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The physics landscape

Structure within
the Atom
Quark

Size < 10719m

Budeus Electron

i -18 o8
Size = 10~ 14 m 4 a Size < 1078 m
‘

@9

~ Neutron
and
Proton

Atom Size = 10715 m

Size = 1071%m
If the protons and neutrons in this picture were 10 cm across,

then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km across.

Leptons | The Higgs is new, it is
special, we believe

studying it in detail can
be aportal to new
physics
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Particle types to accelerate

Not so many choices:

A Need stable charges particles: protons, electromsjdns,
lons¢ most used: electrons and protons

A Secondary beams: photor@ions kaons, neutrons,
YSdziNAY 24T X

Proton collisions: compound particles
A Mix of quarks, antguarks and gluons: variety of processes

Quark-
Antiquark-
Pair

A Parton energy spread oo
A QCD processes large background sources

Electron/positron collisions: elementary particles

A Collision process known
Quark
A Well defined energy
A Background from other physics limited . N G 0
Muons: elementary particle, but lifetime only 2.2 proton mass
F 2000

electron mass
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Higgs couplings

Higgs couplings

LC physics opportunities

arXiv:2206.08326
precision reach on effective couplings from SMEFT global fit
B HL-LHC S2 + LEP/SLD Wl CEPC Z50/WW,/240GeVg B CLIC 380GeV, B MuC 3Te\
|(combined in all lepton collider scenarios) | [ll CEPC +360GeV; M ILC +350GeV;5+500GeV, | IMCLIC +1.5TeV,5 | lMuC 10TeV g
Free H Width MILC +1TeVy  VwGiga-z | IICLIC +3TeVs | Il MuC 125GeV; 02+10TeV 19
1l I no H exotic decay subscripts denote luminosity in ab™', Z & WW denote Z-pole & WW threshold 102
107", 107
10‘2é 107
102 §10-5
691,z oKy Az

107", I 1 1 I
107 107
10— 107

oy

e+e- colliders show very comparable performance for standard
Higgs program, despite quite different assumed integrated
luminosities => longitudinal beam polarization an important
factor for LCs

A several couplings at few-0.1% level: Z, W, g, b, U

A some more at ~1%: 0 ¢

sBuiidnoo sb6iH

| |
LHC followed by HL LHC

Today 2040 ~2050-55 Time

A wide programme:

A ILCX i e.g. beam-dump
experiments, dark sector physics,
light dark matter, strong QED (ILCX
workshop)

11.2. ILC FACILITIES FOR FIXED-TARGET EXPERIMENTS 239

A Higher energies: Improved Higgs,
extended models, top well above
threshold with polarization, new
physics searches and
measurements

A Z running also possible


https://agenda.linearcollider.org/event/9211/overview
https://arxiv.org/abs/2206.08326
arxiv:2206.08326

Beyond the Standard Model

Unknowns:

A Flavourstructure

A Matter-antimatter

A Why is the Higgs so light
A Forces merging ?

The universe as seen by Planck

A General Relativity versus Ahomes Dark
) ) i Energy
Quantum Field Theories - 72%
ar
A Dark Matter and Energy gupermous Commoleay Prject Matter
[ T ' ' m ] 025075 23%
§ TODAY
Neutrinos Dark
10% < Matter
63%
E O.Si { E *E Qu Qy PhOtons
I I Ty e
é 1'Oo:o 0‘2 ‘ 0‘4 o‘e 0‘8 1:0 Atoms
Coom o m 12%
redshift Z 13.7 BILLION YEARS AGO

(Universe 380,000 years old)
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LC project$) general aspects
ILC in Japan CLIC at CERN

4 Legend
:

== CERN existing LHC

Potential underground siting

Initially e+e collisions at least at 250 GeV Pty

A Linear colliders: 11 (Higgs) 50 (max) km for
higher energies later

Sendai Arpor A Four different RF solutions drive the designs

Jura Mountains

Tsukuba City

K arta Avpor
Haneda Airport

C3- US based study (initially) H:“\'—HFi anywhere

Facility length: ~3.3 km
- —_— . L Turn-around loops
- = =y o e - - o~y 5 - Positron - Damping rings (31 GeV e*/drivers)
' = - - & — : &5 & =2\ source (3 GeV) Driver source, RED
— — —_— — : Interaction point RF linac (5 GeV) M Electron
U — -y " ..'; — U (250 GeV c.o.m.) @ e (5-31 GeV e*/drivers) source
- —0 0 PP 220 22 »>] 2 e
Traird regeat at 120 Ha ) £y “\/—‘:G
- = Beam-delivery system S8ty
4 L i . i i Plasma-accelerator linac (5GeVe)
Beam-delivery system Positron transfer line Ve
Pulse Format a with tum-aroundylsoop (31 GeV e") (500 GeV e7) (16 stages, ~32 GeV per stage)
AF anvalops M o e (31:GeV e} " Scale: 500m
133 1 7 bunches speced by 700 ns - 1o e Source: Foster, D'Arcy & Lindstrom, preprint at arXiv:2303.10150 (2023
30 RF periods (5,25 na) e : ; y , prep :2303. (2023)

e Overall length: ~3.3 km = fits in ~any major particle-physics lab

Length dominated by e~ beam-delivery system
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Generic Linear Collider

