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Assessment Report on Research and Development Activities in FY 2018
Activity: “Research and Development on J-PARC”
(Interim Report)

J-PARC Center

Sector of Nuclear Science Research
Japan Atomic Energy Agency
Tokai-mura, Naka-gun, Ibaraki-ken

(Received April 19, 2019)

Japan Atomic Energy Agency (hereafter referred to as “JAEA”) consulted an
assessment committee, “Evaluation Committee of Research Activities for J-PARC”
(hereafter referred to as “Committee”) for interim assessment of “J-PARC”, in accordance
with “General Guideline for the Evaluation of Government Research and Development
(R&D) Activities” by Cabinet Office, Government of Japan, “Guideline for Evaluation of
R&D in Ministry of Education, Culture, Sports, Science and Technology” and
“Regulation on Conduct for Evaluation of R&D Activities” by JAEA.

In response to the JAEA’s request, the Committee assessed the research program and
activities of the J-PARC Center during the period from April 2015 to December 2018.
The Committee evaluated the management and research activities of J-PARC Center on
the explanatory documents and oral presentations.

This report summarizes the results of the assessment by the committee with the

committee report attached.

Keywords: Japan Proton Accelerator Research Complex, J-PARC, High Intensity
Proton Accelerator, Neutron Science, LINAC, RCS, MLF

This evaluation report represents the result of third-party evaluation conducted based
on “General Guideline for Evaluation of Government R&D Activities” by Japanese
Cabinet Office, etc.
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1 Jean-Michel Poutissou .
emeritus, TRIUMF
LBM Head, Laboratory for Muon Spin Spectroscopy,
2 Prokscha Thomas .
Paul Scherrer Institute
) ) FRIB Accelerator Systems Division Director, Professor,
3 Jie Wei o ; .
Michigan State University
Technical Director, Machine Directorate, European
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Director for Research and Computing, The European
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Organization for Nuclear Research (CERN)
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Directorate, Oak Ridge National Laboratory
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Winner of Photo Contest 20'18;'
Readout Cable Connections-of KOTO | _4:
: 2 3/ -

Hrgh Energy‘Acceator
' oRic Enefg -- :

B BT ™ T

J-PARC Facliity

) 4 — =
Mﬂ'l R..u Currently 0.50 MW(FX) |
Top - 30 GeV and 0.051 MW (SX) i
FX Design Power : 0.75 MW @

SX Power Expectation : > 0.1 MW
A “’u
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A Quest for High Power Beams

108 <
%‘ e A Design High Power Beam
6 gl Materials, Life @ Achieved
10° [ oadh. X Science, ADS fisve R
= \~
10°¢ E. High Statistics
[ saraF -
E-

2

More Precision
More Rare Searches

More Materials

Average Beam Current (I-A/Q) [pA-u]
<

=

=y
T T T T 1T

[ Rare Isotope Beams N g™ - q
qortl—liwuy v e e e g D|ScoverYI
109 102 10" 10° 10 10? 10°

Beam Kinetic Energy (E/ vV,
Jie Wei/ Y. Yamazaki AMPSYI,

3

‘ﬁ; %

* Elucidate Origin of Matter and Universe _
— Neutrino Oscillation and its CPV search -

— Charged Lepton and Quark Flavor studies and
CPV search a

— Strong Interaction studies
* Explore Diversity in Matter and Life @~
— Neutron as penetrating and hydrogen sensitive

probe '
* Energy materials (e.g.bettery), Life and soft matter . =
(e.g. proteins, polymer), Hard matter (e.g. super -
conductor) “neutron r

— Muon as a micro magnetic probe
* USR, X-ray from muonic atom, muon microscope
* Fundamental physics

— Create core of innovation with multi-probe

— Industrial Application

* Synergetic use of SPring-8/PF and J-PARC, Super
Computer “Kei”

+ R&D for Nuclear Transmutation ~~  [muon | "
4
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5
Beam Power History at MLF
-1000 = - e 10600 .
| 1 MW eq.
m Beam Power [kW] DA s Beam o

00 « Accumulated Beam Power [MWh] | S

800 8000 'E

=
- 00 =
2 3
= &0 Accident at o2

o Hadran Facility

g 500 | E
& | o
E a0 300 kw -/_/ 4000 O
i b
- LS Earthquake 3
M 5

200 2000 o

w

<

100
0 : h { 0
2008 ' 2009 ' 2010 2011 ' 2012 ' 2013 ' 200 0 \ 2016 2017 2018
Fiscal Year L .

6

as of February 24, 2019

Slide by Hiroshi TAKADA et al.

~10 months interruption
due to the earthquake

~1 month interruption  Interruption due to
due to the fire in MLF troubles of Hg-target

SRNSF DG 2019
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J-PARC Budget JFY2019

* JFY2019 budget: (1 Oku-yen =0.89 M SUS ucf warch3, 2015)

— JAEA = 7.7 cycle equiv. operation budget is secured.

* Supplemental budget for aging measures (6.7-Oku-yen)
— KEK = slight increase, but including PS (12.4 Oku-yen);

Oku-yen |

EEHES

AN
LaU

EHEANXLFRERMARERHE "KEK SHEagAR@REELREHGe "IAEA

180
KEK
120 |
' 60 JAEA
0

12 13 14 15 16 17 18 19 20 20 ‘\’Q 23 24 2F ,\P‘ 27 28 29 1\3)
a® o
3 & £

The 27th J-PARC PAC

J-PARC action plan JFY2019

Keep safe and stable operation towards Hi-
Power
— Availability should be kept > 90%
— Hi-power frontier should be explored - o
Continue to increase science outputs MLF /. >90% @ >"500 lﬂ.W

— MLF:bring Science Gr on track; Support data analysis 4 e
efforts \

?::%r‘\g:hen ties with Universities and Industries MR(SX) : }}0
Bring future projects to “ready-to-go” stage / 7
— Meutrino beam improvements for HK B f
— The 2™ target startpat MLF ea nl S y
— Hadron Hall extension and muon physics facilities
— ADS/PIE facility € new
Accelerate ADS R&D

Revisit the fundamentals of Safety
— Cf. contract worker lost his finger with milling machine

"o

Encourage “preemptive solution” “automation”

“labor savings”

Enhance return to society
— dissemination of outcome
— Cooperation with industry
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Japan Science Council Master Plan 2017

* JSC selected 28 important
projects from 166 proposals

* Two J-PARC related proposals a
selected as important proj ]

— Elucidation of the origi
with an upgrade of the J
experimental facility

— Nucleon Decay and Neutri
Oscillation Experiment with a Large

Advanced Detector (aka Hyp Hyper-K and relevant J-PARC
* One J-PARC propesal not upgrace
selected

— MLF the 2 target station
neutron and neutron .

