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Starting remark

* This presentation tries to provide a rational for an evolutional path of a linear
collider project starting with the ILC, as a possible future direction of particle
physics.

* Angela will discuss 1n the next talk technology 1ssues of linear colliders.
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Current situation of physics

 All the Standard Model (SM) particles were discovered.
* There exist concrete signs of physics beyond SM (BSM):

- Nonzero neutrino masses
- Dark matter in the universe
- Absence of antimatter in the universe

* There are also somewhat interesting indications for BSM:
- Deviation of p(g—2) from the SM predictions
- Flavour anomaly in semileptonic B meson decays
- Neutrino anomalies

* Puzzling characteristics of SM
* Mass hierarchy and flavour structure
* Absence of CP violation in strong interactions
* The value of the Higgs mass vis a vis that of top mass,
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Current situation of physics

 All the Standard Model (SM) particles were discovered.
* There exist concrete signs of physics beyond SM (BSM):

- Nonzero neutrino masses
- Dark matter in the universe
- Absence of antimatter in the universe

* There are also somewhat interesting indications for BSM:
- Deviation of p(g—2) from the SM predictions
- Flavour anomaly in semileptonic B meson decays
- Neutrino anomalies

* Puzzling characteristics of SM
* Mass hierarchy and flavour structure
* Absence of CP violation in strong interactions
* The value of the Higgs mass vis a vis that of top mass,

* By the way, Majorana vs Dirac 1s one of the most important open questions for the
neutrinos.
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Current situation of physics

To conclude
e BSM must exist somewhere.

* The energy scale for BSM 1s an open question.

=LHC probes physics up to ~1 TeV energy scale — extend the energy scale to ~10 TeV, 1.e.
a lepton collider at v's = 10 TeV or hadron collider at v's = 100 TeV: but both require
substantial R&D, 1.e. no ready to go technologies in hand.

NB: “No Lose Theorem™ (NLT) cannot be applied for motivating a new energy frontier discovery machine,
unless it reaches up to the Plank scale: LHC (and B factories) was a unique example with NLT, thanks to the
well established prediction for SM Higgs (and CP violation).

=>However, facilities for precision measurements can be well motivated, thanks to the
quantum loop sensitive to high energy scales, and technologies are available.

e.g. U, m, K, c, T etc. at low energies and Z, W, H and t at high energies
Higgs and top are least explored, followed by W and Z.

A general agreement on a Higgs Factory to be the next HEP machine.
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To conclude
e BSM must exist somewhere.

* The energy scale for BSM 1s an open question.

=LHC probes physics up to ~1 TeV energy scale — extend the energy scale to ~10 TeV, 1.e.
a lepton collider at v's = 10 TeV or hadron collider at v's = 100 TeV: but both require
substantial R&D, 1.e. no ready to go technologies in hand.

NB: “No Lose Theorem™ (NLT) cannot be applied for motivating a new energy frontier discovery machine,
unless it reaches up to the Plank scale: LHC (and B factories) was a unique example with NLT, thanks to the
well established prediction for SM Higgs (and CP violation).

=>However, facilities for precision measurements can be well motivated, thanks to the
quantum loop sensitive to high energy scales, and technologies are available.

e.g. U, m, K, c, T etc. at low energies and Z, W, H and t at high energies
Higgs and top are least explored, followed by W and Z.

A general agreement on a Higgs Factory to be the next HEP machine.

Other subjects such as v properties (in particular whether Majorana or not), search
for feebly interacting particles, etc. remain to be important.
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Options for the next HEP machine

An ete” collider covering a region of 90-350 GeV cme
* A circular collider (CC): e,g, FCC(CERN) and CECP(IHEP)

 Double storage rings of 90-100 km circumference, L~ 103> cm2s~

* Well established technology. Many CC’s have been built, the largest one LEP with 27 km
circumference at 207 GeV cme.

NB: The highest luminosity achieved by SuperKEKB at 10 GeV cme, 3.8x10°* cm=2s~!

2q-1
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An ete

Options for the next HEP machine

collider covering a region of 90-350 GeV cme

* A circular collider (CC): e,g, FCC(CERN) and CECP(IHEP)

* Double storage rings of 90-100 km circumference, L~ 10¥cm=2s~!
* Well established technology. Many CC’s have been built, the largest one LEP with 27 km

circumference at 207 GeV cme.

