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desired

Sorry that this is not a comprehensive review, 
but biased by my knowledge.



The Standard Model is not satisfactory.

 Gravity is not quantized. (Does it MUST be?). 
 Why so many parameters, each with (arbitrary?) value, e.g., coupling constants, 

masses, etc.
 Fermion patterns : Doublet x Three generations x {quark x triplet, lepton}
 Three gauge interactions (strong SU(3), electroweak SU(2) x U(1)) and gravitational 

interactions
 Why are fermions so light?
 Why are Higgs bosons so light?
 Matter-antimatter asymmetry in the universe
 CP symmetry not broken in strong interactions
 Dark Matter, Dark Energy, and Infraton
 Why is dark energy so small?
 Why is space three-dimensional and time one-dimensional?
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Neutrino property and Proton decay would give hints on…

 Gravity is not quantized. (Does it MUST be?). 
 Why so many parameters, each with (arbitrary?) value, e.g., coupling constants, 

masses, etc.
 Fermion patterns : Doublet x Three generations x {quark x triplet, lepton}
 Three gauge interactions (strong SU(3), electroweak SU(2) x U(1)) and gravitational 

interactions
 Why are fermions so light?
 Why are Higgs bosons so light?
 Matter-antimatter asymmetry in the universe
 CP symmetry not broken in strong interactions
 Dark Matter, Dark Energy, and Inflaton
 Why is dark energy so small?
 Why is space three-dimensional and time one-dimensional?
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by, e.g,
 measuring neutrino mixing 

matrix
 neutrinoless double beta 

decay search
 proton decay search



𝜈,𝜈(assum
ing 𝑚0) 𝑒 𝑢,𝑑

𝑠,𝜇,𝑐,𝜏,𝑏 𝑡
Higgs

Plank

Example of the standard model parameters 
-Masses and Mixing with weak eigne states-
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Lepton :Pontecorvo-Maki-
Nakagawa-Sakata Matrix

𝑈                           𝑈                             0.9742 0.2243 0.0039

0.218 0.997 0.042
0.0081 0.04 1.02

0.823 0.55 0.148
-0.465 0.50 0.73
0.32 -0.670 0.67

Quark: Cabibbo-Kobayashi-
Maskawa Matrix

flavorflavorflavor 𝑈 𝑚𝑚𝑚



Example of the standard model parameters 
-Masses and Mixing with weak eigne states-
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𝑈                           𝑈                             0.9742 0.2243 0.0039

0.218 0.997 0.042
0.0081 0.04 1.02

0.823 0.55 0.148
-0.465 0.50 0.73
0.32 -0.670 0.67

flavorflavorflavor 𝑈 𝑚𝑚𝑚
Tribimaximal mixing :

𝑈 2/3 1/3 0− 1/6 1/3 1/21/6 − 1/3 1/2
0.816 0.577 0−0.408 0.577 0.7070.408 −0.577 0.707

Prediction when some symmetry in Flavor is imposed 



Neutrino might be different from other fermions
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We do not know whether the neutrinos are Dirac-type or Majorana type.

𝑒
𝑒

Dirac Fermion

CP 
transformation

or

𝑒
𝑒

Majorana Fermion

𝜈
𝜈CP 

transformation



• Through heavy yet-observed Majorana 
neutrinos, a neutrino interacts with the Higgs 
field. → makes neutrinos very light.

• Naturally required mass of the heavy 
Majorana particle is 10 ~10  GeV

Higgs field

𝑒 Left-handed Right-handed

How electron etc. get their 
mass

𝑀
𝑚𝑀

Higgs field See-Saw Model

8

Higgs field

𝜈
Higgs field

Majorana Mass

Heavier Majorana mass results in smaller mass of 𝜈
Example of how neutrino get mass in a See-Saw model.

