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Congratulations
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Deep apologies from Shoji Asai, KEK Director General, for not being here

Congratulations on the start-up of the wonderful new laboratory.

Thank you so much for inviting me to this memorial event.

Collaboration with HLL/Max Planck/Germany is highly appreciated,
which is crucial for our science programs.



๏ KEK = High Energy Accelerator Organization
‣ was used to be High Energy Laboratory (HEL???) 
高エネルギー研究所：Kou Enerugi Kenkyujo ⇒ KEK

KEK Organization
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๏ Two institutes for users from 
University
‣ Institute of Particle and Nuclear 

Physics
‣ Institute of Materials Structure 

Science
๏ Two facilities
‣ Accelerator Laboratory
‣ Applied Research Laboratory

๏ Two centers
‣ QUP
‣ J-PARC



๏Mission is to push forward boundary of human knowledge by 
accelerator based science

Mission of KEK
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The origin of the Universe Material and Life Science

Application of Accelerator

IPNS IMSS

ACCL ARL

• SuperKEKB/Belle II 
• LHC/ATLAS 
• T2K/HyperK 
• KOTO, COMET 
• Nuclear physics 
• muon g-2/EDM 
• ILC 
• Instrumentation development 
• theory

Four kinds of quantum beam

X-ray neutron

muon

positron

• X-ray and positron at Tsukuba 
• Neutron and muon at J-PARC

Compact ERL for 
• EUV lithography 
• Cellulose Nano-fiber

BNCT@J-PARC



Electron/Positron Accelerators in Tsukuba Campus
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SuperKEKB
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Asymmetric energy  
to produce B-meson pairs at Υ(4S), and 
to measure CP violation in B decays
(130μm decay length for 1.5ps lifetime)

Luminosity world record 
L=4.7 x 1034 cm-2s-1  
(KEKB record x2.2, PEP-II record x3.9)

New collider technology standard 
Nano-beam scheme  
world smallest vertical beam size at the 
interaction point (200 nm standard deviation)

Powerful injector linac  
to compensate the short beam lifetime due to the narrow dynamic aperture



Belle II Detector
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Precision decay vertex reconstruction 
Twice better resolution than Belle

Hermetic detector to infer neutrinos  
Charged particles with good identification capabilities 
Good photon resolution, capture K-long mesons

High trigger and reconstruction efficiency  
>99% of B decay events are triggered and recorded

531 fb-1 recorded 
about half of Belle
424 fb-1 before LS1

Long shutdown 1 (LS1) 
Full pixel detector installation  
TOP MCP-PM replacement 
Data acquisition upgrade

Live streaming at https://evdisp.belle2.org/

Run1

Run2
LS1



Belle II Collaboration
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28 countries/regions, 125 institutes, >1100 members  
including 311 staffs, 125 postdocs, 261 PhD students

Germany as the largest collaborating country  
232 members, even more than Japan (!) 
Major organization roles: institutional board chair and next 
spokesperson

DESY as the information center of Belle II 
Providing most of the collaborative tools (documents, 
mails, wiki, …)

Hosted and operated 
at KEK, Tsukuba, 

Japan



 Pixel Detector
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Pixel Detector (PXD) based on the DEPFET technology and German efforts

MPP contributions  
Pixel detector mechanics and assembly
Vertex detector CO2 cooling system (IBBelle)
Vertex detector installation procedure and tools

- 20 ladders (40 modules)
- 8M channels in total
- 75μm sensor thickness

DEPFET sensor module CO2 cooling system

Module gluing

Detector installation into Belle IIDEPFET pixel sensor

HLL contributions  
DEPFET sensor and
module production

Contributions from HLL, MPP and 
other institutes mostly in Germany



Belle II Physics Highlight

10

Evidence for B→Kνν, 2.7σ compatibility 
with the SM 
This measurement is only possible at Belle II

Level-1 trigger designed for dark sector 
searches and measurement of HVP 
contribution to muon g-2
Muon phallic scalar S (178fb-1) σ (e+e-  π+π-π0γ) (191fb-1)

Belle II is the place where world-
leading searches for Lepton Flavor 
Violating τ decay can be performed

CP violation as the mainstream program 
of B-factory with major improvements 
in detector and analysis

flavor tagging 
improved by 20%

τ  μ+μ-μ search 
(424fb-1)

B  J/ψKs (362fb-1)B  Kνν (362fb-1)



Belle II Prospects
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R(D*) VS R(D)

Re(C7’)

φ3

Belle (1ab-1)

5σ Observation

3σ Evidence

Bτν

BKνν

ΔACP
S(η’Ks)

90%upper limit
Dark scalar

Dark Photon

τµγ

Bµν

S(ργ)

S(K*γ)
IKπ

S(φKs)

Im(dτ)

Lµ−Lτ

SuperKEKB upgrade in Long Shutdown 2  
To overcome the issues on further squeezing the beams and increasing 
the beam currents 
R&D for major redesign of the interaction region is on-going…

Belle II detector upgrade  
To improve detector robustness against future high background rate  
To improve measurement performance for better physics sensitivities…

To 
be 
rev
iew
ed

We need your supports !!



LHC
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Luminosity*Leveling*op7ons:*
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 [f
b ATLAS Online Luminosity

 = 7 TeVs2011 pp  
 = 8 TeVs2012 pp  
 = 13 TeVs2015 pp  
 = 13 TeVs2016 pp  
 = 13 TeVs2017 pp  
 = 13 TeVs2018 pp  
 = 13.6 TeVs2022 pp  
 = 13.6 TeVs2023 pp  
 = 13.6 TeVs2024 pp  

7/24 calibration



KEK/Japan Contributions to ATLAS
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20%

module assembly
by KEK robot

Solenoid at CERN
before installation

TDC ASIC 
20,000 produced 30% produced 

by KEK et al.

100%

Operation Responsibility
• ~100% for TGC
• 30~40% for SCT

Successful reduction

muon drift tube TDC ASIC: 100%
End cap trigger (TGC)
     detector : 30%
     electronics : 100%

HLL also big contributor



ATLAS Physics Highlight
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V(h) =
1
2

m2
hh2 +

1
3!

λhhhvh3 +
1
4!