* MEXT roadmap sélé:ﬁed '

MLF the 279 target station for [EES
Science Council of.La:an neutron x 10+muon x 50

11

2016

REXFAFR - ETFHAH
P o) B2
jale acloel ol SCiamee and b
SN (U FRNTSAERALE T

Collaboration v

New Graduate Course For improving user environment, sample e io the

Esta b||5hed to inCiUdE environment, e.g. deuterization lab, and
- exchange program for researchers.
J-PARC science

KFU H -Ki"‘trl .K?"l!shuu : : s _ it
@)-pARE SN} @b PARE L@&‘?&RE : : P
i @JPARC " % R | s J-PARC/Sumitomo

Univ. branch at J-PARC w rubber Inc. Fellowship
Education and training of students and young researchers at the very front |
of J-PARC operation, espacially to raise the next generation who can

create a future cutting edge facilities
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! — ——
* Symposium: September 24 — 26, 2019
— Six plenary speakers including following confirmed speakers: Hiroshi OOGURI, ...
— Six parallel sessions covering
* Particle and nuclear physics
» Material and life science (neutron and muon)
* Accelerator science
+ Targetry
= Cryogenics
= Safety
— Poster session with Wine and Cheese!
* Ceremony: September 24 PM
— Addresses by VIPs (stakeholders, academia, industries, politician)
— “Summary of 10 years at J-PARC and future prospects”

* Pre-symposium public lecture September 23, 2019
= Origin of Universe, Matter, and Life
= Confirmed speakers:
— Hitoshi MURAYAMA
— Takaaki KAJITA
— Koichi KATO
—  Hiromichi KISHIMOTO

13

J-PARC is continui g ;ﬁe and stable operat|on at hlgh power
— MLF achievedH W for user ops and't Mfor onehour
— MRiis also improving both EX {.__S_OQ.:kW]' ahd sx (51 kw)
Operation fundiis challenging fot KEK part (including MR-PS). !
After successful MEXT review, J-PARCiis entering to a new phase
o= Power Upgrade.at MR is boosted by Explicit Funding!
—"MLF is also cHéhging &

New Business Model, Public Use Beam ime,

| Science and Technology Groupiare being'established (powered by Science Promdtion
Board) » e

Strengthening ties with Univ es Industries

Near futlire programs are being polished 'n
Targetry aetivities will be staengthened further {cf. RaDIATE)
MLE activities are enhaneed with S&T group;SPB.

Enhancement of industrial usage is the next step A new framework is
being discussed, :
Whole purpose of J-PARC is to p‘r‘o‘dyc nt scientific results with

world-wide users: both academia and‘indu Fies. We appreciate your
wisdom to improve the current and future of J*PARC!
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Progress and Prospects of

the Accelerators vm,m.—
IAC2019, March 4-5, 2019
KaZUO Hasegawa J-PARC Research Building,
Tokai, Japan
Outline

mTopics of the year
EOperation Experiences

* Beam history

- Statistics, downtime causes
mOperation schedule in JFY2019 (from April)
mUpgrade
EResponse to the IAC2018 recommendations

Ver 20190303c,up

Topics of the Year in JFY2018 /7

7 M

» Beam operation

» User program:

> Delivery to MLF with high availability, though beam power is 400 and 500

kW.
» Almost on schedule for MR user programs.
» Beam power: constant or slightly increased for FX, constant for SX.
» Machine study at the linac and RCS are mainly for beam loss mitigation, low
emittance beam, and higher power feasibility

» 1MW 1 hour at the MLF successfully demonstrated on July 3, 2018.

User Operation Power Availability
40mA — 50mA (since Oct.2018)

MLF : 400kW(~Mid. Apr.),
500kW(~Mid. Apr.)

MR(FX): 750kW-eq
MLF 400, 500 kW (to protect target)
MR-FX (NU) 490(~500) kW
MR-SX(HD) ~51 kW

Now

—nnnnnnnnmmmn
lMW i “Tumng/study -
Accelerator MLF Mamtenance
Status
MRS? FX SX
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- - 7
1-MW 1-hr continuous operation ...

HO

Collimator; Arc | Extr. | Arc |RF| Arc | Inj. dumg]

Injection Extraction ¢ |ls Bepm loss signgls 4t commissigning

Particles/pulse

-]
o
-0
o
DO
0’0
.
o>
&
aﬂ
L 2=e
€

v

Reflection from 3IN dump

st 4 aamlel (] ;Q .
,H[P\'J A | AN, ol R/
0

50 60 10 a0

=
o =
o
%
-
-

-
n

%
Beam loss signals ue to TMP troyble
(nqt real beam lgss)
o Ld

e¥®
Rl ] . |
K [\ e Po -u—ﬁﬁﬂ}{l MJZ ¢
10 20 30 do 500 60 70 8p 90
BLM IDs

Beam current in the RCS BLM signals along the RCS

-

during 25 Hz

BLM signal (arb.)

Time (ms)

v No significant loss v' Beam loss is greatly reduced after beam
commissioning (Before : blue=after : red)
v" Amount of loss << 1%

Operation Experiences
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‘%

Linac status for one year &%

B After the summer shutdown, the linac has been operated with the peak beam
current of 50 mA (IS: 60 mA) for user operation (rated for IMW@3GeV).

B Beam studies have been conducted at the intervals of user operation. High
intensity of ~60 mA (IS: 72 mA) study was performed.
B We have experienced several 2,000 hour level life time.
Short
#78 #79 Summer IS #80 Shutdown
(2,080 h (2,201 h) Shutdown Start-up (1,797 h

S Tomal—

|

#81

80

H- Beam Current (mA)
&

5 & & & & & ) N & > * N 2

s & Q’ Y § ¥ & & & & & & s

F F ix \_$ 5 2 5 2 K F F & K

Operation history (ion source beam current)
Recent beam power from RCS 5
{9
MLF:500kW ~4.4e13ppp OP serRC

MR:500kW ~6.5e13ppp for NU MLF:500kW

1.00E+020 150 kW ~1.4e13ppp for HD\ MR::50 kW for HD

MLF:500kW !

i

r

i
I
MLF:400kW ~3.5e13ppp

8.00F+019 L. MLF:300kW ~2.7e13ppp
MR:475kW ~6.2|e13ppp for NU

6.00E+019

T

MLF:150kW ~1.3e13ppp
MR:460kW ~6.0e13ppp for NU
137 kW ~1.0e13|ppp for HD

4.00E+019 |- oo d i : || — i |

M il summer

i Shutdown: ; !

| | , |W | "l replaced N- |
- target with <_>ummer
new one.

