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IDT-WG2

IDT-WG2 has about 50 accelerator researchers from around the world participating in discussions on ILC
accelerator development research.




Recent topics
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Report from the panel and

Tentative Translation

Summary of Discussions on Issues

Relating to the International Linear Collider (ILC) Project

February 14, 2022

International Linear Collider (ILC) Advisory Panel (Second Phase)
https://www.mext.go.jp/content/20220401-mxt_kiso-000020463_9.pdf

massage from KEK

p Next step toward the ILC realization: MEXT expert panel publishes recommendations

2022/02/25

KEK has been working on the realization of the International Linear Collider (ILC) in Japan, together with ILC-Japan, a
community organization under the Japan Association of High Energy Physicists (JAHEP), the ILC International
Development Team (IDT) established by the International Committee for Future Accelerator (ICFA), and other supporting
organizations around the world. In June 2021, IDT published the "Proposal for the ILC Preparatory Laboratory (Pre-lab),’
which proposes an outline of the organizational framewaork, an implementation model, work plan and required resources
for the preparatory phase of the ILC. At the same time, KEK and JAHEP submitted a report to the Ministry of Education,
Culture, Sports, Science and Technology (MEXT) that summarizes progress on ILC activities over the past three years. In
response to these developments, MEXT organized an expert panel in July 2021 for discussions to evaluate the progress
of the ILC activities. On 14 February, the panel issued their recommendations, pointing out following five main points:

1. The panel recognizes the academic significance of particle physics and the importance of the research activities,
including that of a Higgs factory, and understands the value of international collaborative research. However, the panel
found that it is still premature to proceed into the ILC Pre-lab phase, which is coupled with an expression of interest to
host the ILC by Japan as desired by the research community proposing the project.

2. Given the increasing strain in the financial situation of the related countries, the panel recommends the ILC proponents
to reflect upon this fact and to reevaluate the plan. They should reexamine the approach towards a Higgs factory in a
global manner taking into account the progress in the various studies such as the Future Circular Collider (FCC) and ILC.

3. The panel recommends that the development work in the key technological issues for the next-generation accelerator
should be carried out by further strengthening the international collaboration among institutes and laboratories, shelving

the question of hosting the ILC.

4. For realizing a very large project such as the ILC, cultivating a framework where the related countries can exchange
information on their situations and discuss required steps would be important.

5. The panel recommends that the research community should continue efforts to expand the broad support from
various stakeholders in Japan and abroad by building up trust and mutual understanding through bi-directional

communication with the people concerned.

In light of the panel's findings, KEK will make an effort to reexamine the path for realizing the ILC as a Higgs factory,

https://www.kek.jp/en/topics-en/202202251335/



Roadmap

-success oriented and asuming no major incident-

Construction Phase
~10 years for the construction and commissioning

Technology Network
Phase
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Administrative works for ITN

KEK and CERN made
agreement on the ITN

o Collaboration with
European institute will be
organized by CERN

Similar agreement is
expected with US institutes

ILC Japan will lead domestic
collaboration in Japan

4

KEK and CERN Conclude Agreement on R&D for International Linear Collider

# Topics

2023/07/08

Dr. Masaneri Yamauchi and CERN Director General Dr. Fabiola Gianotti (left to right) (courtesy of CERN)



ILC accelerator

Damping Ring
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Parameters Value
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Interaction point
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WP-prime 1: SRF Cavity

@ Research with single-cell cavities to establish the best production process including:

@ Advanced Nb sheet production method
@ Advanced surface treatment recipe

@ Globally common design with compatible High Pressure Gas Safety (HPGS) regulation
@ 24 nine-cell cavities are to be developed for industrial-production readiness

@ 8 cavities (4 / batch) in each region

@ Production process encouraged to be optimized in each region

@ Cavity performance expected: E, . = <35 MV/m> (+/- 20%), Q, = 1.0 x 109, Yield = >90%
@ RF performance/success yield to be examined (including 2" pass and further)

@ 37 pass to be examined if effective

Referring European XFEL and LCLS-Il experiences
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WP-prime 2: Cryomodule (CM) Design

Referring European XFEL and LCLS-I| experiences

@ Unify cryomodule (CM) design with ancillaries, based on globally common engineering design, drawings & data-base
@ Establish globally compatible safety design base to be approved/authorized by HPGS regulations individually in each region,
most likely referring ASME guidelines to be compatible with Japanese regulations.

' /, I Ancillaries: Z
# . :“ ' SC mag., tuners, couplers
- i o L SR M outlook with vacuum vessel
Region Americas Europe Japan/Asia
Regulation ASME Eu-EN, TUV JP-HPGS Act
CM tech. design base LCLS-1I Euro-XFEL KEK-STF, AST-IFMIF
\ J
Y
ILC CM design Common CM design globally compatible to HPGS regulation in all regions,

and most likely ASME guidelines to be compatible with Japanese regulations.

12
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CM test bench with
concrete shield will be
built within a few years in
KEK for high power test —
of full CM. \ |
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WP-prime 8~ 11: E-driven positron source

WP-prime 8: Rotating Target for e-Driven Scheme

WP-prime 9: Focusing System

@ Target specification
> W or W-alloy, ~16 mm (5 X,)) thick, diameter 50 cm
> Rotating at 5 m/s in vacuum
> Water cooled.
> Vacuum seal
€ R&D items to be done in 2 years
> Target stress calculation with FEM
> Vacuum seal
> Target module design and prototyping
> W-Cu connection test and evaluation

@ Flux Concentrator (FC) is chosen as the focusing device after
the target

@ The specification parameters such as max field, electric current
and the dynamic force are satisfied in existing target, but the
pulse energy and the heat load are higher.

