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Introduction s

® The allowable beam power can be said to be determined by the
targetry materials in the high-power accelerator.

® Study of material damage is crucial.

Proton beam window: Al alloy Beam window: Ti alloy COMET : W target
(J-PARC neutron source at MLF) .

(J-PARC Neutrino facility) C

Muon Transpoy
Solenoid

Proton

3 GeV
Pion Capture Solenoid
Lead-Bismuth eutectic W target: J-PARC TS2 for
(LBE) target at new neutron and muon (plan)
facility (plan) <




Recent status regrating MLF <7

J-PARC
® MLF-TS1
e Achieved design value of 1 MW long term (> 2 weeks) operation on
April

e Since high-dew point was observed in the helium vessel, the beam
operation was stopped ahead of a week of schedule. The cause might
be the air leak from seal for vessel (i.e, pillow seal on the mercury
target vessel) or slow leek at modelator.

e Due to the insufficiency of tentative waste storage for the target, the
target vessel will be exchanged by 2 years instead of every year.

® MLF-T3S2

e Maximum power given accelerator group: 2.5 MW (ultimate plan)
e Power < 0.6 MW (Possible fixed tungsten target?)

® (Personal opinion) MLF needs targetry advisory committee

e Their committee coupling science fruit. In the past the targetry aspect
was deeply discussed.
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Previous facility plan for ADS at J-PARC o

J-PARC

Accelerator Driven System (ADS) developed by JAEA
30 MW proton CW LINAC (SC)
1.5 GeV 20 mA
Sub-critical core (ko ~ 0.95, i.e., neutrons x 200 times)
Target : Lead Bismuth Eutectic (LBE)

ADS Target Test Facility (TEF-T)
Investigate engineering characteristics of LBE target
* 400MeV-250kW proton Beam
 LBE Temperature < 500 ¢

« Oxygen potential controlled

* Hot cell for PIE samples preparation

LINAC: Linear accelerator
RCS: Rapid Cycling Synchrotron

3-GeV synchrotron
MR: Main Ring (30-GeV synchrotron)
MLF: Material Life Science Experimental Facility
HD: Hadron experimental facility
NU: Neutrino experimental facility
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TEF-T and Proton beam irradiation facility &~

) Linac side

ADS Target Test Facility : TEF-T




J-PARC proton beam irradiation facility "

%
L/
J-PARGC

Simular He/dpa for high energy region with

® Proton beam irradiation facility planned at J- 0.4 GeV protons.

PARC .
e H-beam 0.4 GeV, Power >250 kW with 25 Hz g1
e Peak 50 mA, Width 0.5 ms, Rep. 25 Hz %
e Dose >20 dpalyear at the Pb-Bi (LBE) target i w0 v 4
e LINAC upgrade 25 — 50 Hz g .

adiation samples (fusion & fission) ;'3‘ / f
i Providing ultra-wide band o o e o 00

spectrum of particles to users
TEF-T is the baseline design.

400 MeV, 250 kW

Hroton

U]

VR

-

~H- beam from Linac

b 400 MeV, 250 kW
Low int. H* extracted
by LASER

Proton for

| space env. use

Samples fo
accelerator
facilities

Nater or He cooling

Almost hold the
concept of TEF-T's

multi-purpose use
1. Neutron irradiation

; - T N\ low B part, 10 MeV,
2. High-energy neutron ﬂ% specimens » 20 mA, 200 kW
beam port —
Hot-labo.
Other J-PARC mm) PIE specimens

exp. facilities r )

MLF | | HD NU

Ep [MeV]

 Building Hot-lab is
also planned for PIE

* Multi-purpose use
1. Irradiation fac.
2. Neutron for soft error
3. Rl medicine 225Ac
4, Space env. use

ADS: accelerator driven system
TEF-T: ADS Target Test facility
(JAEA Tech 2017-3)



Target at new facility &

« Technical Design Report has been published to JAEA report.
« Tungsten target or modular LBE target (MEGAPIE) : new candidate

Tahble 2.4-1 Main parameters of the proton beam for TEF-T

Imjection directon Hopzonial izreciion
Emergy / Current 400 M=V [ 0,825 mA
Power 230 EW