Minkowski,(’77), Yanagita(’79), GellMannn, Ramondo,Slansky(’79),Glashow(‘79)

Higgs field



Leptogenesis and Seesaw mechanism

 Three generations in 𝜈 and 𝑁
– three 𝑚
– three mixing angles 𝜃
– one Dirac phase 𝛿
– two Majorana phases 𝛼
– three mixing angles of 𝑁
– three CP-phases

 (𝑀 ’s)
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Higgs field

𝜈
Higgs field

Majorana Mass observable at 
today’s low 
temperature 
universe.
“low energy CPV” 

Cannot be observed 
at today’s low 
temperature 
universe.
“high energy CPV”

In early universe, 𝑁 would decay to 
Higgs and 𝜈.
CP can be violated there.
→ generate ma er-antimatter 
asymmetry in universe.

BOTH low-E CPV and hig-E CPV phases CAN contribute to Leptogenesis.



Grand Unified Theory

 Attempt to unify three gauge interactions 
(𝑆𝑈(2) × 𝑈(1) × 𝑆𝑈(3) ) and fermions 
(quarks and leptons) under one symmetry @~10 GeV
Example : SO(10)𝟏𝟔 = 𝟏𝟎 𝑞 + 𝑢 + 𝑒 + 𝟓 𝑑 + 𝑙 + 𝟏 𝑁

 Predictions
– charge is quantized (elementary charge)
– Proton decays
– etc…
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S. Martin, hep-ph/9709356

Standard
model

SUSY 750 GeV

SUSY 2.5 TeV

unification

Weak

Electromagnetic

Strong

100 GeV         10 GeV



Swampland in quantum gravity

 For quantum gravity to be consistent(*), the neutrino mass and dark energy 
must be same order [ 1]
(*) “There are no stable non-SUSY AdS vacua consistent with quantum gravity.” There seems 
to be still some debate about this conjecture.

 The lightest neutrino is Dirac type and has a mass of O(1~10) meV.

[1] H. Ooguri and C. Vafa, Non-supersymmetric AdS and the Swampland, Adv. Theor. Math. Phys. 21 (2017) 
1787 [1610.01533].
[2] Y. Hamada and G. Shiu, Weak Gravity Conjecture, Multiple Point Principle and the Standard Model 
Landscape, JHEP 43 (2017) [1707.06326].
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neutrino oscillation
measurement
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Still important to improve the accuracy of 
the mixing matrix values
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Lepton sector mixng: PMNS matrix

𝑈 =                                                                                           
Quark sector mixing : CKM matrix

𝑈 = 0.823 0.008 0.55 0.01 0.148 0.002−0.465 0.001 0.50 0.02 0.73 0.010.32 0.02 −0.670 0.007 0.67 0.02
Quark    𝑱𝑪𝑷𝑪𝑲𝑴 𝟑 × 𝟏𝟎 𝟓

Lepton  𝑱𝑪𝑷𝑷𝑴𝑵𝑺 𝟎.𝟎𝟑𝟑 𝐬𝐢𝐧 𝜹𝑪𝑷
Size of CP violation



Still important to improve the accuracy of 
the mixing matrix values
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∆ ~ 𝑎 𝑎 𝑎𝑎 𝑎 𝑎𝑎 𝑎 𝑎 ,      𝑎~0.2
∆ = 𝑏 ( 0.008) 𝑏 ( 0.01) 𝑏( 0.002)𝑏 ( 0.001) 𝑏 ~  ( 0.02) 𝑏 ( 0.01)𝑏( 0.02) 𝑏 ~ ( 0.007) 𝑏 ( 0.02) , 𝑏~0.15

Deviation from no-mixing

Deviation from tri-bimaximal mixing 

Not clear yet if it's tri-bimaximal mixing (+ small corrections) or not.

Quark    𝑱𝑪𝑷𝑪𝑲𝑴 𝟑 × 𝟏𝟎 𝟓
Lepton  𝑱𝑪𝑷𝑷𝑴𝑵𝑺 𝟎.𝟎𝟑𝟑 𝐬𝐢𝐧 𝜹𝑪𝑷

Size of CP violation



Still important to improve the accuracy of 
the mixing matrix values
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∆ ~ 𝑎 𝑎 𝑎𝑎 𝑎 𝑎𝑎 𝑎 𝑎 ,      𝑎~0.2
∆ = 𝑏 ( 0.008) 𝑏 ( 0.01) 𝑏( 0.002)𝑏 ( 0.001) 𝑏 ~  ( 0.02) 𝑏 ( 0.01)𝑏( 0.02) 𝑏 ~ ( 0.007) 𝑏 ( 0.02) , 𝑏~0.15

Deviation from no-mixing

Deviation from tri-bimaximal mixing 

Not clear yet if it's tri-bimaximal mixing (+ small corrections) or not.

