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Outlook

@ Introduction:
e J-PARC
e Accelerator Driven System (ADS)

@ Plan of a new facility for materials R&D for ADS

@ Research activity materials at J-PARC:
e Experiment of displacement cross-section at J-PARC

& Summary
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Targets in Material Life Experimental Facility (MLF) o
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Proton Beam Window at MLF (A5083)

®

Lifetime estimation based on Post Irradiation Examination (PIE)
for safety shroud (AIMg3) at SINQ in PSI

Due to the law related to activated materials, PIE is difficult using
the present hot cell at JAEA.

Considering difference of proton energy, to predict lifetime of the
PBW with high accuracy for validation of calculation
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1 MW beam operation at MLF

gr S Memorial shot at 1MW for
oy v X150 1 h test (2018/7/3)

DMl .. 2019 test
AR AR ¢ )" © Beamintensity trend at IMW

| 1MWZEZEEER(CHKID | { for 10.5 h test Availability ~
’ 2 3047838 V) A 98%

o VR
> ! 5. \
| AT

/
')5 P

1 MW user run

for 2 days on 2020
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Specimens Cut Out of Target Vessels

Bulk side of inner wall

Target #9 : 7\
Pavg = 529 kW Influenced
Etotal = 2404 MWh _D%0as lOWS

;;" ; reduction?

Target #8
Pave = 434 kW
Etotal = 1812 MWh

Max. depth -
0.286 mm

'

’” Mak: de{th Lo

3.3mm . 5 mm-t

Narrow channel side of inner wall

®:50 mm

Negligibly small daages

Probably due
to improve on
helium flow
~ ..0.26 mm of bubbler
- ""‘,
¢ Max. 0.43 mm

e Y of damage
depth estimation.
e Promising result
| for further power
ramp-up.

0.012 mm




‘ Accelerator driven system (ADS)

Proton beam

Super-conducting LINAC

Max. 30 MW
100 MW
To accelerator 300 MW
170 MW Fission energy
To gric €= — — 2
270 MW Power generation >
o
Objectives ead
* Reduction of long-term toxicity (but not Eutectic
radioactivity) &%’3 and
» Effective utilization of geological disposal coolant
space Minor actinide (MA)-fueled

LBE-cooled subcritical core

Features of ADS:

» Chain reactions stop when the accelerator is turned off.

*LBE is chemically stable. = High safety is expected.

* High MA-bearing fuel can be used. = MAfrom 10 reactors can be transmuted.



. ADS Pr Oposed by JAEA .5 Target/Cooled Concept -

» Belgium ADS program MYRRHA at
SCK-+CEN (Mol) approved 558 M€

* Proton beam : 1.5GeV -I20MW~ 30 MV\/I
» Spallation target : Pb-Bi

» Coolant : Pb-Bi

 Subcriticality : k= 0.97

* Thermal output : 800MWHt

» Core height : 1,000mm

* MA initial inventory : 2.5t

» Fuel composition :
(60%MA + 40%Pu) Mono-nitride
» Transmutation rate :
10%MA / Year (10 units of LWR)

» Burn-up reactivity swing : 1.8%Ak/k
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Beam window: 20 dpa/year. Accuracy of dpa is required for damage estimation.




Transmutation Experimental Faclility (TEF)

Experimental Faciiy

(™

EF-P: Transmutation Physige’

- TEF-T: ADS Target Test Facility |

Purpose:
Category

Laser Source 0 |

K

Proton Beam &%

Purpose: Material Irradiation
Category: Radiation Application
Proton Power: 400MeV-250kW
Target Material: Lead-Bismuth

— %

(LBE)

-, —

@ | BE Spallation Target

For R&D of ADS, 0.4 GeV beam by LINAC will be delivered to TEF.