Repetition rate 25 H=

Pulse wadth Aboat 300 pa

Beam shape (Gaussian (4 cm 1n FWHM)
Peak beam current density | 40 pA'om? at maximum

Table 2.4-2 Main parameters of the TEF-T spallation target

Target material I LBE (Lead-bismuth sutectic) I

Structure Double tube type
Dhameter of the inner tube: 105 mm
Dimensions Dhameter of the outer tube: 150 mm [ mustegniens |
Total length: 800 mm :
Thickness: 2 mm (beam window) - 5 am (o T p—
M wm S00°C (window), -500°C (Irradiation plate) e i
temperature Poviaren wets v P——-
Operating =
B 400/500°C (LBE) | / \
Estimated life 3,000 koursyear or 10 dpa I At i F
Structural material | goron. o e ) [ 'T_ ' e |
[1450:':] M SO
Structural matesial | 197 (31, dified 9Cr- 1Mo steel)
(=450FC)
Cover gas Ar gas
Secondary coolant | Pressurized water




] ] .. ] ] b
Simulation of fission and fusion environment é,vJ_mc

B Displacement damage (dpa) and He production are the most important parameters

to dominate radiation damage of materials.
B The He/dpa ratio is the parameter to characterize irradiation environments

depending on particle energies.

O
NS
10k T I 6&-.‘ High-energy
High-enegy e + fission
contribution only ADS (2 years)

1k |-

4

Region of interest where
the new irradiation facility
will cover

He production (appm)

Displacement damage (dpa)

10
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400-MeV proton beam z[em]
He/DPA = ~100

LBE target

Fiu {14om*zac)

He/dpa=1"~ 100
= |rradiation under the fission and fusion environments is
possible although the flux is not very intense.

1015

i — IA: 2.2><I1[]14 (Lflcmzfs) 1 MeV I 100 EMeV
ok o] — B3sx107 (1em?s) )
3 = — C:2.8x 10" {1fcm?¥/s)
. ;? — D:5.4x 10" (1/cm?/s) /
% 1013 L0 - - ;
10t Z A ﬁ
20 &
Z[cm] LBE target §100p = B
10° = /_// \
b4 /-— //q—. L
- = 1011 L. )
c / A
10 E. e /J / \(-’
] = / \
. E g 1010 ... L2 )0/ ; <
Pl % ."\/ D I'\
100 e
-40 -20 0 20 105 10 10 102 10* 10° 101 107 103

Z[em] LBE target Neutron energy (MeV)

Covering circumstance of nuclear reactor, fusion reactor, and high-
energy accelerator
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Difficulties of PIE at J-PARC 4

J-PARC

® Due to the Japanese specified law for radioactive material,
the beam-irradiated material is difficult to ship to other hot
cells in JAEA to perform post-irradiation examination (PIE).

e J-PARC facllity:
Radioactive material (coupled with the accelerator)
o JAEA facility:

RI and fuel but radioactive material (because not
coupled with the accelerator)

® To ship another cells in JAEA, we have been struggling to
change the radioactive material to RI legally, but many
difficulties remain.

® Simultaneously, we are developing alternative way based
on small-punch and nano-indenter to overcome the difficulty.

12



New hot-lab for PIE S

« For the PIE of the samples irradiated at the new facility, a new hot lab is
planned to be constructed adjacent to the new facility.
« J-PARC needs a hot lab for PIE not only for MLF but also for other facilities

of T2K and Hadron.
 Allowing us to dismount MLF’s target vessel for mercury

« Specimens placed at LBE target will be transferred to cells by

the channel located at underground. I
am Raciaticn |
47m = 29 m L I conroica |
Ce”S for PIE Srlranca |_ lrﬂ_ 3
with manipulators ausle
_ah 3
a1 hemidny . omer! Ty Saedinl Sl
[EM-IHaEe s | RO Lentied ream Elar ool | boiks voora | puand
1HzH =] - e ream Arrpne
i caral
| I reem
Crperation recm :
Corcrete telS  Cancrala cal & Concrata cal 4 Soncrale cel 3 Conereos cell 3 Sonorata cal !
Fracture S
Spacimen s ghnees kre=n Fafiqu Tansls scccpranzs AN
procaksin ey L ERLE sl and s1arage i - i: —
i iyl =y Iii-ﬂ-FﬂJ
b1 —
Lzad Isoiation raom
sl mzlation roam
Seniice srea L 5
Lab 3 LaaL =0T MOCKup R
LBE iZmphie Urcergrounc
analyais GF Iral GR [HIEL=yl
Lead el Leadceld Lead czld E
Truck yand =
=
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Proton beam facility for other purpose use o

