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Time line of particle physics program in Japan



Tokai

Tsukuba

Electron machines in Tsukuba 
and proton machines in Tokai
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Diversity in accelerator based sciences at KEK

技術の波及

KEK

Photon factory
X-ray as a probe

J-PARC MLF
neutron and m
as a probe

Pursuing fundamental laws of nature

Basic science

Technical development
and its applications

Superconducting
accelerator Energy recovery linac

Material science
and its applications

T2K neutrino exp.

SuperKEKB
and Belle II

COMET

J-PARC
Hadron hall

Accelerator-
based BNCT

Pursuing origin of function in materials
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T2K (Tokai to Kamioka)  experiment

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

 Observation of nm ne (2013)

 Updated goals
Precise measurement of ne appearance

Precise measurement of nm disappearance

 CPV phase, contribution to mass hierarchy determination
5

2010~ (Running)
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T2K collaboration

Asia 90

Japan 90

Europe 253

France 48

Germany 6

Italy 13

Poland 30

Russia 17

Spain 13

Switzerland 26

UK 100

America 147

Canada 61

U.S.A 86

Total 490
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Proton delivery to T2K

 Stable operation at 390kW achieved (first design goal: 750kW)
(Ep=30GeV)  x (200Tp/5us pulse) x (2.48sec cycle) 
Taking anti-neutrino beam data for CPV search

 Number of protons on target (POT)

15.1 × 1020 accumulated (7.6 × 1020 for nu & 7.5 × 1020 anti−nu)
7.8 × 1021 aimed as original T2K goal

7
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ne appearance

THE FIRST CONSTRAINT ON CP PHASE!

28 events observed
4.92±0.55 bkgs

7.3s Combination with 

reactor experiment

Phys. Rev. D 91, 072010 (Apr2015)

Phys. Rev. Lett. 112, 061802 (Feb.2014)

Daya Bay latest:

sin22q13
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Beam power projection

Magnet PS 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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Super-Kamiokande and Hyper-Kamiokande

 SK have obtained many important results
Discovery of n oscillation: atmospheric (1998), solar(2001 
w/SNO), K2K (2004)
Discovery of nm→ne(2011, T2K)

 Remaining tasks
Determine Mass hierachy, CP Violation
Supernova
 8,000 neutrino events from a SN at 10 kpc

Supernova Relic Neutrinos search (with Gd)
Solar 

50kt H2O
12,000 20” PMTs

 Next-generation Water Cherenkov detector

260kt(190kt fid.mass) x 2

 Detector location (candidate)

295km from J-PARC, @ same off-axis angle

650m overburden (1755m W.E.)

 Physics goals

Accelerator neutrino

 CPV in neutrino

Non-accelerator/Astroparticle

 Discovery of proton decay

 Atm-nu, solar-nu, relic nu, etc.

Hyper Kamiokande is being considered by
ICRR, U. Tokyo.
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sinδCP=0 exclusion

δCP 1σ error

 Exclusion of sinδCP=0

8σ for δ=-90°

80% coverage of δ 

parameter space for CPV 

discovery w/ >3σ

 δCP precision measurement

20° for δ=-90°

7° for δ=0°

11

J-PARC ν beam + Hyper-K

CPV sensitivity
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p→e+π0 search in Hyper-K

 Only realistic proposal to 

reach to 1035 years@3σ

12

τproton=1.7×1034years (SK 90% CL limit)

10 years For the case of 

τproton= 1.4×1034years (Super-K limit)

~9σ discovery@HK

BG free by high-sensitive PMTs

New

New(1Tankのみ）
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Flavor physics of the next generation

W. Altmannshofer, A. J. Buras, S. Gori, 
P. Paradisi, D. M. Straub, Nucl. Phys. 
B830, 17-94, 2010.

SuperKEKB

J-PARC

UCN at TRIUMF
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SuperKEKB and Belle II
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Source 

Shield with two holes
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B meson decays in ~10-12 second. It occasionally turns 

into its antiparticle before it decays.

