一パイオン捕獲システ
ムを実現したミュオンビームライン

6520mm
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Coil Structure
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Mechanical Analysis of Pion Capture
Superconducting Solenoid System for COMET

Experiment at J-PARC
Masami Iio, Makoto Yoshida, Ye Yang, Taekyung Ki, Takahiro Okamura, Ken-ichi Sasaki, Yasuhiro Makida,

Toru Ogitsu, Satoshi Mihara, Tatsushi Nakamoto, Michinaka Sugano, Akio Terashima, and Hiroshi Kawamata

Abstract—KEK is currently constructing a long series of super-
conducting solenoid beamline for the COMET Phase-I experiment
at the Hadron facility of J-PARC. The magnet system consists of a
5-T pion capture solenoid, a curved muon transport solenoid, and
a large bore detector solenoid. The pion capture solenoid system
consists of a large cold mass including four coils with an inner di-
ameter of 1340 mm and a small cold mass including six small coils
with an inner diameter of 500 mm. The peak magnetic field on
the conductor reaches to 5.4 T at an operation current of 2700 A.
This paper presents the design and structural details of a magnet,
radiation-resistant coil, cold mass and vacuum vessel, apart from
the results of the electromagnetic analysis in two-dimensional (2-D)
and 3-D.

Index Terms—Superconducting solenoid, Al-stabilized NbTi,
indirect cooling system, radiation resistance.

I. INTRODUCTION

CHARGED lepton flavor-violating processes are believed
to provide a path to new physical concepts beyond the

standard model of elementary particle physics; however, such
processes have not been observed yet. A next-generation exper-
imental search for the coherent neutrinoless muon-to-electron
conversion at a sensitivity better than 10-16 has been prepared at
the Japan Proton Accelerator Research Complex (J-PARC) [1].
This search, called the COMET (COherent Muon-to-Electron
Transition) experiment, requires a pulsed muon beam of
1011 µ-/s to be stopped on a muon stopping target. To realize this
high intensity, a long series of superconducting solenoid beam-
line from a pion production target to the muon stopping target is
currently being constructed to be installed at the Hadron facility
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Fig. 1. Schematic of the pion capture solenoid system.

of J-PARC [2]. The COMET experiment has been promoted
with a staged approach. The COMET Phase-I magnet system
consists of a pion capture solenoid, a curved muon transport
solenoid, and a large bore detector solenoid [3].

The design and fabrication of the pion capture solenoid are
extremely challenging. To capture as many pions as possible
generated by the bombardment of protons on the production
target, the capture solenoid needs to have a large aperture with
a diameter of 1300 mm and generates a high magnetic field of
approximately 5 T around the target. In addition, the system is
operated in a high-radiation environment with an expected neu-
tron fluence of 1021 n/m2 on the superconducting coils. There-
fore, nuclear heating and irradiation effects in magnet materials
are considered in the magnet design [4].

In this study, mechanical analysis is performed using the finite
element method (FEM) in two- and three-dimensional (2D and
3D) models to realize a detailed design considering gravity,
atmospheric pressure, magnetic force, and thermal stress. This
paper describes the design and structural details of magnet,
radiation-resistant coil, cold mass and vacuum vessel, apart from
the results of the electromagnetic analysis.

II. STRUCTURE OF THE PION CAPTURE SOLENOID

A. Magnet Overview

A schematic view of the pion capture solenoid system is
shown in Fig. 1. The main design parameters for the capture

1051-8223 © 2016 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications standards/publications/rights/index.html for more information.
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Key Technologies for Radiation-Resistant Coil

Cooling Pipe
(2-phase He)

Pure Al Strip

BT+Epoxy
Resin

BT-GFRP 
Resin

Al-stabilized 
SC cable

• Minimization of nuclear heating

• Minimization of radioisotope 
generation

Coils are cooled with 
small amount of Liq. He 

through Al-strips

- Lightweight coils have an advantage in  
reducing energy deposition by radiation

Æ Al-stabilized cable

- Bath cooling could cause liquid helium 
activation (Tritium production)

