Status, Challenges and Plans for
ILC and CLIC accelerator projects
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2020 Strategy Statements

Guide through the statements o Compared o Snowmass 2013 the physics lndscape has signsicantly ch

Energy Frontier (Message)

s o 4 SI0IaE0i5.00. Qe S3saRtialsciaRliZia act vities e rolaloan Sl el
a) animnfuns . . . e adle, 0 A broad range of searches have explared multiphe BSM scenarios
b) Mairtain s ppe High-priority future initiative: r o kb cvuimilen citlcocs v eee vk
- — Prepare a Hl.ggs fgctory, f_cl:lllowed by a future [ghroaime o Whiout bt soport o the A and e
D oy ] hadron collider with sensitivity to energy scales g fieids chacked and crocial quest 4
b) S th i i i o The P il
D rengren el an order of magnitude higher than those of the The O commnity shoubd be prepared 8o anplor o broed renge of 801
| 1 1 1

P LI:lC, while addressing tpe associated o —— ——

o environmental and technical challenges | R e
I:) 3_""“" .' impact z: m;lu:apathw;.m.uo‘tHuohauy(llmrotclml.dhodebdpmm

'9“”'"'!' - e P m— ha-s physics 3. Avigorous RED progrem for a multi-TeV collider (hadron or mucn collider)

v izi = are T , <) Support knowledge and technology transfer nergy Frontier is > of the mmunity, ther - ial im) on
#E'; T'Z:&'.T:'C:CI' r;:ig:f'éﬁ rl'"g: I?‘LE:'I;JF;EEYI"‘I’T?;; lltr}lr" oeed d:' mﬁwl hrit%"l::“c ‘!W"‘"‘fa .I's’:!evgrm::r:ml a:ivncacvsﬁrlfg'meutsr;i:\:o dn.rerslt'vvat:d Im;?\l :mM:::u:Iaﬂ top:l:‘e Dﬂ'-'(;s:ss of HEP

- — The most surprising thing that emerged from Snowmass was an overwhelming sentiment to engage i hosting 3
future collider in the US
—.and the public praising of £F by Michoe! Peskin for enabiing a woporous discussion on future mwts-Tel col¥ders

> LDG Report (2022)

 LDG and the and Acc R&D Coordination panels

Explorin Pathways to Innovation
e Vision of the 2023 Particle Physics Project ?ng[:{??ﬁy ,
s fixed target Quantum  Prioritization Panel (P5 In Farticie Fhysics
v Fecen Universe (PS) Draft for Approval
ALICELS3 EIC FCCee Muon Collider
BIP-I/DUNE/Hypar-K LHeC ILC cLc Plasma Collider

As the highest priority independent of the budget scenarios, complete construction projects and support
operations of ongoing experiments and research to enable maximum science. This includes HL-LHC, the
<2030 2030-2035 2035-2040 2040-2045 > 2045 first phase of DUNE and PIP-II, the Rubin Observatory to carry out the Legacy Survey of Space and Time (LSST), and
(~ feasible start dates) the LSST Dark Energy Science Collaboration.

The 5 R&D Themes Construct a portfolio of major projects that collectively study nearly all fundamental constituents of our
rl._l-ﬁ gF—fi_e E r; aaas_ ___________ 1 universe and their interactions, as well as how those interactions determine both the cosmic past and future.
Scope 1. CMB-S4, which looks back at the earliest moments of the universe,

R&D needs 2. Re-envisioned second phase of DUNE with an early implementation of an enhanced 2.1 MW beam
as the definitive long-baseline neutrino oscillation experiment,
Teams 3. Offshore Higgs factory, realized in collaboration with international partners, in order to reveal
Time horizon the secrets of the Higgs boson,
4. Ultimate Generation 3 (G3) dark matter direct detection experiment reaching the neutrino fog,
5. IceCube-Gen2 for the study of neutrino properties using non-beam neutrinos complementary to DUNE and
for indirect detection of dark matter.

|2. High-gradient plasma and laser accelerators
Bright muon beams and muon collider