Quark    𝑱𝑪𝑷𝑪𝑲𝑴 𝟑 × 𝟏𝟎 𝟓
Lepton  𝑱𝑪𝑷𝑷𝑴𝑵𝑺 𝟎.𝟎𝟑𝟑 𝐬𝐢𝐧 𝜹𝑪𝑷

Size of CP violation



Deviation from no-mixing∆ ~ −0.0263(1) 0.2245(8) 0.0038(2) 0.221(4) −0.022(1) 0.041(1) 0.0080(3) 0.039(1) 0.01(3) 
future (assuming current best fit value)∆ = 0.007(1) −0.029(1) 0.148(2) −0.056(3) −0.077(6) 0.023(6) −0.082(5) −0.093(4) −0.041(7) 

∆ = 0.007(8) −0.03(1) 0.148(2) −0.06(1) −0.08(2) 0.02(1) −0.08(1) −0.09(1) −0.04(2) 

In a coming decade or so, 
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Deviation from tri-bimaximal mixing 

5σ CP-violation observation for 57% of  𝛿 values
 determine sin 𝛿 with ~0.1 1σ-precision

𝜃 by accelerator long baseline (T2K, NOvA, Hyper-K, DUNE)𝜃  by JUNO

CP violation by accelerator long baseline(T2K, NOvA, Hyper-K, DUNE)



280m

Pure νμ beam

J-PARC
295km

国⼟地理院

Super-
Kamiokande

As an example of accelerator long-baseline 
neutrino oscillation experiment
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Super-Kamiokande

J-PARC

Near Detectors

Neutrino Beam

Mt. Noguchi-Goro
2,924 mMt. Ikeno-Yama

1,360 m
1,700 m below sea level



280m

Pure νμ beam

J-PARC
295km

国⼟地理院

Super-
Kamiokande

As an example of accelerator long-baseline 
neutrino oscillation experiment
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Super-Kamiokande

J-PARC

Near Detectors

Neutrino Beam

Mt. Noguchi-Goro
2,924 mMt. Ikeno-Yama

1,360 m
1,700 m below sea level

 Produce muon neutrino or muon antineutrino

 Measure disappearance of muon (anti)neutrinos

 Measure appearance of electron (anti)neutrinos

To detect one neutrino at Super Kamiokande, ~10  accelerated protons are necessary.⇓
Need high intensity accelerator!



High Intensity proton synchrotron

 Accelerates ~10 protons per second
 Instantaneous protons corresponding to ~100A current
 Protons circulate the ring  about ~10 times while accelerated
 Repulsive forces acting on each other 

(space-charge effect).  ∝ 𝑁
 Forces from mirror charges in the beam pipe 

(Wake-fileds) may cause coherent instablities.
(beam pipe should be smooth.) 

 Error-fields in the magnets accumulate and 
may cause resonances. 

 Control to avoid hitting the beam pipe.
(If hit, it would be punctured.)

19

J-PARC Main Ring 
bending magnet 
power supply



An example of the beam control technology
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collaborative work between 
J-PARC Acc. group and T2K
(Keigo Nakamura et. al)640ns

beam positions for different turns



Realization of high-intensity beam
(by J-Parc accelerator team)
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High impedance acceleration RF cavity

Upgrade of ion source (30mA→50mA)
Intra-bunch feedback

improvement of collimators, optimization of tunes etc. etc.

bunch-by-bunch feedback

LINAC 180 MeV→400 MeV

500 kW



FX: The higher repetition rate scheme : Period 2.48s → 1.32 s for 750 kW
( = shorter repetition period )                             → 1.16 s for 1.3 MW