NB: The highest luminosity achieved by SuperKEKB at 10 GeV cme, 3.8x10°* cm=2s~!
* A linear collider (LC): e.g. CLIC, C3, HALHF and ILC as a starting Higgs machine

Colliding e* e~ accelerated by lineacs, with a total length of ~3 km to 20 km depending on the
acceleration gradient of the technology used, with L~fewX10*cm=2s~!

CLIC: normal conducting room temperature X-band Cu RF cavities, 72 MeV/m

C>: normal conductive liquid N, temperature C-band Cu RF cavities, 70 MeV/m

HALHF: Plasma wake-field accelerated 500 GeV e~ (1.2 GeV/m) against 31 GeV e*
conventional lineac,

ILC: super conducting L-band RF cavities (series production experience @European XFEL), 35
MeV/m

NB: There has been only one LC, SLAC Linear Collider 100 GeV cme with L~3x103° cm™2s~!
(end of 90°s)
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Issues for the decision of the next HEP machine

* From purely physics
- Capable of H and t physics complementary to/beyond LHC and HL-LHC.
- Capable of Z and W physics beyond currently known.
- Capable to evolve towards the 10 TeV physics.

* Somewhat physics related 1ssues

- It would be 1deal to start data taking with some overlap with the HL-LHC operation since
the results might influence each other’s scientific programme.

- Should not damage broad and diverse activities in particle physics.

* HEP sociology

- Regional cooperation and continuity in the programme to sustain the community
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Issues for the decision of the next HEP machine

* From purely physics
- Capable of H and t physics complementary to/beyond LHC and HL-LHC.
- Capable of Z and W physics beyond currently known.
- Capable to evolve towards the 10 TeV physics.

* Somewhat physics related 1ssues

- It would be 1deal to start data taking with some overlap with the HL-LHC operation since
the results might influence each other’s scientific programme.

- Should not damage broad and diverse activities in particle physics.

* HEP sociology

- Regional cooperation and continuity in the programme to sustain the community

* Other 1ssues have become increasingly important

- Financial constraint, environmental impact, energy consumption, resource availability,
attractivity in technology development, impact on industries, spinoffs, ...
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Possible paths towards 10 TeV physics

A circular collider path:
1. Construction of a very large tunnel, a circumference of ~100 km
2. Installing an e*e™ machine for running at different energies, from Z to tt-bar.

3. Converting to a pp collider after the development of very strong (~18 T) dipole magnets
for collisions at ~100 TeV.
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Possible paths towards 10 TeV physics

A circular collider path:
1. Construction of a very large tunnel, a circumference of ~100 km
2. Installing an e*e™ machine for running at different energies, from Z to tt-bar.

3. Converting to a pp collider after the development of very strong (~18 T) dipole magnets
for collisions at ~100 TeV.

A linear collider path
1. Construction of a SRF based linear collider with a length of ~20 km, a la ILC.
2. Running at Z and tt-bar energies; going down to WW and Z thresholds as an option with
[~10% cm~2s~!. (c.f. LEP luminosities a fewx103! cm—2s71)
3. Increasing the collision energies up to multi-TeV with advanced acceleration technologies,
such as, HELEN technology (travelling wave L-band superconducting), CLIC technology

(X-band warm), C3 technology (C-band cold), plasma acceleration (single-stage as an
energy doubler and 1n multistage), etc. in the same tunnel.

4. Reaching ~10 TeV collision energies, with further technology development on e*e™ or
construction of a circular muon collider at 10 TeV (or even a muon linear collider?)

Adding an ERL will be an additional attractive option to be explored.
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More on the ILC (1)

Cost range by
Snowmass 2021

5 to 10 BCHF; c.f. LHC and HL-LHC up to ~5 BCHF range, CERN project
with O(10%) non-member state contribution

Remarks

23/01/2024 1

Supported by the International Committee for Future Colliders
(ICFA), the ILC started as a global project through a merger of three
regional projects, GLC (Asia), NLC (US) and Tesla (Germany).

After making a choice of superconducting RF technology resulting
from an international expert evaluation, Global Design Effort, a
global collaboration of Asian, European and American laboratories,
developed a detailed Technical Design Report in 2012.