:4. Energy Recovery Linacs
| High-gradient RF structures and systems

e ——
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= \ggers  Context: HEP FC new Timelines Snowmass 21 "o
Possible scenarios of future : Pﬂ";‘—';" ":“"i':_: wmm— Construction/Transformation
colliders = Muunmmﬁ?dnlzrer - Freparation/R&D EEELTETH:-Z?:J;L MN
= 2040 start physics
S etmume

CCC and Muon colliders timelines are technologically limited

1 i
] Muon Collider
13 years kom & reuse Tewatron
. Note: Possibility of
_ R 4km-+6km km ring 125 GeV or 1 Tel at Stage 1

c

m 2 abl

=

3ikrm tunnel 40 km tunnel

2035 start physics

CepC: 90/160/2240 GeV
100/6/20 ab*

SppC: 75-125 TeV, 10-20 ab!
SppC: 75-125 TeV, 10-20 ab Energy/Lum upgraded ete-
“Higgs-factory” e+e-

LHC followed by HL LHC

Today 2040 ~2050-55 Time

China
A=

LHC HL-LHC (14TeV, 3 ab™")

{13.6TeV, 450 fr" )

CERN projects are linked to completion of the-HHC

2048 start physics

100km tunnel, installation FCC-ce S0/160/230 GeW I50-365 .
Ge 172 FCC hh: 100 TeV = 30 ab?

-150/ 35 ab?

CERN

CLIC: 3B0 Gey
11 km tunnel 1.5 ab?

halding
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| A Context: Snowmass 2021 colliders "o

Snowmass 2021-23 provided(s) an opportunity for formulating new ideas, updated reports, overviews,
comparisons and summaries 1 for the US and worldwide

Accelerators for Electroweak Physics

and Higgs Boson Studies Report of the Snowmass’21
Collider Implementation Task Force

(Thomas Roses (chai)!, Reinhard Brinkmans, Sacab Cousineau’, Daniti Desisa',
A. Faus-Golfe, G.H. Hoffstactter, Q. Qin, F. Zimmermann Spencer Gessner', Steve Gourlay®, Philippe Ld brun’, M«m\sh le . Katsunobu
Oide®, Tor Raubenheimer", John Secran, sev?, Jim Strait’, Marlene
T

{ennesibmtoes frorm the commerty to be added in 8 lster version)

e rospoct bl fni elders. averesl are bused

smmrsemeeceseosemss hynoshriv.orgpdf/2209.05827. pdf wwm iips=laniomlpdii2208:060 S uL

mmmu.ﬁmwmm‘m; ERL ting scnbinaions, ue wel us 77 calless. The
linear enliders proposet comis of uptions b the International Linear Callder (ILC), b the Compact
i ol (GLC), it Gl Cpp Gl () i e e ot i ey Lo
Collider (ELEN], Efila e

e e wm%mm m%.;. Proposal Name || Collider Technical Cost Performance || Overall
' ' (c.m.e. in TeV) || Design Validation | Reduction | Achievability | Risk
Collider Design Maturity | R&D Maturity Collider Design Maturity | R&D Maturity Status Category | Requirement Seope Tier
ILC-250 FCC-ee FCCee-0.24 il 1
ILC-500 CEPC CE(}_:PC-D.% 11 1
ILC-0.25 I 1
ILC-1000 CERC 3 4 CCC-0.25 111 2
CLIC-380 LEP3 3 8 CLIC-0.38 I 1
LIC-1500 EPCCF 3 8 CERC-0.24 I Pl
CLic-150 ReLiC-0.24 Vv 2
CLIC-3000 MC-HF 3 2 ERLC-0.24 v 2
C3-250 3 3 XCC-0.125 v 2
Maturity Criteria #1 [Design Maturity) Maturity Criteria #2 [R&D Maturity)
C3.550 3 2 R - ” - MC-0.13 ITI 3
[parameters available. [LC_3 Iv 2
T I O — , . CoC 3 v 7
HELEN 3 (ML) 2 (SRF) CLIC-3 il 1
2 End- limi sign concept under Ongoing R&D it ical it .
ReLiC-3 v 3
3 4
ReLic e it MC-s o :
ERLC 3 4 o N LWFA-LC 1-3 v 4
XCC W 2 2 R L : i estabiished for  all sub-systems. Sub-system .ipsg n RED underway. PWFA-1.CC 1-3 I 4
: " » o - L _ MC 10-14 v 3
U CDR level) Design Report under development. B L“TFA_LC_IE' v 4
. i ?u:'\lallln Sub- i ; ;Dmms um'm :E'gn R&D for highest risk PWFA_LC_15 v 4
— SWFA-LC-15 vV 4
Conceptupal Design Report in preparation. established. High risk sub-system R&D underway. FCCh—h‘lOO 11 3
Report and detailed i i mb—aymm pe:fnlmanu en:hl‘i::;d e ' SPP C—l 25 ]H 3
) o Coll.Sea-500 \% 4
:.i.:':;g ?;::mm Proposal. Detailed Engineering Design o 0o 0o RED underuay.
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https://arxiv.org/pdf/2208.06030.pdf
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U HEP main Large Accelerator Projects Key Technologies