Interference of B meson

According to K-M theory, the interference

pattern should be different between

B and anti-B

B Anti-B Difference between particle

and anti-particle

CP asymmetry

B meson interferometry
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Measurement at e+e- B factory

ϒ(4S)

8GeV e-
3.5GeV  e+

Be vacuum pipe

Dt

Si detector

B0(B0)

B0(B0)

B0 B0
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http://habanas.kek.jp/photo/convert.php?showorig=true&currname=good_faces.jpg&currdir=svd2/KEKbrochure


KEK
High Energy Accelerator
Research Organization

1 fb-1/day

1000 fb-1 = 1 ab-1

Υ(1,2,3,5s)

off resonance

Υ(4s)

Daily integ. lum.

B→Kll decay

First tetra-quark

X(3872)

Direct CPV in B→Kp

b→dg transition

B→tn decay

D0D0 mixing

Bottomed tetra-quark Zb

11 years

World average by CKM fitter in 2011
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)

Lpeak = 2×1034/cm2/s

Achievements of KEKB and Belle
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SuperKEKB

Add RF systems for 

higher beam current

Positron 

capture section

Damping ring for low 

emittance positron

injection

IR with by*=0.3mm

SC final focus system

Low emittance lattice

e+(3.6A)

e-(2.6A)

Beam

NEG pumps

SR
LER beampipe to suppress 

photoelectron instability

Accelerator upgrade
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SuperKEKB – Machine parameters

Parameter Units
KEKB SuperKEKB

HER (e-) LER (e+) HER (e-) LER (e+)

Circumference m 3016 3016

Energy GeV 8 3.5 7 4

Crossing angle mrad 22 83

bx at IP cm 120 120 2.5 3.2

by at IP mm 5.9 5.9 0.30 0.27

ex (emittance) 10-9 m 24 18 4.6 3.2

Emittance ratio % 0.35 0.40

sz mm 6 6 5 6

Beam current mA 1400 2000 2600 3600

sx at IP 10-6 m 150 150 11 10

sy at IP 10-9 m 940 940 62 48

xx (tune shift) 0.0028 0.0028

xy 0.090 0.129 0.0875 0.09

Luminosity cm-2 s-1 2 x 1034 8 x 1035

Higher 

beam current

Nanobeam

x40
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Belle II Detector Upgrade

20

7.4 m

PID system

Time-of-Propagation counter

(barrel),  

prox. focusing Aerogel RICH

(forward)

RPC m & KL counter: 

scintillator + Si-PM 

for end-caps

5.0 m

CsI(Tl) EM calorimeter: 

waveform sampling 

electronics, pure CsI 

for end-caps

4 layers DS Si Vertex 

Detector → 

2 layers PXD (DEPFET), 

4 layers DSSD 

Central Drift Chamber: 

smaller cell size, 

long lever arm

http://belle2.kek.jp/logos.html
http://belle2.kek.jp/logos.html
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 Belle II still in the pit, waiting for some more sub-detectors
 BEAST (background monitors) is installed at Interaction Point (IP)
 Covered with concrete shields
 Final focus magnets (QCS) are not installed yet
 Damping Ring (DR) for positron beam not integrated yet

Machine operation started

21
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Europe 262

Austria 13

Czech 6

Germany 96

Italy 69

Poland 12

Russia 44

Slovenia 18

Spain 2

Ukraine 2

America 111

Canada 26

Mexico 10

USA 75

23countries/regions
98 institutions
~700 physicists

Belle II Collaboration 

Asia 313

Saudi Arabia 5

Australia 26

China 22

India 33

Japan 156

Korea 37

Malaysia 7

Vietnam 4

Taiwan 20

Thailand 1

Turkey 2

As of Feb. 2016
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Luminosity Projection

23

Assumptions:
9 months / year
20 days / month
Sufficient amount of budget and manpower
Ideal improvement in luminosity (as good as KEKB)
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New Measurement Map

24

Belle II

LHCb@CERN

>>analyses LHCb is good at >>analyses Belle II is good at

Inclusive analysis

Only electrically charged particles (muons) in the final states

b s/d γ

B KS π0 γ

BD* τν

b u l ν

b gsqq

tau

A(K π)
Bs, Λb

SUSY, 

Charged 

Higgs

SUSY, 

charged 

Higgs

new 
CPV

right-

handed 

weak 

interaction

Model-
indep. 

NP

Charged 

HiggsLFV

B gK*ll

Model-

indep. 