In 2012, Japanese HEP community proposed to host ILC in Japan as
a global project. In 2019, the Japanese government expressed a
general interest in the ILC but did not refer to the hosting.
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More on the ILC (II)

Important
characteristics

Based on SRF, and longitudinal beam polarisation possible
e Efficient and reliable operation
* |uminosities remains constant for above 250 GeV

* Provide extra sensitivities for the Higgs coupling measurements

e Excellent top physics

Limitation

Footprint

Readiness
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Important
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Based on SRF, and longitudinal beam polarisation possible

» Efficient and reliable operation

* Juminosities remains constant for above 250 GeV

* Provide extra sensitivities for the Higgs coupling measurements
* Excellent top physics

Limitation Number of the interaction point and luminosity at lower energies
* Only one experiment at a given moment
* Only ~100 times the LEP luminosity
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Readiness
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Important
characteristics

Based on SRF, and longitudinal beam polarisation possible
Efficient and reliable operation

luminosities remains constant for above 250 GeV

Provide extra sensitivities for the Higgs coupling measurements
Excellent top physics

Limitation

Number of the interaction point and luminosity at lower energies
* Only one experiment at a given moment
* Only ~100 times the LEP luminosity

Footprint

Tunnel of ~20 km, even shorter than that of the LHC

* Smaller risk in civil construction

* Smaller construction cost and environmental impact

* Simplified logistics in the installation and maintenance.

Readiness
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Important
characteristics

Based on SRF, and longitudinal beam polarisation possible

e Efficient and reliable operation

* |uminosities remains constant for above 250 GeV

* Provide extra sensitivities for the Higgs coupling measurements
e Excellent top physics

Limitation

Number of the interaction point and luminosity at lower energies
* Only one experiment at a given moment
* Only ~100 times the LEP luminosity

Footprint

Tunnel of ~20 km, even shorter than that of the LHC

* Smaller risk in civil construction

* Smaller construction cost and environmental impact

* Simplified logistics in the installation and maintenance.

Readiness
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Technical design for the whole system worked out by the TDR
 Ready to move for the engineering design.
* SRFs are now used by many light source accelerators.

* Detailed site-specific design work has still to be done. .




Recent ILC development

* ILC-Japan, a community organisation, and KEK are working for realisation of hosting the ILC in Japan
as a global project. Since August 2020, the International Development Team (IDT), a subpanel of ICFA,

has been working to support this.

* A proposal to establish a preparatory laboratory for the ILC (Pre-lab) in 2021 was taken as premature by
the Japanese ministry (MEXT), due to the lack of prospect in the foreign contribution to the ILC and
high proposed cost for the Pre-lab activities. However, continuation of the R&D was encouraged.
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The International Development Team (IDT)

The IDT was established by the ICFA in August 2020 to support the Japanese HEP
community effort to host the ILC as a global project (since 2012), by paving a way for the
preparatory phase of the ILC, 1.e. completing engineering design for the construction. It also
supports the physics community.

Executive Board

Andrew Lankford (UC Irvine): Americas Liaison

Shinichiro Michizono (KEK): Working group 2 Chair

Jenny List (DESY): Working group 3 Chair

Tatsuya Nakada (EPFL): Executive Board Chair and Working group 1 Chair
Yasuhiro Okada (KEK): KEK Liaison

Steinar Stapnes (CERN): Europe Liaison

Geoffrey Taylor (U. Melbourne): Asia-Pacific Liaison

’_\/—\/_\A

Working group 1 Working group 2 Working group 3
Pre-lab set-up Accelerator Physics & Detectors




Recent ILC development

[LC-Japan, a community organisation, and KEK are working for realisation of hosting the ILC in Japan
as a global project. Since August 2020, the International Development Team (IDT), a subpanel of ICFA,
has been working to support this.

A proposal to establish a preparatory laboratory for the ILC (Pre-lab) in 2021 was taken as premature by
the Japanese ministry (MEXT), due to the lack of prospect in the foreign contribution to the ILC and
high proposed cost for the Pre-lab activities. However, continuation of the R&D was encouraged.

In 2022, IDT and KEK proposed to establish the ILC Technology Network (ITN), as a worldwide
collaboration of laboratories, to carry out critical development selected from the Pre-lab proposal.

Associated budget request by KEK to MEXT has been approved as a five-year project. Detailed work
plan and sharing of responsibilities are now being worked out.

International Expert Panel, set up by the IDT clarified the cause for the lack of progress in the
international discussion for the project realisation: mismatch between the view of the Japanese
government and that of international partners:

International partners: Japan has to show first its interest to host.

Japanese government: a global discussion must happen first, before talking about the host and site

issue.
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Recent ILC development

[LC-Japan, a community organisation, and KEK are working for realisation of hosting the ILC in Japan
as a global project. Since August 2020, the International Development Team (IDT), a subpanel of ICFA,
has been working to support this.

