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Particle Physics is NOT Regional
Regional Roadmaps are highly correlated

* Regional Roadmaps are correlated as facilities are highly resource dependent:
e Large-scale facilities must be international and inter-regional
* Facilities are chosen and designed to meet the priority goals of the field.
* National Priorities, Strategies and Funding will show variation but will follow the Roadmaps.
* Countries play to National/Institutional/Industrial strengths
* However all funding strategies make reference to international plans.
* Asia/Pacific too!
* Asia has no unifying structure: no “United States of Asia”; no “Asian Union”
 Japan and China are the dominant players, with international-scale HEP facilities

 Korea, India, Talwan, Australia, ... collaborate in the international particle program, as
well as maintaining smaller national programs
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Asian Strengths in Particle Physics

e Good participants global activities
* Collaborating in all major particle physics collaborations
e Flavour Physics
« Japan: KEKB / Belle —> SuperKEKB / Belle |l
 China: BEPC /BES —> BEPC Il / BES Il
 Neutrino Physics
 Reactor Experiments
* China (Daya Bay —> JUNO)
« Korea (RENO, NEOS)
o SuperKamiokande —> HyperKamiokande (J-Parc high-power proton source)
e GeoNeutrinos -> Kamland



Many other activities, ...

e LFV
e Japan (J-Parc): Comet, ...

 Underground Experiments

 Dark Matter Experiments:

. Japan - XMASS: China - PANDA-X: Korea - KIMS, COSINE-100:
Australia: SABRE(South)

e Cosmic Ray Experiments

e Space-based Experiments



Underground Facilities — Worldwide
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LHAASO: Large High
Altitude Air Shower
Observatory

4410 m above sea level In
the Haizi Mountain In
Sichuan Province in
southwest China.

Eye on the sky: the Large High Altitude Air Shower Observatory in Sichuan Province in

southwest China will attempt to understand the origins of high-energy cosmic rays. (Courtesy:
IHEP/LHAASO Collaboration)



Precision Frontier

e Japan: SuperKEKB/Belle I

* China: BEPC Il /BES Il
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Precision Flavour ...

Peak Luminosity Trends (e'e” collider)
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Belle |l Expectations
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KEK reclaims luminosity record

30 June 2020
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luminosity [x10°* cm™2s7}]
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e

Record breaker The instantaneous luminosity of SuperKEKB measured at 5-minute intervals from

late 2019 to 22 June 2020. Values are online measurements and contain an approximate 1% error.
Credit: KEK
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BEPC Il / BES I

Plans for a decade more operation
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BEPC Il / BES I

Plans for a decade more operation
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BES lli

Multinational
Collaboration

Political Map of the World, Novernber 201

—y — -

- oud ot e

- ‘- — f

(!

n

v -0

—

Eumpe (16)

any(6): Bochum University, ~ e
mholt, xmmalu. Johannes Gutenberg -
‘niversitaet Cleasen, University of Milnster o
V(3): F INES, University of Turin, Mongoﬁa(])
Netherlands(1): lv vl versity of (.wuln;cn Institute of Physics and Technology

-
-

3 M 2): Budker Instfly WW.{ - I\OI‘&I(I)
Swedcn(l o g | guty "\ % ‘ Iﬂnd'onlvdvm"!
| ‘l‘wkey(nr'runqsh,\cdmu(:e or Parth Croup *; x "
Carnegle Mellon ty - UK(2): University ofdilanclicste Unidlirsit ﬁ cuna = ,.mlapan( )
Indiana i?erslly = = ""“ W ista : ‘- Tdtyo University z
qucrslwllawﬂ. . ute oF [nfrma olag ﬂhaﬂaq;d(l) .
Unlverdtyd = b Iy \ QPII L _”, |
University of R ‘ : nj . m Q lhh,uslty of TOChllﬂO‘V