NP

LUV

LUV

Neutral particles (γ, ν KS etc.) in the final state

Bh ν ν , τ ν

Charged 

Higgs

D0 CPV

new 

CPV

Bsμμ

BD0 τν

τμγ
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B->tn: H-b-u coupling 
B->Dtn : H-b-c coupling

H-b

u t

n

B→tn

B→Dtn

t

n
b c

H

Upper limits

Present upper
limits

Measurements
at SuperKEKB

（ ab-1 ）
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M

0.1 1 10
0.02

0.1

0.5If New Physics scale is at TeV region,
It is natural to assume that the NP
effects are seen in B/D/t decays.
Flavor structure of new physics?
CP violation in new physics?

Otherwise…
Search for deviations from SM in flavor 
physics will be one of the best ways to 
find new physics.

LFV t decays

H± in B decays

CPV in new FCNC

Physics at SuperKEKB
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Belle, arXiv:1603.06711

BD(*)tn at Belle, LHCb and BelleII

~3σ deviation?SM

K. Hara and S. Mishima for B2TiP LAL NP-workshop

Belle and LHCb are competitive and 
complementary experiments

One of important common topics :   BD(*)tn

sensitive to NP such as H±

W/H t
nt

b c

(unofficial avg.)

)(

)(
)(

(*)

(*)
(*)

n

tn

DB

DB
DR





B
B World average including the 2016 Belle result 

 ~3σ deviation from SM

26

Itoh, 
Sato
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Simple message from the world’s flavor physicists:

WE NEED MORE 
DATA !!!

With apologies to Herodotus, Thucydides, Sparta, Persia…

Credit: Djouadi
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Nuclear and Particle Physics at J-PARC

L,X N

Z
L, S Hypernuclei

LL, X Hypernuclei

S
tr

a
n

g
e

n
e

s
s

0

Hypernuclei

-1

-2

K1.8

KL

SKS

K1.8BR
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Pentaquark +
LLHe6

f

Free quarks Bound
quarks

Why are bound quarks haevier？

Quark

Mass without Mass Puzzle

K0 → p0 nn
L

Kaonic nucleusKaonic atom

Ｘray

Ｋ−

Implantation of

Kaon and the 

nuclear shrinkage

K meson

E19

E17

E14
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J-PARC KOTO experiment              

• CsI calorimeter to measure  
• background rejection:

hermetic extra-particle detection ( “veto”)
• Trigger/DAQ (37k channels): 

waveform digitization (14bits, 125MHz ADC),  pipeline readout

- CP symmetry breaking
- rare decay:                                          in the SM 

65 participants from Japan, US, Korea, Taiwan, Russia
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 

Dam
(today) am

(Exp) -am
(SM)  (29588)10-11

66 cm

Muon g-2/EDM in MLF

 proposed at H-line in MLF

 New idea to avoid “magic” momentum by 
eliminating electric field

 Ultra cold m+ accelerated to 300MeV/c

 Goals

g-2 : 3.4 sigma away from the SM

 0.5 ppm 0.1 ppm

EDM: CP violation in the lepton sector?

 < 1 x 10 -19 e cm  5 x 10 -21 e cm

 Extensive R&D on various elements are on-
going

30
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COMET Phase I & II

Phase I

Phase II

104MeV/c

Phase I background
0.03 BG expected

In 7.8x106 sec running time

Phase I

2013-2015 

Facility construction

2013-2016

Magnet construction & 

installation

2016-2017

Eng. run & Physics run

Phase II

Eng. run in 2020(?)

Proton beam

Pion production 

target

Radiation shield

Capture 

solenoid ~5T

Transport solenoidBeam collimator

COMET Phase-I 

Detector

Detector 

solenoid

muons

 Phase I
Detailed understanding of the beam background 
and achieving the sensitivity of < 10-14 (100 better 
than the current limit)
8GeV, 3.2kW beam, ~90-days DAQ (Graphite as a 
primary target)

 Phase II
8GeV, 56kW beam, 1-year DAQ (Tungsten as a 
primary target)
COMET final goal Sensitivity < 10-16

 Proton beam extinction (w/o extraction) of 10-12

has been already achieved (Req. < 10-9~10 )
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Japanese Activities at LHC/ATLAS

100% 20%

32
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Towards HL-LHC

33
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In-kind contribution and collaboration for HW design