A proposal to establish a preparatory laboratory for the ILC (Pre-lab) in 2021 was taken as premature by
the Japanese ministry (MEXT), due to the lack of prospect in the foreign contribution to the ILC and
high proposed cost for the Pre-lab activities. However, continuation of the R&D was encouraged.

In 2022, IDT and KEK proposed to establish the ILC Technology Network (ITN), as a worldwide
collaboration of laboratories, to carry out critical development selected from the Pre-lab proposal.
Associated budget request by KEK to MEXT has been approved as a five-year project. Detailed work
plan and sharing of responsibilities are now being worked out.

International Expert Panel, set up by the IDT clarified the cause for the lack of progress in the
international discussion for the project realisation: mismatch between the view of the Japanese
government and that of international partners:

International partners: Japan has to show first its interest to host.

Japanese government: a global discussion must happen first, before talking about the host and site

issue.

ILC-Japan and KEK are discussing with the Japanese government to initiate a global discussion.
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Aspect of international and global project

International project Global project
Conception Conceived as a project of single laboratory, a Initiated through discussion among partners interested
national laboratory such as FNAL, IHEP, KEK in realising the project. It becomes a project of every

etc., or an intergovernmental laboratory such | partners.
as CERN and Dubna, acting as the host
laboratory, who seeks contribution of other
countries worldwide.

Responsibility and The main responsibility is carried by the host The project is carried as a collaboration of partners
decision making laboratory with small participation in decision | with collective decision making and shared
making by the partners. responsibilities.
Host and site Host laboratory is predefined and site is Decision on the host and site is a part of the decision
decided by the host laboratory. process of a global project.
Funding Mostly funded by the host with a small, 10 to | Share of funding and responsibilities is a part of the
20%, contribution from outside. decision process of a global project.
Remark e Fast decision process e Decision making could become a long process
e Limited scope of funding * Global resources become available
* Could be a large burden for the host * Global optimisation of science programme could be
laboratory and the country(region) possible.
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Summaries

* As a Higgs factory, an SRF based linear collider with a ~20 km tunnel, a la ILC design,
will provide a very attractive starting point for a promising path towards probing physics
at 10 TeV scale through ambitious R&D on accelerator technologies.
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* As a Higgs factory, an SRF based linear collider with a ~20 km tunnel, a la ILC design,
will provide a very attractive starting point for a promising path towards probing physics
at 10 TeV scale through ambitious R&D on accelerator technologies.

* A small footprint of the machine 1s a definite advantages in the cost and time of
construction for this 1nitial stage, thus maintains flexibility in the future particle physics
programme. A small footprint 1s also favourable for environmental impact and long-term
maintenance of the facility.
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Summaries

* As a Higgs factory, an SRF based linear collider with a ~20 km tunnel, a la ILC design,

will provide a very attractive starting point for a promising path towards probing physics
at 10 TeV scale through ambitious R&D on accelerator technologies.

* A small footprint of the machine 1s a definite advantages in the cost and time of
construction for this 1nitial stage, thus maintains flexibility in the future particle physics

programme. A small footprint 1s also favourable for environmental impact and long-term
maintenance of the facility.

» Design effort of the ILC enters in the engineering phase through the ITN activities,
based on the bilateral agreements between KEK and laboratories worldwide. For the

Japanese side, budget has been allocated for an anticipated period of five years (close to
10 MUSD for 2023).
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Summaries

* As a Higgs factory, an SRF based linear collider with a ~20 km tunnel, a la ILC design,
will provide a very attractive starting point for a promising path towards probing physics
at 10 TeV scale through ambitious R&D on accelerator technologies.

* A small footprint of the machine 1s a definite advantages in the cost and time of
construction for this 1nitial stage, thus maintains flexibility in the future particle physics
programme. A small footprint 1s also favourable for environmental impact and long-term
maintenance of the facility.

» Design effort of the ILC enters in the engineering phase through the ITN activities,
based on the bilateral agreements between KEK and laboratories worldwide. For the

Japanese side, budget has been allocated for an anticipated period of five years (close to
10 MUSD for 2023).

* Given the Japanese government position on the ILC, 1.e. regarding it as a global project,
the Japanese HEP community and IDT have been trying to move the situation forward
by encouraging the Japanese government to consider taking initiative for a global
discussion on realizing a Higgs factory
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