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Asian Countries at LHC

The IRQ magnet system installed
in the LHC accelerator

1995

Minister of Education Culture
and Science Kaoru Yosano
and CERN DG Christopher
Llewellyn Smith

Science contributed to world peace
Thin gap muon trigger chambers of ATLAS was
assembled by Pakistani technicians, Israeli
engineers and a Japanese physicist.

-.. S




“Asia” in CMS India DAE and DST,: funding agencies

Multichannel Programmable Power Supply

China, Korea, Thailand, Malaysia, India, Pakistan, with Temperature Compensation for SiPM

Iran, Uzbekistan, Taiwan, Turkey, Georgia, Armenia
*Gain stabilized to

~0.5% over 15° C
*General purpose, easy
to use system suitable
for many applications
*FNAL-TIFR-VIIT
Collaboration

Korea

KOREA BLCILCE] U Liof Se'OUI 5‘, »'E

India: Silicon strip detectors in CMS Pre-
shower 1000 detectors (25% of total)

2mm strip-width, 2mm
pitch, DC coupled

Chonnam

&

Phase Il upgrade
GEI}/I" Etching system

India: Outer Hadron Calorimeter

GEM Lithography system

scintillator tray
with WLS fiber
readout




“Asia” in ATLAS

Australia, China, Hong Kong, Israel, Japan, Russia, Taiwan, Turkey

Thin Gap Muon Trigger Chamber LHC Computing Grid for ATLAS in Asia

TR

Academia Sinica Taipei Tier-1



Chinese Philosophers “Likes”
Particle Physics

Break a ruler by half every day, never finish even after ten thousands generations

—— Zhuangzi ~ 350 B.C

WRTLALB TS ® — EZFXR
Matter may be break up infinitely -
-— Mao Zedong 1964

Reasonable support to particle physics in

China, even in difficult times Mao Zedong met Sakata in 1964

and discussed particle physics



The JUNO Experiment
NPP_| DayaBay | Huizhou | Lufeng | Yangjiang | Taishan

Status Operational Planned Planned Under construction  Under construction
Power 17.4 GW 174 GW 174GW 174 GW 18.4 GW

Daya Bay

Near Site

Far Site

‘ Guang Zhou
44 : : L

'-IIOIQ\OI h.‘J
i L) Zhu Hai ,J\ g1k

T-Iong Ko

L ujz.s h drive
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Shen VZhen
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Savannah River

Bugey

Rovno

Goesgen

Krasnoyark

Palo Verde

Chooz ® KamLAND
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| | |
4

10° 10° 10
Distance to Reactor (m)

by 2020: 26.6 GW




JUNO Detector and Chal lenges

~ Largest LS detector =» x 20 KamLAND, x 40 Borexino
— Highest light yield =» x 2 Borexino, x5 KamLAND

» Huge Cavern:
» ~48mx 70m
» Largest Acrylic tank:
. | > @ 35.44(13m@SNO)

E » Best attenuation length: 25m
. @R\ | 44, 5m (15m @ Daya Bay)

che 22 > 20000 20” PMT

| g* = » Highest photon detection

efficiency : 30%*100% = 30%
(25%*60%=15% @ SuperK)

\ .I-n} ;.‘ i il w _
43. 5m



ete Collider
BES HI@BEPC I

Luminosity(cm-=s—)

1.00E+35 .
1.00E+34 BEPCII
1.00E+33 —
. +
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1.00E431 e e CESRc

1.00E+30 —
1.00E+29 SPEAR MERCRI
LOOE+28 — ApoNE

1.00E+27
1960 1970 1980 1990 2000 2010 2020 2030

Physics at BESIII

Hadron spectroscopy and non-conventional hadron

searches =

The real starting point
of Particle Physics in
China is the
construction of BEPC
in late 80’s

BEPC ll: Operational Since 2009

R -
—_————c F':a.-.:BE:—zg- o~
P

2016/04/05 22:29:41

Luminosity 10.00 E32/cm”™2/s
e+ -

Rergy 1.8833 1.8830
e 849.97 852.83

f ime 1.52 2 o7
) 0.00 0.00

Beam energy:
1-2 GeV

Lumi. @ 1.89 GeV:
1X10%3 cm2s!
No. of bunches:

93

Total current:
091 A

SR mode:

0.25A @ 2.5 GeV

Charmonium production and decays: XYZ states e
Precision study of R, form factors, tau mass, CKM Int.J. Mod. Phys.
. A, Vol. 24 (2009)
matrix, etc.
Jiy - 5 4040 4420
1.3x10° L 0.5 fb-! 1 bt
S S L ] BES98 PRL 84(2000)594 2 - oy
S - BE S99, PRL88(2002)101802 4600
= 11
= iy O Gammaz 0.5 fb1
O Markl y(3770)2.
a7 pluto 9 fb-1 L E
* 2175 i 1
: 0.1 fb 8
3 % ‘% f k3
| SHTLI
=y 42304260 4360
r % 1.9 fb! 0.5 fb-! 0.0,
1 b PR ’I"I"lvl\ ’l‘ T T
' e nresnoie: R value Scan =% L
o :

Events / 0.01 GeV/c?
5 8 8

n
o
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(=]
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=3
Ecm (GeVv)

Munax (/) (GeV/c?)

PRL 106 (2011) 072002
i’\ 500 X(2120)
PRL110, 252001 (2013) E  p—
e e | Gaoof
- Do | £300}
F + [ sidedand g [
=) i
100}
0141.61.820222.4262.
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The Future: CEPC+SppC

Science Goals

* CEPC ( e+e-: 90-250 GeV)

— Higgs Factory: Precision study of Higgs(m,,, J*¢, couplings)

* Same as SM prediction ? Other Higgs ? Composite ? New
properties ? CP effect ?

— Z & W factory: precision test of SM

+ New phenomena ? Rare decays ? Precision measurement & searches:

— Flavor factory: b, ¢, T and QCD studies Complementary with each other

* SppC (pp: 50-100 TeV)
— Directly search for new physics beyond SM

— Precision test of SM
* e.g., h® & h? couplings



CEPC Accelerator design

Energy Ramp
10 ->120GeV

J

6~10 GeV Electron

e

Positron
3 machines in one tunnel:
» CEPC & booster
» SppC
—-—|C
" _.,E:\ >
bz T
m féﬂ« — ;@%\ Storage
o 3 Ring
A *& Qf;’x
7 45/120 GeV
oy



Current Status and the Plan
for CEPC

Working towards CDR

A working machine on paper
Ready to be reviewed by government at any moment

R&D issues identified and funding request underway

Seed money from IHEP: 12 M RMB/3 years

MOST: 36 M/5 yr approved, ~40 M to be asked this year

NCDR: ~0.8 B RMB/5 yr, failed in a voting process . ust for cepc, but
CAS: 40M/5 yr + 6M/3 yr + 12/yr approved 2?:: ;crc:rBaei?ii\;/ photon

CNSF: ~ 20M/5 yr approved, few M/yr expected !
Beijing Municipal Government: 500 M/4 yr for a R&D platform

A new international organization for CEPC will be organized
— A new format: not ITER, CERN, ILC, ...
An international advisory board is formed

Seeking international coordination



Reactor Experiment Neutrino Oscillation

Preliminary

RENO 1500 days
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Korean Neutrino Observatory (KNO)

_The J-PARC v beam comes to Korea.

YangYang(YZL) Underground Laboratory

Center for Underground Physics
IBS (Institute for Basic Science)

.- . 2 (Lowef_rj am)
. KIMS (Dark Matter Search)”

OFOFOkA H T - AMORE (Double Beta Decay Experiment)
Minimum depth : 700 m / Access to the lab by car (~2km)

2.5 deg off axis

Center for Underground Physics (IBS) Contents provided by Dr. Lee, HyunSoo
AMOoRE Experiments

* Neutrinoless double beta decay with 1Mo target nuclei
* Pilot is running. Preparing AMoRE-I. Extensive R&D for AMoRE-II
AMORE Pilot

AMOoRE-II

| ) T AMoRET
200 kg
_ 2020-2023
“ N ot 10°  10° 107 1
Lightest Neutrino Mass (eV)