λhhhhh4 + . . .

measured target

Δm ∼
1

M2
+

1
M1

Di-higgs search

Hideyuki Oide 2020-08-10

ヒグシーノ・ゲージーノ混合

（よく知られているように）ヒグシーノと電弱ゲージーノは量子数が等しく，質量固有状態は混合する．

ヒグシーノ質量に比べてゲージーノ質量がとても大きいと…

ヒグシーノは「純粋」になり，  は強く縮退する．

ヒグシーノはゲージ相互作用しにくくなる→地下での直接検出が難しめになる．

階層ギャップが小さく，ゲージーノが近くにいる場合は，逆になる．

完全に純粋なヒグシーノの場合でも，ループ効果で  だけ縮退が解ける  
→  の寿命は 0.05 ns程度になる

{χ0
1 , χ±, χ0

2}

O(340 MeV)

χ±

6

Δm tree
0 ≃ M2

Z ( c2
W

M2
+ s2

W

M1 )
χ0

1

χ0
2

χ± Δm0

Δmloop
± ≃ 1

2 α2MZs2
W ≃ 354 MeV

Δm±

ヒグシーノ縮退度が，
ゲージーノ階層を展望する
「望遠鏡」になっている．

1 Introduction

Supersymmetry (SUSY) [1–6] is a space-time symmetry that extends the Standard Model (SM), predicting
the existence of partners for each SM particle. This extension presents solutions to insu�ciencies in the
SM, such as providing a candidate for dark matter as the Lightest Supersymmetric Particle (LSP) and a
solution to the hierarchy problem. Superpartners of the SM particles have identical quantum numbers
to their partner particles but di�er by one half unit of spin. Supersymmetric partners of the electroweak
gauge bosons and the Higgs bosons, collectively referred to as electroweakinos, consist of the bino, winos,
and higgsinos, which mix to form neutral and charged mass eigenstates called neutralinos and charginos
respectively. The winos are the superpartners of the SU(2) gauge fields, the bino is the superpartner of the
U(1) gauge field, and the higgsinos are the superpartners of the Higgs fields.

Mass di�erences between the lightest neutralino ( �̃0
1 ) and the lightest chargino ( �̃±1 ), �m ( �̃±1 , �̃0

1 ), are
predicted to be of the order of 100 MeV by radiative SM correction [7, 8] in scenarios where the LSP
is wino-like and other SUSY particles are decoupled. In particular, Anomaly-Mediated Supersymmetry
Breaking (AMSB) models [9, 10] give rise to such di�erences and naturally predict a pure wino LSP. The
mass splitting between the charged and neutral wino in such scenarios is suppressed at tree level by the
approximate custodial symmetry; it has been calculated at the two-loop level to be around 160 MeV [7],
corresponding to a chargino lifetime of about ⌧�̃±

1
= 0.2 ns.

In addition to the wino LSP scenarios, a number of “natural” models of SUSY [11–13] predict a light
higgsino LSP with masses as light as the electroweak scale. In these scenarios, the higgsino mass parameter
|µ| is small compared to the other electroweak gaugino mass scales. At tree level, the charged and neutral
states are all mass degenerate, but due to higher order SM loop corrections a mass splitting of approximately
300 MeV is generated. Such a mass splitting gives rise to higgsinos with decay lengths given by [8]:
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where m⇡± is the mass of the charged pion, �m
⇣
�̃±1 , �̃

0
1,2

⌘
is the mass di�erence between the lightest

chargino and either of the two lightest mass degenerate neutralinos. For chargino masses ranging from
150 GeV to 1000 GeV, the mass splitting ranges from approximately 280 MeV to 350 MeV leading to
charginos with c⌧ ⇠ 14 mm (⌧�̃±

1
= 0.048 ns) to 7 mm (⌧�̃±

1
= 0.026 ns).

In both the wino and higgsino scenarios, the chargino can be produced with large momentum and live long
enough to traverse multiple layers of the ATLAS pixel detector before decaying. It decays primarily to a
neutral weakly interacting LSP and a low momentum pion. Before it decays, the chargino deposits energy
in the innermost tracking layers that can be reconstructed into a short track if at least four pixel layers have
been hit. The weakly interacting LSP will escape detection and lead to missing transverse momentum,
while the pion from the chargino decay has too low momentum to be reconstructed as a track, resulting in a
characteristic signature where the short track from the chargino disappears. By requiring at least four hits1

to reconstruct a disappearing track, the higgsino-like scenarios are considerably more challenging than the
wino-like models from an experimental perspective due to the extremely short lifetime predicted in the
higgsino models.
1 Hits are defined as measurements in the pixel, SCT or TRT detectors.
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Electroweakino search

Idea by Japanese team

Motivated by
• naturalness
• dark matter

Sensitivities much better than before by
Improved analyses
→ we are aiming for further improvements
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KEK Contributions Towards HL-LHC

15

Endcap muon trigger 
electronics 
replacement

NbTi 8.6T

NbTi  5.6T
Nb3Sn 11.3T

Tracker replacement

rad-hard n-on-p 
sensor for pixel 
and strip

pixel module assembly
KEK the largest 
responsibility
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FX beam

Hadron Hall

MLF
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Particle and Nuclear physics at J-PARC

SX beam

30GeV MR

3GeV RCS
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Particle and Nuclear physics at J-PARC
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T2K
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Super‐Kamiokande J‐PARCNear Detectors

Neutrino Beam

295 km

Mt. Noguchi‐Goro
2,924 m

Mt. Ikeno‐Yama
1,360 m

1,700 m below sea level

-oscillationν

Open questions:

• value of  → if , CP violation


• sign of  (mass ordering)


• is  maximal? octant? (i.e.  <  or  > )

δCP sin δCP ≠ 0
Δm2

32
θ23 θ23

π
4 θ23

π
4

3

CHAPTER 1. PHYSICS 11

a phase-convention invariant measure of CP violation. In the standard parametrization
of the PMNS matrix

U =

⎛

⎝
1 0 0
0 c23 s23
0 −s23 c23

⎞

⎠

⎛

⎝
c13 0 s13e−iδCP

0 1 0
−s13eiδCP 0 c13

⎞

⎠

⎛

⎝
c12 s12 0
−s12 c12 0
0 0 1

⎞

⎠ (1.1.30)

cij ≡ cos θij (1.1.31)

sij ≡ sin θij (1.1.32)

this is proportional to sin δCP (and sines and cosines of the three mixing angles θ12, θ23,
θ13). Since this CP violation term is just the last term in the oscillation formula (1.1.22),
it is in principle possible to constrain δCP without preparing an anti-neutrino beam, by
measuring the energy-dependency of the appearance probability.

