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J-PARC Neutrino Beam to Kamioka (T2K/Hyper-K)

• Search for CP violation in lepton sector 

• T2K (~2027) : hint of CPV (~2σ) ⇒ Hyper-K (2027~) : discovery of CPV (>5σ)

• High statistics measurement with 

• ~8 x larger new detector 

• High power neutrino beam over 1MW
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Next Generation LBL expts
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Fermilab
LBNFDUNE

(Liquid Ar)
1300 km
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Hyper-Kamiokande

Hyper-K

J-PARC
Accelerator Complex

üGigantic neutrino and nucleon decay detector
ü186 kton fiducial mass : ~10 × Super-K 
ü× 2 higher photon sensitivity than Super-K 
üSuperb detector capability, technology still evolving 
ü2nd oscillation maximum by 2nd tank in Korea under study

üMW-class	world-leading	ν-beam	by	upgraded	J-PARC
üProject	now	is	a	priority	project	by	MEXT’s	Roadmap

üAiming	to	start	construcBon	in	FY2019,	operaBon	in	FY2026

(Water Č)
Hyper-K
(Water Č)

Super-K

Nν∝Φν(E) x σν(E) x target 
Beam power Detector volume

# of detected 
neutrinos



Neutrino Beam Production

• High intensity proton beam hits a graphite target 
• Secondary π/K’s focused by magnetic horns and decay to neutrinos 
• Neutrino beam from π+ → μ+ + νμ 
• Antineutrino beam from π- → μ- + νμ 
• Sign-selected neutrino beam by flipping the horn polarity
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Proton π+ (π-), K+ (K-) νμ (νμ)

μ+ (μ-)

Target station

Beam dump
Decay volume



J-PARC : Japan Proton Accelerator Research Complex 5

Neutrino Beam Line 
for T2K Experiment 
(30 GeV)

Materials       & 
Life Science 
Facility (MLF) 
(3 GeV)

3 GeV Rapid Cycling  
Synchrotron (RCS)

Hadron 
Experimental 
Hall (HD)     (30 
GeV)

400 MeV 
H− Linac

Main Ring Synchrotron 
(MR)
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Japan Proton Accelerator 
Research Complex  
(J-PARC)

J-PARC Accelerators 

• 400 MeV Linac

• 3 GeV Rapid Cycling Synchrotron 

(RCS)

• Material and life science, muon 

science

• 30 GeV Main Ring Synchrotron (MR)

• Fast-ext.(FX): Neutrino experiment 

(T2K→HK)

• Slow-ext.(SX): Nuclear and particle 

physics experiments

• The original design beam power 

for FX operation is 750 kW 



Neutrino Beamline 6
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Neutrino Beamline Operation Until 2021

• Started physics data taking in January 2010

• 510 kW stable operation achieved ⇒ proton beam intensity : 2.6x1014 protons/pulse 

     ⇒ World-highest intensity (# of protons/pulse) in fast-extracted beam from proton synchrotron

• Beam power limited by space charge effect, beam instability due to insufficient RF voltage


• Provide 3.82x1021 protons on target (POT) to T2K

• ν mode POT : 2.17x1021 (56.8%), anti-ν mode POT : 1.65x1021 (43.2%)
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Power Projection in MR Upgrade Plan

S. Igarashi, et. al.,
PTEP vol 2021,
Issue.3,p33  
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⑦ 1.32  1.16 s cycle

JFY

① Magnet 
Power Supply 
upgrade
2.48  1.32 s cycle

② 2nd harmonic RF cavities

③ RF system upgrade

④ Collimator system 
⑤ Injection/FX system
⑥ Beam Monitors (BPM 
circuits)

515 kW

1.3 MW
●：Plan
〇：Achieved

By JFY2023
the beam power trend was mostly along with the plan.

By Summer 2024
710 760  810 kW operation

seeking less beam loss with optics improvement

JFY2024 - JFY2028
For 1.3 MW (JFY2028)
“1.36  1.16 s cycle” & “More protons/pulse”

Partial changes to the plan to address issues identified 
after the start of high repetition operations, rising 
prices and longer delivery times for components.

