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COMET Phase-IからPhase-IIへ
Phase I　3.2kWビーム 
ミューオン静止標的を中心に据えたCDC
検出器による物理計測 
＜10-14の実験感度を実現

Phase II　56kWビーム 
ミューオン静止標的の後
に湾曲それ度二度と飛跡
検出器からなる電子スペ
クトロメータ 
＜10-16の実験感度を実現

Various experiments at J-PARC

原子核 

COMET（ハドロン実験施設） 

g-2/μEDM（物質生命科学実験施設） 

ニュートリノは振動する。 
荷電レプトンは？ 

素粒子標準模型
の綻び？ 

レプトンのCP非保存？ 

ミューオン素粒子実験 

学術会議 大型計画シンポジウム 23 

J-PARC MLF：World best environment

3GeV pulsed proton 
beam

Detector @ 3rd floor
(24m from target) Hg target = Neutron

and Neutrino source 

50t (Gd-loaded + unloaded) 
liquid scintillator detector
(4.6m diameter x 4.0m height)

192PMTs

Searching for neutrino oscillation : nm→ ne with baseline of 24m.  
no new beamline, no new buildings are needed → quick start-up  

MLF building (bird’s view)

image
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• Detection 
principle (IBD)

• # of events
• Sensitivity
• systematic
were discussed
well in PACs/TDR

(see also backup
If you are
interested in.  )

Target nucleus

Proton
Neutron

Proton beam
3 GeV, 30 GeV

Neutron

Kaon

Pion
Neutrino

Muon

Intense 
proton beam

T2K & HK

JSNS2/-II

g-2/EDM
KOTO

COMETHadron Experiments
Exploring the mysteries in the process of material formation

2(this page mainly shows particle/nuclear experiments)
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EW
Material/Life 

Science Facility

Hadron Experimental 
Facility

500m

Neutrino beam-line 
& Near detector

Linac
H- 400MeV

3GeV 
Synchrotron 

(RCS)

30GeV Main Ring 
Synchrotron(MR)

J-PARC accelerators at Tokai

to Kamioka



๏ Originally started around 2009 on proton LINAC reinforcement 


๏ Agreement document for cooperation among KEK/JAEA/CERN for 
proton LINAC on 2011  (“arrangement”)


๏ Amendment No. 1 on 2016 to include beam dynamics studies/RF/
LLRF/beam commissioning


๏ Amendment No. 2 on 2019 to include beam intercepting devices 
(targets/beam window/collimators/dump),  high intensity target 
facility related items
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CERN & J-PARC cooperation



• He-gas cooled graphite target installed in 
TS-DV-BD He vessel with horns and a 
baffle (graphite collimator).

Target & Helium Vessel

 7

proton  
 beam

He circ. system 
for target

• He circ. systems. 
• Beam window: ~10Nm3/h 
• Target:          ~660Nm3/h 
• He vessel: ~1500Nm3/h

Common technical challenges for high intensity facility

� ��

CERN Beam Dump Facility
Target Station Design

J-PARC Neutrino Facility 
Target Station

Various collaborative research projects in many different fields

R&D, know-how exchange on radiation safety protection
(e.g. Tritium handling in the water, air)

Beam monitors for 
high intensity beam

Ishida (J-PARC)  | Workshop for CERN/JPARC-KEK collaboration, Oct 10, 2019 (Ver.3)6
Photo by Chihiro Ohmori in September 

Whole cavities and amplifiers 
were replaced!

RF(Cavity, Amp)

Prototype system installed 2018 
•  UA9 collaboration developed crystal 

specific to shadowing application: 
•  Installed 5 m upstream of the septum 

(diffuser swapped out) 
•  0.78 mm thick, 2.5 mm long 
•  35 mm clearance for extracted beam 
•  +174 urad bending angle in channelling 
•  -15 urad volume reflection angle  

L.S. Esposito et al., Crystal for Slow Extraction Loss-Reduction of the SPS Electrostatic Septum, contribution WEPMP028 at IPAC’19, Melbourne, Australia 

M.A. Fraser, 3rd J-PARC Symposium, 23 - 26 September, 2019, Tsukuba, Japan 28/43 

Slow extraction
M.A. Fraser, F. M. Velotti, L.S. Esposito (CERN)
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https://indico.cern.ch/event/847104/

Workshop for CERN/JPARC/KEK 
collaboration on high intensity 
accelerator/beamline was held on 
2019.Oct. @CERN

- Discussed for beam instrumentation, RF, 
beam dynamics, slow ex., J-PARC neutrino 
facility, target, 3H, Horn, HiRadMat, H2 Low-E, 
H- source, R2E