CP violation in neutrino oscillation demands three neutrino flavors as can be shown
by counting the number of CP violating complex phases (evidently J = 0 if U is real).
The PMNS matrix U is an element of U(N), which has N2 degrees of freedom (N2 − 1
from the traceless hermitian generators and one overall U(1) phase). U(N) contains the
(real) orthogonal matrices O(N) with N(N − 1)/2 degrees of freedom. This leaves us
with N(N + 1)/2 complex phases. We can now try to write U as a sandwich product of
2N diagonal phases and an O(N) core:

Uαi
?
= exp(iφα)Rαi exp(iψi) (R ∈ O(N)) (1.1.33)

where the equality holds if the number of independent degrees of freedom is N2. Such
diagonal phases are CP conserving (in fact have no effect on neutrino oscillation at all):

U∗
αiUβiUαjU

∗
βj = RαiRβiRαjRβj ∈ R. (1.1.34)

So we may think the number of CP violating phases for U(N) is max{N(N + 1)/2− 2N, 0}
(0, 0, 2, 5, . . . for N = 2, 3, 4, 5, . . .), requiring N ≥ 4 generations for CP violation. How-
ever, one overall phase of φα and ψi commutes with R (it’s just a c-number) and is thus
degenerate. The number of independent complex diagonal phases is therefore reduced by
1. This means the number of CP violating phases really is

#CPV = max

{
N(N − 3)

2
+ 1, 0

}
(1.1.35)

(#CPV = 0, 1, 3, 6, . . . for N = 2, 3, 4, 5, . . .) and CP violation in neutrino oscillation
becomes possible with N ≥ 3 generations. The diagonal phases that we were able to
ignore for neutrino oscillation (called Majorana phases), can still have a physical meaning
if the neutrino is Majorana, and play a role in neutrino-less double-beta decay.

The discussion above was given by Kobayashi and Maskawa [12] to explain the already
observed CP violation in the quark sector by introducing a third generation of quarks.
The mixing matrix is called the Cabibbo-Kobayashi-Maskawa (CKM) matrix and has
very small mixing angles unlike the PMNS matrix. This causes a very small value of the
Jarlskog constant J = (3.18± 0.15)× 10−5 [13]. When studying the impact on the size of
the baryon asymmetry of the universe (BAU) we get additional factors of squared mass
differences (m2

t −m2
c)(m

2
t −m2

u)(m
2
c −m2

u)(m
2
b −m2

s)(m
2
b −m2

d)(m
2
s −m2

d) ∼ m4
tm

4
bm

2
cm

2
s

normalized by the 12th power of the electroweak symmetry breaking scale ∼ 100GeV

atmospheric reactor solar
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this is proportional to sin δCP (and sines and cosines of the three mixing angles θ12, θ23,
θ13). Since this CP violation term is just the last term in the oscillation formula (1.1.22),
it is in principle possible to constrain δCP without preparing an anti-neutrino beam, by
measuring the energy-dependency of the appearance probability.

CP violation in neutrino oscillation demands three neutrino flavors as can be shown
by counting the number of CP violating complex phases (evidently J = 0 if U is real).
The PMNS matrix U is an element of U(N), which has N2 degrees of freedom (N2 − 1
from the traceless hermitian generators and one overall U(1) phase). U(N) contains the
(real) orthogonal matrices O(N) with N(N − 1)/2 degrees of freedom. This leaves us
with N(N + 1)/2 complex phases. We can now try to write U as a sandwich product of
2N diagonal phases and an O(N) core:

Uαi
?
= exp(iφα)Rαi exp(iψi) (R ∈ O(N)) (1.1.33)

where the equality holds if the number of independent degrees of freedom is N2. Such
diagonal phases are CP conserving (in fact have no effect on neutrino oscillation at all):

U∗
αiUβiUαjU

∗
βj = RαiRβiRαjRβj ∈ R. (1.1.34)

So we may think the number of CP violating phases for U(N) is max{N(N + 1)/2− 2N, 0}
(0, 0, 2, 5, . . . for N = 2, 3, 4, 5, . . .), requiring N ≥ 4 generations for CP violation. How-
ever, one overall phase of φα and ψi commutes with R (it’s just a c-number) and is thus
degenerate. The number of independent complex diagonal phases is therefore reduced by
1. This means the number of CP violating phases really is

#CPV = max

{
N(N − 3)

2
+ 1, 0

}
(1.1.35)

(#CPV = 0, 1, 3, 6, . . . for N = 2, 3, 4, 5, . . .) and CP violation in neutrino oscillation
becomes possible with N ≥ 3 generations. The diagonal phases that we were able to
ignore for neutrino oscillation (called Majorana phases), can still have a physical meaning
if the neutrino is Majorana, and play a role in neutrino-less double-beta decay.

The discussion above was given by Kobayashi and Maskawa [12] to explain the already
observed CP violation in the quark sector by introducing a third generation of quarks.
The mixing matrix is called the Cabibbo-Kobayashi-Maskawa (CKM) matrix and has
very small mixing angles unlike the PMNS matrix. This causes a very small value of the
Jarlskog constant J = (3.18± 0.15)× 10−5 [13]. When studying the impact on the size of
the baryon asymmetry of the universe (BAU) we get additional factors of squared mass
differences (m2

t −m2
c)(m

2
t −m2

u)(m
2
c −m2

u)(m
2
b −m2

s)(m
2
b −m2

d)(m
2
s −m2

d) ∼ m4
tm

4
bm

2
cm

2
s

normalized by the 12th power of the electroweak symmetry breaking scale ∼ 100GeV

, , , , , , νμ νμ νμ νμ νμ νμ νμ, , , , , , ντ ντ ντ νe νe νμ νμ

, , , , , , ν̄μ ν̄μ ν̄μ ν̄μ ν̄μ ν̄μ ν̄μ, , , , , , ν̄τ ν̄τ ν̄τ ν̄τ ν̄e ν̄μ ν̄μ

Neutrino mode

Anti-neutrino mode

For ,MO look for 
 difference of 

 appearance

δCP
ν/ν̄
νμ → νe

note: 
wrong-sign  
and intrinsic  
backgrounds 
neglected for 
illustration

νμ
νe

     For neutrinos flavor basis ≠ Hamiltonian basis.