€ A prototype necessary after detailed design study

€ R&D items as WP-prime

> Flux concentrator conductor design and prototype

$500 Tungsten Disk - heat load is 20kW for ILC nominal stage

460 Copper Alloy Heat Sink with built-in water cooling channnel

Brush seal for separating the 2 vaguum chamber

Mechanical Seal for separating atmosphere and vacuum

s
/A E- Press Pre

Impactw

s
“Press 4) Neck formation
1) Generation of spark  2) Vaporization and melting  3) Discharge impact pressure and by spark plasma

plasma ani d ioniza tion of particle surfaces dispersal of vaporized molten particles

| SuperkEks ILC

Peak Bz SIoal 5T
-— Aperture 7 mm 16~12 mm
- }; repetition 50 Hz 100 Hz
e m Zm Pulse width 5us 10 ~ 25 us
/v*M
h Ohmic loss 0.5 ~ 0.8 kKW Around 10 kW
CH ( co ) (measured) (depend on aperture

and pulse width)




WP-prime 8~ 11: E-driven positron source

WP-prime 10: Capture Cavity and Linac for e-Driven Scheme

@ Technically challenges of capture cavity

> High beamloading (up to ~1A)

> Special bunch pattern

> Electro-positron separation during flight in the cavity

> High thermal load from shower
€ R&D items as WPP-10 for the first 2 years

> APS (Alternating Periodic Structure) cavity design and cold

model

> Beam-loading compensation and tuning method

> Special design for extreme cooling capacity

> Integrated design with solenoid and surrounding components
@ Prototyping of these components in later years

WP-prime 11:Target replacement

@ Special attention is needed due to the high radiation of the target
area. This is a common issue for E-Driven and Undulator positron
source.

@ Careful design of shielding is required.

€ The components near the target (target, flux concentrator, first
cavity with solenoid) require replacement in every few years. The
work must be done by remotely.

@ The works to be done as WP-prime

> Conceptual design
> Fabricate Mockup
> Prototyping of critical components

.. _ _
E—F %
g

Dose (Gy/hour)




WP-prime 15

€ ATF2 beamline is the only existing test accelerator in the world
to test the final focus system (FFS) of linear colliders.
€ The following 3 research topics are important to be pursued at
the ATF.
€ wakefield mitigation
@ correction of higher-order aberration
@ training for ILC beam tuning
@ The technical research at ATF2 beamline has proceeded and
should continue to be based on the ATF international
collaboration, or its extension (welcome to new collaborators).

Wakefield test station gh®
for higher-order
aberration

Final focus

ATF collaboration

] | 1 L
1 A L
T T

20

Maximum search algorithms
to be applied to beam tuning

( Machine Learning )

Iteration= 2, x_next = 7.550000

15+

< blackboz func(x) = xsin(x)
e Observations

— Prediction

I 95% confidence interval

10+




summary

Report on recent status and progress on ILC

Details about each work package and what we plan to do are explained
iIn Shin MICHIZONQO'’s presentation at LCWS2023

o https://indico.slac.stanford.edu/event/7467/contributions/5492/attach
ments/2784/7852/LCWS2023-ITN.pdf

ITN started from 2023
o Agreement between KEK and CERN
o Three major R&D topics, SRF, source, nano-beam

o We welcome the world-wide Accelerator Laboratories’ participation in
the INT

17
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Advanced accelerator facilities at KEK

4:Cavity Fabrication
Facility(CEF)




SRF Superconductmg RF (SRF) Test facility

SRF cavity R&D since 1980s
Experiences at TRISTAN/KEKB/SuperKEKB

Ingot

e

CFF(2011-) cavity fabrication facility

Chemical polishing

Cavity material R&D at CFF

High-Q/G R&D at STF
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©

5K 5%

THE UNIVERSITY OF TOKYOD

Institute of High Energy Physics

B 5ti - 3 ne
E‘q f=
Sl Chinese Academy of Sciences

ik

Burch 2 iz ]
o A o

B 1aRan e

Distribution of
bunch positions
measured at IPB,
with two-BPM FB

off (green) and on

(purple)

[ T - )
o oo U O
o o o o O

Vertical Beam Size [nm]
[+2)
[=]

= = h» hy &
[=) w
a (=]

o
(=] (=]
T

; i ] ; i I i
Bunch position (pm) Bunch position (um)

(=)
(=)

Nano—beam R&D at ATF2

~ 2017

Tech. design completed
Spec. almost achieved

BPM processor

- ATF: achieved 41nm (2016)
( 37nm=ILC ( 7.7nm) )
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Wakefield effects »
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Wakefield effect was evaluated at ATF.
-confirm no serious problem at ILC
-demonstrate a technique to reduce the
wakefield effect

lapp)

Labgratoire d'Annecy-le-Vieux
de Physique des Particules

ATF International Review (Committee)*
-The committee highly evaluated the
achievements of ATF so far.

-The committee pointed out the
importance of continuing research to
contribute to the detailed design of the

0 ﬁ NATIONAL
ILC final convergence. B AL i taroe
B ™\ LABORATORY

" https://agenda.linearcollider.org/event/8626/



e-, e+
Sources

 KEK has long experience about positron
source through TRISTAN, KEKB, SuperKEKB

* The source has many common R&D topics
with FCCee, CLIC, C3, CEPC etc.

% e SuperKEKB positron source:

Apresent
The most high-power positron source in operation!
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» The latest design of positron source for ILC

And test bench area
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