RF cavities Magnets
Components SCRF NCRF HLRF SC Mag. NC Mag. Vac IRs Injec-e+ Sust T Others
C footprint

Techniques Design HG/HQ CRYO CRAB HE-Klys Nb,Tn CRYO

; FCC FCC-hh X X X X Integr.
<JD FCC-ee X X X X X X X X X Integr.
. Le ILC X X X X X X X

s CLic X X X X X X

[erMC | RMM FUTURE
GD‘ =800 rr"'! QD = 800 mm C I R C U L A R
L6 i ov00 Ap. 50 s Ap COLLIDER

B,=16T Bip= 16T Innovation Stud
Bu=18T By =187

FCC R&D S ull T TRk . ‘ - - P A S B ... oo sitins
- G . - < o s ev

, : ‘ 1] |
€969 1£1E1)
| g

20,500 NCRF
2

12GHz
(L~25cm)

) £ N
. ) \‘@'ﬁfﬁ. e*e  Higgs factory technology is ready
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Luminosity vs Energy of Future &' & Colliders
——— FCCee, 2 IPs [arXiv:2203.08310]

——— CEPC, 2 IPs [arXiv:2203.09451]

ssms CEPC, 2 IPs, lumi up, power priv. com.] |
wes |LC baseline [arXiv:2203.07622) .
=ui s ILC luminosity upgrade [dito]
ik ILC250 10 Hz operation [dito]
CLIC baseline [arXiv:2203.08186])
CLIC luminosity upgrade [dito]

Luminosity at low-energies for CC surpass (reduction at
high energy due to SR), at high-energies LC excel
(Luminosity per beam power roughly constant)

3

Increased luminosity with energy, e.g. 1-3 x 1034 cm2s1
for Higgs factories at 250 GeV, 6 x 1034 at 3 TeV

Luminosity [10* s cm?]
- o

Hi gher ener ¢gi3éey studied(GLYCH, but many 107

. 1

TeVs challenging: Center-of-Mass Energy [TeV]

A Power proportional to luminosity

A Consider up to 50km S | e ) | |

A Higher-energy means smaller beams and increasingly important % 600 Zw%:ﬁg%w ]
beam-beam effects S [=sncmeesmm, | j

. no_ 400 H : : PR

LCs have polarized beams (80% e-, ILC also 30% e+), the Q

spin of the e*e- beam can be maintained during the I

acceleration and collision. This can help significantly o 200

Improve measurement precision.

IASHKUST HEP 2024



EA&&a&:@m LCs Accelerator Challenges and Key Technologies
Energy Luminosity
struction N
= 09 | O

High Gradient g Main Linac High%c iency ol\
Q-& Technology J SmalBeams Ry o' = ypre
Losses in cavity walls Pwau 7R, @
w Nanobeam Technology

g s] A Damping ring (U
Small dUWCyC'e High frequency & A Final flocus (b

Low resistivity Pulsed operation Ultra-short pulses
‘i’ QJ L s =
BV H ol
ILC SCRF
pre accelerator e e —— /_J]
el [ = source Key Technologies
/ damping \ extractior

ring Linac Technology & dump

final focus
feW Gev ’ i T U UL 0 I‘ I‘ ‘A”