SX: Mitigation of the residual activity for the beam power upgrade

Mid-term Plan of MR

JFY 2020 2021 2022 2023 2024 2025 2026 2027 2028

Event

FX power [kW]
SX power [kW]

515
55

-
60~70

>700
>80

800
>80

900
>80

>1000
>80

>1100
~100

>1200
~100

1300
~100

Cycle time for Fast Extraction
New Magnet PS

2.48s 1.32s 1.32s 1.32s 1.32s <1.32s <1.32s 1.16s

RF system upgrade
2nd harmonic rf system

Collimator system Add.colli. 
(3.5kW)

Injection system
FX system

Beam Monitors (BPM circuits)

SX Local sheild
Diffuser/ Bent crystal/ VHF

long shutdown

Mass Production
Installation/Test

Kicker PS 
improvement, Septa 
manufacture /test

ATAC2022

22

① Magnet PS upgrade
2.48→1.32s cycle

④ 1.32→1.16s cycle

③ RF system upgrade

② 2nd harmonic RFcavities



Desired technology for accelerator in coming decades 

Optimization has been done to maximize beam power = beam energy / running-time.
But, now, I think optimization should be done to maximize beam energy / electricity.

~1 % transferred to beam and others to heat.
Magnet for beam circulation and RF for acceleration similarly 
use electricity.

What kind of technology possible?
• In magnet power supply, energy recycling is already implemented by 

capacitor banks.
• Low-Q RF cavity gives wide-band acceleration for the proton beam, but

high loss of power, too.
Even if replacement costs compensates electricity, it is worth if it reduces CO2
emission. 

Or, can we use surface area of the accelerator facility to put solar panel?
Not sufficiently wide to cover all the electricity, but significant.
Are there any accelerator technology to contribute? 23



neutrino measurements

 Neutrinos are identified by the neutrino-nucleus interaction (except for Solar-𝜈).
 Neutrino flux spread over energy
 Nucleus is multi-body. Interaction is 

not simple
 Especially important is interaction of 

electron (anti)neutrino 
CP violation is measured by comparing 

electron neutrino vs. electron antineutrino
need 2~3 % knowledge.
 radiation inside nucleus may add 

additional electromagnetic showers
Uncertainty matters
Near detectors should constrain them.

24

#𝜈

#anti-𝜈

maximal CPV case 
(normal mass 
ordering)



39m

41
.4

m

Super-Kamiokande distinguishes 

~11,000  20’Photomultiplier Tubes
40% photo coverage 
(expt. for SK-II period)

25

𝝂

Cherenkov light

Charged 
particle



Measurement of 𝒆 is more difficult at Near detector

 At near, mostly 𝜈  and 𝜈  ≲ 1%
 At far, by oscillation,𝜈 disappears𝜈 appearance probability is ~5%

26

𝜈 sample by ND280

𝛾 contamination

oscillation region

ND280

TPC provides 
excellent PID, but…



Near Detector Upgrade
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Current ND280

SuperFGD
~2 million cubes now 
aligned

T2K will run ~2026.
We expect improvement both 
on 𝜈   and 𝜈 measurement by 
upgraded ND280.

Chemical etching 
to make 
reflective surface



Supernova neutrinos

J-PARC neutrino beam

Atmospheric  
neutrinos

Solar neutrinos

Nucleon decay

Hyper-Kamiokande
(HK)

28

SK

SK x 8.4 fiducial volume 



Hyper Kamiokande 
expected (anti) 𝒆 appearance from J-PARC beam

29

with 10 years of running



Desired technology for neutrino CPV measurement in 
coming decade (for Japan-based experiment case)

If Water Cherenkov at near site,
 Detector size 
> a few meter for 𝜇/𝑒/𝛾 separation
≲1 meter to be safe from event pile up, 

 Photo coverage
≳ 20% with ~30% QE PMT’s
Low dark noise (PMT ok, MPPC not-ok) 