- r 2 ofLabn:e
d - 4 3

’. b

O K1Y <

S . P anlnsﬂtnteof'l‘edmol -

—  China (45) \...,,* "" L o

- teol Pdmdmnlal Tedlnology Beihang University, =2
= r Center o mnculSdeuceandTedmolog. Fudan Ulllwr:lq P
_Gliangx Normal University, Guangxi Unlversity,
ou Normal University, Henan Normal University, -
e Henan University of Science and Technology,
-~ Huazhong Normal Unlyersity, fruangshan College, Hunan Udva‘sty
Hunan Normal Unlverslly, Institute of High Energy Physies,

" Institute of Modern Physies; Jilin University, Lanzhou University, l.uonlng
=% Normal University, Liaoning University, Nanjing Normal Unfversity, Nanjing
- University, Nankal University, North China Electric Power University,
Peking University, Qufu Normal University, Shanxi University,

Shanxi Norasal University, Sichuan University, Shandong Normal University,

Shandong University, Shanghal Jiao Tong Unlversity, Soochow University,

South China Normal University, Southeast University, Sun Yat-sen University,

Tsinghua Unliversity, University of Chinese Academy of Sdences, University of

Jinan, University of Sdence and Technology of China,
University of Sdence and Technology Lisoning,
University of South China, Wuhan University, Xinvang Normal University,
Zhejiang University, Zhengzhou University

AR

-




BEPC - Example of US-China Collaboration

Beijing Electron-Positron Collider (BEPC) largely inspired by SLAC

Deng Xiaoping and Jimmy carter signed the US-china Agreement on
Cooperation in Science and Technology

* Annex: Joint Committee on Cooperation in High Energy Physics,
which met annually until ~2017

T1.D Lee convinced his friend Pief Panofsky (founding director of SLAC) to
serve as offical US Advisor to the Chinese Govt.

Personal and professional interactions were very important in developing
shared programs

BEPC and BEPC Il have been a very visible result of what now may seem an
unlikely collaboration
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Neutrino Physics

» Japan: J-Parc/SuperKamiokande/HyperKamiokande
 Kamland

 China: Daya Bay/ JUNO
o Korea: RENO/NEQOS
e |ndia: INO

* (The Neutrino is Japan’s national particle)
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RENO: Reactor Experiment for Neutrino Oscillation

RENQ is a short baseline reactor neutrino oscillation experiment in South Korea. The experiment was designed
to either measure or set a limit on the neutrino mixing matrix parameter 6,3, a parameter responsible for T
oscillations of electron neutrinos into other neutrino flavours. RENO has two identical detectors, placed at

distances of 294 m and 1383 m, that observe electron anti-neutrinos produced by six reactors at the Hanbit L

Nuclear Power Plant (the old name: the Yeonggwang Nuclear Power Plant) in Korea.
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Daya Bay

Asia (24)

Beijing Normal Univ., CGNPG, CIAE, Congqing Univ.,
Dongguan Univ. Tech., ECUST, GXU, IHEP, Nanjing Univ.,
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‘Europe (2)
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North America (15)
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JUNO Timeline

2022
* Detector ready for
data taking
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INDIA BASED NEUTRINO OBSERVATORY

INO PEAK
2207 Mts.
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* 515 kW stable operation
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TOKAI TO HYPER-KAMIOKANDE (T2HK)
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Or Even placing a second tank in Korea

An alternative possibility is to put a second tank in Korea
* Work on the second tank could conceivably start much sooner
* This is possible because of the off-axis choice (c f. NuMl, Dune)

o

10 e
| '@ ’ 4

‘0.‘.. ...

Imperial College

London
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First D2 corrector prototype manufactured by
IHEP collaboration

18 September, 2020

Technology
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May-August 2020: Training of the first prototype of D2 corrector manufactured by IHEP collaboration

 SRF (ILC RF modules: Japan, but also in China)

L)
o
-

e Photo Detectors, Silicon detectors, ...