2.00E+019

Shutdown

The number of particles per day [#/day]

0.00E+000
2017/01/01 2017/07/01 2018/01/01 2018/07/01 2019/01/01

Nate
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B P History at MLF 4
eam rower fniIstory a o8 somnc
1000 10000

1 MW &q. pulse 1 MW eq.
900 m Beam Power [kW] | Beam |
e Accumulated Beam Power [MWh]
=
800 | | 8000 g
2
— 700 500 kw [ -
2 2
= 600 Accident at | 6000 ©
= Hadron Facility ;
g 500 I m
O 1]
o 0
£ 00 300 k 4000 B
M
Q -
@ 300 Earthquake | 2
| §
200 ‘ 2000 ©
(=}
<
100
0 ¢ st e  E— e vonn pvwwpe B
2008 ' 2009 ' 2010 ' 2011 ' 2012 ' 2013 ' 2014 ' 2 2016 ' 2017 ' 2018
Fiscal Year ‘-l-'
~1 month interruption Interruption due
as of February 24, 2019 ~10 months due to the fire in MLF  to troubles of
interruption Hg-target
due to the earthquake
7

. T %
Oeeratlon Statistics (3rv2018, as of Feb.26) é,:fmnc

For MLF users swnup. LINAG/RGS Tuning, For MR users
M Study, 761

LINAG/RCS Tuning,
Study, 761

Startup, etc.(2),
incl, suspensig

1881 : 350BT/MR/FX/S

1224

HD users (Tot);
877

JFY2018(H30) from April to February 26: Total 5,017 hours

Facility User Trouble, | Trouble, Net time, Availability,
time Acc. only | Fac. only (hours) Total
(hours) (hours) (hours) (%)
MLF 3,771 219 (5.8%) 5 (0.1%) 3,554 94.2
Neutrino (FX) 1,224 149 (12.2%) 22 (1.8%) 1,053 86.0
Hadron (SX) 877 132 (15.1%) 19 (2.2%) 725 82.7
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Z
Causes of Trips in JFY2018 (as of Feb. 26)  £,% ...

The HVDC of the linac seems dominant. It was 20 hours due to a 324-MHz klystron failure during a beam
tuning/study after the summer shutdown. The linac and RCS study time was reduced but it didn’t degrade
the user time availability.

The numbers of BLM @linac is solved. The misfired single event was suppressed by the circuit parameter
modification. Number of event: 15~20 /day -> a few /day

To suppress RFQ trip number, the vacuum improvement was carried out. The pressure is going lower
(8.6x10-¢ to 5.6x106 Pa), but the reduction of trip is not clear so far.

The RCS kickers and bump magnet (power supply) contribute the downtime.

There are several reasons for MR: Qmagnets (cooling water flow drop), Bending magnets (timing signal
failure), RF, and Fast extraction system (oil leakage in the trans.).

3000
2500 Number of trips
2000
1500
1000
500
0 - I - m ... - n -
C 2P 3N83Q88 5382556883355 585845888
H = HE
72 < i Tube
60 Kly. failure, Downtime (hours) gt S failure, etc. Oil. leakage
48 ete Cooling
36 water flow
. | [ | .
* . | I | - [ | I 1 o
o HHm_ 1 innnn.n_. I sl_.00N1 sl |
HHEEEE BRI R EEBEEEHEE BRI
m&éag§§<§§é§>gmamaw 54 gmgmcwm Eéﬁgzggggé
g 2 k-
&
_LINAC_ _RCS_ _3NBT_ _MR_ _EXP_ _Others_
9
]
Klystron Status (@
7 M
. 324 MHz
HV-ON time of;32fM}{z lglysnnns 10 2019/Feb/13 -~ - ™ The 0perat|0n tlme Of
60keeo the oldest 8 klystrons
exceeds 60,000 hours.
Zaoow | ® One klystron was
& o0 Replaced replaced for the past
(Oct., 2018) ’ year.
20,000 .
B We have eight spares
18,800, H H H ﬂ as of the end of
o g L ) L £ JFY2018.
g = g g : E : = O g
g = g 5 T 5 g ¥ g = =
=EEEG] BEEBEBREEES 5
Klystron station (Serial number)
Fiioa 972 MHz
rongg | HIV-ON time of 972MHz Klystron (0 2019/Feb/13 B The operation time of the
Replaced most klystrons exceeds
50,000
(Jan., 2019) 30,000 hours.
30k€ e : = _ ® One klystron was
e i replaced for the past year.
Ao | ®m We have eight spares as
1oga0 H H of the end of JFY2018.
o HITHILI LTI L S T LT LTI LTI LT ] LI LILTLT LT We will procure 4-5
g £8E SE2:  spares/year
= EEE55& 2557 (if 50K life is assumed)
Klystron station (Serial number)
10
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Aging deterioration for RCS (s

o sraRC

- Discharge of kicker PFN cables occurred twice.

+  We inspect and repair all components every summer,
but not all parts can be replaced. Since over 10 years
have passed from the operation start, there are
concerns over the deterioration of any components.

=  Oil leakage of the
'~ transformer for
. rectifier

Fan is rusted and
broken.

11
Upgrade and R&D
* MR upgrade: Higher Repetition Rate
« Upgrade of Linac and RCS

12
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Upgrade of Linac and RCS e

Exceed 1MW beam from RCS
1. 1.2MW stable operation
> 1MW beam deliver to MLF after MR repetition upgrade
« Peak current at the injection of the RCS: 50mA
+  Pulse length: 0.5 -> ~0.6msec
2. 1.5 MW stable operation Beam studies have been started!
> MLF 2nd target station
« Peak current at the injection of the RCS: >60mA
«  Pulse length: >0.6msec

Main parameters Status of beam study

- Peak Pulse
Peak Particles Current | length | Linac study
Current per [mAl [msl

[mA] pulse x

3 400 Injection
10t 50 0.6 Mev & ~iGey  Started
50 0.5 8.33 133 1
400 Injection
50 0.6 10 160 1.2 60 0.5 MeV &L1(_?I,ev started
60 0.625 12.5 200 1.5 0 o 400 | Injection 5010 1oe
25Hz, Linac:400MeV, RCS:3GeV, Chop:456/815 ns Mev. | & ~1GeV
13
« Performance upgrade of the ion source
+ Beam loss reduction in the RCS
14
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'G‘ 2500 5423 hours 6222 hours [ 6392 hours 6342 hours
H, Gas 5
H 22000
Air Flow for _— T
temperature | t £
control \ > ) * < 1500
— = = H kel 1000
beam  ®
@
joN
O 500
\ . Source plasma is produced
\8) Cs feeder| by an RF discharge by an 0 57 58 59 60 6162 63 64 65 66 67 68 69 70 71 72 73 75 76 78 79
internal-antenna. 74 77
2014/2015 2015/2016 2016/2017 2017
Schematic of the RF-driven H- ion source Run Number [RUN#] 12018

Ref.1: A. Ueno et al., Pre-conditioning procedure suitable for internal-RF-antenna of J-PARC RF-driven H- ion source, Rev. Sci. Instrum., 87.

Ref. 2: S. Shinto et al., Progress of the J-PARC cesiated RF-driven negative hydrogen ion source, AIP Conference Proceedings 2052, 050002 (2018)

R&D of accelerators for high intensity and stable operation
@ Performance of the ion source at LINAC aiming at LMW stable operation

Operation time of the ion source for each Run

During these four years, the continuous operation time of the ion source has been getting longer. In the
2015/2016 user operation, the continuous operation time of the ion source was permitted approximately one
month. The operation time has become gradually longer.
And also, we have searched for better operation parameters and for pre-conditioning procedure in a test
bench. Since we can get much better parameters and pre-conditioning procedure of RF-antenna, we can
operate the ion source with smaller RF powerl'l,
In the Run#75, it was decided that the operational time was extended from 1.5 months to 2.5 months.