) NS m— 1 —I>|<- Nanobeam Technology

main linac X .
compressor collimation

bunch
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Two e+e- linear collider deS|gns startlng as a nggs factory

,F

| » Compact Lmear Colllder (CLIC) /
BB 380 GeV - 11.4 km (CLIC380) ,/,.".." v
A I 1.5 TeV - 29.0 km (CLIC1500)
:;i‘i [0 3.0TeV-50.1 km (CLIC3000)

7 - =
q o

8,000 SRF cavities

SN
r‘.ﬁ'ﬁa'&:«:ﬁ,., <7
Beam delivery system (BDS) ke o

20,500 NCRF
12 GH=z
(L~25 cm)

International Linear Collider ILC Compact Linear Collider CLIC
Superconducting Cavities, 1.3GHz, 31.5 (35) MV/m A NC Copper Cavities, 12.0GHz, 72 i 100 MV/m
Klystrons A Two-beam acceleration (Klystrons)

250GeV CME, upgradeable to 500, 1000GeV A 380GeV CME, upgradeable to 1500, 3000GeV
L = 1.35x103%4 cm?s? (at initial 250GeV) A L =1.50x10% cm2s? (atinitial 380GeV)

- 20km length, in Tohoku / Japan A 11.4km long, at CERN / France & Switzerlanc

—— A Polarisation 80%
IAS-HKUST HEP 2024 22-25 uary 2024
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http:/Avww.linearcollider.org
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Tuen cirertaon Bunch compressor e- bI ue

Eechon kb e+ red U SC helical undulators (baseline):
ILC 250 GeV rotating target, polarized (e at 125 GeV) T

ositron generation

ot;nl‘fon‘::)r Energy
final focus (pol. uparade) PrEaccuaor. ACIE Do ’ comp. RF
N Interaction Point (IP) l”?‘ —— | o
electron = -
SC helical undulator pd":‘m?
5GeV positron ‘(;1;5? nr:e\nlf P dl==
damping ring(3.2km) Positorn Linac
oy . u ctron driven source: dedicated 3 GeV NC S-
lectr | - i i
1ms bunch train mean: SR SO, Bunch compressor We (palr prOdUCtlon)-
L-band SW NC
1312 bunch {220km length) Beam start here m around Apture caviby chicane Damping Ring
L UL oo Gpmesmaeess? sev s band e ez T
= il - 55 . drive linac ’,% MNC e+ linac — _?
————————_ Bunch train compression \ In Damping Ring (6ns bunch spacing) - It - ::".""'::I'“”' o
injection with compressed bunch spacing : 2 3km length @‘@1‘ AMID (FC) oy and e dump
\\ Bunch train e);;ns_:on —— ke Dty '_g
1312 bunch (220km length) - B I LUni0H: Basalinea Lumln  oasaB
— N Jenter—of-Mass Frneroy E... GeV a1.2 a1 250 500 500 1000
o 4000F ; 1 Beam Eneray Epe  GeV 456 45 125 250 250 500
U Energy upgrades: 500 GeV (31.5 MV/m T O S s | Collision rate fu  Hz 37 3. 10 5 5 4
_ - B 0 2 2000 F — con- om0y 1 Pluse interval in electron main linac ms 135 135 100 200 200 200
Q=1 x 10%9), 1TeV (45 MV/m Q,=2 x 10%°, @ 3000 | — eom 06y Number of bunches e 1312 2625 2625 1312 2625 2450
300 MW) more SCRF, tunnel extension € F | | ——— —— e E— —— ——
. . nn r : ch separation ns
- Kitakami site: 50km long, sufficient for 1TeV 3 2000¢ Beam cument mA 579 57 8.75 5.9 875  7.60
T L g o Average beam power at IP (2 beams) Ps MW 1.42 2,84 21.0 105 21.0 213
. : . _ S 000 =1 / . RMS bunch length at ML & IP o mm 041 041 030 030 030 0225
U Luminosity upgrades: 2 - : 2 Emittance at IP (x) re’s  pm 62 6.2 50 100 100 100
- 2 x bunches, 2 x RF (1.35 -> 2.7x1034) = C E g Errﬁtnno&ath({vJ e’y nm 485 485 350 350 350 300
i C Al A Beam size at IP (x) o  um 1.118 1118 0515 0474 0474 0335
- Run = 500GeV machine at 250GeV, % 5 n 2 2 1P () B » 266 586 5
or 2 (2.7x1034 -> 5.4x1034) minos L 10%/cm?/s _0.205 0410 2.70 5.40 1.79 360 5.1
- ot —— Luminosity enhancement factor Ho 2.16 2.16) 2.55 2.55 2.38 239 193
. ToRupdate — /w‘ Luminosity at top 1% Loot/L % 99.0 99.0 74 74 58 58 45
—— T Number of beamstrahlung photons N 0.841 0.841 1.91 1.91 182 182 206
e s  Beamstrahlung energy loss Ses % 0157 015 2.62 262 45 45 105
IASHKUST HEP 2024 Options A, A': 250 GeV tunnel &N * “ AC power [6] Psite MW 138 198 173 215 300
Site leng Lsite  km 205 205 205 205 31 31 40
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Since the publication of the conceptual design report (RDR) in 2007 and the Technica' " rport (TDR) in
2013, the technical development has been progressing steadily toward the ‘tion
Status (RDR) (TDR) 6( %é’ .cDR)*
SRF cavity, CM 2017 0 ° (\ International mass
Technology development ->Model work-> Proto* % ~ost production, and transfer
\ eo vities damanctration
SRF Linac mggg:s“.' s s R L e 6 \6 .an XFEL user operation >