O
m

% AMORE-I
Cryostat @ Y2L ity 8
~1.5 kg Sl o kg
- 2016-2017 3 9, 2017-2018
: : = k\‘ F—————EX (lmn T |
| ;
\ 1

|<m, >| (eV)




The GRAPES-3 Collaboration
Indian and Japanese Institutions
(Gamma Ray Astronomy at Pev EnergieS Phase-3)
The GRAPES-3 Collaboration

INO : India-based Neu‘rr'mo
Observator

ngh Altltude GAmma Ray (HAGAR) Telescope
Array at 4250 m Altitude in Hanle, Ladakh

One of seven Telescopes (GeV-TeV-PeV vy ray)

>

Sanctioned by the Indian
government.

Total cost is a few hundred
ME.

Construction is about to
begin.

International collaboration
are welcome.

Other non-accelerator
particle physics
experiments are planned in
the same cavern.

e

e

- \L..\l'-“""\"
I
i
>

50 kton magnetized iron
module(s) with

30,000 channel RPC



Taiwan

EXPTs:

?61"’ ]

NCKU NCTU

Major (MOST) Grants since 2010

Academic Summit Project: CMS Phase 1 Upgrade (NTU)
Vanguard Project: AMS-02 (NCU/AS)
Vanguard Project: Belle Il (NTU)

ATLAS Tier-1

Detector Wheel

Phase 1

Phase 0

Produce 210 sensor modules by summer 2016
CMS Pixel 1 detector installed Feb 2017 (EYETS)



http://www.ntu.edu.tw/chinese/PageN.php

Japan

Pasitran i

caltsica pon LBelle I detector |

no
¥

Belle-1l @ Super KEKB

Japan, Germany, USA, Italy, Russia, Korea, India, Australia, China, Canada, Taiwan, Slovenia,
Austria, Mexico, Poland, Czech Republic, Malaysia, Spain, Saudi Arabia, Ukraine, Vietnam,
Thailand, Turkey

2 °F | Goalof Belle I1/SuperKEKB
= SU: = - = B I
E Z. 40 =
38
T 30 ;— B e =
£ = 3 g |2

10 = = = 9 months/year

E o o o. 20 days/month
oF — l I
x1035 gf 5
i
EL 4
= g 2 —
2 oE I L i ,
2016 2018 2020 2022

Calendar Year

ete—Y(4S)—> BB
L =8 xi0%oms |

E(e*) = 4 GeV, E(e’) = 7 GeV

Phase 1 — Succesfull

commisioning of the main ring
(February — June 2016)

Installation of outer detectors
(finished in December 2016)

Phase 2 — Start of the collisions,
detector commissioning (Nov
2017 — spring 2018) without
vertex detector. First physics
runs on Y(4S) and Y(6S)!

Phase 3 - full detector operation by the end 2018
‘e Full data sample (50 ab™') to be collected by 2025



Physics case for Belle-ll

Charged Higgs Effects :
BO>tv  via W* or H*
B->D) tv via W* or HE

(+)y — B(B=+Dru)
R(D ) B(B—Dl*} i)
Currently, 4o deviation from SM prediction
Belle-Il accuracy ~ 3% for 50 ab?
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KO rean in BEIIe II Leadership E. Won: IB chair (2011-2013)
e Drift chamber based online 3D track trlgger (Korea U)

- Track segment finder finds segments

in KU chamber witk =====*~ ==

Track candidates Y S
triggered by TSF logic
by us (Apr. 2015) B T T

 DSSD assembly (KNU) _f
« Calorimeter trigger construction — &
(Hanyang) :

Wire-bonder Pull-tester Gluing robot



MEG-II
at PSI

Superconducting
Magnet

Liquid
Xenon
Gamma-ray
Detector

. PMT+MPPC

wviuon

Drift Chamber /

Positron Timing

Counter Radiative Decay Counter

Muon g-2 and EDM experiment at J-PARC

Magic momentum is not used

3GeV proton beam '.v
(333VA)
Graphaté target
y (20 mm) Silicon Tracker
- Surface muonbeam

