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Workshop for neutrino programs with facilities in 

Japan

Aug.4-6, 2015, J-PARC

 Main goal of my talk on the program in Japan is to digest 

discussion in this workshop

http://www-conf.kek.jp/ws_nu_prog_in_jp/ 
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Hereafter referred to as “Future Nu in J WS” in this presentation



Accelerator neutrino 

program in Japan
 Toward understanding of whole picture of neutrino mixings and 

masses 

 Precision measurements of oscillation  testing 3x3 PMNS picture

 Determination of CPV phase

 Contribution to mass hierarchy determination

 Search for new phenomena

 Sterile, Lorentz invariance violation, NSI, etc

To attack big questions in particle physics, such as Quark-Lepton 

unification, origin of matter dominated universe, etc

 by international collaboration

 Under the global context of coherent/competitive efforts

 using

 J-PARC proton beam with increasing beam power

 Super-K  Hyper-K at ~300km
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J-PARC 

accelerator 

status and 

prospects
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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

Hadron Exp. 

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



Accelerator status
 Recent upgrades

 LINAC energy is upgraded from 181MeV 
to design 400MeV in 2013

 LINAC frontend (Ion source, RFQ) 
upgraded from 30mA  50mA in 2014

 MR inj collimator capacity increased

 MR RF  introducing FT3L new cores for 
higher acc grad/higher harmonic.
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Demonstration 

of 1 MW-eq.

To provide stable 

1MW beam for 

user, 

reinforcement of 

the anode power 

supplies of the rf

power amplifiers 

is being done in 

2015 summer 

shutdown periods. 

3GeV-RCS  

~350kW stable operation achieved!



Path toward >750kW
 Higher #p/bunch

 LINAC upgrade

 400MeV (2013)

 Frontend (Ion source, RFQ) 3050mA (2014)

 Reduce beam loss in MR

 MR RF higher harmonic (2013-2017)

 BxB/Intra bunch feedback (installed)

 Injection kicker pulse shape correction (2014-2015)

 Increase MR collimator capability

  3.5kW loss

 Higher rep late (2.48s  ~1s, x2)

 Replace MR magnet PS : plan 2016-2018

 High gradient RF core (2013-2017):R&D
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Enable RCS 

operation upto 1MW



New power projection
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<1.3sec cycle
2.48sec cycle

Original design power
750kW

[Assuming MR-PS upgrade is funded as scheduled]

Kicker/Septa/RF upgrade
MR-PS replacement

The high repetition rate scheme is adopted to achieve the design 

beam intensity, 750 kW. Rep. rate will be increased from ~ 0.4 Hz 

to ~1 Hz by replacing magnet PS’s and RF cavities.

700kW

800kW

900kW



High Intensity beam study in MR

1
0

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)

Beam

power (kW)

Beam

loss (kW)
Notes

1 2 2.48 132 0.42 measurement

2 8 2.48 530 1.7 estimation

3 8 1.3 1000 3.2 estimation

Total beam loss ~ 420 W

June, 2015

New!

Became possible to aim beyond 750kW



Present 

experiment: 

T2K
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T2K latest achievements
Kirsty Duffy (Oxford)

Aug.11 talk

Start measuring CPV phase

First 𝑣𝑒app search

3 cand.

𝜈𝜇 disapp. meas.

Start world leading meas.
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T2K future
 Will accumulate 𝟕. 𝟖 × 𝟏𝟎𝟐𝟏𝑷𝑶𝑻 (750kW x 5 

“year”) (7xnow)
 With similar amount of POT for 𝜈 and 𝜈

 Updated physics goals after 𝜈𝑒 appearance 

discovery
 Precision measurements of 𝜈𝜇 disappearance

 d(sin2q23)~±0.05 ~ d(sin22q23)~0.01, d(Dm23
2)~ <10-

4eV2

 Precision measurements of 𝜈𝑒 appearance
 Syst err ~ 5% (~10%) for 𝜈 (𝜈)

 Measurement of CPV phase d
 Contribution to mass hierarchy determination
 Cross section measurements
 New physics search (NSI, etc)

Assuming MR-PS upgrade as 

scheduled and latest power 

projection

Prog. Theor. Exp. Phys. (2015) 043C01

doi: 10.1093/ptep/ptv031
April 1, 2015
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~2021 at earliest



Expected T2K sensitivities 14

Ichikawa (Kyoto)

Future Nu in J WS



Next generation 

experiment: 

J-PARC to Hyper-

Kamiokande
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Hyper-Kamiokande

 Next-generation gigantic 
multi-purpose detector

 560kt fiducial mass

 20% photo-coverage with 
99k 20-inch PMTs

 Physics

 Neutrino oscillation

 Accelerator based LBL

 Atmospheric nu

 Solar nu

 ..

