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Introduction to J-PARC



High Intensity (Power) Frontier in the world

1 MW



J -PARC = J apan Proton Accelerator Research Complex

Tokai, Ibaraki





MLF = Materials and Life Science Experimental Facility

30 GeV
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J-PARC future plan
• Neutrino: Hyper-Kamiokande experiment

Beam power 1.3MW
• Hadron Facility:

• Hadron Facility Expansion
Beam power � 100kW as soon as possible

• COMET experiment
8GeV slow bunched extraction 22

• MLF: TS2
Beam Power >1.5MW from RCS with 25Hz

• Transmutation Experimental Facility: Irradiation 
Facility

Beam energy 400MeV,Beam power 250kW 
with 25Hz from linac

ATAC2024



Muon:�
10 (target) x 5~10 (Muon capture solenoid) 50 ~100
times gain of flux

Neutron:
10 (target) x 2 (device) 20 times gain of brightness

Moderator &
reflector

Neutron Focusing
Devices
Neutron Detectors

Proton
beam

Rotating tungsten target
Muon Capture
Solenoid

Integrated neutron and muon target
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J-PARC TS2

TS1

J-PAPP RC TS2 TS2 • Integration of neutron and muon
sources (world's first)

• J-PARC proton accelerator intensity
(1 MW) increased to 1.5 MW

• 1 MW (17 Hz) for TS1 and 0.5 MW (8
Hz) for TS2

Brightness of MLF TS2 will be the
world's highest compared to the
next plan of overseas facilities

Target Station - 2

15



Beam diagnostic instruments at J-PARC



Overview classified by the detectors
IS & LINAC 3 GeV RCS 30 GeV MR MLF (3NBT) HD (A-,B-line)

ensity FCT, SCT FCT, WCM,DCCT, MCT, 
SCT

FCT,ICT, WCM, DCCT ICT Scintillator
IPM, IC

on Stripline Stripline, 
ESM

Stripline, 
ESM

Stripline,
ESM

= profile

Scintillator,
Prop. chamber, IC

Scintillator,
Prop. chamber

Scintillator
Prop. chamber, IC,
Semiconductor

Scintillator
Prop. chamber

Prop. chamber,
IC

o Wire Scanner,
(Gas-sheet PM),
Bunch shape monitor

MWPM, IPM, 
(Halo)SEM+Wire
Scanner

SCM, MRPM, IPM,
Gas-sheet PM,
(Halo)OTR/FL

MWPM
(Halo)SEM+
Thermocouple

OTR,
IPM,
IC, SCM

Slit/Collector (off-line)

y / Mom. analyzer

Stripline kicker/BPM Stripline kicker/BPM

k Stripline kicker/PU

back RF cavity/FCT RF cavity/WCM

tector retarding field analyzer

r Scintillator, 
Prop. chamber





1. LINAC



species: Negative hydrogen ion 
frequency: 324 MHz (RFQ, DTL, SDTL), 972 MHz (ACS)
tput energy: 400 MeV
ak current: 50 mA
se width: 0.5 msec
petition rate: 25 Hz
opper beam-on ratio: 54% (MLF) / 56% (MR)
am power:  600 kW (MLF)  

515 kW for FX/ 55 kW for SX (MR) 

ain Parameters of Linac

IS RFQ DTL SDTL ACS

Transverse
halo scrapers

L3BT
1st arc

L3BT 2nd ar

RCS injecti

Debuncher
Cavity







2. Commissioning Tools
Beam Position Monitor (BPM) Quadrupole Magnet

Beam line

Beam Position Monitor

+y

-y

+x-x

Resolution
Δx 0.1 mm
Δy 0.1 mm

Strip-line type is employed.



Beam Current (SCT: Slow Current Transformer)
Phase Monitor (FCT: Fast Current Transformer)

Annular magnet core “FINEMET” is employed for 
the current transformer.

Dynamic Range
SCT: 0.1 – 80 mA
FCT: > 30dB

Winding coil,
SCT: Fifty turns
FCT: Single turn

Resolution,
SCT: ΔIbeam < 1.0 %, 

ΔI (resolution) ~ 0.1 mA
FCT: Δφbeam < 1.0 deg.