- Facility tour

Plan to have next workshop on 2024 at Japan 
- Started discussion with S.Gilardoni, M.Calviani (CERN) and J-PARC accelerator/

neutrino/hadron facility groups

- Topics including existing collaborative projects as well as new items : e.g.  

various targets and absorbers (COMET, Hadron target facility), He gas 
conservation etc. 

https://indico.cern.ch/event/847104/
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MR status and power upgrade plan
๏ 610kW (FX) and 65kW (SX) stable operation established up to now

๏ Plan to upgrade beam power to 1.3MW (FX) with RF, beam 

instrumentation, collimator upgrades

~100kW(JFY2026)



8slides courtesy of Y.Sugiyama(KEK/J-PARC)
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CHARM Irradiation Room

Oct 11, 2019 P. Fernández-Martínez – CERN/JPARC-KEK workshop 16

PRIMARY PROTONS 
IMPINGE ON THE 

TARGET

A SECONDARY 
RADIATION FIELD IS 

CREATED

THREE KEY ELEMENTS

1) Target

2) Movable Shielding

3) Position
Conveyer
Montrac

Iron
Concrete

Metal

With 40 Gy/day it is possible to achieve 200 Gy in 1 week 
(typical qualification limit for TID)

Top View
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13slides courtesy of K.Sato(KEK/J-PARC)



RaDIATE Collaboration Activities

RaDIATE (Radiation Damage In Accelerator Target Environment) 
international collaboration is organizing high-intensity proton irradiation 
experiment at BNL-BLIP facility

Test specimens provided by participating accelerator labs.
Post-Irradiation Examination (PIE) being conducted at participating 
reactor/fusion energy research institutions with hot-cell facilities

Collaboration is also conducting an in-beam thermal shock destructive 
inspection at CERN’s HiRadMat facility

Including irradiated/damaged specimens at BLIP (BeGrid2)
Beam exposure completed in 2018, shipment / PIE in preparation 

Brookhaven Linac
Isotope Producer

Medical 
Isotope

slides courtesy of T.Ishida(KEK/J-PARC)
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HiRadMat Experiments (HRMT35 & HRMT48) at CERN

121
2

TFGR W-TiC
⚫ Included in HRMT48 for AD-target 

design, Ir, Ta, TFGR,,,
⚫ No noticeable damage
⚫ Promising response

POT: 3.2×1013～1.12×1014

Beam size: 1mm× 1 mm
50 pulses, pulse duration 25 ns
dT=700℃,

Tensile stress: 1 GPa

C. T. Martin et al.

NITE SiC/SiC
⚫ Specimen was supplied by Muroran Institute 

of Technologies. 
⚫ Included in HRMT35 for Target Dump 

Internal, Coated low-Z absorbing material
⚫ Different beam impact depths, beam angles
⚫ Thermal analysis of composite material 

through Tsai-Wu criterion

POT: 3.5×1013

Beam size: 0.3 mm× 0.3 mm
288 bunches,
pulse duration 7.2 ms

dT=2100℃

Superficial damage for all impacts and had craters 
at the entrance and exit faces for deep and grazing 
impacts, coherent with analysis.

J. Maestre et al.
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HiRadMat Experiments (HRMT43 & HRMT60) at CERN
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 Understand single-shot thermal shock response and limits
 Compare behavior of non-irradiated to post-irradiated materials
 Explore advanced novel materials
 Directly measure dynamic thermomechanical effects to validate numerical models

Real-time dynamic response: Laser doppler vibrometer

Strain and temperature gage response

Oct. 2018, HRMT43

Nov. 2022, HRMT60

Vertical 
motion

440 GeV p+

Sample assembly

PIE at PNNL

Sigraflex, F. Nuiry, CERN ZrO2 nanofiber, S. Bidhar, PRAB 24, 123001, 2021e.g. SEM analysis: HRMT43 specimens (FNAL)

Sample preparation

 Fractography by SEM analysis (Ti, W, SiC,,,)
 Quantification of thermals shock resistance

R
   

  a
   

  D
   

  I
   

  A
   

  T
   

  E
   

R 
a 

d 
ia

 t 
io

 n
 D

 a
 m

 a
 g

 e
 I

 n
 

A 
c 

c
e 

l e
 r 

a 
t o

 r 
 T

 a
 r 

g 
e 

t 
E 

n 
v 

ir
 o

 n
 m

 e
 n

 t 
s

HiRadMat Experiments (HRMT43 & HRMT60) at CERN

13

 Understand single-shot thermal shock response and limits
 Compare behavior of non-irradiated to post-irradiated materials
 Explore advanced novel materials
 Directly measure dynamic thermomechanical effects to validate numerical models