 Proton decay 

 Astrophysics neutrinos

 Supernova, SRN, dark 
matter, etc
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F. Di Lodovico, 

Future Nu in J WS



International 

collaboration on Hyper-K
17

F. Di Lodovico, 

Future Nu in J WS



Recent news 18



PMT R&D

 Great improvement achieved

 x1.4 higher QE
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F. Di Lodovico, 

Future Nu in J WS
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F. Di Lodovico, 

Future Nu in J WS
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F. Di Lodovico, 

Future Nu in J WS



Physics after CPV were found
22

R. Wendell (ICRR)

Future Nu in J WS



Combination with 

Atmospheric neutrino

 MH can be determined >3s

 Discrimination of MH can help 

single out solution of CPV phase d

23

F. Di Lodovico, 

Future Nu in J WS

CPV sensivity

+Atm n



Proton decay
24

R. Wendell (ICRR)

Future Nu in J WS



Timeline
25



Project status and plan 26

T.Nakaya, Apr.2015 @ 2nd International Meeting for Large Neutrino Infrastructures



New Initiatives:

“T2K-extended”

Intermediate 

experiment before 

HK/DUNE era
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T2K-extended (name not yet defined)

 Neutrino community started to work to propose “extended T2K”

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

 Make full use of present existing facilities with modest upgrades

 J-PARC MR upgrade  possibility upto ~1.3MW operation

 ~2e22pot by around 2026 before HK/DUNE start operating

 Another ~50% increase of effective statistics by

 Horn current 250kA  320kA

 analysis improvements

 Extract best possible/most precise physics outputs

 Provide learning ground for next generation experiment

 Realize >1MW high power stable beam operation (acc/beamline)

 Systematic errors down to a few %
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T2Kx3.7
26xPresent

14MWx107s
2.9x1022POTeq

Slide from Future nu in Japan WS

??

Assuming MR-PS upgrade 
funded as scheduled

2x1022POT
No running LBL 
experiments?

Next gen experiments start operation

Physics outputs?



Assumed beam power and running time
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Running time assuming
5cycle/year
23days/cycle (~22 incl acc study)
90% running efficiency (~80%)

(Achievement so far)

Slide from Future nu in Japan WS
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Reaches ~1.3MW
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T2Kx3.7
26xPresent

14MWx107s
2.9x1022POTeq

Slide from Future nu in Japan WS

??

Assuming MR-PS upgrad
e funded as scheduled

2x1022POT

Next gen experiments start operation

Physics outputs?



Possible improvements from 

analysis side

 In total we should be 

able to aim at around 

+50% increase in 

effective statistics

32

Mike Wilking (Stony Brook)
FutureNu in J WS



Expected # of events

 Assuming same horn current and analysis with 

present T2K yet

33

Megan Friend (KEK)
Future Nu in J WS



CP sensitivity & precision
34

Megan Friend (KEK)
Future Nu in J WS

>3s possible
for max CPV

Need to control syst error <~a few %

Aim around here

T2K



Precision of disappearance measurements
35

Megan Friend (KEK)
Future Nu in J WS



T2K-extended: Plan

 In Future Nu in J WS, agreed to write LoI Proposal to J-

PARC PAC

 Next PAC is Jan 2016

 There are lots of rooms for new ideas and contributions

 Accelerator/beam power upgrade

 Detector upgrade

 Analysis upgrade

 Your ideas and participations are highly welcome

36



Keys for the future

 Statistics

 Integrated beam power

 Realization of high power: 
350kW(realized)750kW1.3MW(MultiMW?)

 Accelerator

 Beam line

 Realization of stable operation = Availability

 Improvement of analysis

 Realization of Hyper-K

 Systematics

 Flux extrapolation 

 “NA61”-type experiment indispensable

 Support for such measurements important

 Cross sections

37



Beam line
38



Yes, we can

 After appropriate upgrade

39

Sekiguchi (KEK)

In NuFact15



Systematics: Cross sections
 (Needless to say,..) We need to know to what 

precision we need to know what(systematic error 
sources) to know what(physics) to what precision

 To what precision can we achieve with present 
setup?