o \\\ I R -
e- source Tech. Desior ‘b .nonstration Tech. confirmation g
‘b o
e+ source .o \\% 2018 2021 ¥ ot and e oeus =
Undulator scheme Tech. Dr C\s Tech. Demonstration arget and magnetic focusing 8
@)
e+ source \) 0 2018 2021 _ S
Ay eperieill ‘ 0 0 S Tech. Demonstration Target and capture cavity T
DP o 2017 \ 4 _ =

0\0 =ch. Development-> Tech. demonstration achieved at KEK ATF Kicker

% 2017
0 \ Design->Tech. Development->Tech. demonstration achieved at KEK ATF Stable op.
g . ULy 20:_"_8 202_1 @’ Remote handling
Tech. Design->Tech. Development Facility design
gUs] *EDR:Detailed Engi ing Desi
2018 2021 :Detailed Engineering Design

Pre-lab Report requwed to start construction.
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Time-critical WPs

| :Ml I:ain! h Eacl &” sources

Superconducting RF)

WP-prime 1.
Cavity production

WP-prime 2
Cryomoduledesign

WP-prime 3
Crab cavity

(Darlr%ilrf\g); ring) (Beam DBe"l-'\?erSy System) D um p

WP-prime 4 WP-prime 12
Electron source System design

— | L] | L] | L]
i WP-13 WP-prime 16 WP-18
Undulator positron scheme i Collective effect —I Final doublet I == Photon dump

Undul_ator

I
T |
_:.l WP-prime 6 Il _
I

Rotating target

_II Ma\évn% rime u7$ing II IDT-WG2 has about 50 accelerator researchers from around the world
participating in discussions on ILC accelerator development research

: . I
SRF is the main part! SRR

I E-driven positron scheme

e,

L A=2R3UY

1
l
I
l
l
l
Jd

- S - - - . - e I
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The mass production of European
reached

XFEL has
ILC specification yield (90%).

100

ooo
Yield (%)

Number of Cavities
N woE @ 2 2o
8 8 8 8

20 25 30 35
Eco(MVIM)

European XFEL: 29 5.1 MV/m

Cryomodule

Yield evaluation
of cavities
based on TDR

83 %

— LCLS-Il CM production in progress ——

- LCL5-Q Spec.

LCLS-II; 18-21 MV/m
Q>2.7 100

i[ Eng. design ]?

of t he

Progress in SRF

Euro-XFEL Operation
(Europe)
~800 cavities/
~100 Modules

LCLS-IlI Construction
(USA)

2018 2021

High performance and
cost reduction

US-Japan: high performance with
new surface treatment, etc.