The key parameters: Energy and luminosity

damping main linac I detector [
ring

e- source RTML BDS BDS RTML

main linac damping
ring

€+ source

The critical steps:

Create low emittance beams (sources, injector, damping rings, ring to mair RiddL)

1) Acceleration in maifinac(energy increase per length)

2) Supply energy as efficient as possible to beam (high power at 1, 1.3 and 12 GHz)

3) Nanobeams: Squeeze the beam (Beam Delivery Syste®m { 0 = A ®Sd NBRdJzOS |

. ' o,
dro o, Y
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Circular versus linear ‘@

High energy limited by howtrongelectric fields you can have inside metallic structures:

A Make accelerators circular, then we become limited by magnetic fields for begaisdgn LHC,
accelerating protons

A ltalsoallowsustor®@2ft f ARS Go0dzy OKSa ¢

For electrons also limited by synchrotron radiation when bending a paréiclgome point cannot
provide enough energy in a circle to compensate for these losses, go back to linear accelerators
(CLIC/ILC designed for 3f&@Vat ~50km)

CLIC is ~11km (380 GeV), ILC ~20km (250 GeV), FCC/CERRmJ0350 GeV)
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Luminosity [10%* s'ecm?2]

3

—t
o

—

107

LC general considerations

Energy/Lum upgraded ete-

LHC followed by HL LHC

2040 ~2050-55

Time

sm e ILC luminosity upgrade [dito]

<of v ILCZ50 10 Hz operation [dito]

" ‘es CLIC baseline [arXiv:2203.06186]
« «%« CLIC luminosity upgrade Idital

1
Center-of-Mass Energy [TeV]

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

Hi gher enerl@ile¥ studiece a

(CLIC), but many TeVs challenging:

A Power proportional to luminosity

A Consider up to 50km

A Higher energy means smaller beams
and increasingly important beam-
beam effects

=
= 600
)
2
@]
@ 400
O
<
©
5 200
-
0

T T T LEN S S |
AC Power vs Energy of Future e'e Colliders
wmssm FCCee, 2 IPs [arXiv:2203.08310)
..| mwm—— CEPC, 2 IPs [arXiv:2203.09451]
«wms CEPC, 2IPs, lumi up, power priv. com.] J
g |LC baseline [arXiv:2203.07622] y 4 -
*»a+ ILC luminosity upgrade [dito] ,/
s ILC250 10 Hz operation [dito] e
s CLIC baseline [arXiv:2203.09186) /

«w « CLIC luminosity upgrade [dito]

l T T T I T

T

T l T T

1 1 1 I 1 1 1 l

1
Center-of-Mass Energy [TeV]



e+e Linear Colliders, overview of features A

Linear Collider (LC) proposals for CLIC and ILC are very mature: parameters & design, technically
developments, in term of performance verifications, project planmgrgth strong communities

behind vy
: e -
damping "!!»ﬁ»/‘ B
<> e - @ AT A
; il o) el
source main o O =S R - £
linac = “w—=3 2

SpnRomisr  nuctor Linac Predpecser  OC Gun
" o « Une

beam delivery

Key features and technical focus of studies:

Initial stages with costs and power similar to LHC, further investments will be staged
Expandable to higher energiesvith existing, improved or new RF technologiesnd in some cases
also increased luminosities

RF (energy) and nanobeams (luminosity) main challenges

Strong connection and synergies with ligiaturces and FHibacs

Polarized beams foreseen

Can also run a lower energies (Z), and gargarama is possible

Sustainability, relatively low power and compact

P Damping Ring
<
S<
~<.

Physics Detectors

To I T To o I Do
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Cavity/Accelerating Structure

ILC cavity

1.3 GHz, superconducting

Target effective operational 31.5MV/m
Target gradient 35MV/m

Qa1

Long pulse> low peak power

Large structure dimensies low WF (wakefields)
Very long pulse trair> feedback within train

SC structures> high efficiency

Gradient limited=> longer linac

Large number of e+ per pulse

Large DR

March 2024- Steinar Stapnes

CLIC accelerating structure

12 GHz, normal conducting

Target loaded gradient 100MV/m
Target unloaded gradient 120MV/m
Qa6 310

High gradient=> short linac

Small structures> strong wakefields
Generation of high peak RF powdriyebean)
Small DR




Gradients and frequencies

RF accelerating gradient

100

) /\

| : 1 LA \ ‘ WA 1
E 7 N
S 0 !
= ) 0. 0.4 \! ‘ L.G ’ 8
) A
-50 \}

1l




Limitations of CLIC gradiekt..

