June 8, 2019 @ WIN2019 in Bari, ltaly

What’s next: Asia

T. Nakaya (Kyoto)



Physics (in WIN conferences)

- Higgs : N :
99 <<What are the main contributions (concerning
. the physics of interest for WIN) we can expect
* Neutrinos from your region in the coming years? >>

- Flavor Physics
« Astroparticle Physics (w/ Dark Matters)

» (Gravitational Wave and Cosmology)

This talk is based on my biased view to particle physics projects in
Asia with my limited knowledge. It is NOT a fair review talk.
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| listened to Geoff’s talk in EPPSU2019.

The World Economy

How can Asian projects/
facilities impact upon
Europe’s particle physics
future?
— UNITED
- STATES
Resources

People
Technology

World's Region

AFRICA
AUSTRALIA
LATIN AMERICA-

MIDDLE EAST
EUROPE
ASIA
NORTH AMERICA

- Characters of the Asian region in my view

» Growth, Passion, Diversity and Curiosity!
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Physics with projects in Asia (presented in WIN2019)

* Flavor Physics

* Higgs . BES Il
- Many Asian scientists are working for - Belle II/SuperKEKB
ATLAS/CMS. - J-PARC: KOTO, COMET and u g-2
. Higgs Factory [CepC, ILC]  Astroparticle Physics (w/ Dark Matters)
. « CALET
- Neutrinos
- DAMPE
* Super-Kamiokande -> Hyper- . HERD on CSS
Kamiokande . GAPS
« KamLAND -> KamLAND 2 - PANDA-X
- Daya Bay -> JUNO * COSINE
+ T2K w/ J-PARC and ND280 upgrade ~~ >/°he on SUPL (Australia)
« CDEX
* INO - NEWAGE
* AMoRE * (Gravitational Wave & Cosmology)
« NEOS - KAGRA (Japan)
. JSNS2 * Ngari Observatory (China)

« GroundBIRD, LightBIRD



Existing Facilities

-Japan:

Geoffrey Taylor “Perspective on the European Strategy from Asia”, EPPSU2019, Granada - é"ateg)




Fundamental
Questions



Questions

« GUT: Unification of forces [and leptons and quarks]

 Origin of generations (family structure)
* Origin of neutrino mass
« Strong CP

- Baryon and anti-baryon asymmetry of our universe
- Dark Matter

« Accelerating universe
* Inflation

=) \\Ve do not know the energy scale of New Physics

[



Should look for wider energy regions

-=%» |lepton flavor

Theories

S S e
—_levatto

R T P B e T TR [T e e T T | O PP P A R e
102 10* 10¢ 108 10'° 10'2 [0'* |0'¢ |0Q'S
experimental reach [GeV]

(with significant simplifying assumptions)

courtesy Zoltan Ligeti

Three arrows are added by TN (neutrino, dark matter and HL-LHC)
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Questions

- GUT: Unification of forces [and leptons and quarks]

« Origin of generations (family structure)

* Origin of neutrino mass
- Strong CP

- Baryon and anti-baryon asymmetry of our universe
- Dark Matter

=) |t is a good time to look over new physics with
various ways in many aspects [as a purpose of WIN]

9



HIgQs



Higgs Factory

China and Japan propose a Higgs Factory as the
future faclility in Asia.

ILC
L-Band SCRF

lllllllll

----------- Initial stage
""""""""""" 250 GeV

ILCTDR 2013 http://www.linearcollider.org/ILC/Publications/Technical-Design-Report

Strategy Documents:
https://ilchome.web.cern.c
h/content/ilc-european-
strategy-document

. ; ILC Staging Report 2017
CEPC CDR https://arxiv.org/abs/1809.00285 https://arxiv.org/abs/1711.
00568
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What else do we learn from Higgs?

Question Ry K3 KRg KR~ Ahhh Ohz BR.im, BRund KRe Haf BR,,-“ Fh
Is h Alone? + + + + + +
Is h elementary? | + + 4+ + +
Why mj < m,? |+ + + + + +
1st order EWPT? + + + + +
CPV? +(CP)
: : .
Light singlets? + + + + + BH Y Nir
SO puesieed + + + arXiv:1905.00382

Many problems of particle physics today relate to Higgs observables

= _‘

from “Summary: Electroweak Session” in EPPSU2019



- We all understand the importance of a Higgs factory
in the world.

 |[n addition, we also know it is an expensive (and
very long-term) facility.

« | think that the support of the international
community is essential to realize the Higgs factory.

