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High Energy Experiments
o Hadron Collider and Neutrinos
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Whoam1I?

Professor in Kyoto University, Japan

* 19095: Ph.D.

* 1995-1997: JSPS Fellow at Fermilab, US
» working for the Kaon experiments.

* 1097-19099: Fermi Fellow at U. Chicago, US.

* working for the Collider experiment at
Fermilab (CDF)

* 1999-now: Faculty members in Kyoto U.

» working for neutrino experiments: K2K,
Super-K, SciBooNE, T2K, NINJA,
Hyper-K, AXEL




High Energy Physics

* Study the ultimate building blocks of the universe and matter.

* What 1s matter made of? What exists in the universe? What are the properties of those
components? How do they interact?

» Standard Model of Particle Physics: quarks, leptons, gauge particles, Higgs boson.

« Unknown entities: dark matter, dark energy, other unknown particles, unexpected
phenomena.

* Theoretical guidance: supersymmetric particles, extra dimensions
» Studies that question the meaning of time and even space (spacetime).
* Origin of mass, space-reversal symmetry, time-reversal symmetry breaking.

* (Personal view) Differences with other disciplines and fields

« Eliminates the complexity (diversity) of many-body systems and explores the
underlying physical laws and views of physics.

Explore frontiers!



After the birth of the universe (after the Big Bang),
to a world of 10-10 (0.1 nano) seconds.
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Particle Physics
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Quark and Lepton _f .
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mass
charge

spin

QUARKS

LEPTONS

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)

=1.28 GeV/c?

=173.1 GeV/c?

top

=124.97 GeV/c?

0
o H

=2.2 MeV/c?

=96 MeV/c?
-1/

=4.18 GeV/c?

i

=1.7768 GeV/c?

=91.19 GeVI/c?

0
1

Z boson

' =0.511 MeV/c2
— 1 ]

electron

<1.0 eV/c?
0

<0.17 MeV/c?

0 :"_,': N
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muon
neutrino

<18.2 MeVI/c?
0

=80.360 GeV/c?
1
1

tau
neutrino

electron
neutrino

GAUGE BOSONS

VECTOR BOSONS

W boson

higgs |
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Mass (MeV) : mWW

quark lepton

A .

<183.2

+000~4,400 (~0.00000005)
E
s _—
75~170  1,150~1,350 <0.19
0.00000001)
. . - o VEC
v [~5 3.9 051 <0.000003
108 (<0.00000001)
< >

neutrino mass I1s so small!
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Fundamental Questions!

not solved yet

What 1s dark matter?

Where are antimatter? How did they disappear?
The accelerating universe?

Why 1s neutrino mass so small?

How are the forces are unified?

Generation structure. Why are the masses of particles are so different?

[



High Energy Physics and Experiments

Three categories

® Energy Frontier
® Study particles at high energy (~TeV)
® Intensity Frontier

® Study particles with high precision and look for rare processes

® Cosmic Frontier

® Observe our universe and look for footprints made by past particles.

12



High Energ

B-Factory
Neutrino (T2K, SK, KamLAND, etc.)

Kaon (KoTO, etc.)
U, neutron, proton decay, * °* °

T * charm Factory

yeriments

VSON2024 -T. Nakaya -

Cosmic Frontier
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What experiments are there?

* CERN (Europe)
* LHC/ATLAS, CMS, LHCDb, FASAR, milliQan, NA62, DsTau, (CEPE)
* PSI (Switzerland)
* MEGII
* Fermilab (US)
* Muon g-2, Mu2e, Neutrino experiments: DUNE, NOvA, SBN, ICARUS, etc.
* KEK/J-PARC (Japan)

* Super-KEKB/Belle I, J-PARC/T2K, KoTO, COMET, muon g-2, JSNS2, Super-K, Hyper-K, KAGLA,
KamLAND, (ILC)

* [HEP (China)
* BESSIII, JUNO, (CEPC)

* Cosmology and Astro-particle experiments

14



1. Energy Frontier

— Lecture by Prof. Albert de Roeck
“Overview of Hadron Collider Experiments”







2. Intensity Frontier



US Intensity Frontier Experiments

Mu2E at Fermilab
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Unknown

Fermilab Accelerator Complex
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What experiments are there?