Surface magnetic field

Pulsed surface heatings material fatigue => cracks

Field emission due to surface electric field

RF break downs B Gyt mmse o OD oy
7\ SignalA=SE2 Up-Stream —- Iris N Date :8 Sep 2010
Break dOWﬂ ratee> Operatlon eff|C|ency Figure 4.1.: Electron micrograph by Markus Aicheler [4] of the crater left behind from a

breakdown on the iris of a TD18 accelerating structure.

Local plasma triggered by field emission Erosion of surface

Dark current capture
=>Efficiency reduction, activation, detector backgrounds

RF power flow

RF power flow and/or iris aperture have a strong impact on
achievableE,..and on surface erosion.

Figure 4.3.: Power flows around a field emitter tip in an RF cavity.
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Status

Achieved 100 MV/m gradient in mabeam RF cavities

50 MW klystron
6 MW klystron
pairs
T T T
® T24-KEK-KEK = E, measured
i ® T24-Tsinghua-KEK I 1 i
B4, TD24-KEK-KEK § e E scaled to 180 ns 2 3
TD24R05#4-KEK-KEK S || X E, scaled to 180 ns, BDR = 3x107|
TD26CCN1-CERN-CERN = 4
TD24ROSK1-KEK-KEK =) ’
® TD24R05K2-KEK-KEK A ’
® TD26CCN3-CERN-CERN ¥
® TD26CCN2-CERN-CERN g
. ® T24N1-PSI-CERN s ¥
E1E-5[ [®T24N2PSICERN | T ]
) /-
z ¢
= ’
e i
= e
v P
e “
Q ’ &%
m 7 4 GE——
1E-6 9t . g
s , 5 4
,‘-,.l,_ -9 ’ 2 ]
brpt ’ ’ ’
" ’ ’ ’
2 A 4 ‘ ’ ’
3E-7 R =
CLIC BDR Criterion
1E-7¢ : L L . :
80 90 100 110 120 130

Unloaded Accelerating Gradient [MV/m]
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R&D for Improved SRF Performance & Sustainability

L6 b g purty tagegramicoum Material 5
. . HEP. High pask ptsed Power Processing LL/RE

ABetter surface treatments and cavity shapes improve s |sizms=r .

performance. Lots of progress in last 10 years T e || T ent/Processing : -

50 M-LTB: Modified LTB 75C+120C L ] /7‘

ARaise gradient: fewer cavities for same beam energy SAAEAEEE" Shaping o aee " aite

Short term goal: 31.5MV/iv»> 35MV/m E w .

Medium term goal: 45MV/m £ e e

Lab record: 59MV/m 3 i L | i (B/ EY T

] Snge-Cal Ly /;:R j ,  HOM coupler brushing

Almprove Q: reduce cryogenic losses s | / EP+HTASLTB

(AW @ 2K requires ~750W AC power!) : m{\

Short term goal: 1E16- 2E10 . | . e Multi-Cell Cavity

/
. . HPP™ #

ANew treatments reduce / avoid need for electropolist | ™™  *~ s |

treatments (involving aggressive chemicals) 1985 1950 2000 2005 2020

Year RLGENG28APR2019

AR&D into replacement of bulk niobium cavities with.\w or

Nb,Sn coated copper: _ R&D Goal ILC:

reduce niobium consumption, ‘ e 30 Myim

increase performancearXiv:2203.0971§ DA~ iz

g 1x10© v -
o
Q21107 oal lLL

Eusable ﬁ 31.5 MV/m

Qon 11010

1x10° »
0 10 20 30 40 50

Eaec [MV/m]
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https://doi.org/10.48550/arXiv.2203.09718

Beambeam Effect

|

Bunches are squeezed
strongly tomaximise
luminosity

Electron magnetic fields are
very strong

i 96432

_ 8e+32 |
Beam particles travel on 704320 }
curved trajectories 8 Bes32 |
i > 5e+32 |
N(.D 4e+32 |
They emit photons (O(1bpamstrahlung g de+32r
= 2e+32 }
i 1e+32 }

They collid€ with less than 2900 2920 2940 2960 2980 3000 3020 3040

nominal energy E.., [GeV]
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Beamstrahlung)ptimisation