 If it is not sufficient to realize physics goal, then 
we need to build new thing

 Upgrading near detector

 New type of detector: nuPRISM, TITUS

 nuSTORM (somewhere in the world)

 Incremental approach is important

40

Daniel Cherdack

M.Hartz

Alan BROSS

These kind of detailed studies are necessary



CP asymmetry (1st order approx.)
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Where we are & Where we go

 Need to aim at a few % 
level

 Cannot achieve in 
“1day”, need learning 
process

 “T2K-extended” can 
provide important 
opportunity 

42

Minamino (Kyoto)
M.Hartz(KavliIPMU/TRIUMF)
K.Mahn (MSU)
In NuFact15



A``````

Ideas of new detector
43

Already on-going projects

Ideas to upgrade present ND in UA1 mag

Ideas of new detectors

WAGASHI 80% H2O



Ideas of new detector
44

Draw your favorite detector

 Your participation for the discussions and 

for the projects are welcome!



Ideas for even higher 

power
 Second booster in J-PARC

 Introduce new 8GeV booster for MR 

injection to “eliminate” space charge 

effect at injection

 Upto 3.2MW when RCS is 2MW

 “Circular” Linear accelerator

 Utilize TRISTAN/KEKB tunnel at Tsukuba 

campus

 9GeV, 100mA, 1%duty = 9MW

45

RCS : 1.6 MW

MR > 2.6 MW

RCS : 2 MW

MR > 3.2 MW

38GeV

Circumference 696.666 m



Non-LBL 

experiments
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J-PARC E56: JSNS2 at MLF

47

M. Harada et al,  arXiv:1310.1437 [physics.ins-det] 

Selecting muon decay
(~74%)

Next beam is 40ms later¥

Eito Iwai (KEK)

NuFact15

 aims to measure the neutrino oscillation with sterile 
neutrino  (𝜇+ → 𝜈𝜇 → 𝜈𝑒)

 Stage-1 status granted

 Experimental setup

 baseline: 24m

 Fiducial volume: 50 tonnes

 Energy resolution σE : 15%/√E [MeV]

 Delayed coincidence method: neutrons are 
observed as γs from Gd-capture

 PID(γ/n) capability by Cherenkov and/or Pulse 
Shape Discrimination (PSD)

 Advantage: Low duty beam from scinchrotron



Another new idea: KPIPE
48

 “KPipe” is a proposal for a short-

baseline muon neutrino 

disappearance experiment at the 

J-PARC MLF that uses neutrinos 

from Kaon Decay at Rest (KDAR)

No proposal/LoI submitted to PAC yet



Asian activities and ideas

 Indian participation to US projects

 Beside INO

 Chinese idea for future neutrino beam “MOMENT”

 Possibility of neutrino beam from J-PARC to Korea
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Indian participation to US projects
50

Milorad POPOVIC (FNAL), NuFact15

Raj Gandhi



MOMENT: A New Idea on ν Beam

Daya Bay-II 
detector

Neutrinos after the target/ 
collection/decay similar to 
NuFact: ~ 1021 n/year

• Neutrinos from muon decay

• Proton LINAC for ADS ~15 MW

• Energy: 300 MeV/150 km

• Phys. Rev. STAB 17, 090101 (2014)
51

Jingyu TANG and several talks in NuFact15,
Jun Cao, private communication



MOMENT Status

 MOMENT is a new nu beam aiming at the next generation 
experiment, after DUNE and T2HK.

 It depends on

R&D Progress of the 15MW ADS proton LINAC

What’s the physics after DUNE and T2HK?

If there is physics, will a neutrino factory be built?

 Working on

Optimizing the beamline, considering the suitable 
detector technology

Critical R&D such as targetry, Super-conducting Magnets

ICFA-neutrino panel:
• Aiming at headline discoveries
• Looking for emerging scenarios

52

Jun Cao



~ 1,300 km baseline of 1.0-2.5 degree off-axis 

(i.e. second oscillation maximum)

53
Kaoru Hagiwara, Naotoshi Okamura, Ken-ichi

Senda, Phys.Rev. D76 (2007) 093002

Kaoru Hagiwara, Naotoshi Okamura, Ken-ichi

Senda, JHEP 1109 (2011) 082

Yoshitaro TAKAESU, NuFact15 Poster

Possibility of beam from J-

PARC to Korea

Soo-Bong Kim



Summary
 Japanese accelerator-based experiments

 J-PARC accelerators

 RCS demonstrated 1MW beam

 MR achieved ~350kW, aim 700~900kW(2018~2020)  ~1.3MW(by ~2026)