101 =
! o 2
8 *: E=
210" L pE
LI ' 40r 3
i::. o 8
] ]
A 408 E
10" — 1 go‘
welr? *-40°
0" 107
P * 10
Ex10" E
o ILC- =
* = rl
1 - 2
a 5 0" 1 2 25 25

Germany-Japan: Improving Efficiency
in Cavity Manufacturing.

Final design is underway to comply with

"High Pressure Gas Safety".

L

Module assembly

~280 cavities/
~35 Modules

- J

Realized through
international cooperation
and procurement

Accelerator performance
verification at KEK-STF2

Pre-lab

/ Cavity
manufacturing,
performance
demonstration
(Yield
demonstration in

three areas)

Demonstration of
cryomodule
assembly,
transfer, and
performance

rrance-Japan: Automation of cavity cleaning

~

Americas

e
I
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2018-2021:
A

Achieve stable electric field E > 35 MV/m through US-Japan
cooperation
Improvement of Nb material manufacturing process and
properties (FG, MG, LG)
Improvement of surface treatment technology
Low temperature (10-20C) EP Two-step baking (75C
and 120C) Optimization of cooling speed (flux expulsion)
Cavity manufacturing efficiency improvement and dust prevention
work automation Germany/France-Japan cooperation
A Beam acceleration demonstration KEK-STF, 33 MV/m
A Hi% Gradient Cryomodule (HGC, FNAL) (in progress)
Aim to demonstrate 38 MV/m
Demonstration plan at ILC Pre-Lab (2022-)
A Preparation for mass production: Demonstration of international
statistics in three region

A

KEK-STF ,
High Gradient Cryomodule (HGC)
HGC FNAL) . Eingoataiihi:’:\';ernatlonal pa:::ganon in HGC. Contributions under dlscu;sa;r:ﬁc
. . shielding, cryomodule testing, and more
a|m|ng for « Labs involved to date:
performance beyond | £&Fermilab Jefferson Lab =
ILC specifications (in C
KEK-JAPAN Argonne
*Cavities treated at joint FNAL-ANL cavity treatment facility ° Fernﬁlab

A » 02/ = -

US-Japan: Improving Performance through Surface Treatment
Cost reduction by direct slicing materials

e
o

]0” T T T T T T T T T
[ 2K, 1.3 GHz
®  N-infused (FNAL)
@ N-infused (rep. @ JLab)
©  N-doped (FNAL)
..‘Qﬂ":::.ulim a N-d::p:d (rep. @ Comell)
e, ‘}.“ ¢ Standard ILC
“‘."Q-.:‘l r
.’ 0 ® 000y °
o‘? ““l'-- =y
High-Q,
(e.g. LCLS-N) \
.
Direct slice from ing 101 - High-Q, -
the rolling and mechanical polishing) H(Lg:-fé.}x
v.JM.‘.‘w‘M‘-" 0 5 10 15 20 25 30 35 40 45 50
\ '

Germany-Japan: Improving
efficiency in cavity manufacturing

France-Japan Automation o
Dust Preventlon Work

Cavity Frequency Measurement
System(Quality assurance for
cavity manufacturing process)

48 Step 2 Virual reallty and cleaning process

Preparation of

f clean-vacuum-furnag
+ N2dope “‘?



B . :Ir A
A SRF R&D items I

more info in ITN information meeting on OctAl& 2023
International Cooperation R&D Items:
A Establishment of international standards of the SRF cavity satisfying the Japanese High-Pressure-
Gas-Safety regulation (requires common drawings)
A Advancement of SRF cavity and surface treatment technology, performance evaluation
A Optimization of cryomodule (CM) design and overall performance evaluation of cavity packages