Original power projection
in MR Upgrade Plan

Yoichi Sato (ACCL KEK/J-PARC)2024/06/05

J-PARC Upgrade Toward 1.3 MW
• Staged accelerator upgrade toward 1.3 MW 

• Shorter cycle (2.48s→1.36s) for >750 kW (~FY2023)

• MR magnet PS upgrade


• Higher beam intensity for 1.3 MW (~FY2028)

• RF system upgrade

• Reinforcement of MR magnet PS system (1.36s→1.16s)


• Upgrade of neutrino beamline is also needed
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Before 
Upgrade

After 
Upgrade

Beam power [ MW ] 0.51 1.3

Proton intensity [ 1014 / pulse ] 2.6 3.2

Cycle [ s ] 2.48 1.16



Capacitor Banks for BM3

BM3_A BM3_B BM3_C

Choppers
+

Output filters

New PS for BM3

• New power supplies were designed for the faster cycle.
• The electric power supplier did not allow us a large power 

variation by the faster cycle.
• We decided to have capacitor banks for the energy recovery.
• Power supplies for 4 out of 6 BM families were constructed 

by the end of JFY2019.
• Power supplies for the rest of BM families and some QM 

families will be constructed in JFY2020.

New Power Supplies being Constructed
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MR Upgrade Status #1
• Power supply upgrade 
• New MR magnet PS with large capacitor bank (for B-&Q-magnets)

• Installation of all new magnet PSs in JFY2021

• PS operation successfully performed in physics operation


• Other upgrades 
• New fast-extraction devices (kicker, septum)  ~JFY2022

• Collimator capacity upgrade (2kW→3.5kW)    ~JFY2022
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Main Magnet Power Supplies Update
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• Nov. 11, 12 : QDN power supply delivered in D2.
• Dec. 10 : Transformer (QDN, QFN, QDR), Capacitor 

bank, high voltage receiving panel in D2 yard.
• Jan. 26 - 28：Power supplies of QDR, QFN, SD and 

transformer of SD, Higher harmonic filters, in D1, D2 
build., D1, D2, D3 yard.

• Feb. and Mar. : Cabling and control test

QDN power supply
(Chopper + Filter + Control Panels)

Capacitor Bank

High Voltage
Receiving Panel

QFN Trans.

QDR Trans.

QDN Trans.

Extraction Septum Magnets for Faster Cycling
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Kicker magnets
• Beam coupling impedance is being measured.
Eddy current type septum magnets
• Operation is being tested. 
• Vacuum baking is a concern.
• The impedance reduction is planned.
• Beam coupling impedance is being measured. 

• Kicker is ready for 1 Hz operation.
• All the extraction septum magnets are being replaced for faster cycling.
• Low field septum magnets are being replaced by the new eddy current magnets. 

FX High Field Septum Magnets
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• New magnets are being installed.
• All the vacuum, water and cable 

connections will be done in May.
• SM30, SM31 : Test operation was 

successful.
• SM32 : Water leak was observed. New 

coils are being constructed.
• SM33：SM33A and SM32A are reused.

• Power supplies are being rearranged in 
the D3 power supply building.

Present Magnets

New Magnets

SM30 SM31 SM32 SM33QDT155

SM30 SM31

High Field Septum magnetsLow Field Septum magnets

New magnet power supply

Collimator Upgrade
• Collimators 4 → 7

• Col. D and G were installed in JFY2021.
• Col. F will be installed in JFY2022.

• Capability 2.0 kW → 3.5 kW
• Beam loss localization should be improved. 
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After JFY2022 : 3.5 kW

Col. C Newly installed Col. D Newly installed Col. G Col. H



MR Upgrade Status #2
• RF system upgrade  
• Higher RF voltage is required for higher rep. rate

• New 2nd harmonic RF system    JFY2021~2023

• Additional 2 fundamental RF cavities (9→11)    JFY2022~2026

• Anode PS upgrade (15→19 units)    JFY2022~2026

10
JFY2025 – JFY2028 in MR Upgrade Plan
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Device upgrades (including partial changes to the plan )
for 1.3 MW (JFY2028) “1.36  1.16 s cycle” & “More protons/pulse”

 2 more RF cavities and more anode power supplies (continued) 

 More magnet power supplies for beam correction (change of plan)
The enlargement of 6 quadrupole magnets to reduce losses during extraction, 
has been suspended. To reduce costs, the beam correction system has been enhanced 
to reduce emittance increase. The system is also effective in reducing losses 
in the low-energy range and therefore more effective than larger quadrupole magnets.
 Reinforcement of the main magnet PSs (new): 
- increasing capacitor bank in the new PSs,
- measures to increase the repetition rate of the reused PSs
Additional measures required to achieve a 1.16 s cycle
 Upgrade MR-Abort-Dump (new)
Four-fold increase in beam dump capacity (7.5 kW  30 kW) 
New plan to improve efficiency of beam conditioning and 
maximize utilization operation time