J-2ArRG

| .
| Soviet submarine
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‘ Purpose of the new facility Cost estimation

PBW

400 MeV, 250 kW |
| Proton beam | >

P

Ixadiation
samples

Sa

~S$250 M in phase 1
s (Acc, fusion and fission)

A new facility based on
TEF-T design with small
modification

(Accelerato ater or He cooling

Holding concept of

multi-purpose use
1. Neutron irradiation
2. High-energy neutron beam

N.B.: Storage will be
fully occupied by the
MLF target in ~13
years with the

H- Beam
‘ 2" Linac 400 MeV
La;gidc"c:;;:oozz‘s Irradisatt;d a;:r:‘;?:ems L-TEF BT tunnel . 250 kW

(& Eliminate BT-
N ’ ® @@ .
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e ' Space for
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gl evelopment
~t cell for F for ADS |ow B)\part, 10 MeV
—20 mA, 200 kW

present exchange l

pace (1 time/year).
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HD

NU
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Multi-purpose use of the facility &7

(o7
J-2ArC

To enhance the construction of the new facility, exploring the multi-purpose use
such as study for soft error and use of proton with low intensity extracted by laser.

» Terrestrial neutron spectrum has a
peak ~150 MeV.

 Required to be at least 150 MeV in
standard of power device (JEP151).

JAXA: MMX (MMX:Martian Moons Exploration)

L | Interplanetary

Radiation
1011 - Environment
1 —— - 9 Monitor (IREM
1010 Terrestrial neutron x10 NEHEFEEE (MMX) ( ) N
— New facility at J-PARC TOSTINBTBEMRRICINT A
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Neutron flux (1/cm?/s/lethargy)

10°  JAXA asked J-PARC to use the protons
105 - E,~ 0.4 GeV with low intensity beam for
104 ] R&D of IREM.
‘ » Use of the primary beam is difficult to
1005 101 102 103 10 provide the users.
Neutron energy (MeV) « Secondary protons of the existing beam
« Giving the best circumstance for dump or primary proton extracted by

semiconductor & soft error research. laser can be applied for this aim. .



Other facilities for material test for J-PARC 4a¥
J-PARC

» Acceleration damage using low energy heavy ion beam
 HIT: High Fluence Irradiation Facility Tokyo University (Tokai)
 TIARA: Takasaki lon Accelerators Advanced Radiation Application (Takasaki)

Dual beam at HIT

(dpa)

Diplacement D

15 2
h ( ;2 m)
L il

1 Van de Graaff - e el I
# Tandetron 4 S
@ Beam Line 0 (microparticle acceleration)

a1Beam Line 1 (pulse lon beam)

E Beam Line 2 (neutron generation. connected to posgitron beam)

& Beam Line 3 {cominuous irradiation)

FBeam Line 4 {dual ion irradiation)

#:Beam Line 5 (heawy jon irmadiation. dual ion irradiation)
FiBeam Line B {microbeam)

i Pulse beam generator

i1 Pasitron beam connected to Beam Line 2

12 Control room
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Target for high-intensity hadron accelerator
and superconductor in high radiation area  J-#=sc

T2K beam window
Titanium alloy (Ti-6Al-4V)

Proton beam window in J-PARC

spallation neutron source:
Aluminum alloy (¢ 0.6 m)

s Proton
3 GeV

4 Resistivity change due to radiation is crucial for
Superconducting (SC) magnet sustaining damage.

Nominal LHC 300 fb1, 1 x 1034 cm2s1

&
&

For damage
estimation of beam
intercepting material,
DPA is utilized based
on displacement
Cross section.

High accuracy of the
displacement cross
section is required.

SC magnet system in beam
line of COMET (J-PARC)

Muon Transpog



— What will happen in target material in hadron accelerator? N

Displacement damage: Damage on crystal structure due to hadron irradiation

| Damage characteristics may
be described as a function of
> | DPA, gas production and
temperature.

Huclear fransmutation reaction .
Tranaformation

DPA = flux X Displacement

Cross section
Proton

Displacement
j.prnjeciile Cross SECtIOﬂ |S
T . Cascade damage eSt|mated by

Coulomb scattering

-

target PKA| Target DPA

calculation
Nuclear reaclion  Couiomb scattering based on PKA

secondary

ke Ll e (Primary Knock-

S i

Cascade damage
s d hicl . ’ A m
st et ki . Target DPA on to )
|Z1_ I 1) E ;

E . target PKA




DPA and displacement cross section

@ Although DPA is widely utilized to estimate
damage, displacement cross section has
not been enough validated.

e Cross section exp. data for Ep>20 MeV
are scarce.