And by this accomplishment of 1,845-hour operation, the operation time of the ion source was extended to

approximately 3 months in the 2017/2018 user operation 12
For user operation, the linac has delivered 50 mA (from the ion source 60 mA), which meets equivalent to
1MW at 3 GeV since October 2018 without big troubles.
The ion source meets the specifications of J-PARC goal.

0B129(2016)

15

RCS output beam power to MLF [kW]

R&D of accelerators for high intensity and stable operation
@ 1-MW beam operation with very low fractional beam loss at about 0.2% at RCS

1000
900 Injection peak current upgrade
30 mA to 50 mA -~ Experimental result
800 £ 150 P
- 2 ® BLM @ collimator
700 T R R
"181 MoV t0 100 MeV 2 100 1MW
600 5 &
@ Loss ~0.2% (<<3%, design)
500 s
200 a % 1 2 3 4 5 [
Time [ms]

300
200

Beam loss signals at collimator

® \We have performed continuously beam commissioning
in Linac and RCS for higher availability and higher
L intensity with lower beam loss after Linac energy and

2009 2010 2011 2012 2013 2014 2015 peak current upgrade_
May 1t May 1t May 15t May 15t May 15! May 1t May 1st

100

The RCS has been performed beam commissioning, aiming for a design output beam power of 1 MW.
The most important issues in realizing such a high-power continuous beam operation are to control and
minimize beam loss for maintaining machine activations within permissible levels.

® In RCS, numerical simulation was successfully utilized along with experimental approaches to isolate the

mechanism of beam loss and find its solution.

» By iteratively performing actual beam experiments and numerical simulations, and also by several hardware

improvements, we have recently established a 1-MW beam operation with very low fractional beam loss
at about 0.2%, which was greatly suppressed from the designed value of 3%. This achievement will
maintain the machine activations within well permissible levels.

Ref. : H. Hotchi et al., Achievement of a low-loss 1-MW beam operation in the 3-GeV rapid cycling synchrotron of the Japan
Proton Accelerator Research Complex, Phys. Rev. Accel. Beams 20, 060402 (2017)

16
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015-2018 Interim Assessment of J-PARC Resea

C

Accelerator ) Self-Assessment | Rating| A

(1) R&D of for high i ity and stable

High intensity, lower emittance and better flatness beam is extracted from the ion source and accelerated with lower beam loss from the linac to the RCS to realize
stable 1MW operation.

@

@

In the linac, the ion source has achieved the ion at an ion-be current of 50mA and duty factor of 1.25%, which meets equivalent to 1MW at 3 GeV.
The operation time has become gradually longer. We have gotten much better parameters and pre-conditioning procedure of RF-antenna, we can operate the ion
source with smaller RF power. The operation time has been moreover extended to approximately 3 months.

The RCS has been performed beam commissioning, aiming at a design output beam power of 1 MW. The most important issues in realizing such a high-power
continuous beam operation are to control and minimize beam loss. In the RCS, by iteratively performing actual beam experiments and numerical simulations, and
also by several hardware imp its, we have I a 1-MW beam operation with very low fractional beam loss at about 0.2%, which was greatly
suppressed from the designed value of 3%. This achievement will maintain the machine activations within well permissible levels.

@ Performance of the ion source at LINAC aiming at 1MW @ 1-MW beam operation with very low fractional beam
stable operation

loss at about 0.2% at RCS

o 200 T g
Sa 1000
_E‘SW § 00
m Lm wosng 8w
& g = 2 ['» BUM@ collimator
500 2 2w 1w
800 g
" 2 g 0 J
2 = | F % Loss ~0.2% (<< 3% design)
¥ Lol L -
[E)Cperation tvme g (hll 2% . n s 7 % r
Final goal Measured value Achievement g 00 i Time [ms]
Repetition 25Hz 25Hz o E R0 (&) Beam loss signals at collmalor in the RCS
Intensity 60mA 60mA o g j"
Emittance < 0.3z mm mrad <0.277 mm mrad ) g TP R I R T IR oo
Flatness > 600 psec with o tilt > 800 psec with no it © “',"“','5‘:.:1',: ;;L:.T—';:::'r::—,u.q'cl‘gnh r:
Lifetime ~ >1600 hours ( 3 cycles) ~ 2000 hours o

17

Thank you for your attention.

18
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1
MLF Management Structure
J-PARC  Steering
Committee
|
P ————————
MLF Coordinating
Cpmmttee!—u | m A .au.t;v Selection
(J-PARC, MLF, H?Eﬁ' REIC Advizory Board Committes
“SereneEPromoten
Board
Neutron
R&D D.
User support
2
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J-PARC Faclllty = ..
(KEKIAEA), 7

v Matefiéfll_,&. Liﬁ__-:' Science
Experimental Facility

Stable operatlon Sy
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Beam Power [kW)]

» iMw eq. Beqml

. ey
Beam Power History at MILF :
1000
1 MW eq. pulse
500 m Beam Power [kW]
e Accumulated Beam Power [MWh] o
-
800 BOO0 =2
=
700 500 kw =
/ 1]
600 Accident at | 6000 g
Hadron Facility e
500 . - _ g
@
300 kW
400 [ | 4000
-/_/ g
300 Earthquake | "_;
E
200 | 20 3
<
100 I
0 ¢ fransenes 1 Al :
2008 2009 2010 L 200 202 2013 203* 2016 ° 2017 2018
Fiscal Year - gtion : up dueto
I ~10 months interruption  due to the fire in M troubles of Hg-target
DL Y due to the earthquake

Outlook of operational beam power upgrade

* Beam power will be increased step by step to keep reliable operation.
* Observation results of pitting damage will be the decisive factor of beam power.

1000 p—mgmmmmms o S
900 ! ! ! 1-MW test
< 80 J Operation : y )7
. #9 (> 500 kW
< 700 ( ) L
] A
5 600 #8 (300 ~ 500 kW) \,/
£ 500 ] //
E 400 L] /
o — k4
s 2991 42 (200 kw) -t — —
200 #2 (150 kw) Lifetime estimation based on
100 pitting damage observation
.
JFY 2016 JFY 2017 JFY 2018 JFY 2019 JFY 2020
#10, #11, #12
Fabricati (Constraint-free type) Two spare targets are
abrication always retained.
of targets #13

%14
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Neutron targets with constraint free structure under fabrication

Water Beam
He ® |mprovements of design and fabrication technology in
3 G:V L constrain free type for higher power operation are under
p"gs performing.

@ The details “design by stress” analyses and examination
tests are under evaluating for the power limit.

Water s
Vessel

Mercury

Vessel = End Plate
Constraint Free Structure

No. 10 by MTC and No. 11 and No. 12 by MHI-MS, which have constrain-free structure, will arrive at MLF

at the end of February (or March).

The current target (#9) will be replaced to one of three during the next summer shutdown.