J-PARC
Siﬂg'@ Event Effect (SEE) SEU X-sec for protons RI medicine production
On the earth by neutron Fit by Weibull function (aka transmutation)
Ac-225, Mo- 99

232Th LBE or W target

=
5}
o

SEU Cross Section (cm?/bit)
-
=)

...
2,

102 ¢
1018 F
Average Proton Energv (MeV) =
102 E 10}
» . S
In space by charged g s i s . B
. . e : .. @ 10
particles (mainly protons) 2 e 2
= " ® FLUKA i © §
GATEWAY 2 10 % 'PSI y | % | Line PHITSI(:aIc
g 10 §HARRAD | 10 T T
3 CHARM ] oot 10 oy 10
10* 10" 10° 10" 10* 10° roton energy (MeVl
‘ E (GeV) Temn 674 ia7d 7e80y
10°°
i S o e Ac-226 As-,zza
& @ = 10" 10.0d  1.22d EEIEAN 6.15h
-\ Né 10" Ra224 |LWZLM Ra226 Ra-227
= = FLUKA 36d [EVELN 1600y = 422m
3 \ B 1018 -} x PsI
: WA & + TRIUMF
e ® CHARM
Space Strategy Fund (starting): 107 10T 10’ 10t 10 Ra-225->Ac-225 (Free Ac-227)
1 TY ( 7B USD) for 10 years E (GeV) Ac-225 without Ac-227 100 GBg/year
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https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=8347062

Science Council of Japan
Future Science Promotion Initiative (2023 edition)
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Displacement cross section o’
J-PARC
/_ What will happen in target material in hadron accelerator? ﬂ

Displacement damage: Damage on crystal structure due to hadron irradiation

N. Mokhov, HPTW2016

e W

— [ OTANRT
== IOTA-BCANMD
——— MARS-NRT
-----  MARS-Stoller
simie=n WARS-Nordlund

Pinton energy (WeV)

dpa (displacement per atom):
Widely used as damage index of material
dpa = Fluence x displacement X-sec
Lack of data above 20 MeV: Difficult
validation of calculation models
= Experiments conducted at J-PARC

Displacement cross section:

» Following Matthiessen's low obtained by

observation of electrical resistivity [QQ/m].

« To sustain the damage in sample,

cryocooling is required for T < 20 K.

o(E)=Ap/(¢ " ps)
o(E): Displacement cross section [b]
Ap: Change of resistivity [QQ/m]
®: Fluence of incident protons [/cm?]

p;.  Resistivity change by Frenkel pair [QQ/m] 16
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Displacement cross section experiment o
J-PARrRC
® RCS (0.4 -3 GeV)and MR (8 GeV
( ) (8 GeV) From 3GeV RCS To MLF
@ FTBF at FNAL (120 GeV) Beam dump
e Precious beam turning with beam _ .
scanning and monitor are required. e v A H
e Achieved ~4 K (but used ~8 K to Y oo oo
maintain normal conducting at
sample)
J-PARC RCS FNAL FTBF
Cryocooler and sample = Equipped g o o
: 3 2= [} vacuum
Al, Cu, Nb, Fe W wire 1 =, #% chamber with

(P 0.25 mm) 99.9% : iy CM coIe

To obtain precious
resistance reading with |+ |-

4 terminals applied Sample wire 17
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Comparison with calculation &7

4

Cross section [b]

Cross section [b]
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Jung
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FNAL

KIT eval. |

— —arc

Cu

® 6 B B O

PHITS  KIT eval.
————— NRT - - - NRT
——arc arc

® 6 m B O

Jung 1
lwamoto |
Greene E
J-PARC

|
|
|
|
|
|

PHITS  KITeval.
- - -NRT ---NRT
——arc arc

- =

H. Matsuda, JNST 57 1141 (2020)

Proton kinetic energy [GeV]