Æ Conduction cooling method

• COMET実験の特徴：放射線が多い　 
• 放射線対策： 

• 冷却方法：Heの二相流間接冷却 
• Heの放射化を低減するため 

• 冷却パス及び安定化線： 
• 冷却を改善するため、各層毎に冷却パスは1mm
の高純度Al（99.999%）を使用 

• 中性子を通過させるため、Al安定化線を使用

• 接着剤：BT樹脂 
• 中性子断面積が大きいBoron抜き 

• スペッサー：BT - GFRP 
• 従来のG10より放射線耐性がいい

Rutherford cable



Kyushu University, Y.Yang kanouyou@kune2a,nucl.kyushu-u.ac.jp

Radiation Issue
大強度陽子 → 大量の二次粒子が生成

パイオン捕獲磁石システム：

File = Det_DepositAll_xz.dat energy deposit distribution Date = 22:14 07-Feb-201

plotted by ANGEL 4.35 calculated by PHITS 2.8
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ex.: 残留抵抗比の劣化

90日間相当する
中性子量

冷却パス1桁以上劣化する！！

MuSICの1年間相当する中性子量

磁石に与える熱的な影響は一番大きい！コイル温度
上昇や磁石クエンチを調査する必要がある！！

MuSIC COMET

放射線による熱侵入 0.6 W > 200 W

エネルギー付与（max） <10 kGy/year > 4 MGy/year

中性子量（max） 5 x 1018 n/m2/year > 8 x 1023 n/m2/year 5桁！！

2桁！！
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plotted by ANGEL 4.35 calculated by PHITS 2.8
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• 磁場： 
• 3次元FEMで計算したマップを使用 

• MCシミュレーションの結果：

8 GeV proton

Peak Dose
[MGy/280 days]

DPA
[DPA/280 days]

Neutron Flux
[n/m2/280days]

CS0 2.1 5.2E-04 5.0E+23
CS1 3.2 6.9E-04 6.2E+23
MS1 1.6 4.1E-04 4.0E+23
MS2 0.6 1.0E-04 1.0E+23

(En > 0.1 MeV)
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Thermal Degradation on Material
金属有機物

熱伝導率の劣化

照射
昇温

回復

回復しない

/32/32

Reactor

Cooling 
system

26

Neutron Irradiation
Degradation of electrical and thermal 
conductivity is significant problem 
for the conduction cooling magnet

Neutron irradiation test at cryogenic 
temperature was performed at Kyoto 
Univ. Research Reactor Institute (KURRI)
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Al: 完全に回復する
Cu: 90%回復できるM. Yoshida (KEK)

中性子照射（Al, Cu）＠京大炉
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• 絶縁デープの熱伝導率が落ちると運転中のコイ
ル温度が上昇する 

• 絶縁デープの熱伝導率の放射線劣化を調べる必
要がある 

• 測定： 
• 現在、 J - P A R Cの N U 1で G M冷凍機

(0.5W@4.5K)の冷却試験を実施中 
• 高崎研で10MGyまで照射する予定

Chapter 5. Thermal stability and quench protection of superconducting solenoids 5.2. Cooling estimation
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Figure 5.14: the thermal conductivity dependence of insulation tape.

5.2.4 Discussion

As mentioned in previous chapter, different result of neutron production and energy deposition is obtained

in terms of different physics model. Nowadays’ heat calculation bases on the model of JAM INCL JENDL.

The figure 5.15 on left shows the different between JAM INCL JENDL and QGSP BERT ENDF model.

The difference is almost with factor 10 at TS1d and with factor 1.5 at CS1. Although the GEANT4 predicts

higher heat load, the maximum temperature will be 5.35 K with 0.03 W/kg heat generation and aluminium

RRR of 50.

We suppose there is factor of ±0.3 in different physics model. The figure 5.15 shows the tempera-

ture changes with the factor of energy deposition for 90 day operation. The maximum temperature grows

up with factor. Supposed that the energy deposition predicted by the other physics model is higher than

JAM INCL JENDL by factor 1.5, cooling for 30 days is not allowed for phase-II experiment.
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Figure 5.15: The temperature peak increases linearly with the energy deposition factor.

Improvement of CS1 coil

Due to cooling issue of the CS1 coils, the new scenario should be considered if the CS1 cannot be cooled

for a long time. There are two ways to optimize the CS1 coils to enlarge the operating time.

