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Abstract

To mitigate the hazard and reduce the volume of nuclear waste, JAEA and many countries are developing an Accelerator-
Driven System (ADS) using a high-intensity proton accelerator. The spallation neutron source of MLF at J-PARC uses a silicon
carbide (SiC) multi-wire profile monitor to ensure the beam is correctly injected into the target. While the monitor has been
operated flawlessly with a beam power of 1 MW for less than one year, we need to understand the degradation of SiC due to the
radiation damage for long periods with steady-state and high-intensity beam operation. For the development of the monitor to
endure high-intensity beam, we have performed beam tests using heavy ion beam irradiation at TTARA and at the JAEA tandem
accelerator to accelerate the damage given low-energy heavy ions giving significantly higher than that of a few GeV protons.
We have also been looking at the dependence on Linear Energy Transfer (LET) using various ion beams at the JAEA tandem.
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Figure 1: View of the proton beam irradiation.
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(a) Beam monitors placed at the
PBW

Figure 2: Multi-Wire Profile Monitor (MWPM) and beam
halo monitors placed at the Proton Beam Window (PBW). (a)
Whole view of the MWPM and halo monitors. (b) Close up
of the thermocouple type of beam halo monitors.
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Figure 3: Calculation result of dpa induced on SiC wire for
various beam conditions.
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Figure 4: Experimental setup.
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Figure 5: Experimental setup at TIARA for Ni beam, (a)
SiC wire and Faraday cups to observe the beam current, (b)
Thermo viewer to observe the temperature of the sample.
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Figure 6: Experimental setup at JAEA Tokai Tandem for Xe
beam irradiation.
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Figure 7: SiC wire electron emission with beam irradiation of
Ni 10.5 MeV and Xe 200 MeV.

Z6N5, SICDESHIICET 5 dpa DIRSHEIE,
Fig. 31T &I, AA Ay E—2aflEZzD R
F—llk el B2, Xe BIOWA LT YD AHD
énu\%ﬁmﬁbfﬁv7€—7$®qmu%w
fEEHBDICH L. Ni DBAITIIH 10 f5FRE L 4k 57
b, FoEIEGE %mwf&m¢«§ﬁbrma
%5, B GeV BT DEAITIZ, SIC N TH—Z01 &
7% dpa %52 5 DT, ﬁ%zzt INORRRAT Y ]

éi&m %4%z@%%&ﬂmv%? ﬁ?é%%
IR T 27201k, e o BT RICET 2

dpa #¥Hilli 2 BIWEIC § 2 03D 5,

Ni BLU Xe ©— A HHHC i%&C®*”%%m

&%@%%D%\%Eki077/7t 7283
dpa DBYELE LT Fig. 8 IR T, KIMLHFD dpa (2HED

 FAii (Fig. 8(a) ) 1. dpa ICR9 % Ni & Xe E— AT &
5 R BN ORI S BT, 2 DEEGET
Mi@@Ttw&%zén%oéﬁ\ﬁgwmmﬁﬁf
7w 7 E—7 D dpa IZHD L G TIR, WEHEE—2D
WHEERPIHRR - EZRLTWE, ZOkd, 7
7 v 7 =7 T0D dpa (2D EHUHE O O 1F
I NEY)E bins, ORI 30 dpa OIS
L SiC O —REBETHHFIIK 6% REDOWHET 5 2 &
b, BAA Y EBTE—20MEEICHE) IR
ﬁ*ﬁ®77w& WH 279, 5% MLF D SiC 7 A
R L B — Az%vz%mhﬁﬁﬁ*”ﬁ%mm4
n?ﬁﬁ?éx— J:DHH% &5&%&62&60

3.5 A PHIHBILE S L O

TSR 2 HIEIC 5 5 720, RIHSE X O TIARA T
%%Lt&cv%kmﬂb\iﬁﬂﬁ%ﬁﬁfmmn
B L 2L X =y obids (EDS) ICkbh., v
A PIHIAIOBIEEE X ORI 2 EEL 7, SiC 74 ¥
. DI WEREE X O F D RIC SiCETRER S
T2 EDHMEICHERCE 72, RIS & R 5
DIAX DI L O ~HEOZ B SN T, £
e OSSN o 7z, S SICTLEDH
DFER, RIS AL ) FRcAE B2V I B S
2ot

PASJ2024 FRP006

0.05

+ Xe 200 MeV
0.045
.

e ? « Ni 10.5 MeV
o 004 §
— +
5 s
3 0035
€ 003 ' .
o ;i D .
on 0.025 . >
o Lo ( .
- H .
c o002 ® ¢
et i
= :
5 0.015
3 .
o 0.01
2

0.005

0 cmm— . - o o ®
0 0.5 1 1.5 2 2.5
dpa at surface
(a) Surface

0.05

0005 + Xe 200 MeV
2 « Ni 10.5 MeV.
@ 0.04
—
—
>
o 0.035
E 003} .
s i

0.025 3
Q r
D {
c 002 5 :
[}
=
5 0.015
(8]
.L_) 0.01
(%]

0.005

0 | cm— P —

0 5 10 15 20 25 30 35
dpa at Bragg peak

(b) Bragg peak

Figure 8: Relationship between electron emissivity of SiC
wire and dpa due to beam irradiation, (a) For the case of dpa
evaluated at the surface of SiC, (b) For the case of dpa evalu-
ated at the Bragg peak.
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