 → Flavor (  ) oscillates over , 
     amplitude controlled by (PMNS) mixing matrix :

νe ∣ νμ ∣ ντ L × Δm2/E
U

( interaction ) ( propagation) 

 important params   for cosmology  (leptogenesis…) and 0v2β searches

flavor symmetries?

normal ordering (NO) inverted ordering (IO)

m2

Δm2
atm

Δm2
⊙

Δm2
⊙

Δm2
atm

νe νμ ντ

2

1

3

3

2

1

!2

νμ		νμ		νμ		νμ		νμ		νμ			
νμ		νμ		νμ		νμ		νμ		νμ			

ĬļŅĪĿĮe,	 2	

T2KGß	

J-PARC	ÙC+Î9	

Tomasz	Barszczak	

J-PARCëĐăĬļŅĪĿĮńıŅĸĕ295kmÚēøĥŅİŅ	
ĜķěĜŃĩņSKŇþ½�ãŁĴĪŃCPă�ēă½�ĕ�dõã	

ντ		ντ		ντ		ντ		ντ		ντ		
ντ		νμ		νμ		νμ		νμ		νe			

6

Table III summarizes the fractional error on the ex-
pected number of SK events using a 1� variation of the
flux, cross-section, and far detector uncertainties.

E. Oscillation analysis

The analysis method here follows from what was pre-
sented in [1]. As described in Sec. I the three flavor
neutrino oscillation formalism is extended to include in-
dependent parameters sin2(✓23) and �m2

32 which only
a↵ect antineutrino oscillations. Any di↵erence between
sin2(✓23) and sin2(✓23) or �m2

32 and �m2
32 could be in-

terpreted as new physics.
With the number of events predicted in the antineu-

trino sample, the uncertainties on the background mod-
els have a non-negligible impact on the measurement of
sin2(✓23) and �m2

32. The largest is the contribution
from the uncertainty on sin2(✓23) and �m2

32 due to the
significant neutrino background in the antineutrino sam-
ple. This provides the motivation for a simultaneous fit
of the neutrino and antineutrino data sets.

The oscillation parameters of interest, sin2(✓23),�m2
32,

sin2(✓23) and�m2
32, are estimated using a maximum like-

lihood fit to the measured reconstructed energy spectra
in the far detector, for neutrino mode and antineutrino
mode µ-like samples. In each case, fits are performed
by maximizing the marginal likelihood in the two dimen-
sional parameter space for each pair of parameters. The
marginal likelihood is obtained by integrating over the
nuisance parameters f with prior probability densities
⇡(f), giving a likelihood as a function of only the rele-
vant oscillation parameters o:

L(o) =
Z binsY

i

Li(o, f)⇥ ⇡(f) df , (1)

where bins denotes the number of analysis bins. All other
oscillation parameters, except �CP , are treated as nui-
sance parameters along with systematic parameters and
are marginalized in the construction of the likelihood.
�CP is fixed to 0 in each fit as it has a negligible impact
on the disappearance spectra at T2K. Oscillation prob-
abilities are calculated using the full three-flavor oscilla-
tion framework [38], with sin2(✓23) and �m2

32 for ⌫, and
sin2(✓23) and �m2

32 for ⌫. Matter e↵ects, almost negli-
gible in this analysis, are included with a matter density
of ⇢ = 2.6 g/cm3 [39].

Confidence regions are constructed for the oscillation
parameters using the constant ��2 method [37]. We
define ��2 = �2 ln(L(o)/max(L)) as the logarithm of
the ratio of the marginal likelihood at a point o in the
sin2(

(

✓
)

23) – �(m)2
32 oscillation parameter space and the

maximum marginal likelihood. The confidence region
is then defined as the area of the oscillation parameter
space for which ��2 is less than a standard critical value.
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FIG. 1. Top: Reconstructed energy distribution of the 135 far
detector ⌫µ-CCQE candidate events (left) and 66 ⌫µ-CCQE
candidate events (right), with predicted spectra for best fit
and no oscillation cases. Bottom: Ratio to unoscillated pre-
dictions.

This method was used as the di↵erence between the con-
fidence regions produced by it and those obtained using
the Feldman-Cousins [40] method was found to be small.
For the Feldman-Cousins method, the critical chi-square
values were calculated for a coarse set of points in the
oscillation parameter space.

IV. RESULTS AND DISCUSSION

The reconstructed energy spectra of the events ob-
served during neutrino and antineutrino running modes
are shown in Figure 1. These are overlaid with the predic-
tions for the best fit values of the oscillation parameters
assuming normal hierarchy, and in the case of no oscilla-
tions. The lower plots in Fig. 1 show the ratio of data
to the unoscillated spectrum.
Assuming normal hierarchy, the best fit values ob-

tained for the parameters describing neutrino oscillations
are sin2(✓23) = 0.51 and �m2

32 = 2.53 ⇥ 10�3eV2/c4

with 68% confidence intervals of 0.44 – 0.59 and 2.40 –
2.68 (⇥10�3eV2/c4) respectively. For the antineutrino
parameters, the best fit values are sin2(✓23) = 0.42 and
�m2

32 = 2.55 ⇥ 10�3eV2/c4 with 68% confidence inter-
vals of 0.35 – 0.67 and 2.28 – 2.88 (⇥10�3eV2/c4) re-
spectively. The values for the inverted hierarchy can
be obtained by replacing �(m)2

32 by ��(m)2
31, e↵ectively

changing the sign of �(m)2
32 and shifting its absolute value

by ��m2
12 = �7.53 ⇥ 10�5 eV2/c4. Those results were

cross-checked using a second, independent, analysis.
A goodness-of-fit test was performed by comparing the

best fit value of the �2 to the values obtained for an
ensemble of toy experiments generated with systematic
variations and statistical fluctuations, giving a p-value of
96%.
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FIG. 1. Top: Reconstructed energy distribution of the 135 far
detector ⌫µ-CCQE candidate events (left) and 66 ⌫µ-CCQE
candidate events (right), with predicted spectra for best fit
and no oscillation cases. Bottom: Ratio to unoscillated pre-
dictions.

