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Introducing a Global Linear
Collider Vision
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At the LCWS2024, held at Tokyo University from 8 to 11 July,
around 350 members of the linear collider community
discussed for the first time a new global vision towards a linear
collider facility, and how to make it happen somewhere in the
world — in Japan or elsewhere. |deas are concept-independent
and everybody is invited to take part. This Director’s Corner
summarises the discussion and gives an outlook on the next
steps.

AROUND THE WORLD

Prototype cryomodule toward
ILC under development
by Rika Takahashi

KEK is developing a new cryomodule. The five-year project
aims to build cryomodules identical to those designed for the
ILC to demonstrate the high acceleration performance required
for the project. Foreign research institutes also participate
under the international framework of the ILC Technology
Network.



FEATURE

New ILC Artwork Release!

by Rika Takahashi

We're excited to announce the release of new images by artist Rey Hori. We invite the community to use these images in
outreach and promotional efforts to help share the excitement and potential of the ILC with a wider audience.



IN THE NEWS

from Physics World

October 22 2024

How a next-generation particle collider could unravel the mysteries of the Higgs boson

There are two main designs on the table today — circular and linear. The motivation for linear colliders is due to the problem of
sending electrons and positrons round in a circle — they radiate photons. So as you go to higher energies in a circular collider,
electrons and positrons radiate that energy away in the form of synchrotron radiation.

from Deutsche Welle

September 30 2024

Why CERN wants to build a giant particle collider

Meanwhile, the American Particle Physics Project Prioritization Panel (P5) chose to support upgrades at CERN over building a
separate Higgs factory. There are also plans to build an International Linear Collider (ILC) in Japan.

from CERN Courier

September 20 2024

A decider for CERN’s next collider

There is also a clearer view of the international landscape. In December 2023 the US “P5” prioritisation process stated that the US
would support a Higgs factory in the form of an FCC-ee at CERN or an International Linear Collider (ILC) in Japan, while also

exploring the feasibility of a high-energy muon collider at Fermilab

from Iwate Nippo
August 30 2024

ILCEEEFHE10.5FBMAER XREREE

XEBEFEN 2 9BRKR L2025 FEFEOHEERT. BERV=Z7I35044— (LC) B&EIF2 4FEHYTFHRLEED 1
0f85 FAMM LT Nic, FRIMEFZDMEER LICAIT-EBZBZRRMARERBEL LT, 24FELERD 7TRAZEDAA
2o ILCT o/ O0—3y T —0 OEBNAHAREAZER L TRDEAZHET S, (In the budget estimate for FY2025
announced by the Ministry of Education, Culture, Sports, Science and Technology on November 29, 1.05 billion yen has been
allocated for the ILC. This amount matches the initial budget for FY24. The project aims to advance efforts through the international
cooperation framework of the ILC Technology Network.)

from Symmetry Magazine

August 24 2024

US physicists prioritize closer study of the Higgs

The head of the P5 panel, theorist Hitoshi Murayama, calls the ILC “shovel-ready and technologically mature.” But to move forward
with construction, scientists still need to gain the approval of the Japanese Ministry of Education, Culture, Sports, Science and

Technology, something they’ve been working on for a little over a decade.

from Kyodo news
August 10 2024

RERKREIERE. BANEEZ KiNER CRUNRIZEE
HRE DT IR IEAKREMMREFICOWVWT, BUNERIRERFZMAZF (CERN) O F L+ T+ b 7HREEHNHEBEEOEMIC
IECTee BF - MBI EILtAMREICEAZER) Z 72504 — (ILC) %. EMEOERPCEROEERIBEBEX
BREWTFENECETER) CFHE. BABAFIIERICAIT TERZTZAEINITLLEFAL . (Maxim Titov, a researcher at the
European Laboratory for Nuclear Research (CERN), gave an interview to Kyodo News regarding the next generation of large
accelerators that will probe the mysteries of the birth of space. He praised the International Linear Collider (ILC), for which the
Kitakami Mountains in lwate and Miyagi prefectures are a candidate site, as a ‘realistic and affordable plan’, based on technical
preparations and the international sharing of costs. He stressed that the Japanese Government should lead discussions towards its
realisation.)