 Multi-MW ideas: 2nd booster/9MW linac at Tsukuba

 LBL

 T2K upto approved 7.8x1021POT by around 2021 at earliest

 “T2K-extened”: Aim to search CPV >3s with ~2x1022POT &~50% improvements in experiments by ~2026

 Good smooth connection from T2K to Hyper-K, good entry point for new groups

 Plan to submit LoI/Proposal to PAC soon. Your ideas and participation are highly welcome

 J-PARC  Hyper-Kamiokande: aim to start construction ~2018, operation ~2025

 Your ideas and participation are highly welcome

 Non-LBL 

 JSNS2 @ J-PARC MLF search for sterile neutrino: Stage-1 granted

 New ideas are emerging

 Asian activities and ideas

 Indian participation to US projects

 Chinese idea for future neutrino beam “MOMENT”

 Possibility of neutrino beam from J-PARC to Korea

 Incremental (~staging) approaches are important

 CPV (maximal?), Cross section meas. ~8%5%a few%, nuFact R&D with physics objectives
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HINT2015 J-PARC Search

Oct13-15

@J-PARC

Registration: Sept.13

Poster registration extended to Aug.31



Backup
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SK+T2K results 57
Kameda(ICRR, U.Tokyo)
Aug.11



CP measurement
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CP Asymmetry
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Cross sections

2001.11.9

T.K. in WS@ICRR



Cross section difference

CCqe ratio diff

1~5% @ energy window

~5%

2001.11.9

T.K. in WS@ICRR



J-PARC 

accelerator

62



Front-end

(7 m)
SDTLDTL

0-deg dump

30-deg dump

(84 m)(27 m)

50 MeV 181 MeV

3 MeV

100-deg dump

90-deg dump

• Particle: H-

• Energy: 400 MeV 

• Peak current: 30 mA (~ June 2014)

50 mA by replacing front-end in 2014

• Repetition: 25 Hz 

• Pulse width: 0.5 msec

ACS

Linac

400 MeV

ＡＣＳSDTLFront-end = IS + LEBT+ RFQ + MEBT 63



RCS (Rapid Cycling Synchrotron)

To MLF

To MR

Two purposes of the RCS:

- Proton driver for neutron/muon production in MLF

- Booster of the MR injection

From

Linac

Charge-exchange & 

Painting injection

64



Main parameters of MR

RCS

Injection
Slow extraction

Fast extraction

Neutrino beamline

Rf cavities

Beam abort line
Hadron 

Experimental Hall

3-50 BT

To Super-Kamiokande

Ring collimators

BT

collimators

Hadron beamline

Circumference 1567.5 m

Cycle time 6 s for SX

2.48 s for FX

Injection energy 3 GeV

Extraction energy 30 GeV

Superperiodicity 3

h 9

Number of bunches 8

Rf frequency 1.67 - 1.72 MHz

Transition  j 31.7 (typical)

Physical Aperture

3-50 BT Collimator 54-65 p.mm.mrad

3-50 BT physical ap. > 120 p.mm.mrad

Ring Collimator 54-65 p.mm.mrad

Ring physical ap. > 81 p.mm.mrad

Three dispersion free straight sections of 116-m long:

- Injection and collimator systems

- Slow extraction（SX)

to Hadron experimental Hall

-MA loaded rf cavities and Fast extraction(FX) (beam is extracted inside/outside of the ring)

outside:  Beam abort line

inside:    Neutrino beamline ( intense n beam is send to SK) 65



Mid-term plan of MR

JFY 2014 2015 2016 2017 2018 2019 2020

Li. current 

upgrade

New PS 

buildings

FX power [kW] (study/trial)

SX power [kW] (study/trial)

320

-

> 360 

33 - 40

400

50

450

50-70

700

50-70

800

100

900

100

Cycle time of main magnet PS

New magnet PS

2.48 s 1.3 s 1.3 s 1.2 s

High gradient rf system

2nd harmonic rf system

VHF cavity

Ring collimators
Add.collimato

rs

Add.collimat

ors (3.5kW)

Injection system

FX system

SX collimator / Local shields

Ti ducts and SX devices with 

Ti chamber

Beam ducts ESS

R&D
Mass production

installation/test

R&D, manufacture, installation/test

Kicker PS improvement, Septa manufacture /test

Kicker PS improvement, LF septum, HF septa manufacture /test

Local shields

FX：The high repetition rate scheme is adopted to achieve the design beam intensity, 750 kW.