* Electronics, Optical Links, ...
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Computing

Asian nations important in WLCG
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Computing Important throughout Asian Physics

Tier-2 sites
(about 160)

Tier-1 sites

10 Gorn Sk

S TO-T1 and T1-T1 traffic
e T1-T1 traffic only
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edoardo.martelli@®cern.ch 20200115

= LHCb
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— 100350
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AS137




CERN : Our field’s cornerstone

 CERN formed as International Organisation
* Treaty organisation (hard to achieve today)
* Post-war reformation of Europe (unusual initial condition)
e Strong multi-national political support is critical
* Not reliant on a single national budget or party
* Hailed as a highly successful, leading example of international cooperation

o Competitor to USA in science
e Transatlantic competition was influential right through to LHC/SSC
e Then:
o LEP surpassed SLC, SSC cancelled, LHC surpassed Tevatron
e Strong scientific goals and guaranteed resourcing were essential
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At the United Nations ... in a conference entitled “The CERN
Model, United Nations and Global Public Goods” CERN
representatives discussed with UN delegates the
laboratory’s model for international cooperation.

CERN DG elect Fabiola Gianotti highlighted the importance
of CERN'’s ‘consensual governance’.

“At CERN, ideas are the drivers of research,” said Gianotti.
“At the laboratory, authority comes from intellectual ability,
not hierarchy, so any student can contribute to the

scientific discussion ... people are animated by a strong
common passion for science.”




Publications

- All Countries Benefit -

( Inspire, October 2018)

National Publication Totals
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(Incite October, 2018)
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Non-Member State CERN Users

NON-MEMBER STATE CERN USERS by REGION
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2020 Update of the European Strategy for Particle Physics
High-priority future initiatives

A. An electron-positron Higgs factory is the highest-priority next collider. For the longer term, the European particle
physics community has the ambition to operate a proton-proton collider at the highest achievable energy.
Accomplishing these compelling goals will require innovation and cutting-edge technology:

- the particle physics community should ramp up its R&D effort focused on advanced accelerator
technologies, in particular that for high-field superconducting magnets, including high-temperature
superconductors;

- Europe, together with its international partners, should investigate the technical and financial
feasibility of a future hadron collider at CERN with a centre-of-mass energy of at least 100 TeV and with

an electron-positron Higgs and electroweak factory as a possible first stage. Such a feasibility study of
the colliders and related infrastructure should be established as a global endeavour and be completed

on the timescale of the next Strategy update.

The timely realisation of the electron-positron International Linear Collider (ILC) in Japan would be
compatible with this strategy and, in that case, the European particle physics community would wish to

collaborate.
B. Innovative accelerator technology ...

https://europeanstrategy.cern/
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P(e, e*)=(-0.8, 0.3), Mh=1 25 GeV  arXiv:1306.6352

400
250GeV Higgs Factory — SMallfth
—Zh
Asian Higgs Factory? 3 _
Experience in e+e- (KEK, IHEP) =300 — WW usion
Cost: 250 GeV (-1TeV) C ZZ fusion
a different beast form a 100TeV pp Collider C_)
1/400 energy el
O
ILC: 0)200
Reduced footprint, new technology i)
CEPC? ),
Cheap tunnelling in China 8 ______
I . | =100 =
oth will required International Collaboration O €
Neither would block CERN'’s drive to next Energy Frontier e
o
No outcome assured: O 7 el == 3
Need to develop various options 200 250 300 350 400 450 500

Support multiple centres of expertise

Possibly more host funding for the field \/ S (G eV)
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AFRICA
AUSTRALIA
LATIN AMERICA
AND CARIBBEAN

MIDDLE EAST
EUROPE
PAKISTAN $O.3TT ASIA
NORTH AMERICA

SWEDEN
$O557

BELGIUM
$0 537

UNITED
STATES
$20.49T / &
23.89%

Article & Sources:

https.//howmuch.net/articles/the-world-economy-2018 h OWM u c h .ne
https:/databank worldbank.org

Nominal GDP to measure
economic output, which is
different than using GDP
adjusted for purchasing
power parity (PPP)




Asian Growth

World Economic Forum: By 2030 Asia will contribute to
60% of Global Growth

* Burgeoning middle class - demand for advanced education and
research

e Digital Transformation - jobs revolution
* (eg. 53 Million workers in ASEAN will need to be retrained!)