from Iwate Nippo
July 14 2024

ILCOBMMENR DT ILAHYEK (RIEABREHE) LCWSHEE

RRATHMEEBRERV 742 —-T7—20>3v 7 (LCWS, 8~11H) IZ2WT. LAY - RILALEHE (6
9) =FNTEE=1F HRAOHMREICERI 71544 — (ILC) OEAMEZMRDITI) CHIELT. BUNPHETED
SNBZAEAFMRBAE L I L CHREHNICLEBSNIH TORKIL L LT THABMAFHICHIT TEAETHSS LHE
VW LTz, RREBRNTEFABEDEAMICE Z 72 (The International Conference Linear Collider Workshop (LCWS) held at
the University of Tokyo (8-11 August) was summed up by Hitoshi Yamamoto, 69, Professor Emeritus of Particle Physics at Tohoku
University, who said that the workshop ‘impressed researchers around the world with the superiority of the International Linear
Collider (ILC)'. He stressed that this was the first time that the ILC had been compared in earnest with the large circular accelerator
programmes underway in Europe and China, and that ‘now is the time for the Japanese Government to step forward to invite the
ILC’. He gave an interview to The Iwate Nippo in Tokyo.)

from Mainichi Shimbun
July 11 2024

ILCREER S DRIV KREUR



FHEEDRZIRZ RHAKRENMNEFICET 2 KBABEREZEERZHED S, MUK - KAV ITAILZTRN—7 ) —RRERIE1
B, BETATHEL. BRICEBRV 735044 — (ILC) NTE3LIF>THITNIE BREIFKTEST B LR KA
DHADEREFTE 3 385 L 7= (Professor Hitoshi Murayama of the University of California, Berkley, who chairs the US
government’s advisory committee on the next-generation large accelerator that will probe the mysteries of the birth of the universe,
gave a speech in Morioka City on 1 January, saying that if it is clear that Japan will build the International Linear Collider (ILC), ‘the
US will definitely come on board’ and stressing that US cooperation is expected. The ILC will be a major project in the future.)

from Iwate Nippo
July 10 2024

HHZEZZTAOEL DR RRATILCERIRHEICEHMR

EEFRVZ7IASAH—-TJ—o>3v 7 (LCWS) ZHEELTVLWEIRRATIH. BAZREZETCER) =725 14—
(ILC) ZHET IR OXYN—E o> HATEE T ADERE YD 3 D THNTz. (On 9 September, a memorial session

was held at the University of Tokyo, which is hosting the International Conference Linear Collider Workshop (LCWS), for the late

Yukio Komamiya, a professor emeritus at the University and a key member in promoting the International Linear Collider (ILC)

from Iwate Nippo
July 09 2024

ILC. #HRDOEFHMZHE RRTERFRHEE

EEFRVZT7IASAH—-TJ—o>3v 7 (LCWS) 1F8H. RRATHEL]. ENEMEIZ20 1 9FDWEHLURS ERN
DT, 11HZFTO4H8ME. aFENVEREEHLEINIER) 75144 — (ILC) OEBRIPHENERICDOVWTHRE
ENHEET S, BMNCHETHERMNTBEIN TV ARENLRIBZDRFEIR DR SN (The International Conference Linear
Collider Workshop (LCWS) opened at the University of Tokyo on 8 August. It is the first time in five years that the conference has
been held in Japan since Sendai in 2019, and will last for four days until 11 November. Researchers will share information on the
preparation status and scientific significance of the International Linear Collider (ILC), for which lwate Prefecture is considered a
candidate construction site. The latest developments on large accelerators, which are also planned for construction in Europe and
China, were also presented.)

from Kyodo News
July 01 2024

KBRS @R SKIIBM KEFZEHAEERONILEK

FHREDRZIRS RMAARBENERICET 2 RKBFBHEERZHED S, MUF - KAV T FILZTARN—7 ) — &I
H. BETATEEL. BRICEBR) 735144 — (ILC) NTETHLIFE->ZTDTNIE REIFHVTE-T D1 LR, R
FTHUSKBIDBIIDERFFTE S L5858 L 7z (Professor Hitoshi Murayama of the University of California, Berkley, who chairs the
US government’s advisory committee on the next-generation large accelerator that will probe the mysteries of the birth of the
universe, gave a speech in Morioka City on 1 January, saying that if it is clear that Japan will host the International Linear Collider
(ILC), ‘the US will definitely come on board’ and stressed that if Japan invites the ILC, cooperation from the US can be expected.
He stressed that if Japan invites the ILC to Japan, the cooperation of the US side can be expected.)
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2411.09418
Simulation of the process e+e-—W+W- with the heavy right-
handed neutrino exchange at 1 TeV future lepton colliders