(MTC: Metal Technology Company, MHI-MS: Mitsubishi Heavy Industry-Mechanics System)

He gas supply system

Cover gas in -, @

surge tank

| Needle valve for flow control |

Without using the compressor, helium gas is sucked into the bubbler naturally by the
pressure difference caused by mercury swirl flow.
* Obstacle material accumulates in the needle valve and causes helium gas flow reduction.
= Helium gas flow reduction makes pressure wave reduction worse.
* Design of the new gas supply system is going on.

Neutron Instruments at MLF

B 23 Neutron Beam Ports

B Operation: 20 (Nov., 2018)
Commissioning:1

VIN-ROSE (NSE): open to users
@20178

Schematic top view of VIN_ROSE

= =

- \." 'm' 1 \AYS :
._._'I_ ! ! ' - 1

" w " .

POLANC

(Polarization

Analysis Spect.)

Under beam commissioning
Open to users @2019A

SOFLA (KEK) SHARAKU d
(JAEA) SENJU (JAEA)  TAKLIME (JAEA) (Tbraki Pref.)
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Sample Environments Team

%+ JAEA, KEK, CROSS and outsourcing staff members a
%+ Cryogenics / magnets / furnaces / presses are oper
equipment commonly used at instruments.
+“* The SE team has prepared light irradiation system ah
as advanced SE.

Neutron Devices

» Upgrading of installed detectors at the MLF
gas-based 2D detector at BL17

2D scintillator detector at BL18

» New neutron detector development

2D detector for new beam line (BIX-P2) :“‘m,]. 4
2D detector for diffraction imaging
Challenging technologies for alternatives to 3He PSD

31cm

» Polarization devices
Fe/Ge polarizing neutron supermirror

3He neutron spin filter

MLF Computing Group

This year
Infrastructure for managements of experiments information (meta data) and raw data

Database system : experimental information and measurement data

Sample
Management DB
Measurement

v

_— =
i —— Experiment DB &
Enable to launch new services
- Remote Access Analysis
- Search in data catalog
@ the virtualization system ® Use of the cloud
@ Data acquisition system ® Data distribution system
® Remote analysis servers ® Remote analysis system

10
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T

Instruments for sample synthesis and purification have been installed irfchej -istry A\ !
d biol d we started the D-lab. activit _ .
BN RIS A W e AL LR A ¥ollaboration Research in D-lab %

Members in D-lab

Chemistry Biology e e
= Hiroyuki Acki (JAEA & KEK) * Motoyasu Adachi (QST) g e 1
= Kazuhiro Akutsu (CROSS) = Hiroshi Nakagawa (JAEA)

it reora of o rusares o # e 10 10"

oy e, b, cmaing ey

2 e iy v
= Shin-ichi Takata (JAEA) = Satoru Fujiwara (QST) o o
* Yukinobu Kawakita (JAEA) L S
e
3% No full-time staff for the D-lab e by s

* Internship in D-
Mr. Kwihwan Pa

11
Number of General Proposals
Total Applied Proposals(2019A)  MLF: 319 SNS: 480 HFIR: 251 (2014B)
* # of proposals to MLF o0 T — e -
is “650 /year 450 180 &

£
% . o 2
« # of unigue users in = 3 400 160 §
top 2o £
MLF is ~1100/year S 80 319 10 >
. Tet H 4 a Incident o=t
Competition rate is 2 S0 120 2
bl 2o ~
2 C 5rprmguakean HF|Pm == 100 =
:-6 - Restoration o
o S k 80 o
3 0 =
. e e = 5 150 & P
Applicants' Affiliation 2 a @
| 7 < & 100 w0 |
KEK e S -
o 50 w E
s 7 =T
0 0
(=]
in lapan 8%%%35553&%&@5%3&?%%%
A4 DSI“H"‘F""!"I‘le"HHF‘I“HF‘HH!“
~N o [ o B e T e Y e . e N e e e T e Y e B I e s B e |
ot o O I T o T IR o I oV o T R T I o I
tindiRRin wm Available BT{Initial) mesm | 5 - Approved
Japan (omp: N Reserved  Not Approved o Conducted

5%
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Neutron and Muon School in MLF

“The 3rd Neutron and Muon school” was held at J-PARC in NO\/'@' ‘This School aims at wideni
neutron and muon user societies, and provides lectures of both neutron a on SCi d

opportunities of the Hands-on experiments at MLF of J-PARC.

Date: 20— 24 November 2018 ,; a
Venue: J-PARC MLF ‘l& gre $
Eligibility:  Graduate Students, Post-doctoral fellows and early } ¢

career researchers from both universities and companies

Suppart Qrganizations: 3rd Neutron | i Muon School
ISNS, Society of Muon and Meson Science of Japan, J-PARC, JAEA M ;

IMSS, KEK, ISSF, Ibaraki Univ., Industrial User Society for Neut “’,?

Application, CROSS, Ibaraki Prefecture, MSR, International Suc:eiv for " U ~“

WSR Spectroscopy & E‘f E ‘
Participants: 35 F

17 (Japan), 8 (China), 5 (India), 1 (Korea), 1 (Thailand), T
1 (Russia), 1 (UK) ( I I ﬁ
e W— g 20-24 November 2018 - E

@ J-PARC, lapan

wl intr udmwlvk e

T L |
e

The Subworel vl

deter

nd Life Scionce E@-ﬂlnm\nu I'o(llltv (MLF).

Wa walcame groduate students, pastdactoral fellows and sarly eanser
from both cunnd] o

2w fo el ﬁ E-mh e wwun%

S (e m n"’ a ; Iy. cROSS g i"“ ﬁ‘ ﬁ

13

For two years

Improvement of J-PARC/MLF to
increase outcomes @IAC2017

+  Change of meetings and committee

. Research Planning Committee
Science promotion board
Science group
(1)pood proposals (2)perform good experiments (3)obtain good results(4) i Improva ment in pmposal selection

publish the results {5)strategle advertisement (6)further development of research : "
process and beam time assignment

tl] good proposals g
mﬂm'\ (2) perform good . Long term proposal
(6) further develoj . experiments . Flexible machine time [Adjustable
of research : mp::-w N, Dorvmiopmmant of inatrumants besrmtime)
mm&., W - . Improvement of capture and
Z frmusriergy = it announcement of the Results (Public
= Complementary tpe of i
e (3) obtain good results relation)
- XN
(5) strategic advertisement + # Aspropriae beamtime atozation . Publication lists in HP
Inprimeereent o uver SUgEOnt POy N "
* Caphur arvd o * Improvieresn of soltwien for dots - papers were L
L m«mm 5 - Top lm
3} pO iSRS = Clarification of research areas in J-PARC
T Pagar publoaton
+ Cowork with e MLF
i TRCTIAMRM S i oy Magnetism, Strongly-correlated electron

systierms, Liuid and Saft matter, Hard Matter,
[Energy materials, Engineering materials, High
Pressure Sdence

14
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Science Promotion in MLF

Construction phase to operation phase

MLF Division Head

Science Promotion Board
s (External Experts)

L 4

Research Planning Committee (internal) External Users
(JAEA, KEK, CROSS, Ibaraki)

Univ., Inst., Industry

User facility MLF

Project
| organized
Nog. jars3

Science Gr2

external
Beamline Gr BL1

users

Beamline Gr Bl

Beamline Gr BLX

15

Science and Technology Group

A hub that accelerates collaborations between J-PARC and academia/ industry based on
the beam line activity

MSR, ISSP
JRR-3

Science and Tech. group

MSR: Materials Research Center of JAEA

Comprehensive
External fund R
(Ensure budget}

collaboration

(J-PARE - Company)

16
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Science Group of Y. Kawakita

Disordered Matter Research Gr.

