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J-PARC neutrino beam for 

long baseline experiments
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Focusing device: Electromagnetic Horn

 Pure 𝜈𝜇 beam (≳99%)

 𝜈𝜇/  𝜈𝜇 can be switched by 

flipping polarity of Horns

For high sensitivity/precise 

experiment

More neutrinos

 Higher proton beam power 

x machine operation time

x running efficiency
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J-PARC Facility

(KEK/JAEA）

Bird’s eye photo in January of 2008

South to North

Neutrino Beams

(to Kamioka)

JFY2009 Beams
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Facility

Materials and Life 

Experimental Facility

JFY2008 Beams

3 GeV  RCS

CY2007 Beams

181MeV Linac

400MeV
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Design intensity

RCS for MLF: 1MW

MR for PN     : 750kW

Japan Proton 

Accelerator Research 

Complex：J-PARC



On-going experiment: T2K (Tokai to 

Kamioka)  experiment (2010~)

 High intensity nm beam from J-PARC MR to Super-Kamiokande

 Evidence  Observation of nm ne (2011-2013)

 Goals:

Discovery  Precise measurement of ne appearance

 Precise meas. of nm disappearance

Measure CP symmetry, contribution to mass hier. 
determ.
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Achievement of proton delivery

 Stable operation at 420kW achieved (first design goal: 750kW)

 (Ep=30GeV)  x (217Tp/5us pulse) x (2.48sec cycle) World record!

 Number of protons on target (POT)

 15.1 × 1020 accumulated (7.6 × 1020 for nu & 7.5 × 1020 anti-nu) 

 78 × 1020 aimed as original T2K goal

 Aim to operate 440kW and beyond after Summer 2016 at newly 
established operation parameter with higher stability
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420kW



T2K latest results (nu2016)

 T2K started 

measuremen
t of CP 

symmetry
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Search for CP Violation 
beyond CKMOrigin of Matter
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Next big goal: CP violation



Extension of T2K≡“T2K-II”
 Plan

 Extend T2K running with 

 Upgraded beam power upto
1.3MW

 improve +50% statistics by 
hardware/analysis improvements

 ~2e22pot  (x2.6 of original T2K)

 To disover CPV >3s for maximum 
CPV (which is now weakly 
indicated)

 This proposal 

 Extract best possible physics outputs 
with existing facilities/modest 
upgrade

 Interconnect “desert” between 
T2K/NOVA and DUNE/HK era

 Provide necessary learning ground 
for next generation experiments

 >1MW operation

 Syst. errors down to a few %

 Need to realize 1.3MW before HK
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MR power upgrade 

scenario

 Increase repetition rate to ~1Hz by upgrading MR-PS & RF cavities

 Funding for MR PS upgrade started
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Path toward 1.3MW
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 Strategy

 Method

 Higher rep rate: Funding started

 MR magnet power supply upgrade

 MR RF upgrade (High grad/PS)

 MR Fast Extraction Kicker upgrade

 Higher #p/p

 MR RF upgrade (PS)

 MR Beam monitor upgrade

 Precise beam control for Higher ppp

Beam

Power (kW)

420
(Achieved)

800 Demons
trated

1326
(Goal for

T2K-II)

#p/p(1012) 217 217 270 320

#p/b(1012) 27 27 34 40

Rep T (s) 2.48 1.3 shots 1.16

After funding for 750kW 

design power is secured, 
only with modest 

investment mainly on RF PS 

enables >1.3MW
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X1.5
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Magnet PS upgrade

High grad. RF

Inj/FX system upgrade

1.3 s cycle

1.25 s cycle

1.20 s cycle

1.16 s cycle
Air-cooled 2nd RF

RF anode power supply upgrade

10th RF system
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High Intensity beam study in MR

1
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Beam loss due to the 
horizontal instability

D BPM signal

Horizontal

Vertical Near future tunable knobs to reduce beam loss:

Injection kicker improvement, BxB feed-back, 

2nd harmonic cavity, VHF cavity, etc.