Rep. rate will be increased from ~ 0.4 Hz to ~1 Hz by replacing magnet PS’s and RF cavities.

SX： Parts of stainless steel ducts are replaced with titanium ducts to reduce residual radiation 

dose. The beam power will be gradually increased toward 100 kW watching the residual activity. 

Manufacture, installation/test

Large scale  

1st PS

R&D

New

[Assuming MR-PS upgrade is funded as scheduled]
66

Higher rep rate



New power supplies for 1 Hz operation

Large scale PS for  bending magnets and  quad. magnets in arc setions

Two large converters and large capacitance for 

energy recovery, symmetric power module circuit  

磁
石

C−bank
C-bank

トランス

小電力 大電力（全磁気エネルギー）

Vc

Self-learning control system Power recovery by C-bank

C-bank 

voltage : Vc

Output 

current

(1)Proof of principle by a desk-top PS (2012)

(2)R&D of the small prototype PS (2013)

(3)R&D of the middle prototype PS (2014)

Repetition rate < 1.3sec, Ripple ~10-6

Before After 

Filter 

M
agn

e
t DC-DC

Convert-or 

AC-DC
Convert-or 

Transfor
mer 

Small 
power 

Large power (full mag. 
power) 

Learning : 2

Average  : 20

O
u

tp
u

t

C
u
rf

re
n

t 
[A

] 

O
u

tp
u

t

V
o

lt
a

g
e

 [
V

] 
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R&D of new power supplies for 1 Hz operation (cont’d)

Small scale PS for Quad. Magnets in straight section and sextupole magnets

It is possible to build with the combination of 

existing products.

Diode rectifiers, two 1kV choppers are connected 

in series, symmetric power module circuit

1.0e-6	

1.0e-6	

Present IGBT-PS

The new PS

The model PS system 

was tested using the 

real sextupole magnet 

network. 

Current ripple at 30 GeV

Mass production will start in JFY2016 if the budget request is approved by the government.
68



Plan of PS mass production 

JFY 2015 2016 2017 2018

New buildings
for new power 

supplies

Large PS (10)

( B (6), Q (4) )

Middle PS (1)

( Q(1) )

Small PS (9)

( Q (6), S (3) )

Cooling water 
system

Installation & 

tuning 

Q (6) S (3)

D4,D5,D6

D4,D5,D6

B (3)

Q (2)

Leading PS for mass-production

B (3)

Q (2)

69



High impedance rf system

Comparison of field gradient of rf cavities 

for hadron rings. 

Performance of cavities depends on core materials: 
ferrite and MA.

J-PARC already achieved very high field gradient.

A new type of the magnetic alloy (MA)  core, FT3L(made by Hitachi Metal), is adopted to increase 

shunt impedance of the rf cavity. The core is processed by annealing with magnetic field. 

FT3M	

FT3L	

Frequency [MHz] 	

Mass production bench:

Oven and dipole magnet

70



RF system for high repetition operation 

• 7
1

2013 2014 2015 2016 2017 2018

Li 400 MeV Li 50mA MR 1.3-sec 

operation

Present FT3M cavities 9 8 4 0 0 0

New FT3L Cavities 0 1 5 9 9 9

New FT3L 2nd cavity 0 0 0 0 2 2

Available voltage 315 kV 355 kV 485 kV 602 kV 602 kV 602 kV

(2nd Harmonic) (35 kV) (70 kV) (70 kV) (70 kV) (70 kV) 80 kV

Number of cavity cells 27 29 36 43 43 43+8(2nd)

4 cavities/Long Straight 3 cavities/ long straight

Space between Kickers 
Configuration of rf cavities

Required voltage: 280 kV(~2017), 540 kV(2018~)

Before Replacement After Replacement



They will be installed in the 2015 summer shutdown.

Injection and FX septum systems

New injection septum magnet I and FX low field septum for high repetition rate operation 

have been manufactured and tested. 