(28 MeV/c, 4x10'%) 66 crn diameter

MuoniumProduction

\\ 300K + 25 meV=32.3 keV/c)
\\" . \% . £,

Super Precision Magnetic Field
(37, ~appm local precision)

Resonant Laser lonization of
Muonium(~10*'fs)

Muon experiments

MEG lI@PSI (pu—>evy)
COMET@J-PRAC (p->e conversion)
g-2 and EDM@J-PARC

Pion
target | masusonsiss

COMET Experiment
at J-PARC

Muon conversion to

4§ T Lam-arriving particle tagger

| electron
.
\ S Beam colimator  MUON target  seasm viocker
Py
\\\\\\ = \ > - ¥ . DIO blocker
%.‘.\ =
Se s




Hyper-Kamiokande|or Neutrino cp and Nucleon Decay

International Collaboration of 12 countries (Brazil, Canada, France, Italy, Japan, Korea, Poland,

Russia, Spain, Switzerland, K USA) If the construction starts in April

. pperpers 2018 = Experiment starts in
April 2026
Early start with a single detector
Water tank
B 0T [P 74mad. 60m height 260kt
'Structui;gfbottom part SR CRSS ECTION Fiducial Volume XSK 190kt
=N ‘ T PMT Photo sensitivity x @ better
40,000 sensors
Time resolution x @ better
= Two detectors in the future

J PARC Mam Ring Fast Extraction Power Proj Jectlon

) 1600 1T | —+f 1 T T L B — —~
Z - R ep Rate (Hz) : : —36 = . )
= a0 040 P77 o 08y 0.86 34 2 Photo-detector decision in 2017
E - : . " ' = 32 ‘E’)J/ | .
£ 1200 C Main :Ring = 3 T:::;. z
- Power:Supply - ¥
% 1000 Upgtade H B 28 E
M r ' = 26 w T ‘l’ —————————
800 [ ' 524 8
- T =] g
600 E2.2 £ ’ Sy TR,
- - 2 | /04 ///////\%/:/\
400 . P : 18 L %»“/\))/‘,\// o ;
- : o : 16 | PSS SIS
L l

M T MR B N B
2014 2016 2018 2020 2022 2024 2026 2028 2030 )
Fiscal Year SK PMT BOX&LIne PMT HPD



t/[} [years]

CPV significance for dc,=-90°, normal hierarchy

10
N £ |[—HK
[o4] 8 E_ HK uE-400 SK Gd ----------
e £ (single tank) 2 350 S e ——-3
8 6F DUNE o et
— E )
=" S >3%0
2 E T — — HK (BH 30%)
» ,E - 220 o ey |
B TKA 229 7 Gca @r a0 | AT
E- @ 200 oy [T
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2 ;— E 150;— .
= NO\*‘A 100F- -
E 1 I 1 | I 1 | I | I | 1 E #r
0 2022 2026 2030 2034 2038 501~ - —
0:—‘—4—_”—/-# 1 1 1 i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
CPV curves depend on the starting points of 2020 202> 2080 208> 2040 205}2&r
experiments and beam intensity
(This plot was made by Yokoyama of HK)
= poen 2 EpovK
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ILC (Internatlonal Linear Collider)

gt Advantages of linear colliders

h'i cu'u

(1) No energy loss due to
synchrotron radiation
(c.f. Circular Colliders
-AE/turn oc(E/m)*R1)
(2) Energy extendability:
length, (gradient) = energy

\ (3) Beam Polarization
\i .~ ’gg,'

Discovery of the 125 GeV Higgs Boson at LHC in 2012

= obvious physics target (Higgs is a portal of
physics beyond the Standard Model)
= triggered early construction of the ILC

o FXEIR @

ILC Site Candidate Location in Japan:

Kitakami

Earthquake-proof stable bedrock of granite.
No faults cross the line.