This method was used as the di↵erence between the con-
fidence regions produced by it and those obtained using
the Feldman-Cousins [40] method was found to be small.
For the Feldman-Cousins method, the critical chi-square
values were calculated for a coarse set of points in the
oscillation parameter space.
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served during neutrino and antineutrino running modes
are shown in Figure 1. These are overlaid with the predic-
tions for the best fit values of the oscillation parameters
assuming normal hierarchy, and in the case of no oscilla-
tions. The lower plots in Fig. 1 show the ratio of data
to the unoscillated spectrum.
Assuming normal hierarchy, the best fit values ob-

tained for the parameters describing neutrino oscillations
are sin2(✓23) = 0.51 and �m2
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with 68% confidence intervals of 0.44 – 0.59 and 2.40 –
2.68 (⇥10�3eV2/c4) respectively. For the antineutrino
parameters, the best fit values are sin2(✓23) = 0.42 and
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32 = 2.55 ⇥ 10�3eV2/c4 with 68% confidence inter-
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be obtained by replacing �(m)2
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32 and shifting its absolute value

by ��m2
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A goodness-of-fit test was performed by comparing the

best fit value of the �2 to the values obtained for an
ensemble of toy experiments generated with systematic
variations and statistical fluctuations, giving a p-value of
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candidate events (right), with predicted spectra for best fit
and no oscillation cases. Bottom: Ratio to unoscillated pre-
dictions.
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FIG. 1. Top: Reconstructed energy distribution of the 135 far
detector ⌫µ-CCQE candidate events (left) and 66 ⌫µ-CCQE
candidate events (right), with predicted spectra for best fit
and no oscillation cases. Bottom: Ratio to unoscillated pre-
dictions.

This method was used as the di↵erence between the con-
fidence regions produced by it and those obtained using
the Feldman-Cousins [40] method was found to be small.
For the Feldman-Cousins method, the critical chi-square
values were calculated for a coarse set of points in the
oscillation parameter space.

IV. RESULTS AND DISCUSSION

The reconstructed energy spectra of the events ob-
served during neutrino and antineutrino running modes
are shown in Figure 1. These are overlaid with the predic-
tions for the best fit values of the oscillation parameters
assuming normal hierarchy, and in the case of no oscilla-
tions. The lower plots in Fig. 1 show the ratio of data
to the unoscillated spectrum.
Assuming normal hierarchy, the best fit values ob-

tained for the parameters describing neutrino oscillations
are sin2(✓23) = 0.51 and �m2

32 = 2.53 ⇥ 10�3eV2/c4

with 68% confidence intervals of 0.44 – 0.59 and 2.40 –
2.68 (⇥10�3eV2/c4) respectively. For the antineutrino
parameters, the best fit values are sin2(✓23) = 0.42 and
�m2

32 = 2.55 ⇥ 10�3eV2/c4 with 68% confidence inter-
vals of 0.35 – 0.67 and 2.28 – 2.88 (⇥10�3eV2/c4) re-
spectively. The values for the inverted hierarchy can
be obtained by replacing �(m)2

32 by ��(m)2
31, e↵ectively

changing the sign of �(m)2
32 and shifting its absolute value

by ��m2
12 = �7.53 ⇥ 10�5 eV2/c4. Those results were

cross-checked using a second, independent, analysis.
A goodness-of-fit test was performed by comparing the

best fit value of the �2 to the values obtained for an
ensemble of toy experiments generated with systematic
variations and statistical fluctuations, giving a p-value of
96%.
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Accelerator ν

Developments of neutrino oscillation analysis 
techniques toward a combined analysis of 

accelerator and atmospheric neutrinos 

Colloquium for Physics, 2021-01-15

Lukas Berns, Kuze Group

Constraining osc. params

• Precision oscillation study  
with accelerator  


• First observation of  
appearance in 2014


• Constraint on  through  
 vs.  

appearance probability 
 
but degenerate with mass ord. 
through weak matter effect

ν

νμ → νe

δCP
νμ → νe νμ → νe

, , , , , , νμ νμ νμ νμ νμ νμ νμ, , , , , , ντ ντ ντ νe νe νμ νμ

, , , , , , ν̄μ ν̄μ ν̄μ ν̄μ ν̄μ ν̄μ ν̄μ, , , , , , ν̄τ ν̄τ ν̄τ ν̄τ ν̄e ν̄μ ν̄μ

Neutrino mode

Anti-neutrino mode
14

First constraint on lepton CP 
asymmetry has been obtained

# of νe appearance events

MC for each δCP Data
-π/2 0 π/2 π

ν-mode 1Re 113.2 95.5 78.3 96.0 102

ν-mode 
1Re+d.e. 10.0 8.8 7.2 8.4 15

ν-mode 1Re 17.6 20.0 22.2 19.7 16

New results shown at the 
Neutrino2024 conference CP conservation is excluded at 90% C.L.



SK-T2K and NOvA-T2K Joint Analysis

19
A. Eguchi      SK+T2K joint analysis        NNN23 @ Procida      Wednesday, 11th October, 2023
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Data Fit SK+T2K/T2K/SK Comparison
•To understand the contributions of each sample, T2K-only and SK-only (with T2K near detector 

constraint) fits are also performed. 
•The  and  constraints are dominated by T2K, but SK also contributed.δCP Δm2

32

Comparison of the  and  posterior distribution for the fit with different sets of samplesδCP Δm2
32

SK+T2K preliminary, Analysis 1 SK+T2K preliminary, Analysis 137

Ongoing 
joint fits NOνA + T2K  

810 km / 295 kmThe NOvA Experiment
• Long-baseline	neutrino	
oscillation	experiment

• NuMI beam:	νμ or	ν̅μ
• 2	functionally	identical,	tracking	
calorimeter	detectors
– Near:	300	T	underground
– Far:	14	kT on	the	surface
– Placed	off-axis	to	produce	a	
narrow-band	spectrum

• 810	km	baseline
– Longest	baseline	of	current	
experiments.

Take a tour 
in VR!

• Difference in baseline and peak energy 
→ different degeneracy between , MO,  octant constraints


• Many differences in analysis methods: interaction generators, use of ND observations, …


• First joint fit with unified statistical treatment, studies on impacts of potential correlations

δCP θ23

Slide from A. Himmel, Neutrino 2020
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Ongoing 
joint fits NOνA + T2K  

810 km / 295 kmThe NOvA Experiment
• Long-baseline	neutrino	
oscillation	experiment

• NuMI beam:	νμ or	ν̅μ
• 2	functionally	identical,	tracking	
calorimeter	detectors
– Near:	300	T	underground
– Far:	14	kT on	the	surface
– Placed	off-axis	to	produce	a	
narrow-band	spectrum

• 810	km	baseline
– Longest	baseline	of	current	
experiments.