RF cavities

Enhancement 
for RF anode 
power supplies

Budget profile
--- under discussed
However
Keep schedule to aim 1.3 MW 

Yoichi Sato (ACCL KEK/J-PARC)

JFY2025 – JFY2028 in MR Upgrade Plan
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Device upgrades (including partial changes to the plan )
for 1.3 MW (JFY2028) “1.36  1.16 s cycle” & “More protons/pulse”

 2 more RF cavities and more anode power supplies (continued) 

 More magnet power supplies for beam correction (change of plan)
The enlargement of 6 quadrupole magnets to reduce losses during extraction, 
has been suspended. To reduce costs, the beam correction system has been enhanced 
to reduce emittance increase. The system is also effective in reducing losses 
in the low-energy range and therefore more effective than larger quadrupole magnets.
 Reinforcement of the main magnet PSs (new): 
- increasing capacitor bank in the new PSs,
- measures to increase the repetition rate of the reused PSs
Additional measures required to achieve a 1.16 s cycle
 Upgrade MR-Abort-Dump (new)
Four-fold increase in beam dump capacity (7.5 kW  30 kW) 
New plan to improve efficiency of beam conditioning and 
maximize utilization operation time

RF cavities

Enhancement 
for RF anode 
power supplies

Budget profile
--- under discussed
However
Keep schedule to aim 1.3 MW 

Yoichi Sato (ACCL KEK/J-PARC)

New 2nd harmonic 
RF cavities to 
mitigate space 
charge effect

Installation Plan for RF Cavities
• Higher RF voltages are necessary for the faster cycling.
• For 1.16 s operation, 11 fundamental cavities and 2 second harmonic cavities.

Present 2022 2026

MR Cycle 2.48 s 1.32 s 1.16 s

Fundamental Cavities 7 9 11

2nd Harmonic Cavities 2 2 2

Accelerating Voltage 300 kV 510 kV 600 kV

2nd Harmonic Voltage 110 kV 110 kV 110 kV

Cavities at MR Insertion C

Ins A: 2 2nd harmonic cavities
Ins C: 11 fundamental cavities

Insertion C

9

Enhancement for 
RF anode PS



J-PARC Neutrino Beamline Upgrade
• Baseline design 

• Beamline components designed to accept 3.3x1014 ppp

• Replaceable components designed for 750 kW (can be upgraded later)

• Non-replaceable components (HV, DV, BD) designed for 3-4 MW


• Necessary upgrade toward 1.3 MW 

• Cooling capacity improvement

• Target He cooling

• Water cooling for horns, He vessel, DV, BD


• Shorter cycle operation

• Horn operation

• DAQ


• Accommodate larger amount of radioactivity

• Water disposal facility upgrade

11



Summary 12

/145

νμ
μ

π
proton

Work Status

1. Installation of semi-remote handling at the most-downstream FF ; In Progress.
- New short FVD2 already installed (with hadron Hirose-san and Muto-san)
- New FVD2 power supply will be delivered on Dec.27 (with hadron Akiyama-san)

Installation, cabling, piping, and excitation test with the new FVD2 in January.
- New bellows ducts for new configuration already delivered. Installation in February. 
- Fabrication of the new supporting stages to be ordered. Installation be in February.
- FQ4 already re-positioned for new beam orbit.
- Excitation of FVD2&FQ4 with low current for restoration check be done in December.

Status of the work during the maintenance period

FQ4 re-positionedNew short FVD2 installed
SSEM18 to WSEM Exchange

• Exchanged SSEM18 w/ WSEM

• Did motion test at 45� (⇠10x IN + 10x OUT)

• New flange, cables work well
• Holding part works well, although may be slight sag

• Survey done – ⇠1mm di↵erence between right and left sides
• Survey information needs to be added to analysis code

• New protection frame works well w/ some modifications

3 / 7

MUMONSi Replacement

3

Workers : Ichikawa-san, Honjo-kun, Izumi-san, Yasutome

Neutrino Beamline Upgrade

Water disposal system upgrade

u New transformer and striplines have been installed. 
Current testing of these devices to be performed.

u Production of new Horn PS and its capacitors is ongoing.