Energy: < 0.1 %

FINEMET
Core for

FCT

FINEMET
Core for

SCT

Flange

Laser Tracker
(Corner Cube Reflector)

Beam
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Motor Unit

45 deg.

Tungsten
Wire

Carbon 
Plate for
Vertical 
Beam Size

Ceramic Frame

Resolution
σx < 0.1 mm
σy < 0.1 mm

Example of Transverse Profile

Beam Profile Monitor
(WS: Wire Scanner)

Horizontal Profile

SDTL03A

Four WSs are located in each matching section periodically.
Dynamic range reaches four orders.

R
ange

halo

200 mV/div, 40 us/div

Signal Obtained at the Peak of 
Beam Pulse

P
ulse H

eight



Gas Proportional Counter

Beam line

SDTL Cavity Quadrupole Magnet

Scintillation Monitor

Gas Proportional BLM, E6876 - 600
Toshiba Electron Tubes & Devices Co. Ltd.,

Beam Loss Monitor (BLM)

Anode Pt Wire,Φ50um
(Gas: Ar+CO2)

Sensitive for charged 
particle, X-ray and 
gamma-ray

Fast time response
It is  enough fast to 
alarm the protection 
system.

< 1.0 s

Length: 600mm
Diameter: 50.8 mm
Gas pressure: 1 atm



•



SM has been developed to measure the high-power beam in MEBT1
on nanotube): Field emission was serious for the BSM
ghly Oriented Pyrolytic Graphite): 
Its high thermal conductivity is suitable to mitigate the heat loading



Fitting result using simulation



2. RCS







BBeam Position Monitor(BPM)

•

•



TTune measurement



CCurrent Transformer(CT)



BBeam Loss Monitor



BBeam Loss Monitor

Simulations

Experiments data from SBLM

The time structure and the amount of the beam 
loss are well in agreement with the simulation. 

SBLM signal comparison 
PBLM signals around the RCS



Harada et al., “The Residual Gas Ionization Profile Monitor in the J-PARC 3-GeV Rapid Cycling Synchrotron”, JPS Conf. Proc. 8, 012011 (2015)

IIonization Profile Monitor(IPM)

x

y

z=0



MMulti Wire Profile Monitor(MWPM)

MWPM head
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3. MR















25 turns
RLord = 50Ω/2para

50Ω

50Ω

Integrator

2kΩ

0.1μF

Pre-trigger

S/H trigger

Sensitivity
1013proton/V

Ready for ADC

Cal. input

trigger

PLC/ADC

EPICS

Signal 
generator
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tion

Fast extraction

Neutrino beamline

Rf cavities

bort line

To Super-Kamiokande

ators

Flying1Wire





The test has been
conducted since last De
2020.

K. Satou et 

Noise filter

Attenuator/Switch

ADC

FPGA+Memory

CPU+Network

BPMC

wave form mode
B×B mode
COD mode
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"Non-invasive" diagnostics 
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16-electrodes monitor





ensity spatial distribution
tion efficiency spatial distribution of 
oton detector system 



Beam diagnostics for the MPS

(examples related to targets)









Target Temperature Simulation Results
temperature

Time

( 2 seconds )

Temperature 
rise ( K )

beam axis direction (mm)
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thermocouples

gold

copper base

cooling water

3x1013 protons/pulse (2 seconds)

2x1013 protons/pulse 
(5 milliseconds)











MPS protecting the MLF target



Monitors at Proton Beam Window
(PBW) (1.8 m from neutron target)MWPM

MWPM

Halo monitor
SEC(Secondary

electron emission)
TC (Thermo

coulpe)



Monitors for the beam transport line from 3 GeV RCS to the MLF target (3N-BT)









Summary
J-PARC achieved the design beam powers (conditionally)

1 MW at RCS and 750 kW at MR 
Next targets are

1.5 MW at RCS and 1.3 MW at MR
Beam diagnostic instruments are reviewed
Two "non-invasive" diagnostic methods were introduced
Two MPS cases related to the target were described



Thank you for your attention