9e+32
8e+32 |
7e+32 |
6e+32 |
5e+32 |
4e+32 |
3e+32 |
2e+32 |
1e+32 }

T e

L [m>GeV 'bx ']

0 i i i i i
2900 2920 2940 2960 2980 3000 3020 3040
E.p [GeV]

Oy 2> 0y Or + 0y R 0,
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Generic Linear Collider

The key parameters: Energy and luminosity

damping main linac I detector [ main linac damping
ring rng
e-source HTML BDS BDS RTML o4 source

Lightsources (LC DR) and FEL linacs (LC ML) are heavily invested in

Very important to work closely with such projects, for common technology development,
construction and operation experienceand also for industry capabilities

In particle physics we have some special challenges: scale, luminosities, positrons
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Synchrotron Light Sources: about 50 storage ring based

HASYLAB (Hamburg)
BESSY (Berlin)
DELTA (Dortmund)
ELSA-II (Bonn)
ANKA (Karlsruhé)

o , MAX 1, 2, 3
, (Lund)

4 ASTRID -
AR CHESS, CESR (Aarhus) SIBERIA 1 & 2 (Kurchatov) SSRC .
- {Cornell) DlA%gyog DESLY - JINR (Dubna) (Novosibirsk) @ - 2z lg,\lgo-HANA
‘ SRS TNK - F.V. (Zelenograd) ¢ B | Proton FacToRY
GLS‘(Saskamon). (Daresbury) () [ ] ' g (Tsukuba)
P /gvékyggg ° 2% KIPT (Ukraine) r |2
| R ESRF ® @7IKiev ISI 800 (Ukraine) Tokyo
ALS (Berkeley) @ (Stoughton) .. : ® (Grenoble) .. ° BEPC - (B%isjing) ;nglo)R
SSRL, SPEAR, SPEAR 3 @ s SURF 2, 3 SOLEIL @ (] (Koréa) / (Okazaki)
Stanford) (Argonn:) @ (Gaithershurg) (Saint-Aubin) ® glr\,#é%)E A el ‘ #“E#J'?UBARU
CAMD
(Baton Rouge) DUKE FEL CELUS-ALBA el SSRF, SINR (shangher® SPRINGS
(Durham) (Barcelona) ® :"'s”‘]:é)
« IN?,}JSO'%) 2 ® NSCRRC (7aiwan) (Hiroohima)
SLS ELETTRA
(Villigen) (Trieste) @ SPL (Thailapde)
DAFNE
(Frascati)
HELIOS 2 /’ : g
(Singapore) . Z
LNLS
(Camginas)

Australian Synchrotron .

n WY osarsworld-wide

Establishedmaturetechnology

March 2024- Steinar Stapnes FromL.RivkirEPFL



Damping ring, experience from light sources

The damping rings reduce the phase space (emitt&ggeof the
beamc wigglers to stimulate energy losses (SR)

) A ==

energy loss re-acceleration

Lightsources need similar beams (picture: ALBA)

Target and achieved
emittance in existing and

. planned machines 2018
The phase-space ellipse
10000.0
Y($)x(s)’ +2a(5)x(s)x'(5)+ B(s)x'(s)’ =€ _ S
, g_ 1000.0
X = A=
\ ! £ g ALS FE.IPA‘”GCEVJ APS ANKA
slope 100.0 ASTRI
o e £ L
s Z OE) | PEPX___ a9 nggr PeRa® B
T 100 T engs Yceqyy SN et REL ST s
! £ *UR  pavionpl g MAXVCEST S as
o 3 10 e O @7 ICFCee (HPAMOND
> ’ SRUS
01

o
S

\\ o CHEDR Ausralian 1S
;- | | | | | |
L . 001 01 1 10 100
\ Horizontal emittance [nm)]

Envelope of particle motion :

centroid | x(§) = f‘gﬁ(s) |
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LCLS I, 11 2009, 2019

X-Ray Free Electron Lasers

FromL.RivkirEPFL

+

SwissFEL 2017‘ .

SHINE, Shanghai, unde
construction

SACLA 2011

8.5 GeV, 60 Hz NC European XFEL 2017

DESY, Hamburg







SwissFEL @
>

. A 104 x 2mlong Gband structures (beam, 6 GeV @
100 Hz)

