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http://www.linearcollider.org/



ILC  parameters @ 250GeV and upgrades
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Luminosity upgrade to 10Hz also considered

The ILC A Global project, EPPSU December 2018 

CepC 2019
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ILC accelerator progress: 
the Z pole @ 250GeV

CepC 2019

A study about the Z-pole (ECM=91.2GeV) operation
of ILC@250, assuming the undulator scheme for
positron production has been made:

• ILC250 (shorter linac) is worse in total available power up
to 3.7+3.7Hz operation, but better in beam dynamics
(emittance growth at low gradient)

• The previous luminosity improvement for ILC250 by
smaller horizontal emittance brings about significant
effects for Z-pole operation

• Expected luminosity is now L ~ 2.1 x 1033/cm2/s
• No particular problem is expected in doubling the
luminosity by doubling the number of bunches

• If you want even higher luminosity, the bottle neck is the
momentum bandwidth of BDS under the large energy
spread of the low energy beam

http://arxiv.org/abs/1908.08212



ILC accelerator configuration 
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ILC beam accelerator sequence 
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ILC accelerator Technology

CepC 2019 S. Michuzono, LCWS2019



Positron production
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Two concepts considered: 

Ø SC helical undulators (baseline): 
rotating target, polarized, but e- at 
125 GeV are complicated for 
commissioning/operation.
Flux concentrator replaced 
by QWT (long pulse).
No showstopper seen.
Detailed engineering
specifications for target
wheel and experimental
tests still to be done

SC undulator prototype developed at RAL QWT (Quarter Wave Transformer)



Positron production
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Ø Electron driven 
source: dedicated 3 
GeV NC S-band TW e-

(pair production).   
High-energy e- are not 
necessary.                  
e- independent 
commissioning is 
possible. However, 
polarization is not 
available.

Intensive design/simulation studies on-going at KEK
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Positron production: demonstrated parameters

S. Michuzono, LCWS2019
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Damping Rings 
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Damping Rings: Fast extraction kicker 
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Damping Rings: demonstrated parameters

S. Michuzono, LCWS2019
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RTML: bunch compressor
S. Michuzono, LCWS2019
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RTML: demonstrated parameters

S. Michuzono, LCWS2019
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Main linac
S. Michuzono, LCWS2019
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Main linac
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S. Michuzono, LCWS2019



Main Linac: ILC cost reduction R&D US-Japan cost reduction
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S. Michuzono, LCWS 2018
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Main Linac: ILC cost reduction R&D US-Japan cost reduction
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▪ Niobium material preparation: 
Large grain directly sliced from ingot 
(cost reduction), Nb thin-film coating on 
Cu based structure (HiPIMS), or Nb3Sn 
in Nb or Cu

▪ SRF cavity fabrication for high-gradient (N 
doping well stablished) and high-Q (N infusion, 
low-T baking to be understood)

European XFEL: 29 ± 5.1 MV/m LCLS-II: 18-21 MV/m
Q>2.7 1010

High Power Impulse Magnetron Sputtering (HiPIMS) 

A. Yamamoto, Granada 2019



Main Linac: ILC cost reduction R&D US-Japan cost reduction
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Fermilab and KEK has achieved ILC gradient goal > 31.5 MV/m with beam

A. Yamamoto, Granada 2019
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Main linac: SRF mature technology

S. Michuzono, LCWS2019
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Main Linac: World wide Labs for RF systems  

1.3GHz 9 cell cavity

SHINE
-75 cryomodules
-~600 cavities
- 8 GeV (CW)

S. Stapnes, Granada 2019
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Main linac: SRF Integrated global model
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Main linac: SRF demonstrated parameters
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Final Focus: Nanobeam Technology

Intensity dependence-wakefiels
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Final Focus: beam size and stability
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Final Focus: FONT IP feedback S. Michuzono, LCWS2019
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Final Focus: Demonstrated ILC parameters

• Same beam-based correction procedure used in ATF2 gives very good
results in the ILC BDS

• Short-range wakefields on the IP beam size are negligible in the ILC
BDS.

• Long-range wakefields due to resistive walls, in a perfect machine,
showed that they induce a significant vertical offset at the IP and thus a
luminosity degradation, could be compensated with appropriate IP
intra-train feedback.

S. Michuzono, LCWS2019
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Beam Dump system

S. Michuzono, LCWS2019
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CFS:

Plan of IP Surface-
Underground  
access tunnel

N. Terunuma, LCWS2019
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Acceleration preparation phase R&D
S. Michuzono, LCWS2019
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European ILC preparation plan
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http://clic-study.web.cern.ch/



Key recommendations
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• Optimized, staged design: 380 GeV (optimised

for Higgs + top physics) à 1.5 TeV à 3 TeV

• Optimize cost and power consumption

• Support efforts to develop high-efficiency 

klystrons

• Develop 380 GeV klystron-only version as 

alternative to PETS

• Consolidate high-gradient structure test results

• Develop plans for 2020-25 (‘preparation phase’)

• Continue and enhance participation in 

KEK/ATF2 for ultra-low beam sizes

CLIC Review

CepC 2019 18-20 November 2019
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S. Stapnes, CLIC 2019 
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CLIC  at 380GeV and upgrades