* CERN (Europe)

* LHC/ATLAS, CMS, LHCb, FASAR, SND, milliQan, NA62, DsTau, (CEPE)
* PSI (Switzerland)

* MEGII
* Fermilab (US)

* Muon g-2, Mu2e, Neutrino experiments: DUNE, NOvA, SBN, ICARUS, etc.
* KEK/J-PARC (Japan)

* Super-KEKB/Belle I, J-PARC/T2K, KoTO, COMET, muon g-2, JSNS2, Super-K, Hyper-K, KAGLA,
KamLAND, (ILC)

* [HEP (China)
* BESSIII, JUNO, (CEPC)

* Cosmology and Astro-particle experiments
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B (and charm)



B-factory

1

Animation © KEK
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Basic 1deas

¢ (Quantum effects generate high-energy
phenomena with a certain probability as
intermediate states

¢ The intermediate state 1s indirectly
probed by precise measurements because
the probability including high-energy
phenomena 1s rare.

22



Superconducting solenoid (1.5 T)

_} and p detector

Belle || Detector

J—

e ,‘;"‘

== “:?' plate chamber (outer barrel)
R S ————— ) VY £
Electromagnetic calorimeter « Scintillator + MPPC
MW 5 = Szt i
CsI(TI), waveform sampling.\ ﬁ \ g\‘“\ 2 barrel layers, end—caps)
| - W |

TOF € ,f—Lropagation) counter (barrel)
" Aerogel RICH (forward end—cap)

]
— Eé rﬁ%\%“\\\‘{b\ SUECUOIS

Tracking detector - - (e 7

Drift chamber (He + C,H.) . _— \:!' o

of small cell, longer/leve S | . '.A’\"‘\\
with fast readout ics | s / ' ~—

v,

| Triggr and DAQ
' Max L1 rate: 0.5->30 kHz
Pipeline readout

Better performance even at the
higher trigger rate and beam
background

by K. Matsuoka@Kyoto seminar 23

GRID (_;O‘mputing
'_ CR_U 1 MHEPSpec (10° core; ~ATLAS run1)
and 100 PB storage at 50 ab™!
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The same event with simulated
background at 8 x 103> cm%s!



Super-KEKB/Belle Il Basic

v eTe™ collistions at (or around) Y (45)

— Well-known initial state kinematics
— BB production from Y (4S) without extra energy
— No event pile-up

v' Hermetic Belle Il detector capable of detecting charged particles
and reconstructing neutrals (y,no, Kl?, etc) with high efficiencies.

» Tagging one of the B’s to infer the other B flavor and momentum.

— Powerful S/N separation

2
- mrzniss — (pe+e_ — Ptag — psc.iiegteCted) [/W ut
BY LA) Kg
e o™ | T >TT
— Y(4S) — | . _>\1T—
7 GeV i 2 <\ VAN D ST
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(cf. 0.425 at Belle) Az ~ 130 um Vi B Elavor tag
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Candidates / (0.5 ps)

Asymmetry

CP Violation in B decays

25
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200 _ A
- Belle II (Preliminary) L po 70 Belle Il (Preliminary)
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Arlpsl 3rXiv:2302.12898 At [ps] arXiv:2305.07555
Belle 11: S = 0.720 + 0.062 + 0.016 BelleM#I60% DT —RATEET HFEE
Belle: S =0.667 +0.023 + 0.012 Belle I: S = 0.75 929 + 0.04
(S = sin 2¢, in this mode) Belle: § =0.67+ 0.31+ 0.08
VSON2024
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1=

PI’GCISIOH mGaSUI’GmCHtS Fig. 226 of Prog. Theor. Exp. Phys. 2019, 123C01
Before Belle 11 (2018) Belle I1 50 ab™! + LHCb 23 fb~! + LQCD
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The Standard Model has been tested with ~10% precision.

— Search for non-standard effects that can only appear
as small corrections to the Standard Model.