SRR BT IR R ETTT EEEETTT BRI BRI BRI BRI B ERTIT BRI BRI A ETIT M ERTITT BRI BT I RTITT BRI ._E
10710°10°10%10310210110° 10* 1010710°10°10*10°10210110° 10* 102

Proton kinetic energy [GeV]

S. Meigo, EPJ Web of conf 239 06006 (2020)

IIIIIII| T IIIIIII| T IIIIIII| T II=- NRT
; 0 ’ Td<-Ed
Jung __ Nu(Tq) = 1 y Ed<Td<% ,
lwamoto| 3 T T
Greene | 1|
J-PARC| ] arc-dpa
0 Ta<Eq
Narcapa(Ta) = 1 , Eg<Ty<il
%Eﬁrcdpa(Td} s %<Td<oo

1 — cCareq b,
pa 'arody .
Td "4 Carcdpa -

T =
Earcdpﬁ( d) (ZEd/O.B)b‘KdPA

X-sec: similar
tendency of NRT and
arc-dpa calculation
up to Ep<120 GeV

But we have to
check for 440 GeV.
— HiRadMat exp

FLUKA recently
available arc-dpa
18
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Ep 440 GeV at HiRadMat CERN 4

—JHiRadMat

L ne

Irradiation Area Vacuum cryostat will
TT61 borrow from SC-COIL

HiRadMat has dedicated feed-
throughs into an adjacent tunnel
(TT61) where additional electronic
and measurement systems can be

added. Progress has been made to NG T —uas S
shield this area from radiation
effects.

Ry~

SO
il
- ¢

(4\:

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

1 day

1000

= 100

n
o

10

Height [cm]
Dose [uSv/h]

o

Maybe RaDIATE somewhat supporting this 20
FLUKA

Dose for 1 day -
. -40 -30 20 -10 0 10 20 30 40
cooling Beam direction [cm]

Experiment planned in 2025
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Summary :

J-PARC

® J-PARC will build a new facility for the study of material
damage and other essential uses.

® User community established (domestic member ~250
persons)

e Technical Advisory Committee of the new facility requires
an international user community.

e Please join this community
e Letter of Intent

® High energy region displacement cross section:

e Successfully obtained the data up to 120 GeV. At HiRadMat, we will
obtain the data of 440-GeV protons in the next year.

20



Collaborators of displacement cross sections:

(J-PARC/JAEA) Y. lwamoto, H. Matsuda, H. Iwmamoto, S. Hashimoto, F. Maekawa
(J-PARC/KEK) M. Yoshida, T. Nakamoto, S. Makimura, T. Ishida

(Kyoto Univ) A. Yabuuchi, T. Yoshiie

(FNAL) K. Yonehara, Z. Liu, K. Lynch
(CERN) N. Charitonidis, A. Gaoillot, P. Simon, V. Stergjou, E. Andersen
Accoutrements:

 This project includes the results of “Measurement of displacement cross-section at
J-PARC for structural material utilized at ADS” entrusted to JAEA by the Ministry of
Education, Culture, Sports, Science, and Technology of Japan (MEXT).

» This work was supported by JSPS KAKENHI Grant Number JP19H02652 and the
U.S.Japan Science and Technology Cooperation Program in High Energy Physics.

 This project has received funding from the European Unions Horizon Europe
research and innovation program under grant agreement No 101057511.
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Experiment at FNAL S

Similgr manner of J-F_’ARC oata acuation system o tom i
experiment was applied at Cranel] cable x 2
Fermilab Beam Test Facility Compr e gasretum
(FTBF) MO3 essor | Power supply
Concrete
GM cryocooler
RDK-408D2 Multiwire chamber

120 GeV

G M CcO Oler R D K-408 D2 — protons Motion tablex'“““wz @ MW3WC

=) 'I / / Horizontally M gor:zonta?!y
Current monitor Beam height 51.5 cm =
MW1SEM ‘
Concrete

About 1.8 x 10" protons

per minute Top view of layout

Horizontal beam position and width
were scanned by using motion table.