* Science should not be led by Commerce/Industry
* Particle Physics has been an incredibly efficient innovator.

* \We must persuade our governments that our field has much more
ahead.
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FCC(ee), CEPC

Double ring e+ e- collider ~100 km

Follows footprint of FCC-hh, except around IPs

Asymmetric IR layout and optics to limit
synchrotron radiation towards the detector

2 IPs, large horizontal crossing angle 30 mrad,
crab-waist optics

Synchrotron radiation power 50 MW/beam
at all beam energies

Top-up injection scheme for high luminosity

Requires booster synchrotron in collider tunnel

-

ARC Centre of Excellence

Patice Physcs of fhe arcscce Geoffrey Taylor - IAS HKUST - January 2019




ILC250

Damping Ring
e- Source

.f¢.~ llll _—

p—

e+ Main Liinac

C.M. Energy 250 GeV
Length 20km

Luminosity 1.35 x10** cm?s*

e- Main Linac

—

pre-accelerator . . Repetition 5 Hz

Beam Pulse 0.73 ms

/

damping | ' . xtraction Beam Current 5.8 mA (|n pUISe)
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The Biggest Economies in the World

Countries with the biggest GDPs in the world and their growth outlooks

. 2018 GDP (in trillion U.S. dollars) ) Projected 2019 GDP growth (in %)

Indonesia M B 3.49
Brazil @ B 337
United Kingdom i:-I-:é B 3.04
France ¢ ) I 296
Mexico ‘0' - 2.57

italy @ ) I 2.40

At current prices,

@ @ @ A i hasi tv/real GDP " Purchasing Power
t current prices, purchasing power parity/rea growtn . :
@StatistaCharts Source: IMF Stat|8ta 5 Parlty (PPP)
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The Biggest Economies in the World

Countries with the biggest GDPs in the world and their growth outlooks

B 2018 GDP (in trillion U.S. dollars) @ Projected 2019 GDP growth (in %)

<4 The relative size of the Japanese GDP
Indonesia B 3.49 should be enough to explain its relative caution

Brazil @ - 3.37 in its commitment to the ILC.

United Kingdom %I% B 3.04
France ‘ ’ - 2.96 ® +1.3

Mexico ‘0' B 2.57 ® +1.6

. . .1
italy § ) I 2.40 X At current prices,

@ @ @ A i hasi tv/real GDP X Purchasing Power
t current prices, purchasing power parity/rea > growth . :
@StatistaCharts Source: IMF StﬂtlSta E Parlty (PPP)
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Population differences

Japan: 126 million
USA: 328 million
Europe: 740 million
Russia: 144.5 million
China: 1.44 billion
India: 1.38 billion
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ILC is not “just” a new accelerator

 The ILC is a new multi-billion dollar international laboratory, that must exist for
decades.

* |t is not a new facility in an well established laboratory
 Our community must not underestimate the significance of the undertaking
e At the same time as we support CERN, Fermilab, BNL, KEK & J-Parc, ...

 We must have and display unwavering, dominant support form our field
worldwide.

40



So How Affordable is the ILC?

Using the Economist’s Big Mac index

* LHC cost ~$5 Billion, approved 1995
* Big Mac (US) 1995 $2.32 compared with 2015 $4.79 —> Factor x2
 |In Big Macs, the LHC would cost >$10 B today.

* The ~$6 Billion price tag for the ILC250 would appear very reasonable (at least if
the cost can be shared)

(Need to be a big careful: In Japan Big Mac’s cost less in 2015 than in 19935!)
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The Biggest Economies in the World

Countries with the biggest GDPs in the world and their growth outlooks

. 2018 GDP (in trillion U.S. dollars) ) Projected 2019 GDP growth (in %)