- |t will be the international facility (not only Asia).
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Neutrinos



Successful History (in Asia)

- Kamiokande, Super-Kamiokande, K2K/T2K, KamLAND, OPERA

- Daya Bay

« RENO
FUNDAMENTAL PHYSICS BOARD TROPHY EVENTS NOMINATIONS NEWS CONTACTS  Search Q
EEIEZI}EKTHROUGH COMMITTEE PRIZES LAUREATES RULES -

For the fundamental discovery and exploration of neutrino oscillations,

revealing a new frontier beyond, and possibly far beyond,
FULT 3 the Standard Model of particle physics.

Breakthrough Prize Special Breakthrough Prize New Horizons Prize  Physics Frontiers Prize

2016 2015 2014 2013 2012

Koichiro Nishikawa and
the K2K and T2K
Collaboration

}\ Atsuto Suzuki and the
KamLAND Collaboration

\ Kam-Biu Luk and the

' Yifang Wang and the
‘ ,A‘ Daya Bay Collaboration

Daya Bay Collaboration

Arthur B. McDonald and
the SNO Collaboration

Yoichiro Suzuki and the
Super K Collaboration

Takaaki Kajita and the
Super K Collaboration

€
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History of Discoveries at Super-K

19 [ 19 20 | 20 20
97 98 07 | 08 17

\ SK- Gd
SK K2K . T2K Hope more
Start start Dlsc_:overy of Start discoveries
_ oscillatory Discovery of
Discovery of solar signature day/night effect
v oscillation (atm.v) .
e 324. | , *‘j‘t—,;,;_:
i, 23‘} = “*f’*{ﬁ
22 ‘i;-" . 0 oose:
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M

20 Years of Super-Kamiokande and Gd New Era by M. Nakahata @ WIN2019
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Hints In neutrinos

CPV and Mass Ordering!

T2K Run 1- 9 Prehmlnary

350 L.
- Prehmlnary w/ reactor constraint
30  — Normal -
S 255 — Inverted _;
) —— ]
S 20 -
< .
C\Il 15

Ocp (rad)

(\9]
o

' ocp= 0,7 fall outside 2¢ interval |

20

15

PHYSICAL REVIEW D 97, 072001 (2018)

1ol

| ' UL | UL

;

y

1 1 1 I 1 I I I 1 1 1 I

SK Inverted Hierarchy -
= SK Normal Hierarchy

o b s b e

- g
L e — e

SE

2 <

oCP

m Normal hierarchy(NH) is favored over Inverted Hierarchy(IH)
m A2 (NH -
= |H is rejected by between 91.9% and 94.5%.

IH) =-5.27 (SK only: -4.33)



Next Step

Hyper-Kamiokande

JUNO

2021

e Detector ready

— for Data taking!

2019-2020:

e Electronics production starts

e Civil work and lab preparation
Completed

e Detector constructing

Hyper-Kamiokande by
J. tagoda @WIN2019

INTERACTIONS.ORG e [

Harw Aboul = Particle Pecple N -
PARTICLE PHYSICS NEWS AND RESOURCES e A

A communication resource from the world’s particle physics laboratorles.

PhySiCS prospects ot JUNO by Hyper-Kamiokande Experiment to Begin Construction in
J. P. A, M. André @WIN2019 April 2020

17 September 2018 - Kavil Institute for the Physics and Mathematics of the Universe
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Next Step

J-PARC sends neutrinos to Super-K (Hyper K)

: RS
Materials and Life Science
Experimental Facility

Nuclear and Particle
Experimental Facility

i Beamlines

Upgr Power 202028 @b’ %

i .

1
X,
.
° = < ; . N
o —

8 Neutrino to
\ Kamiokande _
50 GeV Synchrotron
30 GeV{0.75 MW)

J-PARC = Japan Proton Accelerator Research Complex

"Power Upgrade in 2020-2028”
Prospect in Accelerators by S. Guiducci
@ WIN2019
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Horizontal TPC

Horizontal TPC

SuperFéD

Upgrade of TZ2K Near Detector
NDZ280 by Y. Kudenko @ WIN2019




Check anomalies (eV sterile neutrinos)!

JSNS2 NEOS

IMLF building (bird’s view)

overflow buffer
calibration access

Nty oy,
DetE,Or@3dfloor A

g Hg target = Neutron ] i
< & and utrlno source A“ SN Ve target

muon
counter

muoir

17t Gd-loaded liquid scintillator / count:

detector (total 50tons/detector) Pb 10 cm
(4.5m diameter x 4.0m height)

193PMTs B-PE 10 cm

o

3GeV pulsed proton
beam

Searching for neutrino oscillation : v, = v, with baseline of 24m.

no new beamline, no new buildings are needed = quick start-up
‘

- JSNS2: Data taking will start in 2019.