Take a tour 
in VR!

• Difference in baseline and peak energy 
→ different degeneracy between , MO,  octant constraints


• Many differences in analysis methods: interaction generators, use of ND observations, …


• First joint fit with unified statistical treatment, studies on impacts of potential correlations

δCP θ23

Slide from A. Himmel, Neutrino 2020

XIV International Workshop on Neutrino Telescopes (2011)A. Rubbia
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SuperK (Far) Detector

17

2011/3/11KEK Physics Seminar 15

Far Detector: SK-IV
�50kt Water Cherenkov detector (Fiducial 22.5kt)

@ underground (2700 m water equivalent)
�20’ ID PMT�11,129: 40% Photo coverage

+ 8’ OD PMT�1885 :
�Dead-time less DAQ system (2008~)
�Good performance for sub-GeV � detection

�1st oscillation maximum : E� ~0.6GeV at SK position.
�Charged current quasi-elastic (CC QE) interaction is 

dominant process.
• Good e / � separation
• Energy reconstruction: �E/E ~10% (�2-body kinematics)

��ICRR, Univ. of Tokyo

�e
neutron proton

e
�l

��
neutron proton

�
�l

Un-oscillated ��

Signal �e

MC

MC

3

Super-Kamiokande
� 50kton water
� 32kt ID viewed by 

20-inch PMTs
� ~2m OD viewed 

by 8-inch PMTs
� 22.5kt fid. vol. 

(2m from wall)
� Etotal=~4.5MeV 

energy threshold
� SK-I: April 1996~
� SK-IV is running

Electronics hutLINAC

Control room

Water and air 
purification system

SK

2km3km

1km
(2700mwe)

39.3m

41.4m

Atotsu
entrance

AtotsuMozumi

Ikeno-yama
Kamioka-cho, Gifu
Japan

Inner Detector (ID) PMT:   ~11100 (SK-I,III,IV),  ~5200 (SK-II)
Outer Detector (OD) PMT: 1885

ID

OD

http://www-sk.icrr.u-tokyo.ac.jp/sk/

See J. Wilkesʼ talk

17Wednesday, March 16, 2011

L = 10~30km

L=13000km

p, He ...

p, He ...

p, He ...

ν

ν

ν
L = 10~30km

L=13000km

p, He ...

p, He ...

p, He ...

ν

ν

ν
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Disentangling neutrino oscillation through combinations

Combinations of experiments resolve 
degeneracies between unknown 
parameters

- Experiments have different L, E; 
different oscillation 
probabilities break degeneracies

- T2K is combining analyses with 
SK (released result) and NOvA 
(coming soon) 

T2K NOvA

Baseline 295km 810km

Peak neutrino energy 0.6 GeV 2 GeV

CP effect 32% 22%

Matter effect 9% 29%

18 Feb. 19, 2024 Alexander Booth | NPB 2024: NOvA 

Combining Long-baseline Experiments

Joint Fit Results                               Zoya Vallari, Caltech                       Feb 16, 2024

Far Detector

nµ, n e, 
n t

Fermilab Far Detector

Near Detector 810 km

13

Japan

295 km
Tokai

Kamioka

USA Fermilab

Ash River, MN

810 km

• Neutrinos generated from primary cosmic rays in 
atmosphere: 


• Many  samples over large energy range


• Zenith angle ~ propagation length L

p + X → π± + ⋯ → μ+ + ν(−)
μ + ⋯

e/μ/π0

32

FHC mode (mostly ⌫) RHC mode (mostly ⌫ )
Single Ring e-like 0 decay e� Single Ring e-like 0 decay e�

Single Ring µ-like 1 decay e� Single Ring µ-like 1 decay e�

Single Ring e-like 1 decay e�

Table 2: List of T2K samples

3.2 True energy distribution173

The SK atmospheric samples cover a wide range of neutrino energies. Figure 2 shows the true174

neutrino energy distributions of the di↵erent atmospheric samples. Neutrino oscillations are175

taken into account with true values set to the Asimov set A (described in table 3) commonly176

used in T2K analysis.177
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Figure 2: Neutrino energy distribution of the atmospheric samples, normalized to the 3244.4
days of SK-IV livetime.

The atmospheric samples cover a larger range of energies and more topologies than the T2K178

beam samples, but some of the sub-GeV samples (table 1) look similar in terms selections to the179

T2K ones (table 2). Figure 3 shows the area-normalized neutrino energy distributions of the 3180

beam FHC single-ring events and their atmospheric counterparts. It can be seen that although181

they correspond to similar neutrino energies, the corresponding samples from the 2 experiments182

do not have the same spectra. This is due partly to flux di↵erences, but also to the fact that183

the event selection criteria are similar but not identical between the 2 experiments as discussed184

in [3].185

3.3 Breakdown of the di↵erent samples by interaction modes (Dan)186

Mainly plots. That’s a number of them, but seems relevant for discussion of interaction model.187

Probably one plot per sample, as a function of variable of interest (Erec for T2K and p for SK188

atm). Could alternatively put only plots for representative atm samples here, and the remaining189

8

SK+T2K work in progress

Accordingly, an antineutrino enriched subsample is
extracted from the single-ring multi-GeV e-like sample
by additionally requiring there are no decay electrons
present. This cut defines the single-ring multi-GeV ν̄e-like

sample and its rejected events form the single-ring
multi-GeV νe-like sample. After this selection the fractions
of charged-current electron neutrino and antineutrino
events in the νe-like sample are 62.1% and 9.0%,
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ATMOSPHERIC NEUTRINO OSCILLATION ANALYSIS … PHYS. REV. D 97, 072001 (2018)

072001-9

From PRD 97, 072001 (2018) 

oscillation

𝒪(10 km)13,000 km 𝒪(100 km)

SuperK experiment 
atmospheric neutrinos atmospheric

+ accelerator

• Two joint oscillation analysis conducted  : SK+T2K and NOvA+T2K
• Different energies, baselines can resolve the degeneracies 

between oscillation parameters



Hyper-K Overview

20

J-PARC 
ν-beam 
upgrade 
(1.3MW)

Near Detector 
upgrade

New Huge Water Cherenkov Detector 
(Fiducial mass = 190kt)

Civil construction at Kamioka and PMT mass production is in progress.

construction since 2020 Data taking in 2027~ PMT storage



Hyper-K Expectation

21

• High statistics samples:
~2300 νμ →νe 
~1900 νμ̅→ νe̅  
are expected in 10 years
: Max. 27% effect by CPV  
(standard 3-flavor model) 

➔ Discovery (>5σ) potential for  
 ~60% of parameter space

➔ Measure the size of CPV  
effect with good precision

• Proton decay search 
→ Direct probe for GUT

• 3σ discovery potential  
up to τp ~ 1035 years 



Intermediate Water Cherenkov Detector (IWCD)

22

mPMT• Novel Movable Water Cherenkov Detector (φ~9m × H~12m) using mPMT

• Key to achieve the 2.7% systematic  uncertainty on 
• Progress in securing the detector site

• Civil construction from JFY 2025~.
• Detailed facility design based-on the geological survey is in progress.