[ ] J'1|11-g
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Displacemsnt cross-section ()

e Only 5 Data (Cu: 3, W: 2)
e No data for Al, Fe (important for ADS) _
e Showing large discrepancies among B e PRt
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Displacement cross section experiment at J-PARC e
o " 7AW
& Experiments were conducted at RCS (0.4 - 3 GeV) and at MR (3 - 30 GeV)

To sustain damage, sample was cooled to cryo-temperature (~ 4 K).
Displacement cross section(c) can be obtained by increase of resistivity (Ap = AR-A/L)

due to proton irradiation with average flux (¢ (E)).
o(E) =Ap/ (qb(E)pFP) Pep: Resistivity change by a Frankel pair (Cu: 2.2x106 Qm=23%)

Cold head and sample
# W1 Cu wire (¢ 0.25 mm)

chamber with
4 K cryo-cooler
S . | |

To MLF From RCS

Beam dump

Vertical view




SENER 2

J-2ArRG

3NBT for 0.4 — 3 GeV MR for 3 — 30 GeV e Cascade scheme of 4

. (i - pieces (Al, Fe, Cu, W)

L < (I oF with #0.25 mm were
applied

e Samples were annealed
~T .o before installation.

» After trial and error, the
temperature was
achieved <4 K,

* To obtain accurate
resistance, 4 wires
terminal scheme with
delta mode switching

PC polarity with 10 Hz and

averaging was applied.
V4 L<30 m Nano-V meter ging PP
V- 16 I (2182A Keithley)
\Y19),¢ I
(2700 Source =0.1A
I+~ Sample . Kefiney) (2182A Keithley)




Calculation of the cross section with PHITS code f%@_\

o

w = il LS

e PHITS implemented the following models for calculation
of the displacement cross-section

e Norgett-Robinson-Torrens (NRT) model: Widely utilized

e Athermal recombination corrected (arc) model
e Nordlund parameter : Nature comm. 9 1084 (2018)

NRT (Cu Ed 33 eV): arc-Nordlund (Cu Ed 33 eV):

. . hrd.;il‘{dpﬁ{: Td] S
Nya(Tq) =
Ng: Number of
displacement
T4 Displ. energy '3

— Carcdpa

1Td] = —
(2E4/0.8)baeee

arcdpa

N, different for Cu
T,/>83 eV

~X 1/3 times

— NRT
— arc Nordlund
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Requirement to extend high energy region 40@
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The cross section
was found to be
saturated with
proportional of A2 (A
= target mass ) in
high energy region.
We want to
experimentally
confirm this tendency.
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Experiment at FNAL for 120 GeV

J-MRC

@ Budget already approved by MEXT to Iwamoto-san

@ Experiment will be conducted for 120 GeV proton at
FTBF FNAL on November 2022.

Cryostat chamber and |
beam instruments will be =
placed at here. |

23



_.iHiRadMat

High-Radiation to Materials

Irra.diation Area Scientific committee of HiRadMat has

— approved the proposal of the experiment,
FTiRadMat has dedicated feed. - which will be conducted on 2023.

throughs into an adjacent tunnel
(TT61) where additional electronic
and measurement systems can be
added. Progress has been made to SHRER
shield this area from radiation
effects.

"""""

3D model of feed-through
between HiRadMat
Experimental Area and

Electronics Area.

: ) &)
12/4RIES ' et AL L Eabroll ol @ Engineering Department



Summary e

@ J-PARC has a plan to build a new facility for R&D of
materials of ADS.
e Irradiation facility
e Multipurpose use such as soft error
e Hot cell for PIE as Phase 2

® To understand the damage on beam intercepting
materials correctly, displacement cross sections were
obtained for protons 0.4 - 30 GeV.
e NRT model: 4 times overestimation
e arc model: good agreement with present results.

e To extend energy region, similar experiment will be carried out
at FNAL and HiRadMat for 120 and 440 GeV protons.

25
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