Q1-Q3 : R&D, Design, Prototypes 
and in-kind USA
D1 : R&D, Design, Prototypes 
and in-kind JP
MCBX : Design and Prototype ES
HO Correctors: Design and 
Prototypes IT
Q4 : Design and Prototype FRCC : R&D, Design and in-kind USA CC : R&D and Design UK

ATLAS
CMS

Tensioner	 
Feeder	 

Turn table	 

Winding mandrel	 

2m Model coil production and test at KEK 

2015 May

2016 Feb

2016 May
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LHC magnets J-PARC neutrino beamline

Very fruitful collaboration with CERN

J-PARC New RF cavitiesPSB: cavities
KEK: Contribution to LIU:

132 Finemet Core production:    
(~0.4MCHF) in 2016. 
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International Linear Collider

ILC has been proposed by the international HEP community 
and recommended by European strategy, US P5, etc. Its 
studies are conducted by the initiative of ICFA.
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ZH dominates at  250 GeV 

(~80k ev: 250 fb-1)

vvH takes over at  500 GeV 

(~125k ev: 500 fb-1)

Production cross section

ILC as a Higgs factory
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3
8

Systematic Errors

arXiv: 1310.0763

ILC’s precisions will eventually reach sub-% level! 

Higgs to ff couplings
-
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Supersymmetry
(MSSM)

Composite Higgs
(MCHM5)

ILC 250+550 LumiUP

Higgs to ff couplings-
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 R&D for a future e+e- linear collider was 
started more then 20 years ago in three 
regions. 

 By early 2000’s , it became a consensus 
among the world HEP community that an 
e+e- linear collider with the CM energy of 
about 500 GeV should be the next collider 
beyond the LHC.

 ICFA chose the cold technology for LC as a 
global project, and set up a global team 
(GDE) for design and coordination of R&D 
for the ILC.

• After eight years of works, the TDR of 
the ILC was published in June 2013 .  
ICFA set up the Linear Collider 
Collaboration for engineering design 
phase.

40

Brief history of ILC (1)
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 In October 2012, after the discovery of the Higgs boson at LHC, 
Japanese HEP community proposed to host the ILC in Japan as a global 
project.

 This proposal was welcomed by worldwide HEP communities.

The European Strategy for Particle Physics Update 2013   

US P5 report (May 2014)

ICFA statements (January and July 2014)

ACFA/AsiaHEP Statement on the ILC (September 2013)

 In May 2013, Science Council of Japan (SCJ) set up a special committee 
for the ILC Project as a response to the MEXT’s request for deliberation 
of the ILC project from an academic point of view. 

Brief history of ILC (2)
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ILC Advisory Panel

Particle and Nuclear 
Physics Working Group

June 2014 ~

TDR Validation  
Working Group

June 2014 ~

May 2014 ~

MEXT Under ILC TF chaired by
State Minister of MEXT 

Research contract 

42

ILC Advisory Panel in MEXT 

Survey of technological
spin-offs, research trends
and technical feasibility

Human Resources 
Working Group

Nov. 2015 ~
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Interim Report from the ILC Advisory Panel

 “Summary of Discussions” released by the ILC Advisory Panel 
(August 2015)

Recommendation 1: Share the cost internationally and Find a clear 
vision on the discovery potential of new particles.

Recommendation 2: Closely monitor and analyze the development of 
the LHC experiments and Mitigate cost risk.

Recommendation 3:  Obtain general understanding by the public and 
science communities.
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 Generate Low Emittance Beams
 Handle Nano-Size Beams

ATF
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Achievement at ATF
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Summary and conclusions

 KEK has diverse program in particle physics.
Long baseline neutrino experiment T2K continues data taking 
with >400kW beam power. 
Future of neutrino experiment: HyperKamiokande (U. of Tokyo) 
+ J-PARC upgrade to 1.3MW.  nCPV
Flavor physics at SuperKEKB
Machine commissioning has started, and construction of Belle II is 

almost on schedule. 
Belle II is competitive and complementary with LHCb and other LHC 

experiments in B physics.

Flavor physics at J-PARC: Kp0nn, gm-2, m-e conversion.
Contributions of KEK and Japanese groups to ATLAS/LHC  will 
continue. We hope to play important roles in HL-LHC.

 Hosting ILC is being intensively studied by the Japanese 
Government. KEK will provide all the possible help to have 
them reach conclusion in timely manner together with the 
world ILC community.