# Research Subjects Woeb site: http://mifuser cross-tokaijp/st/disordered materials research/

- Structure, dynamics and origin of functional properties of random
# Members (internal 16 researchers, external colleboragtion 6 researchers)
JAEA: Y. Kawakita, 1. Kawasaki, T. Kikuchi, R. Kiyanagl, Y. Inamura, 1. Ohhara, K. Suzuya, K. Sibata, M. Kofu
CROSS: Y. Sakaguchi, M. Matsuura, T. Hanashima, K. Akutsu, H. Arima
KEK: T. Otomo, M. Yonemura
External: Chin. Acad. Sci. (IMR, CAS): B. Li, Univ. Ryukyus: 5. Tahara,
Niigata Univ. Pharm. Appl. Life Sci. (NUPALS) : H. Shimakura, Niigata Univ.: K. Maruyama,
Nat. Inst. Adv. Ind. Sci. Tech. [AIST): L Akimaoto, K. Kataoka

Collaboration of scientists among different organizations (KEK, JAEA, CROSS) promotes unified
operation of J-PARC MLF

collaborations z ¥ 1
O B ARIPALY, Mgat s, AT, Perovskite solar cell: thermoelectric AgCrSe,
) L . Wving-B, CA!

heat dissipation

negative electrode|au)

diffusion

Functionaiity Induced
by randomness g
Sappracry, ereweara, hale %
[eatyssilinhafsis

Publications from Sci. Gr. {earrier)

positive electrode(FTO transparent film)

||| I” I‘ Ill "I |! | I" II Ill Nature Comm. 8, 16086 (2017) Nature Mat. 17, 226 (2018)
. L |

17

Science Promotion Board (SPB)

The role of SPB : breaking down the suggestions/problems presented by NAC, IAC
and other committees into concrete and effective measures to solve the problems.

SPB members and Observers:
Domestic influential academic and industrial scientists, who know the domestic research
situation well, and the suggestion is very effective.

Suggestions:

* Promotion of collaboration with external researchers to activate MLF science,
—> Based on collaboration with university people, some of MLF staffs
succeeded in getting big budgets.

* Promotion of collaboration with industrial users
—> MLF started two new types of industrial use

* Promotion of the scientist exchange between KEK, JAEA and CROSS.

- Started

= Introduction of “Public Beam Time"” for unified operation in MLF

=> still under discussion with MEXT

Univ.),H. Kishimoto (Sumitomo Rubber Co.), S. Tsuneyuki (Univ.
b.), M. Takada (Tohoku Univ.), N. Kishimoto (NIMS)
. Iye (1SPS), T. Yamaguchi (Fukuoka Univ.)

Members: A. Takahara (Cha i
Tokyo), J. Sugiyama (Toyota
Observers: H. Fukuyama (Tokyo U

18

_39_



JAEA-Evaluation 2019-003

Collaboration with external users

KEK collaboration with Tohoku
University on polarized inelastic
spectrometer

University branches in J-PARC
Osaka Univ., Kyoto Univ.,
Kyushu Univ., Nagoya Univ.,
Yamagata Univ.(planed)

Users meetings for beam lines % :
Collaborations with oversea’ s facilities .l"

19

Large budget based on collaboration with external users

JST Future society creative business: Large-scale project - Development of innovative
adhesion technologies for realizing Society5.0 (from 2018)

* Innovative Adhesion Technology Based on 4-dimensional Multi-scale Analysis of
Interfaces ; Kyushu University, Professor Keiji Tnaka (T. Kanaya)

Grant-in-Aid for Scientific Research on Innovative Areas (from 2018)

* Hydrogenomics: Creation of Innovative Materials, Devices, an Reaction P?oce's'ses using
Higher-Order Hydrogen Functions; Tohoku University, Professor Shin&g@br? (T.
Ot 4 W

omo) ¢ ?) = Lf e

* Materials science on mille-feuille structure (MFS)- Development of next-generation
structural materials guided by a new strengthen principle -; University of Tokyo,
Professor Eiji Abe (K. Aizawa)

* Toward new frontiers : Encounter and synergy of state-of-the-art astronomical
detectors and exotic quantum beams; The University of Tokyo, Professor Tadayuki
Takahashi (Y. Miyake)

Grant-in-Aid for Scientific Research(S) (from 2018)
* Neutron Structural Biology for New Generation; Kyoto University, Professor Masaaki

20
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Publications

200
B Refereed paper B Refereed proceedings paper
W 150
-
Q
o
a
il 100
o
—
Q
o]
E 50
=
© . H
0
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
yea r
21
NCI
LF
1 147 g2 ‘ohpomeralcolidstatebatteries i NatureEnergy 2016 #EKRE
2 869 51.6 A lithium superionic conductor Mature Materials 2011 U*";;’r"a
y Nature
3 338 1Y Magnetic ground state of FeSe Corranlcst 2016 AR/
SNS
o TS S
B R I e Nature Materials 2016
2 104 31.2 ‘“p’ﬁg‘:fm””,miﬂ;m’:,’f’;;ﬂﬂ?ﬁ"“ Acta Materialia 2016 @i
Mixed close-packed cobalt molybdenum Journal of the
3 301 21.6 nrtrlde: as non-noble metal electrocatalysts Amerin:m Chumcal 2013 e ey
for the hydrogen evolution reaction
ISIS
3 S N
146 56.4 Rapruducnbg.;ty;n‘gmrty I':onchonalﬂleorv Science 2016
A EER | o im lenin Naturs 2015 AmEN
hybrid orglnll:-lnnmani: perovskite solar cells  Communications
Mantid—Data analysis and visualization N“"ﬂ:" il
3 161 19.9  package for neutron scattering and 1 SR e Ml B2014 B HAT Y
experiments Section A
22
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2008 - 2016B Publication list @ 2019-01-10
%Efﬁ}ﬁ%‘—ﬂﬁgﬁﬁ Figure revision @ 2019-02-13
o
200 100%
mmm Conducted
180
= Published
169 == Pub. rate
140
120
100 50%
80 =
Qe == e j ----- = o=o N < A = --p-Av. 28%
40 b
20
0
S o A B
%\9« %\,& a8 %\SF Q,&"’@\Sﬁb Q,\:\Q‘b»\ké‘:‘m \:\b‘%\:‘ é-.-"" Q,\:\ %\:\ ‘3.:'9 \-39%\9:\ @»@99'\@9%
FFTLEFEFFFFFFFFFFF T
W © -e@ @ ®

23

Science Topics

Quantum Effects in $=1/2 A Heisenberg AF
8 fo B |

Co: fictitious spins = ;—
b

E,= 774 mu¥

M)

LING
5. Ito ot al. Nature Communications 8, 235 (2017).