61

30 day operation

Heater

CERNOX

6mm GFRP

sample

2nd Stage
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File = Geo_All2d_xz.dat Geometry of Radiation Shield (XZ) Date = 22:23 05-Jan-201

plotted by ANGEL 4.35 calculated by PHITS 2.8
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90日目の温度分布

ピーク温度
磁石の分流温度：6.5 K @ 5.5 Tesla, 2700 A

• 有限差分法で熱伝導方程式を解く 
• MCシミュレーションから抽出した中性子フルエンスとエネル
ギー付与マップを使用 

• 均一磁場：5.5 Tesla (CS0, CS1), 4.5 Tesla (MS1, MS2) 
• 絶縁テープの熱伝導率：0.01 W/m/K @ 4.5K

磁石温度 > 分流温度
クエンチ

Chapter 5. Thermal stability and quench protection of superconducting solenoids 5.2. Cooling estimation

COMET superconducting magnets, there are aluminium stabilizer is enclosed around the coils. The current

decay will be more quickly for the real case due to the aluminium stabilizer self resistance. Furthermore,

the magnetic field decay is not considered in MIITs estimation as well. Thus, the quench simulation is

necessary for estimation of the temperature after quench.

5.2 Cooling estimation

The thermal conductivity of aluminium stabilzer and copper matrix will degrade owing to the radiation,

which leads to the overheating of the superconducting coil during the operation. To analyse the thermal

stability of superconducting magnet, a thermal simulation code for COMET superconducting magnet has

been developed. This code bases on the three dimensional equation (54), which is written as

γC
dT

dt
= kx

∂2T

∂x2
+ ky

∂2T

∂y2
+ kz

∂2T

∂z2
+W (5.29)

where γ, C, k and W are material’s density, specific heat, thermal conductivity and heat generation, respec-

tively. The specific heat only affects the speed of temperature change, and maximum temperature change

during the cooling is affected by the term of thermal conductivity and heat generation. Considering the

insulation tape has the worse thermal conductivity, the thermal conductivity of conductor is able to be ap-

proached like ∑∞
i=1 li
k

=
∞∑

i=1

li
ki

(5.30)

The temperature margin for COMET superconducting magnets can be solved by using the result of energy

deposition and neutron flux from PHITS code.

5.2.1 Geometry

The geometry which used in thermal analysis is shown in figure 5.8 and 2.2. CS1 coils have 9 layers

and 270 turns totally, and aluminium strips with RRR of 2000 are inserted into each layer.
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Figure 5.8: Details of the geometry used in magnet thermal simulation.

Here it is approached to 270 conductors along the axis 19 layers (conductor + strip) along the radius.

Each aluminium strip is inserted from single side due to the GFRP spacer in the edge of coil. Aluminium
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熱伝導方程式：

90日の連続運転が可能！！

CS1

MS1

Preliminary

Preliminary
peak: 6.3K
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Quench Protection
磁石クエンチ　→　電源遮断

Dump resistor

TS1bTS1d CS1TS1eTS1f CS0TS1a MS2 MS1TS1c

2700 A

0.185 Ω diode

current flow

quenched

Dump resistor

TS1bTS1d CS1TS1eTS1f CS0TS1a MS2 MS1TS1c

switch off

vo
lta

ge

time

0.1 V

current flow

急な温度上昇と高電圧から磁石を守らないとな
らない

L
dI(t)

dt
+ I(t){R

coil

+R
dump

}+ V
d

= 0

operation current 2700 [A]
dump resistor 0.185 [Ω]

diode turn-on voltage 1 [V]
time constant 68.59 [sec]

allowable voltage 500 [V]
threshold voltage 0.1 [V]

detection time 0.1 [sec]
inductance 12.69 [H]

電流減衰： コイル抵抗
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Method for Quench Estimation
CS0CS1

MS1
MS2

50cm 50cm
50cm

Dump resistor

TS1bTS1d CS1TS1eTS1f CS0TS1a MS2 MS1TS1c

• COMET捕獲磁石システムのためにクエンチコードを開発した 
• 初期化計算： 

• 磁場マップ：Boit-Savart法則の拡張式 
         （H. E. Knoepfel, Magnetic Fields, Wiley, 2000） 