A Efforts to apply advanced SRF cavity technology such as crab cavity

ILC crab cavity system
CryomOdUIe : ILC-ML CC Envelope & Interfaces - B

| Expansion of TESLA package |

. Nb Fine Grain (FG) Disc
SRF CaVIty D Grain Size: 50 100 um

A New Approach:
Nb Medium Grain
(MG) Disc

Grain Size <1 mm

Variant AKA Institute Mode RF Frequency | Shape

Elliptical Racetrack Elliptical ULAN ™ 3.9GHz

Type-B CM has CM desian for ITN RF Dipole RFD ODULab  |TEM  |13GHz

TS unit 2 Com%rél']%nglveltl includes Wide open waveguide WOow BNL TEM 1.3GHz
cold BPMO

\\ Electre flold QLo ce nte I DOS |t| on q.hh d eg I dh ?O r B( F E L Duasi-waveguide multicell QMiR FNAL TEM 2.6GHz
P : LCLS-Il and ILC/TDR 4

TASHKUST HEP" 308

Double Quarter Wave DQW CERN/BNL | TEM 1.3GHz ﬁ
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Laboratoire de Physique
Infini:

des2 Infinis Les deux ir
2017 technical design 2018 2021 technical verification Pre-lab
Baseline Undulator scheme to obtain polarization
.‘3?':':'2',.. s {‘ - Target before and after radiation: ‘
P '@m"’"’"”’ DO 1 ’.%'L’"E-:i-‘." """:“'
i =2 § W | / putitie I :.”; . i \L
. o _ _ Pulse 'solenoid design
T Optics design
Next Steps: evaluate
Undulator o —— both schemes by

_prototype Iy : 74 mH international cooperation

Bﬂwln NN

Practical Operation of
Superconducting
Helical Undulator
(Alternate Periodic -
Structure) Target malntenance

Sub Flata

Long undulator
i P operation at

-speed rotating " soton Beam
positron target, e
Technology Design

European XFEL

Technology selection

Plan B:e-driven scheme (same tunnel)
Plan C:e-driven scheme (extra tunnel)

Plan A:Undulator scheme

driver linac r accelerator structure Prototyping APS cavit
I chicane : Vacuum
=l . . - characteristi
target AMD solenoid Optics design

cs Testing

Target Mag. focusing Paricle simulation
thermal
simulation

compensation

RF stability test

V[MV]

a &
time Imicrosec|
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more info in ITN information meeting on Oct-1§ 2023

International Cooperation R&D ltems:

A Electron source including the recent developments

A Undulator positron scheme: rotating target, magnetic focusing

A Electron driven positron scheme: rotating target, magnetic focusing, capture cavity

A Target replacement
Target replacement

Magnetic focusing

Electron source

Less metal at HV More metal at HV Girder structure on rail

_ Flux concentrator for-e
Photogundased on a compact insulator to reach  griven scheme
high-voltage and free field emission

3D RF simulation of APS cavity at KEK .
Test bench in KEK

Target Rotating Target
undulator scheme

/ rincipal Layout: Ti-Wheel with a Diameter
P af 1.0 m, rotating at 100 m/s, 2000 rpm.
s
Ll =
3

e-driven scheme

o

IASHKUST HEP 2024 22-25 January 2024



WCuo

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

2017 2018 2021

DR i{ Eng. design

Design based on experience with
circular accelerators (4 generation SR)

around theworld | e+e shared a
| | common tunnel

3.2 km circumference mBeam G)

Maturing technology for beams in
the latest ring accelerators such as
SuperKEKB

tion
Belle Il detector

electron / positron
linear injector

H/V 4 u /20 nmiin 100ns

\chicane \iniecﬁon\amracﬁan

Inj./Ext. Eng. Design
Equipment verification

CBETA QUAPEVA (Soleil)

Fixed field Factor of 2 tuning |
|

Final design

Beam extraction demonstrated. ——— LBNL

CERN-CLIC

|

Kick angle (a.u.)
o
N

Fast kinology '
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Stripline kicker Ny

—=p-

Stable
operation

Pre-lab

Permanent
magnets




patscad O Progress in Final Focus ile

2017 2018 2021 Pre-lab
] 4
Tech. design completed _ Detailed design
Spec. almost achieved Wakefield effects Stable operation
= demonstration
(Angle Jitter)=100urad \_

250

IBefure médification I
200 - After modification = T
E z £ = June 2019
‘% 150 - i __%____ _!—' v . ] % IPBSM switch from 30" mode to 174" mode
E y : a: _:E-F-é_—'i— : 1_}.! ;:i T _&«:}— - % Interruption (~24 hours)
8 3
o 500 ! . . !