NEOS: Under data taking toward the new results in
2020.
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Search for the Majorana particle
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KamLAND-Zen 800 J(amLANDZ-Zen 200 kg
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~1.5kg
AMOoRE Pilot
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Limit on Majorana eff. mass

ICa Y7r N§
Se Te
Cd
1_ | l {Te
GeMO
| l
Xe
= 107'E KamLAND-Zen (**Xe) 3 l
£
10—2 |
103 B
] |||||||| ||| ] |||||||| | |||||_I|IIII|IIII|
10 10° 102 107! 50 100 150

PRL 117,082503 (2016)  Myjgpees (€V) A
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Supernova Relic Neutrinos

Now

on
ago

_wn
—_—

e

LN >N

inos from

Neutr

/,mvn q.,w.

o
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Flavor Physics



Hints of New Physics!

U g-2: 3.7 0 deviation from SM

K(e’/e): 2.80 deviation from SM

c.f. meson mixing

- i |Cxp| ~ 1
SM ' NP !
1 . Anp ~
Eeff _ ESM + A2 Zcioghrrﬁ NP
NP

CPVinD:530 [AA=(15.4 +2.9)- 10*

Rk in B : ~3 0 deviation from SM

« 20T
S
1.5_— I
T S S { ................ (—
L
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0.5 m 1 4 Belle
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— -}- Average of SM predictions H F LA V
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BESII

BESII| data sets

BESIII experiment

XYZ scan
4190 - 4280

12 fb?

- RF::&—-—::RF: - R 7 T T T : I. T T T T T  — T T ]
,;/’s a\\\ s ¥(25) | 4040 T 4420 1
7 > 6 A Mark-1 0.5 fb! 423044260 1.0 fb =
- B Nk G e :
.’? ) energy measurement . ‘.:; 3 ® Mark-II v . Vios0 4600 _5
" - e " ® PLUTO |g5,10° 0.6 fb* 1
R g & DASP ]
i l,‘f\ o !; 1 4 # Crystal Ball B
il - s ™ i '[ ' W"'- vovrsrers . O | ; k * BES v - H 1 ‘ 3
' 25" = » 2 g ) - 1 h .
3 "o .\\\\\\\\\\\\\\llIIIIW///// B\ s b g s n,l -4 o/ * ! B
¥ i 3 ; Wil ||| H 3.0 fb-? 0.5 fb- ]
\\\\ BESIII is here I/” v e b L) ' I 1 ! J 4 0 ]
A Pl ] o =T == I can 1 3 fb 1 (130 points) =
X 2 p == o i
\\e - 54 i - . . — V= - - L - = - = - - — N I o ‘J—
== .——I—P‘.-s-g o 3 .5 = _4 4.5 5 $
D) data _
e e"e” — (3770) — D°DO(DTD™).
o [Ldt=293fb " at/s=3.774 GeV.
N o 5: 10M, N _: 8M
BEPCII S e e
D data
i - - colli ici V. TeT — DsD:”,DT — Dg 7.
» Two ring symmetric e e~ collider; > Hermeticity 93% of 4 ° e Zd —3 ig ?b_l > _ i ;78 GeV
circumference: 240 m and with a design » MDC: op/p= 0.5% at 1 GeV : % t= 3M at /s = 4. ev.
instan;saneouzs Iulminosity of » ToF system: DFDS T
1x10%em™"s™". o = 80 ps (110 ps) in barrel (endcap) ASAS data

v

Vs 2-4.6 GeV.

Beam crossing angle 22 mrad.

> ECL: 0g/E =25 % at 1 GeV
» Superconducting solenoid (SSM): = 1 T

o efe” = ATAZ.
o [Ldt =057 !ats=46GeV.

Krishnakumar Recent BESIII results in open charm

Krishnakumar Recent BESIII results in open charm 3/19

B

)
Recent BESIII results in open charm by K. Ravindran

+ other BESIIl talks @WIN2019
Rich physics as a tau&charm factory

Various interesting results coming
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B- Factory Belle I/SuperKEKB ())<=

Belle Il detector

Positron rmg collision point

11—

Electron ring

.. | Electron-Positron
WL | linear accelerator

Positron damping ring

LEXp 7
Run 920

LAY - Physics data taking with the full
detector just started in March 2019.