BBA 1st+2nd+3rd

£ 012 - *° / ndf 30.3/16
5] L Prob 0.01649
E C e o | £ .| CONStANt  0.10812 0.006885
el ; Mean 170.7+ 0.6242
2 L Sigma 5.74+0.6956
& oo0s ' ;

3 L : ]

= F ; ' 5

4 r ]

= H

008 DU SN I Y S

Thermometer oot b b A LENTL

B

Al plate -
_0'0?40 150 160 170 180 180 200
H position mm

23



*ba

Disp. X-sec calculation in PHITS &7

J-PARC

w<— Displace number

® Cross section given by === -/ @i i paricle species

e Widely utilized Norgett-Robinson-Torrens (NRT) mode!

e arc-dpa model e AEUEY
Recombination

Nordlund and Konobeyev's parameter applied Correction

Displace number by NRT model (Ng) Displace number by arc-dpa model (N arcqpa)

-0 . Td{.Ed ] 0 \ Ty<Eg
2Fy
Na(Tq) = | 1, Ea<Ta<gi|, N arcdpa(Ta) = ! » Ba<Ta<gy
o : 0.8T4 2E, 5
0.8T, EE_d ) 2E 'Earcdpa(Td) : H{Td{'x_
| 75, s <Tg<oq| | d
. Disp| 'E (T ) - l_farcdpa Tb”{dpd—kf
T4: Displacement energy arcdpa | 1d = (2Ea/0.8) ¢ arcdpa-
c NRT-dpa damage model Actual damage production
Y O  xx 10* . . . ; - _
ooooooo,ooo‘o eeeccccccccce| 7 For ramp region
eeQeeehoee0ee 000000000 0feo U 3l
eeee ecee oo eceqeccccccee| £ __10 T.> 2E./0.8
ogheoccceoce\o| 000ceee oeccceo =) d . d '
®6e © o occeee| 00cccccccccee ~-° the difference
S3038,,870000) (S30h2, ahats I petween the t
000000000000 [0000cccccccee uEafslol eweer? € tWo
0000 oQ0e oQ 0| |ecccccccccrce| 2 ~ models is a factor
0004000000000| 0000000000000 - | | ‘
0000000000000 (0000000000000| 2 of 1.5.
0000000000000 (0000000000000

10701 102 108 108 105 10°

arc-dpa: Instantaneous recombination at cryogenic Displacement energy T, [eV] 24



Vessel with new
base plate on
movab table

* Ready to do the test in April 2025.
25



Al alloy test with nano indenter &~

4

J-PARC
Irradiation on aluminum alloy (A5083) at HIT 1.5 ' | '
----- unirradiated 4 dpa
[ —— irradiated i
— 1 E A |
% - Depth: 0.17 um /%% 4
= 80°C /7o )
5 05 F = f:‘. - 'Jff _
. 27 1dpa 7
0 [ ._Jl Lt I.
0 0.05 0.1 0.15 0.2

Depth [um]

Hardness [-]

200 [

150 |

2

Depth [tum]

Lh
-

o

[l unirradiated

[| irradiated

1 dpa

4 dpa

® Hardness investigated using Berkovich indenter for specimens irradiated to 1- and 4-dpa

® Dual beam irradiation test planed

1
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Beam intercept materials and damage J-/;ﬁ;c
Proton beam window in J-PARC T2K beam window 4 For damage
spallation neutron source: Titanium alloy (Ti-6Al-4V) estimation of beam
Aluminum alloy (¢ 0.6 m) - intercepting material,
o ;\\ A dpa is utilized based

on displacement
Cross section.

% High accuracy of the
displacement cross-
section is required.

| susace ABEND | BUBME l
b b —— =

Corrector &
__Package:NbFi—="

4 Resistivity change due to radiation is crucial for SC magnet system in beam
Superconductor(SC) magnet sustaining damage. line of COMET (J-PARC)
Detector
Spectrometer g Lﬁd

---
&L
A

Muon Transpo]
Solenoid &

Nominal LHC 300 fb-1, 1 x 103* cm-2s-!