Horn PS upgrade

u New FVD2 was installed and its alignment 
is underway. 

u New beam-induced fluorescent monitor 
under development. Its optical system 
will be upgraded in FY2022.

Primary beamline and monitor upgrade

Horn production 
and replacement

u New horn2 
production underway 
at Univ. of Colorado

u Installation work will 
be done from Dec. 
2021 to Sep. 2022

u New disposal tank 
production already 
completed

u Building/facility 
construction underway.

Target He cooling upgrade
u He cooling line 

modification ongoing.
u He compressor will be 

upgraded. Design is 
under consideration

New FX 
Septum  
magnets 
(MR)

New  
FVD2 magnet

New position of 
proton beam monitor 
(WSEM18,ESM20) + 
new monitor

New target

New target cooling system

New Horn1, 2New Horn PS/
trans/strip-lines 
for 320kA, 1Hz

New mumon Si (half of sensors)

33

OTR-III and IV Disks
Both disks are identical. 

All foils have holes, 
which allows for position 
monitoring using 
filament/laser light. 

Currently, same foil 
material is installed  
(Ti-15V-3Cr-3Sn-3Al). 

New thinner foils are 
being prepared to 
replace some of these 
foils.

New OTR

+ New beam interlocks

2021/12/06 T2K CM/Beam group pre-meeting

Prototype development

Figure 4: Pmod-ADC board
(AD7685: 16bit, 250kSPS)

Figure 3: Arduino Uno 

In order to realize a small latency and an advanced
processing, we chose a system with Audiuno + ADC. 

The validity of using Arduino Uno + Pmod-ADC for the 
interlock system has been verified. 

Pmod-ADC
Arduino+Conv. Bd.

Raspberry Pi

Input ILK out

Ethernet
(opt)

AC100V

Relay

Figure 6: The prototype in a box (430x330x115mm) 4

We developed a prototype using Arduino Uno + Pmod-
ADC and put them in a box.

SPI
PmodADC Arduino

UNO 

DC1622A

+7.5V-2.5V

+12V-12V

DC±12V

USB

AC100V

Ethernet
(metal)

Ethernet
(opt)

Media
Conv.

Relay

Interrupt Interlock out

DC+12V DC+5V DC+5V

Raspberry
Pi 3 

Input

Figure 5: Diagram of the prototype

Summary of 2021-2022 upgrade works

New devices in the Service pit
A unit of new heat exchanger, strainer, safety valve, etc…   
・In Mar. 2021, main components delivered and old pipes removed.  
・In Sep. 2022, a feedthrough panel was installed after    
   removing horn-2 guide cell 
・In Oct. 2022, the new unit and heat exchanger was installed 
   and old pipes to the Machine Room were removed.  
・In Nov. 2022, new pipes to the Machine Room were installed.  
・In Dec. 2022, air tightness & pressure test was performed.  
   Water cooling pipes were installed and tested. 

7



Horn Upgrade #1
• Horn electrical system upgrade for 320 kA at 1 Hz 
• Horn current increased from 250 kA to 320 kA (design) 
• ~10% flux gain for right-sign neutrinos

• 5~10% flux reduction for wrong-sign neutrinos


• Three power supplies to drive three horns (one-by-one) 
• New electrical system (PS, transformer, striplines) developed for 

320 kA at 1 Hz operation

• All the devices installed during LS2021-2022


• Initial commissioning succeeded at 320 kA operation at 1.36 s cycle

13

Previous configuration (~2021)

Upgraded configuration (2022~)

3rd PS and new capacitors installed
Transformers and striplines outside He vessel



Horn Upgrade #2
• Conductor cooling improvement (for Horn2) 
• Large heat load at Horn2 due to defocused particles 

by Horn1

• Striplines and upstream conductor cooling 
• New Horn2 production in Univ. of Colorado Boulder


• Horn replacement 
• New horn1 (with improved water sealing) and new 

horn2 installed during LS2021-2022

14

Horn2 production at Colorado

Stainless pipe embedded 
aluminum plate 

Target installation to new Horn1

New horn1 installation New horn2 installation



Target He Cooling System Upgrade
• The original cooling capacity : 750 kW + 20% margin → 900 kW 

• Need high He flow rate by applying higher pressure : 0.16 → 0.4 MPaG 

• Upgrade of He circulation system 

• New compressor already produced (FY2022)