 Granularity
should be finer for smaller detector

50 cm PMT for SK
 Timing resolution
≪1ns

30

Super Kamiokande event display



Hyper-K Intermediate Water Cherenkov Detector

Hyper-Kamiokande 2.5x

Intermediate Water  
Cherenkov Detector

31multi PMT
19 8cm-PMT’s

@~1km

νe candidates
(10 year operation)

68m

71 m

background



Desired technology for neutrino CPV measurement in 
coming decade (for Japan-based experiment case)

If Water Cherenkov at near site,
 Detector size 
> a few meter for 𝜇/𝑒/𝛾 separation
≲1 meter to be safe from event pile up, 

 Photo coverage
≳ 20% with ~30% QE PMT’s
Low dark noise (PMT ok, MPPC not-ok) 

 Granularity
should be finer for smaller detector

50 cm PMT for SK
 Timing resolution
≪100ns
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IWCD would satisfy these requirements 
by placing at intermediate position.

If small and thin photo-sensor having high Q,E, 
low dark noise and good timing resolution existed,  
segmented Water Cherenkov detector might be a 
good solution at the near cite.
If timing reolustion 
< 100ps, 
segmentation might
not necessary.

muon detector

segmented Water 
Cherenkov detector



Proton Decay search at 
SK and HK

33



Technologies which realize Hyper-Kamiokande detector

Super-K

H
: 7

3m

Φ: 69m

Water depth:  
71 m

Fiducial volume:  
188 kt

×2 pressure tolerance

New detector design  
(cost reduction)

R&D for large cavern

High QE Box&Line PMT

Cavern Hyper-K Tank

photo coverage
SK : 40%
HK : 20% + multi PMT’s.

×2 photon detection
QE 23% →34%
collection efficiency 68% → 95%×2 timing resolution



Charge(pe)
    >15.0
13.1-15.0
11.4-13.1
 9.8-11.4
 8.2- 9.8
 6.9- 8.2
 5.6- 6.9
 4.5- 5.6
 3.5- 4.5
 2.6- 3.5
 1.9- 2.6
 1.2- 1.9
 0.8- 1.2
 0.4- 0.8
 0.1- 0.4
    < 0.1

Super-Kamiokande
Run 999999 Event 294
102-11-06:00:06:35

Inner: 3849 hits, 8189 pE

Outer: 4 hits, 2 pE (in-time)

Trigger ID: 0x03

D wall: 946.1 cm

FC, mass =  909.0 MeV/c^2

 

 

0
0 500 1000 1500 2000

0

182

364

546

728

910

Times (ns)

Simulation

p → e+ + π0

Proton decay search at Super-Kamiokande

 Signal
– 𝑝 → 𝑒 (𝜇 ) + 𝜋
– 𝑝 → 𝜈 + 𝐾 ← SUSY prefers

 Background : atmospheric neutrino
– 𝜈 + 𝑝 → 𝑒  + 𝜋 +𝑛
– 𝜈 + 𝑁 → 𝑙 + 𝐾 + Λ,  Λ → 𝑁′ + 𝜋 etc.

35

SK 1996 ~ 2018  372 kton⋅years



Proton decay search at Super-Kamiokande

Current situation at SK
 𝑝 → 𝑒 + 𝜋

– efficiency ~20%
– background ~0.6 event

 𝑝 → 𝜈 + 𝐾
– efficiency ≲ 10%
– background ~0.3 event

neutron tagging would reduce bkg. by ~half.
– 𝜈 + 𝑝 → 𝑒  + 𝜋 +𝑛
– 𝜈 + 𝑁 → 𝑙 + 𝐾 + Λ,  Λ → 𝑁′ + 𝜋𝑛 + H → D + 𝛾 (2.2 MeV) : Less than 10 PMT hits, ~25% efficiency

– total 8 MeV𝛾’s from Gd
– 0.03% Gd dissolved now → tagging efficiency ~75% 

36

muon induced neutrons at 
0.01% Gd concentration

#hits in proper timing



SK-Gd water system

37Nuclear Inst. and Methods in Physics Research, A 1027 (2022) 166248

 Dissolve very radio-pure Gd2(SO4)3 ⋅
8H2O (gadolinium sulfate 
octahydrate)

 The water system purifies the water, 
removing contaminants such as 
bacteria, particulates, and most 
dissolved ions, while simultaneously 
preserving the dissolved gadolinium 
(Gd3

+) and sulfate (SO4
2− ) ions in 

solution.