2411.08143

Investigating vector-like leptons decaying into an electron and
missing transverse energy in e+ e- collisions with sY=500 GeV
at the ILC

2411.01507
Higgs Self-coupling Strategy at Linear e+e— Colliders

2411.00872
Exploring vector dark matter via effective interactions

2410.18198
Lepton Collider as a window to Reheating: Il

2410.17605 _
New Physics Off the Z-Pole: e+e——ff at Future Lepton
Colliders

2410.14622
T~ searches at future e+e- colliders

2410.11322
Application of Particle Transformer to quark flavor tagging in the
ILC project

2408.13952
Associated charged Higgs production within the 2HDM: e—e+
versus P-u+ colliders

2407.12111
Search for dark matter in the framework of Einstein-Cartan
gravity at the International Linear Collider (ILC)

NULL
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| International Workshop on Future Linear Colliders

A Global Vision for a
Linear Collider Facility

LCWS 2024
Takyo University
July 10, 2024

Jenny List presenting a global vision for a Linear Collider at LCWS 2024, held at the University of Tokyo on July 8

For well over 20 years, there have been two major linear collider proposals: the International Linear Collider (ILC), based on klystron-
driven superconducting radio frequency (SCRF) cavities, and the Compact Linear Collider (CLIC), based on normal-conducting cavities
powered by a drive beam. In the last couple of years, many more ideas have come up — from the Cool Copper Collider (C3) to concepts
based on energy recovery, continuous-wave operation, or even plasma acceleration. Often, proposals have been discussed in the
context of a specific technology mapped to a specific host location: ILC in Japan, CLIC at CERN, C3 at Fermilab, and so on. While this
approach is very logical if the approval of a concrete project seems imminent, unfortunately, none of the linear colliders is at this stage at
the moment. Thus why not take a step back and remind ourselves that across all the different technologies and siting options, all linear
colliders share common physics goals and a common global vision for the future of particle physics?



A linear collider facility with polarised electron and positron beams,
colliding at centre-of-mass energies of up to about 1 tera electron
volt (TeV), would offer a rich programme to explore the Higgs
boson and the top quark in a way highly complementary to a
hadron collider. Above 1 TeV, the physics case, beyond pure
exploration, is less clear foday — but this could of course change
with the high-luminosity LHC! While, e.g. the ILC’s Technical
Design Report presents a proposal on how to reach 1 TeV with
existing technology, a key ingredient of the linear collider
programme is upgradeability: many important measurements of
the Higgs boson and the top quark can actually be done at lower
energies.

Therefore, an initial facility with 250 giga electron volts (GeV) — or even 550 GeV — could deliver unprecedented new clues on the
mysteries of our universe at a significantly lower price tag in terms of financial and environmental resources than the full 1TeV-machine. If
designed appropriately, the initial facility could then be upgraded to higher energies — and/or higher luminosities — with whatever
technology seems the most suitable when the decision needs to be taken.

Here, the International Workshop on Future Linear Collider (LCWS) presented a fresh and much wider view than ever before by exploring
upgrades with other technologies — i.e. replacing the full original main linac with a technology allowing for much higher gradients in order
to reach higher centre-of-mass energies, even beyond 1 TeV, without extending the tunnel! Improved SCRF with much higher gradients,
cool copper cavities, a CLIC-like drive beam scheme or even plasma-acceleration-based accelerators are intriguing candidates. Should
future physics results determine that much higher luminosities are more urgent than higher energies, upgrades with energy- and particle
recovery would offer a promising path. It is too early to choose a concrete upgrade scenario today, but the flexibility to incorporate
advanced accelerator technologies is a key feature of the linear collider approach.

In any case a linear collider facility can be augmented with a second interaction region, to host a second interaction point — for

example, for photon collisions — as well as beam dump and beamlines for fixed-target experiments and detector and accelerator R&D.
Thus it could host large-scale demonstrators for its own upgrade technologies! On the other hand, a linear collider facility does not restrict
in any way the choices for eventually exploring the 10-TeV-parton energy scale, for which, as of today, we don’t have the technology at
hand — nor a very clear picture of what the required energy actually is. Whether in the end, a hadron collider, a muon collider, a plasma
wakefield e+e-collider or any combination of those will be best can be chosen independently depending on R&D progress and physics
developments.