Many interesting results are expected
in the coming years.
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J-PARC: K and

ﬁ;\@m‘ﬂ KOTO
omﬁvtﬂ_—-—W-k.~_‘urrx_-_.ﬂi Csl I
FB
CCoa CCO5  CCO6 —_—

= | | T

= cV | \
e qva-:-mm:-ﬂw BHCV

-im Om Im 2m Im 4m Sm 6m 7m Sm 9m 10m Iim
[ I I I | | 1 I I I 1 1

bt o 3EdhY -1-
Muon g-2/EDM Experiment at : R R CO I\/l ET

J-PARC with Ultra-Cold Muon Beam |

Phase-I was originally =
split from full COMET I I :
(Phase-I) ; ,

ie. Conceptual Design of E
Phase-Ilis ready, CDR == %3

has been already k .................. A o WS e - ‘_\
submitted. RSN T b 8 (B el AL N
Decay =
Can make it better by ansport Sectior y )i
) rummocnamete B e -

feedbacks from Phase-I decay ofplons undie 8 sckend N/
L dal magretic feld | ._-//

Suﬂace;nuons"/ O i, M A(g‘Z) = 0.1 ppm
wprinctor Bl AEDM =102 e-cm (phase-I) full COMET (phase-II)

target

« KOTO (KL—mO%v v) experiment starts new data taking after the upgrade.

« COMET (u—e conversion) and muon g-2 experiments are under

preparation.
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Astroparticle Physics
(and Dark Matter)



Search for Dark Matters annihilation in Space
DAI\/IPE CALET

Cosmic Ray Sources
— — AGHN

—————

Dark Matter ] =

CALorimetric Electron 7elescope |

A Dedicated Detector for Electron
Observation in 16eV - 10,000 GeV

- AMS is a pioneer to search for Dark Matter annihilation in Space
and to observe the positron and antiproton excess.

- There are more observations coming from DAMPE and CALET.
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observed by ATIC/CREAM/PAMELA/AMS-02/CALET o L
* Reveal a spectral softening above™~10TeV fo4 _;Q)

astrophys.
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03-08/06/2019 Zhaomin Wang: DAMPE space mission and recent results -
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The first flight will be late 2021
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Underground lab in Asia for Dark Matter Search

CJPL — Deepest underground lab in the world c PANDAH

China JinPing Deep Underground Laboratory
(CJPL)

Labs are built in mines (light blue) and
tunnels (dark blue and red).

Y2L. Korea SC|enc::e Mag.i

Canfranc, Spain

'(road-accessible) !

Gran Sasso, Ital

Baksan, Russia

Underground labs

Modane, France

CJPL, China

YangYang Laboratory (Y2L)

Dept \
\ 700m
m

COSINE
at A5 tunnel

o:ogor* 'étm A

Situated at YangYang Pumped Storage Power Plant

NEWAGE detector .
» NEWAGE-0.3b’ Kam|0ka

n Detection Volume: 31X31X41cm3
» Gas: CF4 at 0.1atm (50keVee threshold)
r  Gas circulation system with cooled charcoal

[ 1 f f T
0 500 1000 1500 2000
Depth in meters

I

i
2500

There are activities of underground lab in India and Australia
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(Gravitational Waves
& Cosmology)



KAGRA in Kamioka

Toya ma Bay

Timeline of the Project =

2010 Project started

2014 Tunnel Excavation Finished

2016  iKAGRA

KAGRA Entrance
2018 bKAGRA-phasel

IPresent bKAGRA-phase2, joining O3 I

SK Entrance

© 2013 ZENRIN
Image ) 2013 DigitalGlobe

Feb 14th, 2019 JGW-G1909822 Feb 14th, 2019 . © 21GWeGd9098age
; B 7 el T Data Japan Hydrographic Association

. "Status of KAGRA: the underground- and cryogenic gravitational-wave
detectors” by K. Kokeyama at the 5th Kagara International Workshop/ The
1st Kagra-Virgo-3G Detectors Workshop in Perugia, Italy.

. Almost ready to join O3!




Gravitational Wave Telescope in China

« We hear the big investment on the Gravitational Wave
Telescope in China.

* |t is very interesting to follow how the project is going.

* | am not the expert of this subject, and | just find the following news
on the web.

#NgariObservatory: Construction of gravitational wave
telescopes in #Tibet under way

People's Daily | March 15, 2018

Autonomous Region to detect the faintest echoes resonating from the universe, a project insider disclosed, writes Bai
Yang of People’s Daily.
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C I\/I B http://litebird.jp/eng/

News & Topics

ISAS selects LiteBIRD as the strategic large mission #2!