To Kamioka

Your contributions are highly welcome

R ≡
𝜎(𝜈𝑒)/𝜎(𝜈𝜇)
𝜎(𝜈̄𝑒)/𝜎(𝜈̄𝜇)

cf. Large contribution by Aachen and Mainz on T2K near detector



K1.8 Strangeness 
Nuclear Physics

Hadron Physics

K1.8BR
K Rare Decay 
(CP violation）KL

High Momentum 
Beamline 

COMET Beamline
Hadron Mass Shift

mu-e Conversion Search 

Hadron Experimental Facility	
Explore the origin of matter with nuclear, hadron, and flavor physics



KOTO：  search at J-PARCKL → π0νν̄

24

p CP-violating rare decay	
p Predicted B.R.(SM)=3x10-11	
p Not yet observed	
p Good probe to search for 
New physics beyond SM

Photo of the detector	
(Detector in vacuum tank)

Event signature
•  from  decay
• Nothing else  

(  undetected)

2𝛾 𝜋0

𝜈, 𝜈

𝐾𝐿
𝛾

𝛾

History of  search𝐾𝐿 → 𝜋0𝜈𝜈

Highlights in FY2023	
➢The analysis of data taken in 2021 provided a new world-
best upper limit B.R.<2.0x10-9 (preliminary).	

➢Upgrades of the beamline, detector, and DAQ system	
• For better understanding and further reduction of background events

New upstream K+/K- detector

0.2mmt film scintillator

Composed of 
40x2 pieces of Nd 
block

New magnet in the beam line

0.9 Tesla

Permanent magnet = No electricity!

To sweep out K+/K-



COMET：μ-e Conversion Search at J-PARC

25

p cLFV decay	
p No Standard Model BG	
p Excellent probe to search for New physics beyond SM	
p Key to understand the origin of neutrino mass	
p Staging approach	

p Phase I S.E.S. < 10-14	
p Phase II S.E.S. < 10-16

Pion Capture
Solenoid

Muon Transport
Solenoid

μ-e conv.
Detector 

Proton Beam

Phase-I

Highlights in FY2023	
➢First-time beamline operation in Engineering Run. Observation of muons 
transported through the Muon Transport Solenoid	

➢Construction of the Pion Capture Solenoid (PCS)	
➢Detector commissioning on-site

Muon Decay

Engineering Run Primary Beamline

PCS construction

Straw-tube tracker

CDC in conditioning



Nuclear Physics at Hadron Hall

26

• Measurements of  mass spectra changes of vector mesons (ρ, ω, φ ) to 
study QCD matter 	
• p+A → ρ, ω, φ + X 

Mass modifications of φ meson due to QCD matter effects

Run1 expected	
(BG included)

Generate vector mesons using primary proton beam  and 	
Detect electron-positron pairs decayed from vector mesons

Lead 
Glass

Hadron Blind 
Detector

GEM Tracker

Silicon 
Tracking 
System

Nuclear 
Target

30 GeV Primary Proton Beam 1010 per spill 

high momentum beam line

Many experiments are either on-going or planned under supervision of PAC



Muon g-2/EDM at MLF
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30 meV

Acceleration

Cooling

FY2024

4 MeV

Storage

Muon beam

210 MeV

µ+(4 MeV)

J-PARC MLF H-line
The only experiment to test FNAL/BNL 
g-2 results.	

g-2 : 450 ppb	
EDM : 1.5 E-19 ecm

 Prog. Theor. Exp. Phys. 2019, 053C02 (2019)

Features:	
• Low emittance muon beam (1/1000)	
• No strong focusing (1/1000) & good injection eff. (x10)	
• Compact storage ring (1/20) 

RFQ

muon cooling

before cooling after cooling & accel.

Acceleration of positive muon to 100 keV (Apr. 2024)

Emittance 
reduction by 	
more than a factor 
of 100

J-PARC MLF S-line

　We are looking for collaborators for this new experiment



ILC Technology Network (ITN)
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e- Source

e+ Main Liinac

e+ 
Source

e- Main Linac

Damping Ring

Beam 
dump

Interaction point

Physics Detectors

LCWS2024 (Shin MICHIZONO) 3

ILC Technology Network

WPP 1 Cavity production

WPP 2 CM design

WPP 3 Crab cavity

WPP 4 E- source

WPP 6 Undulator target

WPP 7 Undulator focusing

WPP 8 E-driven target

WPP 9 E-driven focusing

WPP 10 E-driven capture

WPP 11 Target replacement

WPP 12 DR System design

WPP 14 DR Injection/extraction

WPP 15 Final focus

WPP 16 Final doublet

WPP 17 Main dump

SRF

e-, e+ 
Sources

Nano-
Beam

•Creating particles  Sources
•polarized elections  /   positrons

•High quality beams  Damping ring 
•Low emittance beams

•Small beam size (small beam spread)

•Parallel beam (small momentum spread)

•Acceleration   Main linac
•superconducting radio frequency (SRF)

•Getting them collided  Final focus
•nano-meter beams

•Go to Beam dumps

Not only for the ILC but also 
for various application

LCWS2024 (Shin MICHIZONO) 22

ILC and the Accelerator Technology 

Parameters Value
Beam Energy 125 + 125 GeV
Luminosity 1.35 / 2.7 x 1034 cm2/s
Beam rep. rate 5 Hz
Pulse duration 0.73 / 0.961 ms
# bunch / pulse 1312 / 2625

Beam Current 5.8 / 8.8 mA

Beam size (y) at FF 7.7 nm

SRF Field gradient < 31.5 > MV/m (+/-20%)
Q0 = 1x1010

#SRF 9-cell cavities (CM) ~ 8,000 (~ 900)