A Similar umlevel tolerances
A Length ~ 800 CLIC structures

March 2024- Steinar Stapnes



LC projects being discussed below
ILC in Japan CLIC at CERN

4 Legend
:

== CERN existing LHC

Potential underground siting

Initially e+e collisions at least at 250 GeV Pty

A Linear colliders: 11 (Higgs) 50 (max) km for
higher energies later

Sendai Arpor A Four different RF solutions drive the designs

Jura Mountains

Tsukuba City

K arta Avpor
Haneda Airport

C3- US based study (initially) H:“\'—HFi anywhere

Facility length: ~3.3 km
- —_— . L Turn-around loops
- = =y o e - - o~y 5 - Positron - Damping rings (31 GeV e*/drivers)
' = - - & — : &5 & =2\ source (3 GeV) Driver source, RED
— — —_— — : Interaction point RF linac (5 GeV) M Electron
U — -y " ..'; — U (250 GeV c.o.m.) @ e (5-31 GeV e*/drivers) source
- —0 0 PP 220 22 »>] 2 e
Traird regeat at 120 Ha ) £y “\/—‘:G
- = Beam-delivery system S8ty
4 L i . i i Plasma-accelerator linac (5GeVe)
Beam-delivery system Positron transfer line Ve
Pulse Format a with tum-aroundylsoop (31 GeV e") (500 GeV e7) (16 stages, ~32 GeV per stage)
AF anvalops M o e (31:GeV e} " Scale: 500m
133 1 7 bunches speced by 700 ns - 1o e Source: Foster, D'Arcy & Lindstrom, preprint at arXiv:2303.10150 (2023
30 RF periods (5,25 na) e : ; y , prep :2303. (2023)

e Overall length: ~3.3 km = fits in ~any major particle-physics lab

Length dominated by e~ beam-delivery system
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The Compact Linear Collider (CLIC)

a

w Timeline:Electronpositron linear collider at CERN
for the era beyond HLHC

X ' B "
.' —

w Compact:Novel and unique twdoeam accelerating
technique with highgradient room temperature RF
Ol @A U A S &trudiutesan3@pGeY)~11km in
its initial phase

~._BYPASS TUNNEL

“_ INTERACTION REGION
DRIVE BEAM LOOPS

MAIN BEAM INJECTOR
DAMPING AINGS w ExpandableStaged programme with collision
energies from 380 Ge{Higgs/top)up to 3TeV

(Energy Frontier)

_DAIVE BEAM DUMPS
wCDR in 201%ith focus on 3TeV. Updatedproject
overview documents in 201@roject
Implementation Plan) with focus 380 GeV for Higgs
and top.

TURN AROUND

Accelerating structure
prototype for CLIC12 GHz
(L~25 cm)100 MV/m
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Klystron

Klystron
588 units / 20 MW / 148 s 588 units / 20 MW / 148 s

DRIvE B Delay loop Delay loop
COMPLEX 73 m 73m
2.5 km Drive Beam Accelerator 2.5 km Drive Beam Accelerator
2.4 GeV /1.0 GHz CR2 CR2 2.4 GeV /1.0 GHz
CR1 140 m 140 m CR1
5 m 5 m
Decelerators / 25 sectors Decelerators / each 878 m
e ‘?))ZJ’ ) Detector \ ( R (s 4
' :I\ N \ T e R R R R R R R R S L SR R SR ARRRNNY BDS BDS 777777777 // VI LP & A7 0 Lo L7 / 7 & / / / 7/ / / v"
( ey 7 /7 ) b L L P L7777 77777777777777777777 31Km 3,'K ARRLRLELELRENSEASNSSSNNNSNSNNN NSNS \ N2 A\ NN < \ < {
e Main Linac/ 1.5 TeV/ 12 GHz / 72-100 MV/m / 22 km *Malenac/15Te\//TQG z/72100MV/m/?2km =
TA ( ) TA
300 E — 300
i Spin Rotator Booster Linac i
9 GeV
— )
/ /R Pre-Injector Primary e Linac
[ e+ DR e+ PDR e* Linac e* production
MAIN BEAM e DR F/ﬁ\\ 359 m 389 m 0.2 Gev 5 Gev

COMPLEX 359 m N /) [ N
- B« =
\ / Target Gun

|
Injector Linac Pre-Injector  DC Gun
e Linac

Spin Rotator 2.86 GeV
0.2 GeV



t=00.01 ns

N 20 e
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CLIAccelerator challenges

Details in PIFDOL http://dx.doi.org/10.23731/CYRM-2018-004

A CLIC baselind a drive-beam based machine with an initial stage at 380 GeV

CLIC Nominal,
unloaded

MV/m
S
S o

A Four main challenges

®» o
o ©

1. Highcurrent drive beam bunched at 12 GHz

S
o

2. Power transfer and maimeam acceleration

N
(=]

Accelerating gradient (MV/m)
)
=)

3. Towardsl00 MV/m gradient in maibeam cavities o 40 e 80 100 120

Power in accelerating structure (MW)
4. Al i gnment aamab esatmsoi)l ity (0
A The CTF3 (CLIC Test Facility at CERifammeaddressed all drivdbeam production issues