2019-05-21

8 [SAS has confirmed that LiteBIRD completed activities planned during Prephase-AZ (praviously
| called as Phase-Al) and has salected LiteBIRD as tha strategic large missior #2.

LiteBIRD

Big leap from K4

LIGO/VIRGO to[LiteBIRD|——

within

Einstein’s theory beyond Einstein
of general relativity | |

The 2017 ‘ | )\
Nobel Prize ’ -

in Physics

LIGO/VIRGO: gravitational waves with classical origin

LiteBIRD: gravitational waves with quantum origin

M. Hazumi




CMB -GroundBIRD-

Large sky coverage with high-speed rotation scan @ Canary island, soon

Observation [+

range

30° 2° 0.2°

[hdel predictions of
- nodes from the inflation
=== Chaotic p=1

Chaotic p=0.2 E-modes
~= SSB (N_=47~62) I
- 8 gt Lensing B-modes
~"Model predictions for

" 0.10 Primordial B-modes

r=0.01

GroundBIRD

Multipole |

[N
PN . [N
. N . ' VA
. N S N
N
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View at Teide observatory

Mar. 8, 2019
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Proton Decay



Hyper—Kamlokande program

| Total mass 260 kton
Fldu‘CIal 1 90 kton
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People from Asia



Participation from Asia
Participation in HEP

- Japan
- China Considerable
- India contributions to

- Korea European and

* Talwan US programs
- Hong Kong

 Australia

- Thailand, Vietham, Indonesia ...

# Poicl Py o r acscc Geoffrey Taylor “Perspective on the European Strategy from Asia”, EPPSU2019, Granada




Where to build the group?

-

Vigtnaim Nautindo Group
iglnched in July 17,201 7 3

£7 4
vV IEFNAM

" EDUCATION 1is¢

"‘HI‘\‘LU
"::‘:‘T“Nuﬁs«cﬁjw : ‘,,'

' l ICISE - International Center for Interdisciplinary Science and Education
)

\'f @ Location :

) |

Quy Nhon, Binh Dinh, Vietnam ( 20

hectares site between mountains and sea),

@ Founders : Tran Thanh Van and Le Kim Ngoc

@ Activities : — 10-12 high level international scientific

conferences a year — welcome more than 1000 scientists

A project of bulding a neutrino group e theved ey ven
. — International schools on SPECITIC su _]eCtS.
at IFIRSE, Quy Nhon, Viet Nam

Nguyen Thi Hong Van A project of bulding a neutrino group at IFIRSE, Quy Nhon, Viet Nam

Where to build the group? (2)

@ |FIRSE , beside ICISE, is created to
promote scientific research and
education in Quy Nhon and Vietnam.

@ IFIRSE is surposed to become an
Institute of high level with an
international environment and
collaboration.

@ Director: Tran Thanh Van

IFIRSE - Institute For Interdisciplinary Research in Science and Education

Theoretical Physics Group Experimental Physics Group
@ Le Duc Ninh (got PhD in France, spent o Tsuyoshi Nakaya (Prof. at Kyoto
postdoc in Germany ) univ., Japan)
M N NN N e : @ Dao Thi Nhung (got PhD in Germany, @ Cao Van Son (got PhD in US,
Nguyen Thi Hong Van A project of bulding a neutrino group at IFIRSE, Quy Nhon, Viet Nam
spent postdoc in Germany ) postdoc at Kyoto univ. & KEK, Japan
@ more people are welcome @ N. T. Hong Van (got PhD in
4 2 France, working at IOP)
y {

Nguyen Thi Hong Van A project of bulding a neutrino group at IFIRSE, Quy Nhon, Viet Nam



Summary

Many new results are coming in the next few years.

Several new experiments will be online. The decision on
the new facility will occur in the near future.

The WIN conferences will grow including more projects
in Asia.

We pursue particle physics research with

- Growth, Passion, Diversity and Curiosity!
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Backup



Various Physics subjects

((\O\‘% f&ﬁo( éed&\ ((\ﬂ\ MeV to TeV Wlth

el O o
so\’b( S\)Qe P*c’ce\ (O 0‘1\5 a single detector

~3.5MeV__ ~20
Atmospheric

- The mass of the detector with the wide energy coverasge
is the Key to probe new physics.

- |t is an only unique choice to search for the proton decay up
to 1035 years.
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