Eddy current type is adopted to the new FX low field septum

- Small Power Consumption  (possible at low cooling capacity)

- Small Leakage Field ～10-4

( the current type septum ： 10-3 )

- Stable (low vibration)

- Thin Septum Thickness ～7 mm

(the current septum ： 9.5mm)

Injection septum magnet I 
FX low field septum  magnet 

New injection septum: 

- Stable (low vibration )

- Small leakage field ~ 10-4

(the current septum : 4x10-3)

72



Feasibility of the RCS 

RCS 
intensity

Loss Loss power 
at 25 Hz

1.0 MW ~0.3% 400 W

1.1 MW ~0.3% 440W

1.2 MW ~0.3% 480 W

1.3 MW ~0.3% 520 W

1.4 MW ~0.3% 560 W

1.6 MW ~0.5% 1067 W

1.8 MW ~0.7% 1680 W

2.0 MW ~1.5% 4000 W

L
o
s
s
 (

%
)

Injection beam parameters:

Energy : 400 MeV

Peak current : 50 mA~100 mA

Pulse length:  0.5 ms

Chopper-beam on duty : 0.53

Beam intensity

RCS collimator limit ~4 kW

→ RCS has a feasibility to operate 2 MW

- Linac 100 mA/0.5 ms (50 mA/1.0 ms)  operation is required.

R&D of ion source / long pulse operation of linac

- The rf system should be replaced to compensate a heavy beam loading.

- The collimator capability should be upgraded to get a margin for the beam loss.

- Activation downstream of the charge exchange foils should be reduced.

….
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The maximum beam intensity is limited by the physical aperture of the MR.

The scenarios for achieving much larger beam power than the design specification for 

neutrino experiment are now discussed.

1. Booster ring for the MR (emittance damping ring)

The BR with an extraction energy ~ 8 GeV, is constructed between the RCS and 

the MR

2. New proton linac for neutrino beam production 

( Construction site may not be the Tokai campus) 

- Linac with an beam energy >  9 GeV

- The MR is operated only for the SX users

Future proton driver for long-baseline neutrino experiment
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Beta & Dispersion for 1-superperiod
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Injection Beam 81 pi Baseline design

x(m)

s(m)

8 GeV injection in 

the MR using new 

septa&kickers

RCS : 1.6 MW

MR > 2.6 MW

RCS : 2 MW

MR > 3.2 MW

8-GeV BR

IN
J+

C
O

L
L

RF CAVs

R
F

 C
A

V
s

EXT

Injection energy 3 GeV

Extraction  energy 8 GeV

Circumference 696.666 m

Superperiodicity 4

Transition gamma  ~15 GeV

Collimator Aperture 126π.mm.mrad

Physical Aperture 189 π.mm.mrad
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Outline of the Proton Driver using ILC Cavity

76

1.2 GeV

3.3 GeV

6.2 GeV

9 GeV

1.3 GHz

bg = 1.0

1.3 GHz

bg = 1.0

1.3 GHz

bg = 0.93

9 GeV

- Outline of acceleration :

• 1.2 GeV in 1st straight.

• 3.3 GeV in 2nd straight.

• +2.9 GeV in 3rd and 4th straight.

3.3 + 2.9 x 2 = 9.0 GeV

- Peak current : 100 mA (pulse)

- Beam duty : 1 %

- Beam power : 

9000 MeV x 0.1 A x 1 % = 9 MW

- βg of SC cavities :

• 2nd straight : βg = 0.93

• 3rd and 4th straight: βg = 1.0

- Normalized RMS emittance

• Transverse : 0.30 π・mm・mrad

• Longitudinal : 0.37 π・MeV・deg

To Kamioka

650 MHz rebuncher x 3 

1.3 GHz rebuncher x 3 

1.3 GHz rebuncher x 3 



Hyper-

Kamiokande

77



78

F. Di Lodovico, 

Future Nu in J WS



79

F. Di Lodovico, 

Future Nu in J WS



Sensitivity on MH and octant 

from HK Atm-nu measurements
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R. Wendell (ICRR)

Future Nu in J WS
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T2K2
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Assumed ppb & rep cycle
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Hardware Improvement (Assumption)

Flux gain by Horn current 250kA 
320kA

• 10% flux gain with 320kA

Implementation plan

• Three power supplies for three horns

– Two of three already produced.

– Two new transformers (one currently 
being produced).

• Aiming to start 320kA operation from 
2017 fall.

– Timely budget approval is necessary.

10%

250kA

320kA

Courtesy of T.Nakadaira

91



Development of new event reconstruction algorithm for SK

• Better p0 rejection (done)

• Better vertex resolution:

• Fid. vol. cut from ID wall

–2m  1m (being studied)

–~20% gain

• Better PID  p/ separation in SK.

• Exclusive CC1p sample (being studied)

–~10% gain by using the sample.

Possible Analysis Improvement

preliminary

2m1m

2m1m

preliminary
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Sensitivity of “T2K2” on MH 93



Super-K upgrade: Gd
94

Kameda(ICRR, U.Tokyo)
Aug.11



Minamino

M.Hartz
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