• 放射線マップ：Phitsから抽出した中性子フルエンスとエネ
ルギー付与 

• クエンチの判定： 
• 各メッシュでの分流温度を計算し、メッシュの温度が分流
温度に超えると、クエンチと判定 

• クエンチ検出条件： 
• コイル電圧>0.1 V and 0.1 sec内に電圧>0.1V

初期化

時間ループ

磁場計算

熱伝導計算

クエンチ？
False

電流減衰の計算

True

温度、放射線量

クエンチ検出？
True

False
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Quench Estimation

R
Z

85 sec, 135˚ ~ -45˚

max: 19K

max: 57K

max: 93K

max: 36K

ピーク温度

電流減衰 CS1

MS1

CS0

MS2

CS1

MS1

クエンチスポット（温度が一番高いメッシュ）

90日間連続運転後、捕獲磁石システムがクエンチして、電源遮断する場合：

最高温度：93K（許容温度：200K） コイル電圧上昇：< 350V（許容電圧：500V）

Preliminary

Preliminary
Preliminary
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今後の予定とまとめ

• 今後の予定：
• 絶縁デープの熱伝導率の劣化の測定 
• 磁石クエンチ： 

• 最高上昇する温度は熱容量に大きく依存している 
• 放射線によるアルミの熱容量の劣化を調査する 

• 実験は難しい　→　固体物理の第一原理計算？ 
• 耐放射線磁石の開発： 

• COMETの捕獲磁石：NbTi　→　Tc(I, B) ~ 9.3 K 
• 高温超伝導テープ：ReBCO 　→　Tc(I, B) > 77 K 

• 放射線問題の解決を期待される 
• 現在、HTSの放射線による臨界電流の劣化を調査中

• まとめ：
• COMET実験のための超伝導磁石現在開発を進んでいる 
• COMETのパイオン捕獲ソレノイドは放射線の被曝により、劣化をする 
• 現在の設計は90日間の連続運転が可能 
• 磁石システムのクエンチ後の最大電圧、最大温度は大丈夫です！
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Thanks

謝辞： 
高エネ研の上野助教に深く感謝します

身内さんに対抗や！！
（着ぐるみ）6千円かかって
るから、ぜひおもろい写真

よろしく！

パワハラ

上野ぱいせん (KEK)

　　　　　　

　　　　　　上野ぱいせん (KEK)

上野ぱいせん (KEK)

上野ぱいせん (KEK)



– Thanks

“Backup starts from here.” 
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ミューオンの生成方法
一次陽子ビーム

パイオンなど

標的

従来の二次粒子ビームライン 新たなミューオン源

- 薄い標的 
- 立体角が小さい 
- ミューオン収量が少ない 
- 二次粒子の効率的に使う 
- 例： 

- PSIやJ-PARCのMUSE

パイオン→ミューオン

標的一次陽子ビーム

- 厚い標的 
- 立体角が広い 
- ミューオン収量が多い 
- 世界初めて実現できたビームライン： 

- RCNPのMusicビームライン 
- 従来のミューオンビームラインより効率的にミュー
オンを作ることができる

パイオン捕獲ソレノイド

輸送ソレノイド
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Irradiation for GFRP

A. Isesaki et al., Fusion Eng. Des. 112(2016) 418-424
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Fig. 3. Change in flexural property of GFRPs after gamma-ray irradiation: displacement-load curves ((a) V-direction and (b) H-direction) and flexural strength ((c) V-direction
and  (d) H-direction).

100 MGy  irradiation. However, the initial flexural strengths of G10
in the V-direction and H-direction were 526 and 446 MPa, and
the retention after 50 MGy  irradiation was 17% and 31%, respec-
tively. This decrease in the flexural strength of the GFRPs after
the irradiation was caused by the deterioration of adhesiveness
between the resin and glass cloth. Fig. 4 shows the GFRPs after
the flexural test in V-direction. In case of the specimens before
irradiation, macroscopic delamination was not observed for all of
the GFRPs. After the irradiation, obvious delamination was found
for G10. On the contrary, all of the GFRPs developed in this work
did not show macroscopic delamination even after the irradiation
with dose of 100 MGy. The bottom parts of specimen (stressed by