ILC Acc. Design Overview (in TDR)

Damping Ring

e- Source

, e+ Main Liinac
Physics Detectors

gecror® (2]

— -

- 99977

4

C.M. Energy 500 GeV
e- Main Linac .
“ Key Technologies Length 31 km
o Gov pre-accelerator Luminosity 1.8 x1034 cm2s!
ew e G i r\
\J Source Repetition 5 Hz
Nano-beam Technology P
/4 I _ Beam Pulse Period 0.73 ms
amping
few i SRF Accelerating Technology . S Beam Current 5.8 mA (in pulse)
WAL I\I\II\I\IHIHIHIH : I‘ I . Beam size (y) at FF 5.9 nm
m— 11 i SRF Cavity G. 31.5 MV/m
compressor main linac collimation Q Qo =1x10 %

Shin MICHIZONO, ACFégJan.19
2017



“DoE-MEXT ILC Discussion Group” was formed in October 2016
cost reduction and management of the ILC lab are the main issues

1. Cost reduction in Nb material preparation

e Optimize the ingot purity with a lower residual
resistivity ratio (RRR).

* Simplify the manufacturing method such as
forging, rolling, slicing and tube forming.

2. High-Q high-gradient SRC with nitrogen infusion

“standard” 120C bake vs “N infused” 120C bake
10" r 3 =

................... n

Nb ingot

at Fermilab

® |LC processing
= Modified 120C baking (N2 included)

Achieved:

L . 1
g,
| ...:'"""' S — | 45.6 MV/m =194 mT
- N with Q ~ 2x101°
g 10’ 1 Q~2.3x10%
» ; - | at3smv/m
. T : OE‘OOEOCH] \.\ :

O 1oy { ILCspec:
.2 | Q=0.8x10%
34 3% 38 40 42 44 48
Eacc at 35 MV/m
109 PR (SR S ST N T S T T E—_— _—
0 5 10 15 20 25 30 35 40 45 50

E,.. (MV/m)
Increase in Q factor of two, increase in gradient ~15%

*  Confirm reproducibility of the nitrogen infusion method to improve Q and field gradient of
SC RF cavity developed at Fermilab. = Understand the underlying physics

* High statistics test of the yield by fabricating 8 9-cell cavities.



Cost reduction by SCRF technology is O(10%).

We need more !

Energy reduction is needed for the initial phase of the project
down to the energy which is enough to scrutinize the Higgs boson (250 GeV)
to investigate the direction of the physics beyond the Standard Model.

Cost reduction is more than 30 %. (31km - 20km)
= ~40% cost reductionin total + reduction of running cost

Make sure the scientific significance of the staged 250 GeV ILC.

= Japan Association of High Energy Physics set up a committee and complete the
investigation.
The Linear Collider Collaboration physics group also studied the issue.

Consensus of the international science community and understanding of the
governments are necessary.

We will discuss in the ICFA/LCB at Guangzhou, China in the next week
The final words will be ready during the ICFA Seminar in Canada, on 6-9 November



Conclusions of “Committee on the Scientific
Case of ILC250 Higgs Factory (Chair: Shoji Asai)*

Commissioned by the Japan Association of High Energy Physicists
An independent review of the scientific case of the ILC by ATLAS, Belle Il, Theory members

In order to make the most out of the HL-LHC physics results,
concurrent running of the ILC250 is desired.

Because the energy scale of new physics is currently not
known, the reach of precision Higgs and other SM probes of
ILC250 are comparable to those of ILC500.

Combining with HL-LHC, SuperKEKB, and other experiments,
ILC250 “Higgs Factory” will play an indispensable role: fully
cover new phenomena up to A~2-3 TeV & uncover the origin
of matter-antimatter asymmetry

The inherent advantage of a linear collider is its energy
upgradability. Thus the ILC250 can not only uncover the
energy scale of new physics, but has the potential to fulfill this
requirement by an energy upgrade.