• Production of other components ongoing

• Installation of all the He circulation system scheduled in FY2026 

• Vacuum insulation pipes developed to accommodate high temp. He gas (~200℃)

• All pipes inside He vessel were replaced in FY2022
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H2O meter R&D, and Quadrupole mass spectrometer R&D to measure outgas from the target 

Mockup test of 1st heat ex. removal

Installation of new pipes & He circulation check @ HV

Compressor productionInvestigation of the compressor specification 
and layout in the machine room

Ready to accept beam

Design/production of the cask and jig

Modification/production of the pipe and support 

Integration tests

Design/production of the plumbing @ SP

Test of the temperature sensor

Route fix and cable/connector assembly
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HV close

Integration tests

Installation of new pipes @ Maintenance area

アップデート (仮)

Removal of the 1st heat ex. @ Maintenance area

Installation of the 1st horn @ HV

Installation of new pipes / devices @ SP

Cabling @ B1/F1

JFY2021 JFY2022
4-6 7-9 10-12 1-3 4-6 7-9 10-12 1-3

Preparation toward 
the upgrades @ HV/SP

The upgrades @ HV/SP

Works toward  
the machine room 

upgrade

Avoiding interference 
with horn works

Requirement of the the cooling capacity upgrade:  
・[BEFORE] 750kW (+20% margin) → [AFTER] 1.3MW (Accepting x1.7 heat load) 

High flow rate by applying high pressure for the upgrade :  
・[BEFORE] 0.16 MPaG → [AFTER] 0.4 MPaG (Max 0.5 MPaG) 
→ Now preparing toward installation in first-half of JFY2022 

Status & prospects to be briefly reported:  
① New pipe to replace the 1st heat exchanger in the Support Module 
② New pipes in the Helium Vessel 
③ New pipes & devices in the Service Pit 
④ New sensors, cabling & monitoring 

 SM

HV

①

②

HV

SP

MR

1F

Door

B1

⑤

④

HV

SM

SPSM

HV

Beam

Beam

Beam

②

③

①

②

③

④

Quick reminder

2

Upgrade in this 
long shutdown 
related to this talk

Heat insulated pipe installation 
Schedule : 16-18 & 19-20 May  
Place : Maintenance area  

Rough procedure 
1. Insert the new pipe from the top  
2. Tighten a fitting remotely with a wrench pipe 
3. Helium tightness test (2 days) 
4. Pressure hold test (1 night) 
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Modified target plumbing Vacuum insulation 
pipe penetrating 
support module 

~4.5m

New heat exchanger outside He vessel 

New He compressor delivered to KEK 



Radio-active Water Disposal Facility Upgrade
• Produced tritiated water is diluted and disposed at J-PARC neutrino 

facility

• Current limitation comes from capacity of dilution tank 84 m3

• Neutron irradiation to iron wall at TS He vessel

• Large amount of tritium to be created (~5800 GBq/year @1.3 MW)

• Contamination to cooling water is an issue 


• Additional dilution tanks (2 x 253 m3) for 1.3 MW operation

• Construction of the new tanks completed in February 2022　
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Target Station

Utility Building

New building



• Control/DAQ upgrade for 1 Hz operation 
• Improve beam interlock system toward high intensity operation

• Upgraded system working well in recent runs


• Primary beamline Final Focusing Section upgrade for high maintainability 
• Installed new bending magnet and rearranged beamline components

• Semi-remote exchange system → To be upgraded to full-remote system

• Development and installation to be done by FY2026

Other Upgrade Items 17

New interlock electronics for 
beam position calculation

Installation of new bending magnet Beam equipment requiring remote maintenance



Beam Operation After FY2021-2022 Upgrade
• Beam operation for physics run resumed in Nov. 2023 
• First physics data taking with 320 kA horn operation → 10% more neutrinos at SK

• 710 kW stable operation in Nov.-Dec. 2023 run

• 760 kW stable operation successfully demonstrated on Dec. 25, 2023 (just for 40 minutes)


• 800 kW stable operation achieved in Jun. 2024 !
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Integrated POT (Run 13)

10

Run period:
24 Nov 2023 02:46:21 (JST) to 
28 Jun 2024 13:11:37 (JST)

Power max: 
804.977 kW
 
POT total: 
5.21409	×	10!" 