AC-plug Power 111 / 138 MW

main linacbunch
compressor

damping
ring

source

pre-accelerator

collimation

final focus

IP

extraction
& dump

KeV

few GeV

few GeV
few GeV

250-500 GeVSRF Technology

Nano-Beam Technology

e- Source

e+ Main Liinac

e+ Source

e- Main Linac

Detectors

Damping Ring

Interaction point

e-e+

22

Source
By KEK and IDT (set up under ICFA) initiative, ITN is set up so 

that ILC related accelerator technology is further developed



Instrumentation Technology Development (ITDC)
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Instrumentation Technology Development Center

IPNS projects

KEK projects

REBCO for HL-LHC

International Hub for instrumentation development 
Promotion of Innovation and Young researches

๏ Continue to support IPNS project in both 
development and operation 

๏ Support bottom-up research : some R&D 
platforms 
‣ works also as the interface to the community 

๏ Common/Core technologies for next 
generation projects led by ITDC 
‣ Cryogenics and superconducting 
technology 

‣ Monolithic semiconductor pixel sensor

• Wider users by simpler 
system for use 
→ Young researchers 
such as student can 
easily use 
→ Education

• Extension of inter-
university research 
functions 
• More efficient and faster 
development

Inter-University 
Research

Platform Organization 
flexible, always ready 
to start new one

Cutting Edge Technology Development
Researcher 
Community

New material 
New sensor

Cryogenics

rad-hard, fast 
monolithic sensor

Strong field magnet

Quantum 
sensor

ACAP

Mechanics

Electronics

Computing

Low material magnetAI, deep-learning

Mechanics

Cryogenics

Computing

Technology 
Development 
Platforms

Sensor

semiconductor
gas & active 
medium

Light sensor

Electronics
System 
integration

Collider 
Electronics

Education

HEP school

organic semiconductor

Industry

SPADI alliance



Example : Cryogenics and Magnet
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๏ Al stabilized superconductor is critical to construct detector solenoid due to its 
transparency to particles

๏ Lack of industrial provider will cause serious trouble in next generation projects
๏ Started cooperative work with CERN to revive and further develop technology
‣ We have expertise with strong industrial partnership

๏ Can be applied to cutting-edge new material superconductor instead of NbTi
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Cryogenics Technology Development for below 1K 
　　He3 Refrigerator, Enlarge capacity of dilution refrigerator

HEX development

P1. 2mW@100mK 
P2. Distributing technology

Goal

Magnet Development

KEK constructed 
• ATLAS Solenoid 
• Belle Solenoid
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First priority is on beam lifetime and stability, 
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γ→e+e-

target wire closer to target at 5.0 GeV

Optimization of optics is 
still on-going for higher 
rate and smaller beam size



๏ Wide variety of Science
‣ Focus only on particle/nuclear physics in today’s talk

๏ KEK mission consists of three pillars
‣ Particle/nuclear physics, material and life science, application of 

accelerator technology
๏ Collaboration with HLL/Max Planck and German institutes is crucially 

important for KEK science
‣ We (not only me but also Shoji Asai) are looking forward further and 

deeper collaboration with you

Summary
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Backup



Silicon Tracker (ITk)

❖ Totally new detector 
❖ Area 
‣ Pixel 2.7m2 → 13.5m2 
‣ Strip 62m2 → 165m2 

❖ The number of channels 
‣ Pixel 90M → >5G 
‣ Strip 6M → 60M

34

3

•Side 0, 1䛿link 0,1とも呼䜀れる。
•Offlineで䛿Barrel番号䛿0-3、Disk番号䛿0-8である。

 14Markus Elsing

The "ITk Layout"

๏ Finer 
• Pixel size　
50×400μm2→50×50μm2 
• Strip length  
20cm → 2.4cm (shortest) 

⇒ faster data transfer 
๏ Radiation harder 
• Innermost　1×1015 neq/cm2 → 
2×1016 neq/cm2

Current Layout
ITk Layout



Pixel Module Production Flow
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ASIC

Sensor

Bare Module

Module

Testing

Flex PCB
“Assembly”

“Hybridization”

Assembly tool

Loading to Support

Bumps Japan will make ~2,800 modules 
→ 7 modules / day in production 

Production 
finished

4 groups in parallel 
Japanese group 
product best quality 
(two are not qualified)

About to start production 
Japanese group top runner

HPK

transport to CERN
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Silicon Strip Sensor
❖ Japanese responsibility is to provide a 
half of barrel sensors  

❖ Production of Japanese share 
finished 
‣ 6350 sensors 

❖ Testing results show all sensor satisfy 
‣ bow < 200μm 
‣ deficit strip < 0.1% 

❖ Irradiation at CYRIC, Tohoku U for QA
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Nuclear Physics at Hadron Hall
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π0 is tagged by γ	
(monochromatic) π− from weak decay is measured with CDS.

Δt = tdecay – tprod

τ=206±8(stat.)±12(syst.) ps
Previous data: NPA639, 251c  (1998) 194-26+24 ps

In the coming E73 physics run (FY2024), 3ΛH lifetime will be measured to 
obtain conclusive result against the hypertriton (3ΛH)  puzzle	
(much shorter lifetime than that of free Λ was obtained in several heavy 
ion collision experiments in spite of very loosely bound system) . 

Precise lifetime measurement of 4ΛH hypernucleus using in-flight 
4He(K−,π0) 4ΛH reaction (E73/T77@K1.8BR)



Nuclear Physics at Wako Campus
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• The center has been leading comprehensive studies of rare isotopes with KISS and other devices at RIBF



Muon g-2/EDM measurement
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Muon g-2/EDM can be obtained by measuring the muon spin precession 
in a uniform B-field.
• We can reconstruct time dependent spin information by decayed positron energy 

and momentum.
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• To focus muons in the storage volume, 
electric field is necessary.

• Magic gamma is selected to cancel out 2nd 
term.
• p = 3.1 GeV/c
• muon orbit : φ = 14 m (B = 1.45 T)
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Muon cooling
Cool surface muons before reacceleration
• Silica aerogel target : Stop surface muons, and thermal muoniums are emitted.
• Laser ablated aerogel for muonium production target.

Thermal muonium ionization by laser.
• Two scheme under consideration.
• 1S-2P excitation by 122 nm or 1S-2S excitation by 244 nm