H-bond Symmetrization in a hydroii:
mineral AIOOH/D at high pressure

Prartad

Dinorcior a-"""'ﬂ
o —@ i

Syrrentrization
Seientific Reports, 2018, 8, 15520

Development of high performance steel with
strength and Ductility.

Control of crystal grain structure during the
processing is a key to obtain the high performance

Soft errors in semiconductor devices by muon
(and neutron)

Cos I{ a‘v‘:mgr m on\:?SBG); & 0.5V SOTDSRAM
= . £ 2 1 Tong o
i i v “§w
L] LN ]
g T g [ e o0
il -
- d 5
“ Super Computer Automobile = % 4 . & M
Driverless car Momantum (MaVic)

This work was presented at RADECS2017.

24
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KEK 2.7%

Industrial Use
High rate of industry use in MLF ~27%

University
39.5%

TOYOTA will load all-solid buttery into
Electric Vehicle in 2022

Newspaper (Tokyo Newspaper (7/25), Chunichi News
Paper (7/28))

2) Comprehensive contract with a big

academic people
to collaborate with MLF

company on several research items.

consortium ‘...,.;i N
.1 t"" —_— o
Industry Academia
25

Business model suitable for 1MW facility
(NAC comment)

Modern MW class neutron sources with suites of
advanced instruments, such as MLF, have the capability to
continuously produce many significant scientific results.
However, to achieve this requires an appropriate
‘business model’ for operation, i.e. organizational
structure, staffing levels and budget. The scale and
complexity of the MLF operation are enormously
different from KENS, for example, the expectations of
users are much higher and their requirements are more
varied and more demanding to execute, so the business
model also needs to be different.

Small hotel to large 5-star hotel

26
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The level of resourcing is not consistent across the instrument suite

Unified operation of beam lines (Neutron Science Section)
Based on their functions (regardless of the organizations)

SSL:lto SL:Nakajima SSL:Kawakita f*=
(K) ) ) ~

= o=y } |
Spct. SG | Cryst. 86 Pulsed N, SG Nano 8G
Kajimoto (J). Yokoo(K) H(J), Yonemura(K) Oikawa(J). Ino(K) Suzuya(J), Yamada(K)

S | | I |
BLOT (Pulsia) BL08 {KEK} BLIS (Public)
Nakamura(J) Karniyama(k)

| | || T T
BLO2 (Publie) BLOY (KEK) BLOS [KEK) BL16 (KEK)
shibata(J), Yonemura(K), Mishima(K), Ino{K) Yamada(K), Seto(K)
Kawakita(l), Kamiyama(K)

BL11 (Public) BL10 (JAEA)
Hattarifl], Sano(l) Oikawal(l),

BL18 (Public)
CharalJ), BLzZ (Public)

BL12 [KEK) Kiyanagill) ShinaharalJ), Kai{l}
Ita(K), Yoka(K)
BL19 (JaEA)

ol Problem for users

BLOG (KEK)

Endo(K), Seto(K)
L] BL21 (KEK)

OromofK), Suzuya(l}

BL14 [JAEA) : F <

Nakajima (1), 508 (b Unbalance (or inhomogeneity) in budget, user support
"W'"I'W‘Iﬂ (# of staffs) and sample environment among bemlines.
U3 ke L1 | This is because impossibility to mix and use the budget
Yoko(K), It (K) BL20 (1baraki) between the organizations.

= public Beam Time (BT) in every BL

27

Introduction of public beam time

all BT is public use all BT is public use

Public BL (7):
User support by CROSS
Budget for Promotion of Public Use {act on the framotion of Pubic Utilization of the Specific Advanced Large Research Facilities)

KEK BL (8): — =
User support by KEK KEK BL

Budget for KEK

JAEA BL (4):

User support by JAEA JAEA BL - JAEABL [Public beam
Budget for JAEA i

4 Introduction of Public beam time to KEK and JAEA BLs
* User support by CROSS
* Budget for Promotion of Public Use

This introduces the homogeneous situation to every BL in user
support and sample environments.
Very big benefit for users, including industrial users.

Introduction of public BT was recommended in the last IAC, but we are still under discussion with MEXT

28

_44_



JAEA-Evaluation 2019-003

Summary

The operation of MLF has been stable for three years.

MLF is now running at 500 kW very stably, and will increase the power step by step
keeping reliable operation.

MLF succeeded in 1MW test operation for 1h.
Instruments have the world level performance, and still developing.
Developments of sample environments and new neutron devices are on-going.
D-Lab has started the activities based on collaboration with external users.
Promotion of Science is getting better.

¢ Science Group activities

* Science Promotion Board
MLF started two new types of industrial use
Discussion on business model for MLF has started with young staffs. We will perform
improvement of the operating system of MLF by the next IAC.
Number of scientific papers continuously increases.
Some excellent scientific outcomes with high NCI appeared.

Introduction of public beam time is necessary for unified operation of BLs

29

JAEA R&D activities in J-PARC
from 2015 to 2018

( Neuiron éOUfCE )

(_ Meutron Instrument and related research )

( Promaotion of shared use of specific advanced large research facilities )

30
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2015-2018 Interim Assessment of J-PARC Research and Development

( Neutron Source ) Self-Assessment - A

(2) R&D of neutron source for high intensity and stable operation
[ We experianced tilunss on B wiler shroud of Bhe trget vessel during BO0-KW operation bwice in 2015,
Ihtp-‘t-!dhlmmmwmhmmﬂ-dmhm“mhhﬁmbmmmhw
et vessel, e per pulse in the world.
mmh—-mmnmn damage with approaches: micro-bubiles Injection high-speed marcury flow in namow channel. The damage
@ nspecon results of M target vessel used in mmwnu&mmhmmﬂmﬁmwtmmmhmm

st i SERPI
) Robustness and reliability of a target vessel was increased, and S00kW @ g with gas Injaction was conducted
stable operation with 1 year and 1MW trial test were achieved, and suocessfully reduced to 1/3 for 1-MW proton beam incidence.
WVisual inspection by remote. handling e ety of the fark morig =000 b
[P | e i e 10
e 141 Y
/
T are St wdnrinde | Pitting damages
Gy wrva o barvied retace (O8] cawed by cavilatons

Simuption of thermas stress. srmund the sesl weking
Extorral vt "

3wl e
-

[

Bostom view

. e ol
on the failed Larget by visual impexiion

o o —

Nunder tabrication

affectiva for highar power
operation.