Proton decay search ∼current and future∼
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Desired technology for proton decay search in coming 
decade 

Proton decay may be found in near future with SK or HK. But if not….
Of course, technologies which enable larger volume is great.
 Higher QE or larger area PMT (w/o cost increase)
 PMT tolerable to higher pressure
 cheaper electronics
For background suppression, increase of neutron tagging is desired:
 Higher QE or larger-area PMT
 less dark rate
 Gd doping?   (Hyper-K will be use pure-water for Day-1, but might be doped 

later.)

39

BTW, HK also require electricity for water purification.
New technologies to reduce that is also desired.



Is neutrino Majorana-
type?
Neutrinoless double 
beta decay search

40



neutrinoless double beta decay ( ) 

 Happens only if the neutrino has "Majorana mass”.
 “Observation of neutrinoless double-beta (0νββ) decay would signal violation of total 

lepton number conservation. The process can be mediated by an exchange of a light 
Majorana neutrino, or by an exchange of other particles. However, the existence of 
0νββ-decay requires a nonvanishing Majorana neutrino mass, no matter what the 
actual mechanism is.”   PDG2020
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𝑍 𝑛𝑛 𝑝𝑝
(𝑍 + 2)

𝒆

𝒆
𝝂 = 𝝂

0𝜈𝛽𝛽

Qββ

Ar
bi

tr
ar

y s
ca

le

sum of two 𝛽-ray energies



Lifetime for standard Majorana case 

 neutrino effective mass

𝑈 = 1 0 00 +𝑐 +𝑠0 −𝑠 +𝑐 +𝑐 0 +𝑠 𝑒0 1 0−𝑠 𝑒 0 +𝑐 +𝑐 +𝑠 0−𝑠 +𝑐 00 0 1 × 1 0 00 𝑒 00 0 𝑒𝑐 = cos𝜃 , 𝑠 = sin𝜃
 If effective neutrino mass is reduced by a factor of 10, the lifetime is increased by a 

factor of 100 ( TДT).
 Sensitivity to lifetime  ∝ #nucleus x time in case background free
 If background limited ∝ #nucleus x time 42

𝑇 / = 𝐺 ⋅ 𝑀 ⋅ 𝑚
phase space factor

nuclear matrix element𝑚 = 𝑈 𝑚 = 𝑚 𝑐 + 𝑚 𝑠 𝑒 𝑐 + 𝑚 𝑠 𝑒  



288
Technologies in 
searches

43Fig. from slides by F. Simkovic at neutrino2022

Exposure(kg·yr) 
104 970
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44Fig. from slides by F. Simkovic at neutrino2022

Exposure(kg·yr) 
104 970

<0.2%(FWHM) energy 
resolution 



2888
Technologies in 
searches

Ge Semiconductor detector

45Fig. from slides by F. Simkovic at neutrino2022

Exposure(kg·yr) 
104 970

<0.2%(FWHM) energy 
resolution 

Figs. from slides by J. Gruszko
at neutrino2022
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46Fig. from slides by F. Simkovic at neutrino2022

Exposure(kg·yr) 
104 970

0.2%(FWHM) energy 
resolution 



0.2%(FWHM) energy 
resolution 

288
Technologies in 
searches

Bolometer with TeO2

crystal
Cuore experiment
 740kg mass under 

10mK
 ΔTcrystal ~ 100 μK/MeV ; 

ΔVNTD ~ 400 μV/MeV 

47Fig. from slides by F. Simkovic at neutrino2022

Exposure(kg·yr) 
104 970

Fig. from slides by I. Nutini at neutrino2022
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48Fig. from slides by F. Simkovic at neutrino2022

Exposure(kg·yr) 
104 970
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Xenon dissolved in liquid scintillator
KamLAND-Zen
 Active shielding by ultra-low background 

liquid scintillator
 Pre-activity cut by timing information

49Fig. from slides by F. Simkovic at neutrino2022

Exposure(kg·yr) 
104 970

Buffer oil

Water

Liq.Sci.

