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Last week, Professor Atsuto Suzuki asked me to give a
lecture at this school !

Suzuki-sensei is a great physicist.

As far as | know, he has made many achievements in
neutrino physics and trained many students.

| am sure you are well aware of his achievements at

By detecting unti-neutrino from the earth
at KamLAND, it was clarified that the
reason why the Earth's interior is still hot
today is that the energy of radiation
emitted from unstable nuclear species is
converted into heat.

He was recently honored as a Person of Cultural Merit and was also appointed as a
member of the Japan Academy of Sciences.



On the other hand, | specialize in accelerator science and have been responsible
for the construction of Japan's large accelerators such as
TRISTAN, KEKB, and J-PARC,
and have also been involved in the R&D of linear colliders since early 1980s.
| also developed an accelerator-based cancer treatment system.

Although backgrounds of Suzuki-sensei and myself as researchers are very
different, we share the same age and a love of Japanese sake in lwate.

For these reasons, my lecture is not a substitute for Suzuki-san's,
and the content will be biased toward accelerators.
From here, | will proceed the lecture in an interactive way.



Q-1: As an energy-frontier accelerator why we need both hadron and lepton
colliders?

International
Linear

Collider

©Rey.Hori



Q-2: Why ILC is the next generation Lepton Collider after LEP (predecessor of
LHC)?
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Why is ILC linear? (LHC is circular)

If it's circular, the electrons emit a lot of synchrotron radiation and lose energy.

Synchrotron radiation loss is inversely proportional to the fourth power of the particle mass.
Since proton mass is 2000 times the electron mass, proton synchrotron radiation loss is not
a problem

If it's linear, it won't emit synchrotron radiation, so we're going to linearize the light
electron-positron collider.

However, there is a tradeoff. With a circular collider, the same particle has multiple
opportunities to collide, but with a linear case, the collision of accelerated particles is a one-
shot deal




Q-3: Why the realization of the ILC will take more time than the LHC? (Not
political but technical question)

A-1: Issues are quality control, mass production and cost reduction of
superconducting accelerators

Yes, we can | = See next page (Euro-XFEL)

A-2: Beam control technology, especially collision control by narrowing the beam
size to nanometer size

Yes, we can | See ATF-II@KEK
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Euro XFEL in Hamburg

X-ray free electrontlaser (syrnch’roﬂ'oru =6 a&?@n) facilityin. operation
since 201401 Hamburgpusing exactlyfthe same technology as the
ILC, 0% the scale of the Il C ... in othen ords the basic
techinology et the |LCasioe ":"rlis'rjf




Beams of particles are bunched (swarmed).
Reducing the size of the bunch (narrowing the beam) makes collisions more likely.
Linear colliders especially need to narrow the beam size.

The role of the accelerator is all about accelerating and colliding well.

Original slides by Professor Emeritus Hitoshi Yamamoto, Tohoku University
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Let's understand the technology to focus beams to nanometer size and control
collisions. (1) Realizing low beam emittance (radiation damping) and (2)good
chromaticity correction.
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Laser Shintake laser monitor for beam size measurement

Laser light is splited and meet again.

Then laser interference fringe is made, which is a target to
make Compton scattering.
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ILC video courtesy of Rey.HORI




Q-4: The core technology of the ILC has been achieved, so why we continue
further development and research?
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Figure 1: SumMakingrarargrleatess fit very well with this.
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Q-5: Why was the Kitakami Highlands chosen as a candidate site for the ILC?
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Granite is a deep-bearing igneous rock. Magma solidified over a long period of time and
surfaced on the ground surface due to its slightly lowe
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Bird's eye view of ILC Kitakami candidate site

Tunnel design for ILC Kitakami candidate site (ILC 250GeV 20.5km)

Courtesy of Professor Hitoshi Hayano




KEK, High Energy Accelerator
Research Organization

Particle Physics Program in Japan

July 25, 2022
Snowmass Meeting in Seattle

M.Yamauchi
KEK

IDT phase
Aug. 2020

ILC construction
by ILC Lab.

International

Development
Team under ICFA

Pre-lab organized
by MoU’S among
the relevant labs.

® Joint R&D
® Int. Expert Panel
+ governmental
discussions

@ Timeline shown by KEK
Director General

@ The IDT phase, shown in
light blue, was added to the
previous timeline

® We will strive to start
construction as soon as
possible !!!

giStruction phase
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Environmental and
societal impact

A. The energy efficiency of present and future accelerators, and of computing
facilities, is and should remain an area requiring constant attention. Travel also
represents an environmental challenge, due to the international nature of the field.
The environmental impact of particle physics activities should continue to

be carefully studied and minimised. A detailed plan for the minimisation of
environmental impact and for the saving and re-use of energy should be part
of the approval process for any major project. Alternatives to travel should be
explored and encouraged.

B. Particle physics, with its fundamental questions and technological innovations,
attracts bright young minds. Their education and training are crucial for the needs

of the field and of society at large. For early-career researchers to thrive, the
particle physics community should place strong emphasis on their supervision
and training. Additional measures should be taken in large collaborations to
increase the recognition of individuals developing and maintaining experiments,
computing and software. The particle physics community commits to placing the
principles of equality, diversity and inclusion at the heart of all its activities.