Access higher energy scales via quantum effects than are

directly reachable at current or future colliders.
e.g. A < ~1000 TeV in B mixing (L = Loy + %Omr:z) [arXiv:1302.0661]




e 7' or LFV Z' to invisible
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PRL 124, 141801 (2020)
.-+ 15t Belle II physics paper
arXiv:2212.03066 ---
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e Dark higgstrahlung
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* Invisible dark photon W{
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by K. Matsuoka@Kyoto seminar *
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Search for Dark particles

e Axion Like Particle

)4
ag::i PRL 125, 161806 (2020)
¥ y - 2 Belle Il physics paper
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* Visible dark photon
Z' = up

Inelastic dark matter
Dark scalar
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af mixing and CP__
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LHCDb

Tracking stations Muon system

t /
utow 4 — | :: ' M4 M35
[ | | " | M3

mmSV, 3 -
- e+ Magnet | i | ‘EPCSALI—ICAL |
S - | N | T3|RICH2 H =8

(E)

L
PV

T

Vertex Locator:
Reconstructs primary
and secondary vertices

1| i = L
| | .
Access to tiny BRs
| ] l >
10m I5m Xom All b-hadrons types
RICH detectors Calorimeters .
LHC complex environment

® Forward detector specialised in measuring properties of b and ¢
hadrons

® Run 1[2011-2012]: 7-8 TeV and 3 fb~!

® Run 2 [2015-2018]: 13 TeV and 6 fb~!

Lepton Photon 2023 Biljana Mitreska 19 July 2023 LFU and LFV at LHCb 5




LHCb method for TD study

: L | =] - — . .

T T T » Flavour tagging: info from other B
! SS Pion ! . .

- /.gg;;gg;wet | Signal Decay & fragmentation particles

i ® 35 Pion BOT i J/n/:/:> €ta g(l — 2(1))2 ~ 504
d’/,i//’ S » Large boost from pp collision

—~t Same Side
—’i.f “““““ opposesige T py ~10, L ~1cm

. > ‘ OS Kaon o
- b,r_;(_. P OS K. NNet ° SI|ICOn Ver’[ex System
b— X1~
0S Verfex Charge OS Muon O-t 4 5 fS
0OS Charm OS Electron

Int. J. Mod. Phys. A30 (2015) 1530022

B — D;m™ Nature Physics 18 (2022) 1-5

Amg = 17.7656 + 0.0057 (comb) ps~? Amg = 0.5050 + 0.0021(stat) + 0.0010(syst) ps~2

31
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BEPCII & BESIII

Superconducting solenoid Time Of Flight (TOF)
H09~1.0T B 9 layers (barrel) + 8 layer (end-cap) . o = 90 ps (barrel)
\ I B g, = 65 ps (end cap)
RP 43
ayers afers
| pradil
sC I - I
Solenoid BN S
" . Barrel | ‘
2020: energy upgrade to 2 45 GeV ToF I |
* 2004: started BEPCII upgrade, E”%CFap
BESIII construction Sc
A N 2008: test run Quadrupole
\ A ;_w 2009-now: BESIII physics run . . = —= _
¥ & °© 1989-2004 (BEPC): / « ([ Main Drift Chamber (MDC)
Lpeak = 1. 0x103' cm™2-s71 ® o,, =130 um
« 2009-now (BEPCII): B AE/E =2.5% @ 1.0 GeV B AP/P =0.5% @ 1.0 GeV
— — u = 0.6 1.0 GeV m =6 — 70
. Lpeak =1.0x1033 cm™2 - 571 Iz = 0.6 cm @ 1.0 Ge Oag/ax = 6 — 7%
/s =2.0—-4.95GeV
7T | | ]
- J /v BES 1II "06 09 28 .
6 | A Mark-I ¥ (25) | c —
- Mark-T + LGW ’ .
5 |- B Mark-II B
- ® PLUTO -
R B 7 Crystal Ball -
4 * BES II ’99 "01 ‘ L
- © KEDR = ’ —
1 R A i A ... AR 7
SOV AN :
e - =
- ] | ] ] ] | I _
3 3.5 5
Xu-Dong Yu (Peking University) Charm physics at BESIII 2023.7.18 4
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Measurements of the R value at BESIII

3ist Lepton Photon Conference no

Hao Zhang (on behalf of the BESIII collaboration) T

17 - 21 JULY W

) f@ i""i fi} ilk "fmé zh4710jj@mail.ustc.edu.cn, University of Science and Technology of China

Definition of R value
Summary
The R value is defined as the leading-order production cross section ratio of hadronic events

and muon pairs in the e*e™ annihilation:

ch’gﬁf:fe__i";‘iﬁi‘j)s"%d R value measurement at BESIII
4maBu(3 = BD) . = Precision better than 2.6% below 3.1 GeV and 3.0%

gﬁ“(s)z s > ,With,@ﬂ=\/1—4m/2,£/5 above [Phys_ Rev. Lett. 128, 062004 (2022)]