Real-time dynamic response: Laser doppler vibrometer

Strain and temperature gage response

Oct. 2018, HRMT43

Nov. 2022, HRMT60

Vertical 
motion

440 GeV p+

Sample assembly

PIE at PNNL

Sigraflex, F. Nuiry, CERN ZrO2 nanofiber, S. Bidhar, PRAB 24, 123001, 2021e.g. SEM analysis: HRMT43 specimens (FNAL)

Sample preparation

 Fractography by SEM analysis (Ti, W, SiC,,,)
 Quantification of thermals shock resistance

slides courtesy of S.Makimura(KEK/J-PARC)

[related information : HPTW23 
successfully took place and that the next 
event will take place at CERN in 2026]



J-PARC neutrino beamline facility

16

CERN 
collaboration

CERN 
collaboration
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Downstream End of Final Focusing

Section

View from behind the beamline

• Beam position monitor
– ESM20

• Beam profile monitor
– WSEM18

• Beam current monitor
– CT05

• Final Focusing section
Downstream Gate Valve
separating primary and
secondary beamlines
– FF DS-GV

• Essential equipment located between most downstream bending
magnet (FVD2) and wall between primary and secondary beamlines

• Need to be able to quickly exchange or repair this equipment in
case of any failure 4 / 18

Potential new collaborative research projects 
related to neutrino beam facility

9

October 24, 2019 11th Workshop on Neutrino Beam and Instrumentation (NBI2019)

Horn Cooling Water System

• Water cooling of horn conductors 
• Water spray onto IC ⇒ collected in drain tank ⇒ pump up


• Two independent pumps for water circulation 
• Water supply pump


• Water suction pump @ 7~8 m above horns


• Supply and suction flow rates are balanced manually

3

inner 
conductor

outer 
conductor

Drain tank

Pu
m
p 
up Buffer tank

Pump

Suction 
pump

He vessel

Height
~8m

Service Pit Machine Room

H2O

He
He gas line

He

Horn cooling 
water

Decay volume 
cooling water

ディケイボリューム

Devices to be remotely maintained in the target station
Target Station

Beam dump

Secondary beam line

Helium Vessel
Primary beam line

Horn 1 Horn 2 Horn 3

Buffle

Beam window

SSEM 19

Target

‣Remote maintenance scheme for the final 
focusing section of the primary proton line


‣Horn magnet design and operation


‣R&D to understand 3H (Tritium) production 
and knowledge sharing on 3H treatment 


‣Helium gas conservation system 


‣Radiation effects on electronics


‣Beam monitor

1500m3 of He gas

activated  
by 3H 

Final focus section
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Hadron production measurements 

Low-Energy Beam 

  Design and feasibility studies completed

  Opens up many new physics opportunities beyond current program

Charged hadron beam down to 2 GeV/c 

10

Low-Energy Beam 

  Design and feasibility studies completed

  Opens up many new physics opportunities beyond current program

Charged hadron beam down to 2 GeV/c 

10

Beam Test @ARTBL
5

Magnet Area

 Beam Shutter 

 Collimator, Trig. Counter

Beam Test AreaBeam DumpElectronics

Controller

• Beam Test @KEK ARTBL (Mar. 2 - 5, 2023) 
• electron ~ 3 GeV/c => MIP charge observation, beam profile measurement

Members

e- beam (3 GeV/c)

K. Sakashita 
Y. Nagai 
M. Friend 
Y. Hino 
C. Mussolini 
S. Nishimori 
T. Tada

๏ Thanks to NA61/SHINE (@CERN) experiment, T2K flux 
prediction w/ ~5% uncertainty was successfully achieved 

๏ Proposed a new low-energy 
(2-13GeV/c) beamline @H2 line 

๏ Beam test for a silicon-based 
beam profile monitor for low-E 
beamline (contribution from 
Japan) was conducted at KEK 
AR-TBL

- important for J-PARC neutrino 
experiments (T2K/HK, JSNS2) 
and atmospheric ν

Collaboration with N.Charitonidis (CERN)
Engineering Change Request, Memorandum to SPSC was submitted (2023)

Design of new low-E beamline → Ph.D thesis of C.A. Mussolini (Oxford/CERN, 2023)



19slides courtesy of R.Muto(KEK/J-PARC)
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๏ There are various collaborative research projects between 
CERN and J-PARC, in many different fields 


๏ Discussions have also begun on new items


- There are also several potential items which not shown 
today (e.g. Power Converter, Hadron target facility etc.)


- This talk was focused on J-PARC related items but there are 
also items for electron accelerator (e.g. non-linear 
collimator, positron sources etc.)


๏ Plan to have a workshop on CERN / JPARC / KEK collaboration 
for high intensity beam facility on 2024 at Japan

21

Summary