A Other critical technical systems (alignment, damping rings, beam delivery, etc.) addressed via
design and/or tesfacility demonstrations

A X-band technology developed and verified with prototyping,-stahds, and use in smaller systems

A Two Gband XFELS (SACLA &wlissFEL the latter particularly relevahbperational: largescale
demonstrations of normadnducting, higliequency, lonemittance linacs
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http://dx.doi.org/10.23731/CYRM-2018-004

Low emittance generation and preservation

i

Low emittance damping rings 1o G
Target anq aghie_ved "S: 100 - Measurements (after correction)
o s Preserve by : - \\/\ f\/\/w
10000.0 . =
o A Align components (16m over 200 m) 3
'E 10000 LA . ) 2 -100
3 —p— i A Control/damp vibrations (from ground to accelerator) g 150 ]
S 1000 AsU, * ASRDATS et gzoo /.‘
£ IR mm vl A Beam based measurements & 250 , h
T ey ¢ allow to steer beam and optimize positions W2 o oz ow oi“ o0e of"m ot 018
% - OND Il e ‘.lLCRIee [xAMAéﬁD . . . . bunch spacing [m]
= s A Algorithms for measurements, beam and component optimization, @
o1 ‘ ‘ ‘ ‘ ‘ feedbacks s ~=-Measured (after correction)
0.001 0.01 0.1 1 10 100 12000 —— Simulation

Horizontal emittance [nm]

—= 10000
A Experimental tests in existing accelerators of equipment and g 8000
algorithms . % -
(FACET at Stanford, ATF2 at KEK, CTF3sdugtes) B oo
2000
o0 10 20 30 40 50
Frequency [GHz]
(b)

Wakefield measurements in FACET

(a) Wakefield plots compared with numerical

. . . . . . simulations.
iteration 0 iteration 1 iteration 3 (b) Spectrum of measured data versus
Figure 8.10: Phosphorous beam profile monitor measurements at the end of the FACET linac, before numerical simulation.

the dispersion correction, after one iteration step, and after three iteration steps. Iteration zero is before
the correction.
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s, 200N, 88

o »lli»»»», .

CLIC to JTeV

Table 1.1: Key parameters of the CLIC energy stages.

i s - e S —— Parameter Unit Stage 1 Stage 2  Stage 3
= Centre-of-mass energy GeV 380 1500 3000
Repetition frequency Hz 50 50 50
Nb. of bunches per train 352 312 312
Bunch separation ns 0.5 0.5 0.5
: H : Pulse length 244 244 244
— T S Extend by extending main linacs, e ene =
- =—ie— . d . b I I th Accelerating gradient MV/m 72 72/100  72/100
= J.(f.“f— e Increase drivebeam puise-ieng Total luminosity 1x10%% em 2571 2.3 3.7 5.9
e i e and power, and a second Lum. above 99% of /s 1x10%em 257! 1.3 1.4 2
d b 3 TeV Total int. lum. per year th—1 276 444 708
r|Ve eam to get to € Main linac tunnel length  km 11.4 29.0 50.1
uie o oo VY Y S Nb. of particles per bunch  1x10° 5.2 3.7 3.7
ORIVE BEAU / sorgagpat e afpoey . 1E
d "'i’»» ovrtece <<< <«(‘..‘ - _:"""::_mﬁ ;’,4 B Bunch length nm 70 44 44
g o 0 O E— B 15TV 90im (CUCIER0 IP beam size nm 149/2.0 ~60/1.5 ~40/1
o o Final RMS energy spread % 0.35 0.35 0.35
CJ\CM’ (W’ CW’ CW’ = o - Crossing angle (at IP) mrad 16.5 20 20

Spin Rowtor

A »»\\\L) curon

3 Mom  Prollier  Primery ¢ Unee
.- o production

e i—K((H
\\««Fi H—=3

Orolucter  0C0un
b rood

The CLIC accelerator studies are mature:

A Optimised design for cost and power

A Many tests in CTF3, FELs, light-sources and test-
stands

ATechni cal

devel opments of




Ongoing CLIC studies towards next ESPP update

a

Project Readiness Report as a step toward a TDR
Assuming ESPP in ~ 2026, Project Approval ~ 2028, Project (tunnel) construction can start in ~ 2030.