Measurement of R value <= Measurement of total cross section of hadron production

TN AR AN

® BESIII ® BES + VY2 A Crystal!Ball
m KEDR * MARK-I ¢ PLUTO ---pQCD+J/y and '
| | I | | | | I | | | | I |
2.5 3 35

s (GeV)
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Muon experiments

g2 EDM ..=LFV

u u u

Imaginary

*LL—€Y search

*LL-€ conversion search
02

‘u-EDM
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MEG I at PSI

nEDS beam line @PSI

/ COBRA SC magnet

e* Drift chambers

Timing counters

Multi-Gamma T

9 000
OO0 00000000MO
/ 0000000000000
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Latest Update — MEG II, First Result —

+ MEG II is running from 2021
+ The 1st result have been published just last month ! Unblinded 2021 Data

15 — S8 LN LI L DL B L LI BB BLIL B — 1 I I I | ]
= 04 _>L<1'0 L LI A L B R BB B L | T _ % - O — 0.9995 0.2ns ; E & © ) oo o -
g5 = = S ST 95 Fey < :  [fery| <0208 3 .. 0.8 o -]
2 0 35 - Last run: 557189 (2023-11-09 08:10:39) 2023 — = E E 'Nf“ : o ° ° :
= . - 2021 T, : 2.90¢+06 = Lﬂk S6( B 0.6 o o ° -

o - ne? 2906406 5 7] - . . : o
% 0'3 :_ ........ 20227, : 7.76e+06 s _: S35 ;— - 0.4 o ~
g 0.25:_ oo 2023, :9.60e+06 s 2022 = 54F = 0.2-\‘ ° =
= 2012 (MEG best) ] : C ~ o
- = 53 - -
b~ 0.2E - : 05’ PR
0.15 :_ / _: 52.:._ . ° - _02:, o o [ J—
E > E 51 ;_o o 2 ° o - _0.4:— o o o -
0.1 - = 50-& R 3 N o ° ]
0 05:— = - o® o . _0°6:_ o 49 < E, < 55MeV E
' 951 P4 i 1 . W, %% o0 1V E 0.8} 52.5 < E,. < 53.2MeY3
0 : : : : : OINJ ll : : : : ()I]./S : : : : : 011/N llllll C 1 q lo 1 l 01 1 1 l L1y l 1 1 1 1 l 11 1 1 _ ~ 1 L O1 l 1 1 1 l L ’-‘l ° L l 1 1 1 l L 1 1 n
N ’ P " Date 1 R YR (O <Y 1 20,9998 0.9996-0.9994-0.9992 —0.999
E . [MeV] cos®
e ety

+ Only 7 weeks of physics run in 2021 = Almost equivalent to MEG data

+ No excess of events over the expected background is observed

+ Upper Limit (9oCL), B(u+t—ety) < 7.5 x 1013, c.f. MEG result : < 4.2 x 1013
+ Combined (MEG II 2021 + MEG): B(ut—e*y) < 3.1 x1013(90% C.L.)

The most stringent limit to date !

Hajime NISHIGUCHI (KEK) "Lepton Flavour Experiments” 13th JCFA Seminar
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COMET

u-e conversion

® High intensity pulsed muon beam (10!!/sec)

® Large solid angle curve solenoidal electron
Spectrometer

® Experimental sensitivity: BR = 10-17

® 100,000 times better than current limits

. ® Energy scale comparable to LHC

j (ATeIectro spectrometer
u+N(A,Z)—e+N(AZ)

(1) proton target /<

/' ‘ /7.7‘: F
7 A4 -
7 7 {
/ A

(3) muon target WY o=

W (2) muon transport i

=

"4" x
- 5
- ?

} (5) straw chamber

S (15 o)

[ | £

(5) electron calorimeter .
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Immediate Outlook (3) — Mu2e / COMET / Mu3e —

+ Preparations for 3 experiments (Mu2e, COMET, Mu3ge) are in the final stage

Detector for mu-e Search

Detector for beam measurement

Beam line construction

Engineering & Physics Runs

+ Two detectors, for physics and BG, Ongoing and will be ready in 2025
+ Beam-line commissioning w/ low-intensity proton beam, completed
+ Pion Capture and Detector Solenoids, will be installed in 2026

+ Engineering/Physics Runs are expected to start in 2025-2026, after radiation
shield construction which leaves uncertainty in schedule.