A%190 beam

Pion Capture Solenoid




Discussion of cross section in high-energy region

Relative cross section [b/A1'2]

105" T T Energy deposition density on materials
= arc model = [ A B A B
4L [ -—-Al i g 7o -
1008 | oL | S Fe E i ° Tungsten R
10°E - . — ]
= . aof e :
10°E Constants 0 \m.,,.....‘/" S
1 - Klresient Exp. \\:\:““H\: For Ep>3 Ge\] 20f — =
10 E W o s tof :
0 :l_l_u.Lull_l_LLLuul_l_l_uu.ul_l_l_umll_u_uud_l_Luuﬂ ERTTT BRI | ll_ 01:02 H1‘03 |1|04 ‘1‘05 e
10 1 0-7 10-6 10-5 10-4 10-3 10-2 10-1 100 101 Proton energy [MeV]
Proton kinetic energy [GeV] Displacement number v.s. PKA
Speculation of Al2law cE Basedon el
_ “FLindhard 22
Reaction X-sec A3 S hodel
Disp. Number (Sat.) AL6
Outgoing energy (PKA) Al
Overall ~Al-2

Applicability should be confirmed for
further higher energy (i.e., Ep 440 GeV). 10

1 10 10°

10° 10* 10°

10° 107

10®

10°

1010 1011 1012
PKA energy [eV] 28



Soft errors and semiconductor &7

Hitachi web page

R TRIUMF
DReactions in the atmosphere Energles 500 MeV -5 MeV
Cable lengths — 65 ft, 20 m

Fairly low radiation levels in ————ry
area so PCs, testing units -
etc can stay In area. ~

Access to area in < 1 min.

TV monitoring and remote
XY tale for devics 5
positioning. L™
.. Yemporary error (Secower by remart/overares oo ) '/ = e
User control of beam on/off. Cl L ‘ .
Procmen | con maickess Intensity changes in | b o
* - mma" P AMAT A A e 4 SIsu
Silicon nutieus !norgy changes by
» - S & Crentig degrader in seconds, by BL2C/1B Proton Beams TNF Neutron Beam
Serfiis B devoe P
i DeNCORmRONCALIon secondary particles extraction 15-30 minutes.

vt

E Bacamore RADIATE M09 Page 16
Neutron beam profile -
. ; == 1 Cosmic ray at New York, 2020 {x{1- 107))
e 0 1 J-PARC/TEF
. 5 10%% 4 1SIS/ChiplR
Neutron beam line £ ] === 0saka univ /ACNP
2 ' ) g = 109 7 == LANSCE/WNR
e . : . E p 3 e |-PARC/MLF/BL10 (@ 15 m with CH,{10-cm thick))
W/O mOd eratlo n = E i J-PARC/MLF/BL22 (@ 14 m with CH; {10-cm thick))
o 8 _| . . .
z '3 Highestcosmic neutron can provide.
£ ]
% 107 3
x 1
‘ : & = 10°
ZN) c i
i i 3P\ o 3
s \ ,.: 4:_; -
~ : W v 10° 7
; | Pt E N = 3
—_—— - e ]
. | 104 <
$ | [ E
1037 T T L L | T T T rroTrT T T L | T T T r oo
109 10! 102 103 104
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RI medicine production o

« Production of RI for medicine for Targeted Alpha Therapy (TAT)

« a-emitting nuclides such as %?°Ac (T,,, 10 d) play important roles.
« 21As production was promoted at RCNP and RIKEN using 2%9Bi(a,2n)?At reaction.

Targeted alpha-particle therapy

for refractory cancers.

KEMICHTIHA ZFBER F6TH

(AT R T ARRFEME.

From the database in Osaka

AR ARE 2-)

1/3 of céncer patl—enis has advanced
canceratthe 1st mledical examination.

I

1

Ratio of cancer

- o
Frimary organ

Belonging lymph node

Next organ

Remotechange

type at the 1%t localization changs parmeating
medcel 47% 22% 12% 19%
examination b 4
e e hg
*Removal by surgery 3 @ , A
-Radiation therapy o~ ‘& *Chemotherapy
*Chemotherapy 'Y "’ : *Immunity
*Immunity method of ‘ : method of
treatment & - treatment
3 e
S5-years Very low survival rate
relative 74.5% 6.1%
survival rate \ T

[

‘Application of the targeted alpha therapy

232Th target
(P60 mm x Tmm-t)

LBE target
(D 150 x L 800 mm)

225Ac production rate from
226Ra w/0 277AC(T 1 22y)
~ 30 GBgl/year

30



Proton for space use

To enhance the construction of the new facility, we explore the multi-purpose use for

use of proton with low intensity, as well.