Neutrino mode:
5.21409	×	10!" (100%)

Anti-neutrino mode:
0 (0%)

June 2024: Starts NU 800 kW operation
MR-FX starts stable NU 800 kW operation since June 12th, 2024.
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Collimator Area

Non-collimator Area

MR Collimators 
Hori65pi & Vert63pi

NU 802 kW (2.27 x1014 ppp) in 1.36 s cycle w estimated beam loss 0.7 kW (1.7 x1012 ppp)

LI/RCS: horizontally narrower beam to MR.
MR: finer optics and better phase symmetry to make 
good use of the reduced ripple in BM-PSs (GND bypass 
applied in Summer 2023). Improved optics at flat top
was also applied to reduce beam loss at FX area.

Jun. 12, 2024
NU 802 kW
Estimated Loss

~ 0.7 kW

3Yoichi Sato (ACCL KEK/J-PARC)2024/6/14

E1
3 

PP
P

Position in the whole MR
(Addressed in every Quad Mag.)

Beam losses counts

Optimization in Feb. – Jun. 2024
• Tune/Tune-tracking
• Octupole
• COL balance
• Instability suppression
• Narrower beam from RCS to MR
• Re-optics-correction
• New Optics/FX-Orbit at Flat top
• 3-50BT Collimator Optimization

Estimated Particle Loss 0.8%

NU 802kW

Estimated Loss


~0.7kW



Beam Operation After FY2021-2022 Upgrade
• However,,, 
• Serious He compressor problem in neutrino beamline occurred in Feb. 2024


         → Part of the beam operation cancelled

• Long-term large vibration caused break of plumbing → Similar problem occurred in 2017

• Repairs and countermeasures have been implemented.


• Problem on MR RF cooling system happened → Old equipments have been gradually broken

• Part of the beam time cancelled


•Maintenance or replacement of old equipments becomes a serious issue in J-PARC 
• Now working on countermeasures for this issue

19

Cooling 
towers

Fans

1/24-26 work
• Preparation for the disassemble of the troubled He compressor @ TS-B1. (Rad. survey, etc.)

• Carry spare He compressor (4550kg) to working area (NU1 1F)

• Disassemble of the spare He compressor to  pick up the necessary parts for repair. (in progress)

• Opening the hatch of TS B1 machine room (in progress)  
He compressor before installation in 2017



Beam Operation History
Stable operation at 800 kW after MR PS upgrade achieved in Jun. 2024 run
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Integrated POT (Full T2K up to Run 13)
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Run period:
23 Jan 2010 23:21:31 (JST) to 
28 Jun 2024 13:11:37 (JST)

Power max: 
804.977 kW
 
POT total: 
4.35029	×	10!# 

Neutrino mode:
2.69976×	10!# (62.0593 %)

Anti-neutrino mode:
1.65053	×	10!# (37.9407 %)

Big 
Earthquake 

in Japan

Target/Horn 
replacement

MR B-mag 
failure

ν-beam

ν+ν total

ν-beam
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1st generation target/horn 2nd generation target/horn 3rd generation target/horn

MR&neutrino 
upgrade 

Total accumulated POT for T2K :  4.35 x 1021 POT (as of Jun. 2024) → 1.0x1022 POT (T2K goal)              

c.f., 2.7x1022 POT (HK 10-years)



Current status of 1.3MW HyperK prototype target 

Assembly complete
Helium leak test – 1x10-12 mbar.l/s
Pressure test – 7.5bar
Visual & Dye penetrant weld testing
 Fiberscope inspection of internal 

structure
CT scan of full assembly
Metrology of final target
 Evacuation test – 2x10-7mbar
Backfilled with dry N2

Prototype target is deemed successful 
and can be used as operational target.

• Remaining major upgrades 

• SSEM19 replacement to be completed soon (FY2024) 

• Beam window replacement (FY2025) 

• Target (FY2026) 

• New He compressor installation

• 1.3 MW prototype target installation


• Cooling system upgrade for Secondary beamline (FY2026) 

• Full remote maintenance of Primary Beamline Final Focus 
section (FY2026) 

• Spare Horn production 

• Horn3(v3) production completed

• Horn1(v4) production completed at Colorado (USA) 

• Horn2(v4) production to be started at Colorado (USA)

Further Upgrade Toward 1.3 MW 21

SSEM replacement

Horn1 assembly at Colorado Horn3 current test at J-PARC

1.3 MW prototype target by RAL



1.3 MW Target Installation

• 1.3 MW prototype target successfully produced by RAL group 
• Can be used for beam operation