The X-band technology readiness for the 380
GeV CLIC initial phase - manufacturability and
developments driven by use in small compact
accelerators for industrial experience

Optimizing the luminosity at 380 GeV at 2.3 x
1034 cm=2 s1i already implemented for Snowmass
paper, further work to provide margins will

continue (HW and SW)
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- Bending magnet 2 b R e T A A

0 oY ~ard dies: A
Source of electrons Accelerating stage S O o For CLIC and relafe:in ;
< G . . 7
CERN and L University Hospital "-.’ (> , Bending magnets appl'catlons in g hardware
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optimisation for
nano beams

radiotherapy facility
Patient

CLRN and the L 1o ot
CORCEptua desagn of a0 inmavative radtherapy tacity, used for Cances treatment

Project summary for Snowmass:
https://arxiv.orq/pdf/2203.09186.pdf

RF efficiency and

/ studies

Improving the power efficiency for both the initial
phase (already in Snowmass report) and at high
energies, including more general sustainability
studies (in many cases done together with ILC T e
see later) 108 bisrsnsor s

93 @ ME design, CERN (PIC simulations)
. ,__HE industrial prototype /\ ; off shelf A
%% 03 03 075 1 125
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https://arxiv.org/pdf/2203.09186.pdf

Applicationsg injector, xband modules, RF

A CompactLight Design Studies 2B (right)
AINFN 1 GeV linac

A Flash RT, at CHUV
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A AERES, IFAST and TNA projects

Overview atLINK TS ncoareng mogie
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https://indico.cern.ch/event/1101548/contributions/4636002/attachments/2364016/4036129/CLIC%20project%20wuensch.pdf

The ILC250 accelerator facility

Damping Ring

Interaction point

e- Main Linac

Beam dump

Bunches of ~1010 e+/e-

ILC Candidate Location: Kitakami, Tohoku

C.M. Energy 250 GeV = = s e G ARA L
Length 20km ‘W:"Eﬂ —
Luminosity 1.35 x1034 cm2s? £
W/
Repetition 5 Hz ;"" "f
Beam Pulse Period 0.73 ms ; ;
Parameters and plans for luminosity and -
Beam Current 5.8 mA (in pulse) . B
BN S JEnGey energy upgrades are available, 2
eam size (y) a ./ NmMv e . . U
. interesting and relevant SCRF R&D also b
SRF Cavity G. 31.5 MV/m .
(35 MV/m) for such upgrades (Snowmass input)
Qo Qo = 1X10 10
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https://arxiv.org/pdf/2203.07622.pdf

Potential for upgrades

The ILC can be upgraded to higher energy and luminosity. A
Increase in energy and luminosity

Quantity Symbol Unit Initial £ Upgrade Z pole Upgrades

Centre of mass energy NG GeV 250 250 91.2 500 250 1000 foreseen

Luminosity L 10¥%ecm~2%!  1.35 2.7 0.21/0.41 1.8/3.6 5.4 5.1

Polarization for e~ /e™ P_(Py) % 80(30) 80(30) 80(30) 80(30) 80(30) 80(20) :

Repetition frequency Jrep Hz 5 5 3.7 5 10 4 New CaVIty reSUItS Open for

guncies per]pulse m}%mh &10 13212 2625 1312é2625 131252625 26225 24?;1 further optimization (reduce costs,

unch population o 1 2 1. . .

Linac bunch interval Aty ns 554 366 554/366  554/366 366 366 Increase energy, increase

Beam current in pulse Toulse mA 5.8 8.8 5.8/8.8 5.8/8.8 8.8 7.6 fdzyYAy 2aAl e X 0

Beam pulse duration tpulse 1S 727 961 727/961 727/961 961 897

Average beam power Payve MW 5.3 10.5 1.42/2.84%  10.5/21 21 27.2

RMS bunch length o, mm 0.3 0.3 0.41 0.3 0.3 0.225

Norm. hor. emitt. at IP Yex pm 5 5 5 5 5 5 * Surface treatments for high-Q and high-G

Norm. vert. emitt. at IP ey nm 35 35 35 35 35 30 100 - ——

RMS hor. beam size at IP o nm 516 516 1120 474 516 335 ,....’\-{M\\ o ne

RMS vert. beam size at IP o7 nm 77 7.7 14.6 5.9 T 27 o — o

Luminosity in top 1% Lo.o1/L 73% 73% 99 % 58.3 % 3% 44.5% u-lf-'-'-:n.::;‘:‘:"‘:ﬂwﬂ 5/120C

Beamstrahlung energy loss dBs 2.6 % 2.6 % 0.16 % 4.5 % 26% 10.5% S v 'q:;"::;mmon

Site AC power Pijte MW 111 138 94/115 173/215 198 300 ¥ 120C bake

Site length Lite km 20.5 20.5 20.5 31 31 40 & \ Anna Grassellino
Table 4.1: Summary table of the ILC accelerator parameters in the initial 250 GeV staged configuration and possible upgrades. TTC2019 Vancouver
A 500GeV machine could also be operated at 250 GeV with 10Hz repetition rate, bringing the maximum luminosity to i 10 20 0 o %0
5.4 -10* cm=2s~! [26]. *): For operation at the Z-pole additional beam power of 1.94/3.88 MW is necessary for positron EuclHVIT)
production.
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Key systems and challenges