Japan Aerospace Exploration Agency (JAXA): MMX (MMX:
Martian Moons Exploration) Launch 2024 and return to
earth 2029

Interplanetary
Radiation Environment
Monitor (IREM)

EHERNHE MM I IR
7[]/17?\43‘511&?20)% %é(;)u‘c RSt L

MM,(

<
o

Martian Moons eXploration

GATEWAY

= 300

S C » ® 1Gev
£ 50 . | m 3Gev
F . PR
s

A&

=

ol il b b b b b 180 Y die0a
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

[Channel]

CHARMS (Charging and
Radiation Monitors for Space
weather) by NICT

NICT: National Institute of Information
and Communications Technology

Experiments made at RCS beam dump

J-PARC with JAXA and
NICT conducted the
experiment at 3NBT.

Laser charge exchanger

iIn new facility makes it
possible more frequently a1



MNb 0

Electrical resistance change
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Comparison of Nb X-sec for neutron incident &7

With similar manner, data for 14-MeV neutron was deduced from the LLNL experiment.
M.W. Guinan et al., JNM 108&109 95 (1982)

PHITS code KIT evaluation
EE T R B A B B T T T T ]
Qe PHITS 1 EE KIT eval for neutron KIT eval for proton -
10° % Proton Neutron E 10°E & T NRT - NRT E
— g, - NRT NRT 3 E N arc —arc ]
=} ——arc arc 2, Z
c (- i
2 10%¢ 3.8 104
S : 10
% [ Nt S 3 2 12 5 i
g 3 = SR { O 3 ”/‘
8 107¢ ¢ Proton 2 10°F 8 Proton E
O i ® Present 3 B o ® Present i
O Jung et al @) JEPgs o Jung et al
2l Ne.utr(gm . calk ) R Neutron
10 L e O S ELH 10°F T T Gumaln etlall.s
10* 10° 10 10" 10° 10 10° 102 100  10°
Kinetic energy [GeV] Kinetic energy [GeV]
NRT and arc-dpa showing agreement with NRT: Overestimation 50%

experiment within error arc-dpa: good agreement

Neutron results similar to proton E>100 MeV:
proton incident (nuclear force + Coulomb force)
= Showing applicability for high energy region neutrons 33



Cross section [b]

)
w

1

. Al Jung
- B Jwamoto
® Present
i Neutron
E PHITS LLNL
L - - - NRT model
=—— arc mode
- neutron
B NRT model
arc mode

102

01'71lmiOl'élmiOiéinl"i““iOl'é““iO'z 101 10°
Proton kinetic energy [GeV]

S,
A )
N

J-PARC
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4

Estimation of Ac-225 production at new facility J-‘PZfRC

® 22°Ac: TRIUMF produced already  232Th target(1 mmt, ®110 - 60 mm, 78 g)
Irradiation 25 kW beam(10% of overall)

| =meemmemw X Detail target design
——— INder consideration

232Th (p,x)??°Ra cross section [mb]
for Ep 438 MeV

EXp. PHITS calc.

4.2 5.1

Production estimation with 232Th 1-mmt target o T

Operation Cooling - il

E of L
10 1400 h (~2 weeks) enoug x| !
1| 1]
L= —10 kb — - i
107 5 III - 225Ra 1 i r 1 1 1 | 1 L[_ 1 1
v 0 20 40 60 80 100
— 100 4 / Z [CITI]
O
[aa] . .
& Available 225Ra production?
E 107! s w0 om0
% 1o-2 232Th(p,x)22%Ra exp %} % ]
S T R I 0.015 % % Jd0.015
1034 e g |
- 2Ac(T12=9.9d) g ‘%
B —-= 22Ra (T1,=14.9d) é
1074 37 27A¢ (T, =21773 y) g oowf - 0.010
------ 229Th (T3, = 7340 y) 8 4
0 1000 2000 3000 4000 5000 10° 10t 102 10° i " pH ITS calc for 0.4 GeV 1
Elapsed time (hour) Elapsed time (day) o oo | 0.025 barn ;U o0
%J-PARC operation:5000 h/year ' ! T = ~10 g 1
* 5mmtTh~10 GBg/mon. = ~100 GBgl/year L poe
. Note-: + Insufficient production of 22°Ra

e Availability Tb production like CERN?