• Target installation will require a full remote exchange 
• We will still use 3rd horn1 for HK era


• A full remote target exchange system has been developed 
• To be installed in FY2026

22

Manipulators

Target remote exchanger

Horn1

Future upgrades –Other possibilities
Longer target?
•Small increase may be possible (~10cm), but limited by graphite block size, remote maintenance cell and target exchanger
•Could increase length upstream as well as downstream

Higher density material
•Higher density graphite or changing parts of the target rod to SiCcould be possible. -> Increase in heat load

More information in talk by Lucas N. Machado   

IG-15? (1.9g/cc & 1m long)

Target longer than 1m would require
New exchange system 

Target longer than ~1.2m would require
New remote maintenance area

Remote maintenance cell length ~4m

Target remote exchanger

Horn1

Current status of 1.3MW HyperK prototype target 

Assembly complete
Helium leak test – 1x10-12 mbar.l/s
Pressure test – 7.5bar
Visual & Dye penetrant weld testing
 Fiberscope inspection of internal 

structure
CT scan of full assembly
Metrology of final target
 Evacuation test – 2x10-7mbar
Backfilled with dry N2

Prototype target is deemed successful 
and can be used as operational target.

Active 
bellows

Balancing 
bellows

Adjustment 
bellowsOne pair of pressure balanced pipes are complete and ready for 

operation at higher working pressure (5bar max).

Laser marked to avoid mix-up of inlet and outlet (Bellow sleeves are in 
different directions)

PBI-1 – Helium inlet pipe
PBO-1 – Helium outlet pipe

Helium pipes for 1.3MW Targets
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5bar

0.4kg

Tri-axis load cell 
under remote 
connector measures 
force during 
pressure test.

QA testing complete
 Leak tested with total leak rate 

<1E-12mbar l/s 
 Pressure tested to 7.5bar
 Load to ceramic from pressure

2.8kg

Thrust force almost eliminated! 1,400N reduced to 4N

Developed target He tube to 
mitigate stress by thermal 
expansion



Cooling Upgrade for Secondary Beamline
• He vessel, DV, BD designed for 3-4 MW beam 

• Need to increase flow rate and heat removal 
capacity 

• Upgrade items 

• Replacement of pumps and heat exchangers

• Reinforcement of chillers and cooling towers


• Status and plan 

• Pumps and heat exchangers already produced 
(FY2022)


• Production of chillers and cooling towers (FY2025)

• Installation (FY2026)
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Timeline for Neutrino Beamline Upgrade 24

• Both hardware upgrade and beam operation are important 

• Beamline should be ready to take beam for more than 4 months/year for T2K operation

• Second major upgrade planned in FY2026 

• 8 months shutdown required for the remaining upgrades

• Beamline will be ready for 1.3 MW after FY2026 ⇒ J-PARC accelerators aim to achieve 1.3 MW by FY2028

Power Projection in MR Upgrade Plan

S. Igarashi, et. al.,
PTEP vol 2021,
Issue.3,p33  

7

⑦ 1.32  1.16 s cycle

JFY

① Magnet 
Power Supply 
upgrade
2.48  1.32 s cycle

② 2nd harmonic RF cavities

③ RF system upgrade

④ Collimator system 
⑤ Injection/FX system
⑥ Beam Monitors (BPM 
circuits)

515 kW

1.3 MW
●：Plan
〇：Achieved

By JFY2023
the beam power trend was mostly along with the plan.

By Summer 2024
710 760  810 kW operation

seeking less beam loss with optics improvement

JFY2024 - JFY2028
For 1.3 MW (JFY2028)
“1.36  1.16 s cycle” & “More protons/pulse”

Partial changes to the plan to address issues identified 
after the start of high repetition operations, rising 
prices and longer delivery times for components.

Original power projection
in MR Upgrade Plan

Yoichi Sato (ACCL KEK/J-PARC)2024/06/05



Summary

• J-PARC neutrino beam for CP violation search in lepton sector 


• J-PARC accelerator and neutrino beamline upgrade toward 1.3 MW ongoing


• MR upgrade toward 1.3 MW by 2028


• 1st stage major upgrade completed in FY2021-2022


• 2nd stage major upgrade in FY2026


• All the upgraded systems are working very well at 800 kW operation


• Woking on countermeasures for aging of old equipments
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