: - . e 1 2 3 4 s 5 7 8 9 1

? Ej:z ATF: aChleved 4lnm (2016) Intensity [x1078]

) =9 — Q?Q“ bellows

g ¥or . 3/nm=ILC 7.7nm) ot [ e . ATF2W @ K € Krebs d
R -l Ny | B | system beween BPM maad —
@ 250 - N 1 Skew Sextupole Installed - Orbit Stabilizéttion ~ o amag " T
DIStI’IbUtIOﬂ Of % 200 '\\. ew sextupole Installe . 5 FF Sextupoles movers QDlOBFF and QDlOAFF yi- i - , — esentsetipa 4
e E \\‘ 4 Skew Sextupoles Installed Skew Sextupole Modificat ) ¥ L pi

bunch positions £ '®r ; NG .’, T e seupoles ' o Wakefield effect was evaluated at ATF.

measured at IPB, ~ 1:2 B  Tee _'!; :  Bm -confirm no serious problem at ILC

with two-BPM FB ) — _ ?;-;14nm — ;;azon:g -demqnstrate a technique to reduce the

0 (green) | d “os o P—c wakefield effect

(purple) Aﬂn — I';‘p:;,:.,;;:;" High-speed beam ATF International Review (Committee)* Modify the beam monitor system, etc. at

Bunch-1 R Buneh-2 BPM processor digital processor pOS|t|0n ContrOI 'The Comm|ttee hlghly evaluated the ATF tO demonstrate Stable Opel’atIOn
! o technology was achievements of ATF so far.
§ also demonstrated. - The committee pointed out the
& = =" , B b importance of continuing research to
| o RO i P _W— contribute to the detailed design of the
’ ILC final convergence.

FONT feedback system * https://agenda.linearcollider.org/event/8626/ Final doublet optimization
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2017

2018 2021

Basic design
(by researchers abroad)

Design revalidation and specific facility design

Designed with 500GeV beam
Absorber: Water(10 atm)

Confirmation of safety by simulation

A Heat and stress in beam window, heat
and shock waves in water

A Evaluation of activation and shielding

C

Consultations with beam target/dump
experts from around the world beyond ILC

Specificdesign of radiation shield
¢

200
ma
eleclion 125 Gey =

SystemDesign (2020)

Civil Design of Beam
Dump Cavity (2019)

(including muon
shielding)

Design for
shielding of
muon particles

Beam Dump/NaterCirculation

Pre-lab

Remote
Maintenance

, Testing of main

components of circulating
water system

, Beam window

replacement device

, Leakage

countermeasures for
radiating dump water

, Earthquake resistant

design

" Detailed system design

(pursuit of safety design)

generated by
beam dump

00

1

LS CE Y o 4
DAAF4IFE §
-

o™
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Laboratoire de Physique
des 2 Infinis

i - more info in ITN information meeting on Oct-l§ 2023 tematonal development o
International Cooperation R&D Items: J ittt deeignen i

A Optimization of damping ring design.

A Advancement of high-speed beam injection/extraction technology (nanosecond beam control).

A Upgrade of beam diagnostics at ATF through in-kind contribution.

A Establishment of nano-beam tuning technology utilizing ATF (including machine learning, etc.).

A Vibration evaluation of final SC magnets.

A Establishment of megawatt-class beam dump technology (application to neutron target and
beam dump). Final doublet optimization Beam Dump

== Vortex water flow
17 MW at500 GeV beam
1 MPa to prevent boiling

—N

KEK-ATF _ Fastkicker (injection/extraction)
¢ =it 34t Swapoutinjection system planned at NB
EE Swap-out Injection Scheme
A e
Py a4 *
PRI e et

01 02 03 04 05 06 07 08 09 1.0
Beam intensity (x1010¢~)

Maximum search
algorithms to be applied

Pd‘ to beam tuning

(Machine Learning)
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Detector Hall

Kitakami mountains

granite zone
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