Indonesia M B 3.49
Brazil @ B 337
United Kingdom i:-I-:é B 3.04
France ¢ ) I 296
Mexico ‘0' - 2.57

italy @ ) I 2.40

At current prices,

@ @ @ A i hasi tv/real GDP " Purchasing Power
t current prices, purchasing power parity/rea growtn . :
@StatistaCharts Source: IMF Stat|8ta 5 Parlty (PPP)
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The Biggest Economies in the World

Countries with the biggest GDPs in the world and their growth outlooks

B 2018 GDP (in trillion U.S. dollars) @ Projected 2019 GDP growt

Indonesia M B 3.49
Brazil @ B 337
United Kingdom i:-E B 3.04
France ‘ . - 2.96
Mexico ‘0' - 2.57
taly § ' i 2 0 At current prices,

@ @ @ A i hasi tv/real GDP " Purchasing Power
t current prices, purchasing power parity/rea growtn . :
@StatistaCharts Source: IMF Stat|8ta .E Parlty (PPP)
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The Biggest Economies in the World

Countries with the biggest GDPs in the world and their growth outlooks

B 2018 GDP (in trillion U.S. dollars) @ Projected 2019 GDP growt

-4 But probably not many would expect
Indonesia - 3.49 India to pay half as much as the US on particle

Brazil @ B 337 physics
United Kingdom i:-E B 3.04 :
France ¢ ) I 296 ® +1.3
Mexico (<) Il 2.57 ® +1.6

. . .1
italy § ) I 2.40 Y At current prices,

@ @ @ A i hasi tv/real GDP X Purchasing Power
t current prices, purchasing power parity/rea growtn . :
@StatistaCharts Source: IMF StﬂtlSta E Parlty (PPP)

42




Can HEP get
beyond China’s
Image problem

in the West?

COEPP

ARC Centre of Excellence for
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Economist (Jan 2019)

“China is hurtling up the rankings of scientific achievement. It has spent
many billions of dollars on machines to detect dark matter and neutrinos,
and on institutes galore that delve into everything from genomics and
quantum communications to renewable energy and advanced materials.”

“From better batteries and new treatments for disease to fundamental
discoveries about, say, dark matter, the world has much to gain from
China’s efforts.”

“Some in the West may feel threatened by China’s advances in science,
and therefore aim to keep its researchers at arm’s length. ... Butto
extend an arm’s-length approach to ordinary research would be self-

defeating. Collaboration is the best way of ensuring that Chinese science
Is responsible and transparent.”

Source: https://www.economist.com/leaders/2019/01/12/how-china-could-dominate-science
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https://www.economist.com/leaders/2019/01/12/how-china-could-dominate-science

Physics must aim to Remain Above National Politics
Lessons from COVID-197

* The political/national/economic world is entangled as much as the
environmental/microbiological/natural world.

* Solutions required international plans and programs
* The benefits of shared responsibility, shared solutions
* Large scientific facilities require the same approach:

» Shared vision, shared responsibility, share benefits.



ICFA - International Development Team

- To make preparations for the ILC Pre-Lab in Japan
* the first step of the preparation phase of the ILC project
 Mandate ~18months

» Executive Board:
e Tatsuya Nakada (EPFL), Chair—Executive Board and Working Group 1

e Steinar Stapnes (CERN), Regional Representative—Europe

e Andy Lankford (University of California, Irvine), Regional Representative—Americas
Geoffrey Taylor (University of Melbourne), Regional Representative—Asia-Pacific
Shinichiro Michizono (KEK), Chair—Working Group 2

Hitoshi Murayama (University California Berkeley/ IPMU-University of Tokyo), Chair—
Working Group 3

e Yasuhiro Okada (KEK), KEK Liaison

http://newsline.linearcollider.org/2020/09/25/icfa-and-the-ilcs-international-development-team
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Conclusion

* There are many opportunities for world-wide particle physics in Asia existing
and planned.

» Conversely, Asian science contributes greatly to the international field in
Europe and the USA.

* History shows that scientific collaboration is remarkably resilient even in times
of stress in international politics.

* Particle Physics must not miss the opportunities presented by the Asian
Century

* | hope Snowmass 2020 and the following PS5 will reflect the opportunities
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