Bued on
e e H\nl\llﬂlmmd 1e redice welding lines where
FECTS TER 00 B2 EENErINesd CUring FabcaTion

2015-2018 Interim Assessment of J-PARC Resea Development
(C Neutron Instrument and related research ) Self-Assessment ‘ Rating[ s
mmuuwmmﬂdummnmmmmn ‘have received prakse at th held so far. Upgrade of neutron

...._mmmsmamummmmmmmmmmnua BLOZ and BL1S. New technology

Fulze Shaping
Chapper
Pulse shaping chopper 7 3 A n R
Toward ';; high resalt Id advance cutting edge fxpanded detector bank /@' Boson peak
e~ Event data of neutron collact Taweard appication far power
Engineering Diffractometer , R . @ L g
TAKUMI (BL1S) : ’ g gnllnn dilfraction
/ s vt v

Stroboscopic diffraction method |

was developed for observation of - /TIQNET ——— |

vt ditn of wletisic fleld <=5
Wi 3

32
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2015-2018 Interim Assessment of J-PARC Researc

d Development

( Neutron Instrument and related research ) Self-Assessment l Rating l A
ilﬁwfl‘lﬂhﬂfﬂ.&“ﬁ“:“ ¥ b IMW warious type of newtron detectors have been developed by drawing the benefits of gas or scintillator detectors.
e fier which s key to cuttng ece sciences such s soft mater

rge Blo-maolecule
fitice d ~ 250 A

) (R
Modular design =~

for BL installation | II L
conducted PP L

Lt of DK et
T mitim

bump esthode element developed for
flat and high effickency detection,

S fypac 04

33

2015-2018 Interim Assessment of J-PARC Research and Development

(( Promotion of shared use of specific advanced large research facilities ) Self—Assessmen- A

Beam Power History at MLF

- tpm TR mw §

- | Oversung
- e £ }
j - Ai
i ;

“ - |

oa ey n-‘?, T )u' T

e o —————— oLty P

nmsquummnv parfarmancs stesl [TRIF, TWIP...)
and Buctiity - misrostructioe wntrol

34
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J-PARC [E A RZ B il 2 5 ke

J-PARC EFSFEMZE AL 20194 3 A 4 HE 5 HIC J-PARC THfES L, &
VE—RBEEMEROITN—T A= ALY T LT V—T L ENEN
DIEIEZ B S OBEENOME 2% F7-, J-PARC THEZ FITH YT 5 CEHFY
BORESETHFIEHESREOWREICL Y, XRE O J-PARC ([2x7T % AfE%
HiLAYS

JAEA T J-PARC #4732 ZJH=BHEEN 51X, JAEA ORPLE . JAEA ©
2B I8 T 5 J-PARC O EMITIZOWTHEEZZ T2, KEK T J-
PARC Z 404 F AlEiE —BHEM 51X, KEK ORI E . J-PARC IZB59 5 FHELR
DUZ DN THE L Z T T,

ZERIT., BETHOEFEMEOH A — MG E BV E — LT —OERE LV
BT 5 Tk, o0 T Ly v a U TEREINEZLIIC,. AT
D725 B CREBBRIE N A = ZADORBAIHA~EA TND Z L E2RNICE
A TUWND,

DHEHE, B ERR A R L, PriiskEt ke ik L >oH 5, L, R&RIF
FALDIMERZONEZT HIL, TUHRE L FHA T ¥ o — ik d <<
HEERWI R 7 EHRRD 5N TS, JJPARC VA RTHEMFEZEDH T, LV
EEMEOBWE =47y FOBZENER L T2, TAC 1%, fFEMt &< ®
HOWM G OBENS, B IOY AT LADaI vy a = ZI2BNWT, EERT
Tu—FET5H LI EHMEHEIE L2,

J-PARC OZ2AITSE L TH Y, FEEMREEICER L TE TS, A by
70— HtOEMITOERBERFOFEETHDH, IAC TIE, FEEFRD
BHRWD L TWD—FHT, IENRMEBEOREDENBEIML TWVD I EPRE
Niz, ZOZ LT, A v TR ERRHEE LV 2B L AREGDORE%
i<izolicqTEI L L D E L TWVWAHZ EZRLTWD, LM LEIUL, FRlo2—H
—RZKMEEBED L DITHANERTVD AL IR LTI ELE+STH D LITE
WEED, BlEfiEx, A Ry U =7 OFEtE J-PARC O TOMEER ICHE AT
HTENKRDBNS,

MLF /%, BOmmWH LWEREZERH L TRY . ZOAEEREEDDH AT =X

LEHE LTz, IAC X, MLF (2B 2 XN OG- NEREFIEMEICHS LTH
FEFICENWERHE L WD, =2—F U 27T A, 500 kW W2 E LT
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B A BEICRE LTERY, VT ks 228175 CP s FREDikLIC
B LTI R C AR A R LTS, TAC 13, HLWEERER (& LT
g-2/EDM. COMET, JSNS2 ) #ifefFd % —J T, MR QR VEY H LICET
DUYGED A ST DI T IR e R A FEA I L AP IE 5 B TR &
U—RLTN5E@BDD, L, MR TCOERY 1 75 MELERA BIRO FH
(Z LD IEE O E B L OME L EONEZYLL WD, MR B A
FEIROEEIROTZ D DIBMO THAFE N AFLE RIAEN TV D, sk OB
FINEYEIC 72 > TN D, Zhud, ERER 2 RIS T ©— 5 1T, oo
NPy A D TR EHED D ETH, REOBREL 2o TV 5,

Jmmcm\%ﬁ%@iﬂ%f@$%ﬂﬁﬁ%wT%wﬁﬁ%§ﬁ\mwﬁﬂa

’10ﬁ$%A$¥%ﬁ50:MifméméMR&%@ﬁ?\wwmcw\
TENIR R EH/ LT D, BFERIRICBW T, BIEDO 7 1 77 ME, #H LWEFSE
FHE & & HITH Wﬁéhéﬁ@ﬁﬁ%%%bfwéoMCﬁ\:@iﬁﬁﬁ
AF I w7 gtk LIRS LA EIXT LA
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53 ] i s o H JE| A — N AR R m/s? 10% |2 %l P 108 |=A2znm|[ u
H w7 =7 A i | A — b o 102 |5 sl T 10° |+ A .
BAEEE s L E | K O, WRE EYesIAEIA— MY | kg/m® 100 [¥ # ¢ [w02|g = p
W OE EE 2| mol WO E EFRZTARELA—-MV | kegim® 108 [#  # M | 108 |7=ar| ¢
* gy v 7 5| od K * Ml A= rrfExr s 70 | mikeg wlx = x |welr 1 a
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e R o W S|TUTEA— L A/m 0 |= s 0% |2 2 ¢
BB E @, 9 EAETA— R mol/m® 2 z
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i BE|h o F 5 mEHA— v | cd/m? ) . "
B = O &FEo) 1 1 #6. SUCES 7223, STEPFH & 5 Hifr
% B ok ® GFEo) 1 1 5B o SI Hifizic L % i
(a) i (amount concentration) (ERFRFRALAED 5 CTIIETHEEE b min |1 min=60 s
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(b) 2 SElitd B VHYGE 1 & bR Tl B8, 20T & B b [1h =60 min=3600 s
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