Hajime NISHIGUCHI (KEK) “Lepton Flavour Experiments” 13th JCFA Seminar




45 Fermilab {2)ENERGY |sicrer Muon Magnetic Moment and Defining the Anomaly

Magnetic Moment of Muon { Dirac:g=2 ) ( Quantum effects : g>2

— € .
=g —39

=8, §

. Proportionality constant i < z/ \t
g P y _ 9 y

between spin and magnetic /
moment
Muon g-2 Experiment and SM . Anomalous Magnetic Moment of Muon
A g,u —2 — € : :

on behalf of the Muon g-2 Collaboration m if there are new particles or even forces that
Lepton Photon 2023 contribute to a,
Melbourne
20 JUIy 2023 ﬂ }NIVEIR_SIITYE:ILLI}OIS§RBA90HA£PAIGSN ShOWS hOW mUCh g differs fraCtiona”y from 2!

FERMILAB-SLIDES-23-172-PPD

T —

a,=a(QED)+a(EW) + aﬂ(hadronic)

QED +... (5loops) 116 584 718.9 (1) x 10~ 0.001 ppm
EW / +... X 153.6 (1.0) x 10~ 0.01 ppm
+... (NNLO) 6845 (40) x 10~ 0.34 ppm
[0.6%]
-11
. (NLO) 92(18) x 10 0.15 ppm
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BNL g-2 — o

FNAL g-2 + ° -
Detectors : Calorimeters + Calorimeters | -
W < SiPMs . W - 24 segmented PbF2 crystal calorimeters < 4.20 >
PS segmented stationed around the ring Theory Initiative
/ - Detects energy and arrival time of et . e
If : : decayed from muons: u" — e vﬂve S Experiment
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FIG. 3. Experimental values of a, from BNL E821 [8], our
Run-1 result [1], this measurement, the combined Fermilab re-
sult, and the new experimental average. The inner tick marks
indicate the statistical contribution to the total uncertainties.
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R

J-PARC Muon g-2 experiment.

New technology improves both statistical and systematic
eIrors

Use ultra-slow muon sources
Storage rings about 1/20th of conventional ones
Ultra-precise electromagnets based on MRI technology

Muonium Biltra Cold u Beam

Laser :
Surface muon @ Muonium

Proton beam / Ultra cold
i H "B . _} muon beam
(3 GeV, IMW ) Surfa (u+ 1086/sec)

(~30 MeV, 4x108/s) 'Miror accelerator (300 MeV/c) 42




Other targets
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CSI calorimeter

>
/ vertex °
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CERN NAG62: Search for K—mtvy

Dark boson searches at CERN'’s Related Articles
North Area iMZs_eeg'ﬁr;t. -

‘...r s - =
significant, . -~

With their latest dark-matter searches, both the NA62 and NAG4 .
evidence of rare

experiments start probing several well motivated light dark-matter
models

2ebn
Physics | News
12 August, 2020

21 AUGUST, 2023 | By Kristiane Bernhard-Novotny

) NAGZ?pot.s two
W potential

instances of'rare
pa...

Physics | News

23 September, 2019
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The NA&2 (left) and NA&4 (right) experiments at CERN’s North Area.

Located at CERN’s North Area and receiving beams from the Super Proton Synchrotron ™ \y J \ ___‘,'.,-"' »\
K

L /.CERN’s SPS . "™
experiments

(SPS), the NAG64 and NA62 experiments search for dark matter, complementing searches at
the LHC, as they cover a different energy range. Both experiments recently published new
results.




FASER experiment

FASER is a new forward experiment of LHC, located 480 m downstream from the ATLAS IP.
Successfully started data taking in Run 3 from July 2022 for:

e Search for new weakly-coupled particles in the MeV-GeV range
* proposed to CERN in 2018, approved by CERN in 2019

* Study of all flavors of neutrinos at the TeV-energy frontier
* proposed to CERN in 2019, approved by CERN in 2020

—

TI12 tunnel

Favorable location, except that refurbishment is needed to be an experimental site.