Xe+
Liq.Sci.



Current limit

50
Hand modified from fig. of slides by S. Pascoli, June 2020

 Blue or green : Majorana CP phase is fixed to some CP conserving value. 
Range due to uncertainty of oscillation parameters.

 Red : all the values of Majorana phase

inverted 
Ordering

normal 
ordering

excluded by 
cosmological 
observations at 
95% C.L.

KamLAND-Zen upper limit



If values of the mixing matrix are thrown in range 
allowed by the oscillation measurement

51

PRD 96, 053001 (2017)

normal ordering inverted ordering

𝑚 𝑚
1meV

KamLAND-Zen

10meV
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If neutrino mass order is normal, may need to 
explore 𝑚 ~1 meV (or further…)
Require 
 Mass×eff. ~10 ton, 
 background <<1  
Xenon Gas Time Projection Chamber can be a 
solution.
 Intrinsic energy resolution 0.3%(FWHM)  
 Background rejection by track topology
Projects:
 NEXT: well advanced, high energy resolution
 PandaX-III : high resolution tracking
 AXEL : high energy resolution with unique read 

out feature
52Fig. from slides by F. Simkovic at neutrino2022

Exposure(kg·yr) 
104 970

Desired technology for 
search in coming decade 



A Xenon ElectroLuminescence Detector

53

field cage

PM
T

136Xe 9atm

~-100kV
ELC

C

e-

scintillation
photon

PTFEEL

~-15kV0V

SiPM
SiPM

SiPM
SiPM

SiPM

PTFE
PTFE

ELCC : Unique readout by AXEL
Enable high energy resolution with a 
large detector

TPC function provides track pattern

High pressure allows for large mass
1 ton ≲ 3 meter3



ElectroLuminescence Collection Cell (ELCC)
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e

atom

photon

PTFE

~-15kV

0VSiPM SiPM SiPMSiPM SiPM

PTFE PTFE

Electroluminescence process
Linear process →Better energy resolution than avalanche
NEXT has demonstrated with parallel mesh electrodes

ELCC
 Energy measurement and Tracking
 Uniform response regardless of event position
 Extendable to large size thanks to its rigid structures
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ELCC unit



180L prototype
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1.8 MeV 電子の走った跡
1.8 MeV electron track

30 keV specific X-ray by 
photoelectric effect

Energy resolution (FWHM)
0.7~0.8%@2.5 MeV
Target : 0.5%
Principal limit : ~0.3%



track example
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(1593 MeV, pair creation)
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1000L(24 kg) scale

200kg scale

10-L prototype
2014–2018
• ～0.05kg @8bar
• ELCC proof of principle

180-L prototype
2018–2022 ～4.5kg @8bar
phase-1 : 168 ch
phase-2 :  672ch

2023–
physics data taking@Kamioka

10 ton scale

1 ton scale

5 meV



Neutrino property and Proton decay would give hint on…

 Gravity is not quantized. (Does it MUST be?). 
 Why so many parameters, each with (arbitrary?) value, e.g., coupling constants, 

masses, etc.
 Fermion patterns : Doublet x Three generations x {quark x triplet, lepton}
 Three gauge interactions (strong SU(3), electroweak SU(2) x U(1)) and gravitational 

interactions
 Why are fermions so light?
 Why are Higgs bosons so light?
 Matter-antimatter asymmetry in the universe
 CP symmetry not broken in strong interactions
 Dark Matter, Dark Energy, and Inflaton
 Why is dark energy so small?
 Why is space three-dimensional and time one-dimensional?
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by, e.g,
 measuring neutrino mixing 

matrix
 neutrinoless double beta 

decay search
 proton decay search

Some current and 
desired technologies 
were introduced…