Under the nickname of “A Global Linear Collider Vision”, or short LCVision, these ideas were discussed throughout LCWS2024, starting
with a dedicated session in the afternoon of the very first day and culminating in a presentation in the closing plenary. As | perceived it,
the topic also came up in numerous parallel sessions and coffee-break conversations, inspiring all participants. It became very clear that
these ideas should be pursued and put into a coherent picture for the upcoming Update of the European Strategy for Particle

Physics. Meanwhile, an LCVision organisation has been setup, and work towards substanciating the various upgrade ideas, as well as
towards proposing such a linear collider facility as next project for CERN, has started. The results will be presented at an LCVision
workshop to be held Jan 8-10, 2025 at CERN. Registration is open until December 15. Everybody interested to follow the developments
is cordially invited to sign up at LCVision-General !

Copyright © 2024 ILC International Development Team
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Prototype cryomodule toward ILC under development

Rika Takahashi | 29 November 2024

Cross-sectional image of a cryomodule being developed at KEK @KEK

A new Cryomodule is being developed at KEK to demonstrate high acceleration specification performance, as required for the
International Linear Collider (ILC). This project, funded by a grant from the Ministry of Education, Culture, Sports, Science and
Technology (MEXT), will last five years, starting in 2023. The cryomodule in development is built on the ILC design but has been updated
to include the latest technology.

The cryomodule is equipped with superconducting radio frequency (SRF) cavities inside and keeps them extremely cold, allowing it to
accelerate particles efficiently. These cavities need to be at -271°C to become superconducting, which minimises energy loss during
particle acceleration. The cryomodule achieves this by using liquid helium to cool the cavities inside an insulated tube.

KEK has been developing accelerators for the ILC, including the STF-2 accelerator, which comprises 14 L-band 9-cell superconducting
cavities. However, the ILC requires that all countries develop accelerators according to standard specifications. For this reason, the
cryomodule design specified in the Technical Design Report is now being developed in accordance with standard specifications
worldwide.

The following technological developments are required in this project;

« Development of superconducting cavities with high acceleration gradients, in compliance with the Japanese High-Pressure
Gas Safety Act

¢ Design and prototyping of high-performance cryomodules, incorporating the latest technology.

Research institutes outside Japan are also involved in this effort under an international framework called the ILC Technology Network
(ITN). CERN and KEK agreed in July 2023 to collaborate under the ITN framework, and this work is being conducted under the ITN



framework. For instance, in collaboration with CERN and other organisations such as CEA (France) and INFN (ltaly), efforts are being
made to produce European superconducting cavities. Since superconducting accelerators require cooling with liquid helium, compliance
with the High-Pressure Gas Safety Act is essential. This marks one of the initial efforts and a significant challenge to producing a
superconducting cavity abroad that adheres to the High-Pressure Gas Safety Act in Japan, as well as to install intoa cryomodule. Korea
University in South Korea is also working on developing a cavities that meets ILC specifications.

The cryomodule features peripheral components like input couplers and frequency tuners. Notably, it incorporates cutting-edge
technologies being adopted for the first time in Japan, such as cylindrical ceramics for couplers. We are collaborating on these
advancements with researchers from DESY in Germany, the Iréne Joliot-Curie Laboratory of Physics of the Two Infinities (IJCLab) in
France, and the Fermi National Accelerator Laboratory (Fermilab) in the USA.

At present, young researchers from KEK iCASA's SRF Group are at the forefront of cryomodule development. Notably, this is their first
experience with designing and manufacturing a cryomodule. They are engaging in active research, independent thinking, and deepening
their understanding, providing an excellent chance for skill development and learning.

The cryomodule is expected to be finished and its performance assessed by the end of 2027. Scientists are united in these efforts,
working together with researchers worldwide to achieve positive results.
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New ILC Artwork Release!

Rika Takahashi | 29 November 2024

We're excited to announce the release of four new images by artist Rey Hori. Each piece captures a unique vision, showcasing intricate
detail and vibrant color.

We invite the community to use these images in outreach and promotional efforts to help share the excitement and potential of the ILC
with a wider audience.

Usage Guidelines:
For non-commercial ILC-related outreach, you are welcome to use these images without modifications, provided that credit is given to
Rey Hori. However, please refrain from any use that may harm the credibility or reputation of the ILC project.

If you would like a high-resolution version of any of these images, please contact communicatiors@linearcollider.org for more

information.
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