ILC 250 Higgs factory allows us to discover new
physics beyond the reach of LHC and to discriminate

SUSY vs Composite Higgs

MSSM (tang =5, M, = 700 GeV)

15

possible models of new physics at high confidence.

s F o Ew K K K
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; = - —m B
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[ . 250 GeV, 2000 o’
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Necessary steps and time line for the ILC project

Japan has to have the initiative
Scientists

MEXT

Leaders in industry (AAA) — | The Prime Minister and the Cabinet
Politicians (alliance of Diet members)
Local governments

—

Trigger the green light for ILC

Willingness of the other countries is essential for this process

~1 year Preparation period for the green light
4 years Preparation for the ILC construction and international negotiations
8-9 years Construction of 250 GeV ILC

5-6t year Start installation

7-8th year Start of step-by-step accelerator test
1 year Beam commissioning

>10 years Physics run
Luminosity upgrade

Looking at the results from ILC250 and those from HL-LHC,... world economy,...
upgrade energy and schedule will be discussed




Summary

Asian particle physicists are very active in the international collaboration in experiments
at CERN (LHC accelerator, ATLAS, CMS) and also Belle, Daya Bay, J-PARC, Kamiokande.

Many underground and surface astro-particle physics and cosmic ray experiments are
going on in Asian countries.

In the near future Belle-ll, Hyper-Kamiokande and Juno experiments ... will take place.

ILC is planning to start with Higgs Factory with significant cost reduction.
Energy upgrade of ILC can be done by extending the main linac and/or by increasing the
accelerator gradient. Technology is matured and the time is ripe.

In China CEPC/SppC is planning . This project may interfare with ILC and/or FCC, hopefully
In a positive way.

| thank my colleagues in Asia for the contribution to this talk.
Specially,

Prof. Yifang Wang (IHEP, China)

Prof. Eunil Won (Korea University)

Prof. Tariq Aziz (Tata Institute, India)

Prof. George Wei-shu Hou (Taiwan National University)

Prof. Tom Browder (University of Hawaii)

Prof. Masanori Yamauchi (KEK, Japan)




Spare slides



ILC Schedule for coming years

ILC promotion JFYZD].G .IFY 0 FY 018 JFY2019 JFYZOZO

Schedule V-2017.June Apr. Aug.  Dec. Mar.

Ug. Budget Request

NOW .
O Budget Reque Fiscal . Budget Request  Fiscal . Budget Request  Fiscal

Strategy Strategy \ Strategy
LCLS-Il construdkion: usnﬁa‘éhnology

US-Japan 2nd year
(1st year R&D)

H With US: need stirt serious discussion on management and possibility of cost sharing
Federation: US-Europe-Japan cooperation

_—) Support Parliament/Government/Inter-government discussion
lFe ”l With Europe (EU countries & CERN): need start concrete discussion on
e VISI'I

sharirlz of cost, technology, human resources
| I (by second half of 2018)

2013~2016
Government .. ation

US-Japan “6

May: MEXT/DOE
Discussion Group
Europe IE

st reduction

US-Japan 3rd year

n framewn rk

Asia Germ Japan & Conl

Hon. RRSE¥nhuber

Risk stud d] Input
MEXT ILC Adunsury Panel [Risk stu ias {cammissjbne P < Inp e
JaPaI'I m Organization, . .. Panel I v
e Conclusion J4mmer 2018 2019, Jan-Dec

Studies on internatiorial' brganization Etomml mned}

European Strategy - Next 5-year plan

Europen Strategy (2013) Europe

Interim Report | ICFA: “staging” endorsement ‘ Pre-discussion Discussion = Proposal EC S&T minister, gov'ts
PS report (2014) | | United States | LHc results | | J 7 Psreport
I 2019
Aug Feb | Aug. Nov Feb Augl Feb Aug Feb Aug Feb
FALC O ® O O I 0] O O o )
ICFA O ® O O o O 0] O O
I ICFA critical decision
. Keep or stop ILC Activities
International Conferences ALCW?2 52017 O | U O O
ICHEP2018 LCWS2018 LP2019 LCWS2019 ICHEP2020
| Hon. Kawamura Keynote Speech

(includes staglng scenarios)

Scientists HEP community: consensus .
Future plans, ILC staging |

Industry-Academia Technology, cost reduction, local cost, I Domestic Outreach
Local area distributed centers, private funds, logistics l Toward domestic consen




Physics beyond 250 GeV ILC

(1) Precise top quark mass is measured by energy scanning

Lt threshold - 1s mass 174.0 GeV .
[— TOPPIK NNLO +ILC350 BS + ISR
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(2) Measurement of Higgs self-coupling
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