https://www.mext.go.jp/b_menu/shingi/chousa/gijyutu/004/003/shiryo/__icsFiles/afieldfile/2010/12/15/1299828_04.pdf
https://www.mext.go.jp/b_menu/shingi/chousa/gijyutu/004/003/shiryo/__icsFiles/afieldfile/2010/12/15/1299828_04.pdf
https://www.mext.go.jp/b_menu/shingi/chousa/gijyutu/004/003/shiryo/__icsFiles/afieldfile/2010/12/15/1299828_04.pdf
https://www2.nra.go.jp/data/000389498.pdf
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.102.044613

Experimental results of displacement X-sec  &*

r'y A
i

J-PARC

Cross section for 0.4, 0.8, 1.3, 2.2 and 3.0 GeV protons were observed.

- Proton beam repetition rate ~ 1 Hz

Resistivity and temperature during irradiation

12.664m -

12.662m

C) B USRI SRR | D S
INEENENNEENEN

Q]

.

12.656m -

12.65%m -

Resistance

12.652m -5
o

12.649m |

1 1 1 1
12:10:15.100  12:25:15.100 12:40:15.100 12:55:15.100 13:10:15.100

01/24 01/24 01/24

10.0000-

9.50000-

9.00000-

8.50000-

8.00000-

Temp. [K]

7.50000-

7.00000-" ,
12:10  12:20

1 1
12:30 12:40

1
13:20

| 1
13:20:18.100
01/24

1
13:30

o(E) =0p/(¢ - ps)
Ap (resistivity): AR x L/A
L, A: sample geometry
® (proton fluence):
observed by beam monitor
s - resistivity change by a
Frankel pair

Tk [GeV] | Experimental
result [b]

0.4 1920455
0.8 2140508
1.3 2390568
2.2 2250x534
3.0 2550606

Error is dominated by
resistivity change for a
Frankel pair creation.

ps=14 = 3 Qm
36



Sample assembly é;?
J-PARC
W Al, Cu, Nb, and W wires with 0.25 mm

diameter and 40 mm length were fixed
to aluminum plate.

SaRRi- -

=t [ [ A
4 Jgi nee lT‘ =
Saaasects

L =
I

b}
' 1l
=

B Electrical resistance measurement using
delta-mode 4-terminal method with

suppressed thermoelectromotive force.

Thermometer
V+ — Nano-voltmeter
V- —— 2182A Keithley Inc. :
Al plate y Four point
technique
l+ —]
Source:6221 PC
- — £10-100 mA |1 Labview
Sample assembly

Data taking system 37
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. - . . ‘
Role of niobium (Nb) material in accelerator ST

® Superconducting accelerator: Mainly used Nb

JAEA-ADS accelerator (1.5 GeV, 20 mA) SC magnets:
Normal conductmg Super conductlng (SC) Neutrino faCIIIty at J-PARC

Assansnsssanninasn T LT T T TP P TP S S PR

Total Iength “4?4 m

SRS N SR E I SAEE OISR NN EEES NE BRSNS N EREE 1D arssash

‘e 24[‘“ et 7.2M b e 19m e 15 w2 104 M on 4e- 91r‘n b 4- 122 M » + 130 M s

LEBTg RFQ EMEBT HWR SSR1 E SSR2 ; ElllpRli EllipR2 |

f ----------------- ' -------------- 1_--------if ------------------- '_ — f ..... 1
1 1 1 I i ' 1
! 2.5 MeV I 43.5 MeV 1 636.1 MeV !
35 KeV 10.7 MeV 233.2 MeV 1.5 GeV
Frequency [MHz] ...... 162“324,.648.
B. Yee-Rendon et al., Phys. Rev. Accel. Beams 24, 12010 (2021) Detector.
Spectrometer 4. Solenoid
Prototype for ADS: Nb J-PARC COMET Solenoidgf % _
(Spoke: SSR) SC solenoid .

Muon Transpog
Solenoid

n'“lon%
Pion Capture Solenoid

- Data of Nb for proton projectile are required. 38
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