C. Particle physics has contributed to advances in many fields that have brought
great benefits to society. Awareness of knowledge and technology transfer and the
associated societal impact is important at all phases of particle physics projects.
Particle physics research centres should promote knowledge and technology
transfer and support their researchers in enabling it. The particle physics
community should engage with industry to facilitate knowledge transfer and
technological development.

D. Exploring the fundamental properties of nature inspires and excites. It is

part of the duty of researchers to share the excitement of scientific achievements

with all stakeholders and the public. The concepts of the Standard Model, a well-
established theory for elementary particles, are an integral part of culture. Public
engagement, education and communication in particle physics should continue
to be recognised as important components of the scientific activity and receive
adequate support. Particle physicists should work with the broad community of
scientists to intensify engagement between scientific disciplines. The particle
physics community should work with educators and relevant authorities to
explore the adoption of basic knowledge of elementary particles and their
interactions in the regular school curriculum.
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The ILC should also base its policy on this strategy




List of elemental
technologies for
accelerators, detectors,
and computing

Beam Instrumentation
& Systems

Cooling & Ventilation
Cryogenics ,
Digital Sciences »
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Vacuums

Industrial Controls e
Magnet Technology
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& Mechanical Processes

Material Science ¢ —

Metrology e 7

Particle Tracking ./
& Calorimetry

Power Electronics,
Optoelectronics «
& Microelectronics

Radiation Protection
& Monitoring

Radio Frequency _
Technology

Robotics e

Sensors o
Superconductivity e
Testing Facilities

ACCELERATORS
DETECTORS
COMPUTING

“CERN NATURALLY CREATES
NEW OPPORTUNITIES FOR
INNOVATION THAT BENEFIT
SOCIETY.”

GIOVANNI ANELLI, HEAD OF THE CERN KNOWLEDGE

TRANSFER GROUPR.

MEDICAL
& BIOMEDICAL
TECHNOLOGIES

I Create a new
APPLCTONS SNSRI
SRR orivate sector

INDUSTRY 4.0

CULTURAL HERITAGE

EMERGING
TECHNOLOGIES

266000

Through novel developments in the field of accelerator
technologies and detectors, and more recently in computing
and digital sciences, CERN technologies and know-how
have contributed to applications in many fields, including
the World Wide Web, invented at CERN by Tim Berners-Lee
in 1989. Behind these three pillars of technology lies a great



SENSORS

T So far, many new
e Advacam SRO . .
« Advacam OY industries have sprung up
¢ X-Ray Imaging Europe . th .
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¢ Croft Additive Manufacturing * FEAC Engineering

e Neuschnee
e [nnocryst



My last topic is about town planning/development
triggered by the ILC.

We need wide-area planning with Sendai and
Morioka as the dipoles

Ecosystem already under construction in Sendai,
triggered by the construction of a synchrotron
radiation facility

As a community of researchers and engineers, it
should be designed as a community of 200-300 units,
each with its own local characteristics.
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ILC-related resident community development concept - Locating the building to take

- - - advantage of green spaces and
Resource-recycling town planning in harmony topography
with forests and nature , - Design code for architecture with an

® All-timber residential community plan with 200~300 units § . ﬁTiif)izzs:jse(s)ir;:h:fI;:?:Zﬁ?aﬁ: colors
4 4

+ Mixed-use housing for ILC-related residents and building size
and local residents Green space kel e i ;

- Mainly rental, consisting of a variety of and farms wooden houses .Leadlng area for next-generation
housing types; detached and terrace houses, mobility
apartment complexes + Fully Automatic Operation

+ eVTOL takeoff and landing sites
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Figure3: Community-driven town planning triggered by the construction of the ILC.



Summary

@ |LC is the most sustainable and economical accelerator as Higgs

Factory, which is based on the superconducting technologies.

® |LC is the most advanced Higgs Factory in terms of technology
development, and | personally believe that we are at the point
where construction can begin as soon as the green light is given.

@ |LC is the most energy extendible accelerator in future.

@ We hope that the IDT/Pre-Lab process will lead to international
discussions on the structure and cost burden of the ILC, and that
construction will begin as soon as possible.

@ The ILC's relationship with society can be learned from the
CERN'’s experience.

@ \We are considering town planning together with the local
community in the Tohoku region, using the |LC as a trigger.

@ Establishment of Asia's first large-scale international research
institute is a symbol of “Science for Peace”.
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Where did it all begin?

RN's origins can be traced to the 1940s

A small number of visionary scientists in Europe and North/ America identified the need for Europe to have'a world-class physics research
facility. Their vision was both to stop the brain drain to America that had begun during the Second World/War, and to provide a force for
unity in post-war Europe.

Today, CERN unites scientists from around the world in the pursuit of knowledge

Science for peace

CERN’s convention states: “The Organization shall have no concern with work for military requirements and the results of its experimental and theoretical work shall be
published or otherwise made generally available.”

French physicist Louis de Broglie put forward the first official proposal for the creation of a
European laboratory at the European Cultural Conference, which opened in Lausanne on 9

December 1945, First proposal was only 4 years after the end of WW-I|

In the present era of war and infectious diseases, v’@
must realize the ILC in Japan, the first large-scale
international research institute in Asia, and use it as a
symbol of Science for peace and world wide brain

‘exchange.