The ILC is a very mature design, with a
comprehensive TDR

Next steps involve technical developments
and industrial prototyping with final specs as
needed for an Engineering Design and in
preparation of pre-series and construction

A Creating particles Sources
A polarized elections/positrons

A High quality beam Damping ring
A low emittance beams

A Acceleration Main linac
A superconducting radio frequency (SRF)

A Collide them Final focus
A nano-meter beams

A Goto Beam dumps

LCLS-II + HE (under construction) -100 cryomodules
-35 + 20 cryomodules -800 cavities DESY

LCLSI

-280 + 160 cavities

Euro-XFEL

Operation started from 2017

-17.5 GeV (Pulsed) @

-4+ 4GeV (CWy gCornell LAL/Saclay ® °
FNAL @
@®SLAC Jlab INFN

nnnnnnnnnnnnn

o e e e ‘\'.
oy : ;‘ﬁ\.ﬁ‘“\xﬁ\:’\;“‘ ":’

International Linear
Collider (ILC) (Plan)

-900 cryomodules
-8,000 cavities
-250 GeV (Pulsed)

@ KEK
SINARg

SHINE (under construction)

-75 cryomodules
-~600 cavities




Tohoku ILC Project Development Center D)

(https://tipdc.org)

wlLocal governments and universities in Tohoku area Geological survey of the ILC candidate site

ILC-250 (20.5 km)

established Tohoku ILC Project Development o . — B Continuous granite region
Center this summer tgolve issues that should be !»t‘?ff_'jf;'j:;“‘", , ey HITOKABE, SENMAYA and ORIKABE
RO I > s bedrock

L7~ MW Have capability to extend

handled by the region regarding the construction = . ¢
~a the ILC up to 50 km in future

of research facilities and environmental
improvement around the ILC candidate site.

I W Boring geological survey [¢
-> Direct sampling down to
the accelerator depth
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A Examination of the impact of ILC construction on thw
natural environment, society, and economy

A Utilization of local resources associated with the i
location of research facilities and examination for
regional promotion

A Examination of system and town development
corresponding to acceptance and settlement of
researchers and families
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https://tipdc.org/

The ILC IDT organizatigmitiated at the ICFA
meeting at SLAC February 2020 A

2020-21: The IDT T created by ICFA and hosted by KEK i was set

ICFA . :
] up to move ILC towards construction. The worldwide structure of the
WGs: https://linearcollider.org/team/
ILC International Development Team A set of key activities were identified in a Preparation Phase
) Programme.
Executive Board
Americas Liaison Andrew Lankford (UC Irvine) . Lo
Working Group 2 Chair Shinichiro Michizono (KFK) 2022-23: A subset of the technical activities of the full ILC
Working Group 3 Chair Jenny List (DESY) . . . ..
Evecutve Board Chairand Working Group T Chlr Tetsuya Nalada (EPFL preparation phase programme have been identified as critical (next
1alson  Yasuniro ada . .
Europe Liaison  Steinar Stapnes (CERN) slide). These are being addresses by a ~4 year programme called

Asia-Pacific Liaison Geoffrey Taylor (U. Melbourne)

y ITN T the ILC Technology Network. Moving forward with this work is
being supported by the MEXT (ministry) providing crucial increased

Working Group 1 Working Group 2 Working Group 3 I
Pre-Lab Setup Accelerator Physics & Detectors fu n d In g .

As of today: With funding from 1.4.2023 ITN is now starting. An
agreement KEK and CERN and several European lab activities have
been/are being set up. In the US the P5 process is ongoing, the
hope is that ITN planning and interests can turn into important ITN
involvements in due time.
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https://linearcollider.org/team/

Promoting the technological development of the International Linear Collider:
P Twenty-eight research institutes participated in the ITN Information Meeting

The ITN

WPP
WPP
WPP
WPP
WPP
WPP
WPP
WPP
WPP
WPP
WPP
WPP
WPP
WPP
WPP

© 00 ~NOoO B~ WDNPE

PR R R R R
N~ o o hMNRO

Cavity production
CM design
Crab cavity

E source
Undulator target
Undulator focusing
Edriven target
E-driven focusing
Edriven capture
Target replacement
DR System design
DR Injection/extraction
Final focus
Final doublet
Main dump
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Building the ITN activities:

A

A

Planning in the IDT WG2 i
significant interests and expertise
already represented

Information meeting at CERN 16-
17.10 jointly organized by KEK
and the IDT

Interest matrix for the ITN work-
packages, being consolidated
The next step: Further technical
discussion to define deliverables,
followed by agreement who among
the laboratories will deliver what