tensile load during the flexural test) were observed by an optical
microscope in order to investigate debonding between resin and
glass cloth (Fig. 5). The debonding region between the resin and
glass cloth is traced by a white line. For CE-GFRP (Fig. 5(a)), BMI-
GFRP (Fig. 5(b)), and BT-GFRP (Fig. 5(c)), debonding was  observed
in some parts. However, long debonding region in almost all the
layers was observed for G10 (Fig. 5(d)). This result indicates that
the deterioration of the adhesiveness between the resin and glass
cloth in the CE-GFRP, BMI-GFRP, and BT-GFRP was  suppressed,
which is supported by that the GFRPs developed in this work evolv-
ing smaller amounts of gases than G10 (as indicated in Fig. 2).
Thus, the GFRPs developed in this work exhibited high retention of

Fig. 4. Photographs of GFRPs after flexural test in V-direction.
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ガンマ照射（GFRP）＠高崎研
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Quench Estimation

Chapter 5. Thermal stability and quench protection of superconducting solenoids 5.1. Quench estimation

The resistance in table 5.9 is the resistance of dump resistor, which is calculated by assuming the allow-

able voltage of 500 V. The MIITs curve with 5.5 Tesla for different RRR is shown in figure 5.6. MIITs is

calculated from the integral time term of current decay in equation 5.26 using the parameters in table 5.9,

which is 250 MA2sec and corresponds to 260 K (RRR=100). RRR is assumed to about 100 after 90-day

irradiation in COMET experiment in the worst case.

Temperature [K]
0 50 100 150 200 250 300 350

se
c]

2
M

II
Ts
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A
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100

150

200

250

300

MIITs (B = 5.5 Tesla, I = 2700 A)

RRR = 100
RRR = 200
RRR = 300
RRR = 500
miits=250.0

Figure 5.6: The MIITs calculation of CS1 coils with 5.5 Tesla magnetic field and 2700 A current.

Figure 5.7a shows the prediction of maximum temperature from MIITs in different magnetic field. Even

the magnetic field becomes 0 Tesla, the maximum temperature is still close to 200 K if RRR drops to

100. Due to the conduction cooling, 200 K is quite high for the superconducting magnets. Following

the temperature increasing, it is possible to lead to the consequence of unstuck insulation tape. To avoid

the overheat after quench, the voltage should be increased. Figure 5.7b gives the relation between voltage

and MIITs predicted maximum temperature. To reduce the maximum temperature after quench, the MIITs

should be restrained under 200 MA2sec and the voltage must be higher than 600 V.
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(a) The maximum temperature after magnet quench pre-
dicted by MIITs calculation.
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(b) A relation between voltage and maximum tempera-
ture predicted by MIITs.

Figure 5.7: Improvement of power supply according to the results of MIITs estimation.

However, MIITs can only estimate the maximum temperature of the worst situation. As the case of

55

• Requirement for Quench:

• Allowable voltage for electronics: < 500 V

• Peak temperature: < 200 K


• Using the adiabatic model to estimate maximum temperature 
of quench


• Radiation caused the RRR degradation of conductor

• If RRR < 100, maximum temperature > 200 K

• the quench simulation is necessary to check the capture 

system quench

• Simulation Code for Quench:

• Deve loped quench code fo r COMET 

superconducting system

• Enable to obtain from GitHub:


• git  clone  https://github.com/
kanouyou/CometQuenchCode-.git

• Tested the algorithm by simulating the Atlas 
Central solenoid


• ~10% disagreement but no ridiculous result

• disagreement may come from the material 

property

ATLAS Central solenoid

IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 12, NO. 1, MARCH 2002 
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Coil Quench at Different Location

• Unexpectable quench:

• The hot spot may appear at some unexpected location (not only the place where the maximum 

temperature located)

• Investigation of hot spot location effects is necessary

CS0CS1

MS1
MS2

cs1:lowercenter

cs1:lowerrightms1:lowerright

cs0:upperleft
cs0:upperright

cs0:lowerright

• Set the hot spot in the different location of CS0, CS1 and MS1

• CS0: lower left, lower right, upper right, upper left

• CS1: lower center, lower right

• MS1: lower right


• Assuming the quench starts at 90th day of operation

• Result:


• All of these cases has no overheating issue

current decay

peak temperature