* Background from collision point is only high-energy muon at about 1 /cm?/sec, thanks to ~100-m rock

* Radiation level from LHC is quite low, around 4 x 103 Gy/year (= 4 x 10’ 1-MeV neutron/cm?/year)
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FASER detector
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Motivated by dark matter

 Example is a dark photon (A’) — vector portal to dark sector

* Could be produced very rarely in decay of a it°

* Could be long-lived due to small coupling constant

7r0 S

No events seen in unblinded signal region
e Total background: 0.002010.0024 evts,

10° = |

107 - dééﬂ—'
106 - Preliminary
10° -
10% =
10° -
10° =

10 0,0

# of Events

f?
10- E

107 =

107 =

10-4 - \ |

by H."Otono" @ "Kyoto seminar 2023

No Veto Signal
2 1 Track

+ Data 27 10 ' (79513 events)
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= 165 (1.0 events)

L1
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Calorimeter Energy (GeV)

~ Systematic Typical Effect
Uncertainty on Signal Yield

Theory, Statistics and Luminosity

A’ crosssection  0.15 + (E 4/ /4 TeV)?

15-45%
1+ (Ey /4 TeV)? 2Re
Luminosity 2.2% 2.2%
MC statistics JEw? 1-2%
Tracking
Momentum scale 5% <0.5%
Momentum
0, 0,
resolution 5% <057
1-track efficiency 3% 3%
2-track efficiency 15% 15%
Calorimetry
Energy scale 6% <1%
w VT "!mﬁ—"*, IR (] ) I 1ATRY
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The birth of Collider Neutrinos (at the LHC)

Ettore Zaffaroni Brian Petersen 19

charged particles (P<7 TeV)
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/ particles
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neutrino, dark photon
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3. Cosmic Frontier



Dark Energy

Cosmic Frontier Experiments

« Cosmic Frontier experiments address four of five science drivers

« They use naturally occurring sources to determine the fundamental nature of matter,
energy, space and time.

Dark Matter,

7 26.8%
- Dark Energy‘
Higgs Boson

68.3%

Neutrino Mass

Dark Matter

Cosmic Acceleration

Explore the
Unknown

/Ordlnary A — Legacy Survey of Space and Time at
Matter, 4.9% Vera Rubin Observatory

N

: M P o~ - — N 3 -
v+ AMS at ISS DESI at Kitt Peak

South Pole Telescope

« Partnerships w/NSF (PHY, AST, OPP) NASA (AST, ISS, CLPS) are essential

°": U.S. DEPARTMENT OF Office of

') ENERGY | science 05/22/2023 DOE-HEP Report Energy.gov/science




Evidence of Dark Matter

e Rotation Curves

* Clusters of galaxies Dark Enel'g)'
68%

Dark Matter
27%

)
Z |
Q -
o
LLl
V)
28]
O

* Type la Supernovae

Atoms
5%

[statement valid now, and on very large scales]

by G. Bertone @ICHEP2022




Where are the dark matters”?

Posti & Helmi, A&A 621,A56 (2019)

Dark Matter

72% Dark Energy
68%

Dark Matter
27 %

oms
5%

by G. Bertone @ICHEP2022
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What are the dark matters”?

by G. Bertone @ICHEP2022

Axions (1983)

Primordial Black Holes
(1971)
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Dark Matter Candidate Mass [eV]

» Primordial Black Holes

- Weakly Interacting Massive Particles (WIMP)
» Sterile Neutrinos

» Axions

» others
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How to find drk matters

by G. Bertone @ICHEP202

« produce them by accelerators
 look for them by underground experiments
 search for their annihilation signal by satellite and observatory
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How to find dark matters

M oM 1%
< ¥
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DM+ % > DMt G-

« produce them by accelerators
* look for them by underground experiments
 search for their annihilation signal by satellite and observatory
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Message to you

® There are many types of high energy experiments with various phases.
® Large-scale international collaboration to small (medium?) size collaboration
® Often long term projects with different phases
® Ideas are generated
Construction phase
Initial data commissioning
Stable data taking
Analysis phase
Upgrade phase

® Please consider
1.  What type of physics are you most interested in?
2. What kind of experiences would you like to havt?
3.  What problem will you want to tackle?
4. Enjoy the experiment with your friends.

Trust your own senses as a scientist!
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Summary of High Experiments

I did not cover
neutrino experiments
future projects
Specific Cosmic Frontier experiments
new types of experiments using quantum
technology

Bias towards experiments involving the
Japanese HEP community

Cosmic Frontier
Neutrino (T2K, SK, KamLAND, etc.)

neutron, proton decay, * °* °

t.

VSON2024 -T. Nakaya - 60