- at the new betatron tune (22.239, 21.310) -

High power trial with two bunches

Extracted beam : 6.82e13 ppp (132 kW eq.)

Bunch 

number

repetition

period (sec)

#p/pulse

(1012)equiv

Beam

power (kW)

Beam

loss (kW) Notes

2 2.48 270 132 0.42 measurement

8 2.48 270 530 1.7 estimation

8 1.3 270 1000 3.2 estimation

Total beam loss ~ 420 W

Great step toward >1MW



Neutrino beam facility upgrade
 Original design principle/specification

 750kW  for replaceable components

 >3MW for irreplaceable parts (Decay volume, Dump, etc)

 750kW = 30GeV x (330Tp/5us pulse) x (2.10s cycle)

 Goal

 1.3MW = 30GeV x (320Tp/5us pulse) x (1.16s cycle)  : Similar impulse thermal shock!

 To achieve >1.3MW facility

 Upgrade electromagnetic horns system

 Add 1 PS, 2 Transformer to operate 3 horns in parallel

 Cooling capability upgrade for target/horns

 Upgrade of capacity of radioactive water waste
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Secondary beam line 

upgrade
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Sensitivity on CPV of “T2K-2”
24

> 3 sigma CPV sensitivity for maximal CPV



HKAC chair’s summary at closeout
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1. The HKAC endorses Hyper-K as a very important experiment for Japan and for 
the world-wide program of fundamental science, and encourages ICRR and 
IPNS to fully support it.

2. The newly modified design for Hyper-Kamiokande detector, described in the 
Design Report, successfully reduces the total project cost without largely 
compromising its potential to address important questions in particle and 
astroparticle physics.

3. Its technical and scientific feasibilities, including risks in construction of the 
cavern and tank and reduction in systematic errors for CP violation 
measurement, have not been fully demonstrated in the present Design Report. 
The committee would like to hear updates in these areas in the future 
meetings.

4. Hyper-Kamiokande Collaboration should continue to optimize the detector 
design including the size of the detector, the density of photo-sensors and 
future upgrade possibilities with international contributions.

5. International collaboration and cooperation in physics studies, detector 
technologies and accelerator and beam line developments should be 
encouraged, in particular with the DUNE/LBNF Project in the US and the 
neutrino platform at CERN.

6. In view of the worldwide neutrino research program, the upgrade plan of the 
J-PARC accelerator toward 1.3 MW beam power and the upgrades of the 
near detectors and implementation of the intermediate detector, which 
already benefits the ongoing T2K experiment, should be realized at the earliest 
possible time.





Overview
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• (anti-)muon neutrino beam 

produced by 1.3MW proton beam

• New near detector

Hyper Kamiokande Project

• 260kt x2 Water Cherenkov

• 1.3MW Beam

Physics goals

• Long baseline nu physics

• Proton decay search

• Atm./soar n/astroparticle

 KEK’s roles
 Realize 1.3MW beam power 

in timely manner and its 

operation

 Realize near neutrino 

detector facility
 Detectors by international 

contributions

• Construct & operate 

Hyper-Kamiokade

• With international 

collaboration

International collaboration

KEK&ICRR as host institutes 



PIP review close out



Summary
 J-PARC neutrino beam achieved 420kW stable operation

 Demonstrated 270Tp/pulse = 530kW/2.48s = 1000kW/1.3s equiv. 
shot

 Many available nobs to further reduce beam loss being applied

 New goal of 1.3MW+ to accumulate 2e22POT by around 

2024/2026

 Prescription to achieve 1.3MW+ is clear

 Modest upgrade and budget from 750kW to 1.3MW

 No technical breakthrough is required

 While step-by-step improvements/studies are foreseen as usual

 External committees recommend the J-PARC upgrade to 1.3MW

at high priorities

 KEK will issue KEK-PIP taking into account the PIP review 

recommendations soon
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