Luminosity increases could also be considered for 380 GeV with 100 Hz operation 



18-20 November 2019CepC 2019

140 µs train length - 24 × 24 sub-pulses 
4.2 A - 2.4 GeV – 60 cm between bunches 

240 ns 

 24 pulses – 101 A – 2.5 cm between bunches 

240 ns 
5.8 µs 

Drive	beam	*me	structure	-	ini*al	 Drive	beam	*me	structure	-	final	

CLIC rebaseline: 380 GeV and power generation

Baseline electron 
polarisation ±80%

S. Stapnes, Granada 2019
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CLIC: Klystron option 
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R. Corsini LCWS2019
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CLIC: 3 TeV and power generation

41



Technical developments
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S. Stapnes, CLIC 2019
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Technical developments:
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CLIC DR: extremely low-emittances
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R. Corsini LCWS2019
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CLIC ML: emittance preservation
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R. Corsini LCWS2019
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CLIC: next phase
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ØA e+e- LC is ready for start up ~2035: ILC hosted in Japan and CLIC at
CERN, in both cases promoted and set up as international projects

• The main accelerator technologies have been demonstrated (CLIC
need large scale production)

• The cost and implementation time are similar to LHC (~10B$)
• The physics case is broad and profound, and being further developed
• The detector concept and detector technologies R&D are advanced

Implementing a LC now provides a very attractive, implementable way
forward, with a good match between scientific progress and further
technology development – not only for LC technologies ..

In Summary 
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Higgs Factories Readiness Power-Eff. Cost

ee Linear    250 GeV

ee Rings  240GeV/tt

μμ Collider 125 GeV *

ALIC 125 GeV ? ?

Summary at a glance
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CepC 2019

…….But when theorists are more 
confused, it’s the time for more, 
not less experiments. 
(Nima Arkani-Hamed Cern Courier March 2019)
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Present and Future Large Accelerator projects
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International Large Scale Projects

FAIR

CepC.    
High current 
Z-pole  

EPPSU
FCC/CLIC, ILC ? 

LHC
ATF2
Super KEKB
XFEL
…

HL-LHC
11T Nb3Tn

FCChh
16T Nb3Tn/NbTn

ILC
1.3GHz SC

nano-
beam/stabilization

ESS
SC linac

HE-LHC (HL-LHC)
16T Nb3Tn/NbTn

In operation
In construction
Under study

FCCee
High current 
Z-pole  

LBNF

PLC

CLIC
12 GHz

nano-
beam/stabilization

An uncompleted view ...

CepC 2019

2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050 2052 2054 2056

SppC

FCChh (FCCee)
16T Nb3Tn/NbTn

LHCeC
ERL

FCCeh
ERL

18-20 November 2019

µ+µ-
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Schedule Implementation 



Personal (A. Yamamoto) Technology View on Relative Timelines
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Timeline ~ 5 ~ 10 ~ 15 ~ 20 ~ 25 ~ 30 ~ 35
Lepton Colliders

SRF-LC/CC
Proto/pre-

series Construction Operation Upgrade

NRF—LC Proto/pre-series Construction Operation Upgrade

Hadron Collider (CC)
8~(11)T 

NbTi /(Nb3Sn)
Proto/pre-

series Construction Operation Upgrade

12~14T
Nb3Sn Short-model R&D Proto/Pre-series Construction Operation

14~16T
Nb3Sn Short-model R&D Prototype/Pre-series Construction

Note: LHC experience:  NbTi (10 T) R&D started in 1980’s -->  (8.3 T) Production  started in  late 1990’s, in ~ 15 years 
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Project Type Energy [TeV] Int. Lumi. [a-1] Oper. Time [y] Power [MW] Cost

ILC ee 0.25 2 11 129 (upgr. 150-200) 4.8-5.3 GILCU + upgrade

0.5 4 10 163 (204) 7.98 GILCU

1.0 300 ?

CLIC ee 0.38 1 8 168 5.9 GCHF

1.5 2.5 7 (370) +5.1 GCHF

3 5 8 (590) +7.3 GCHF

CEPC ee 0.091+0.16 16+2.6 149 5 G$

0.24 5.6 7 266

FCC-ee ee 0.091+0.16 150+10 4+1 259 10.5 GCHF

0.24 5 3 282

0.365 (+0.35) 1.5 (+0.2) 4 (+1) 340 +1.1 GCHF

LHeC ep 60 / 7000 1 12 (+100) 1.75 GCHF

FCC-hh pp 100 30 25 580 (550) 17 GCHF (+7 GCHF)

HE-LHC pp 27 20 20 7.2 GCHF

D. Schulte, Granada 2019Future Projects Comparisons 
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ALEGRO (Advanced LinEar collider study GROup, for a multi-TeV Advanced Linear Collider)
Workshop (March 2018 in Oxford): http://www.physics.ox.ac.uk/confs/alegro2018/index

Advanced Linear Accelerators 

18-20 November 2019CepC 2019



Technical Challenges in Energy-Frontier Colliders proposed
Ref. E  

(CM)
[TeV]

Lumino
sity

[1E34]

AC-
Power
[MW]

Cost-estimate
Value*

[Billion]

B  
[T]

E: 
[MV/m]
(GHz)

Major Challenges in Technology

C
C
hh

FCC-
hh

CDR ~  100 < 30 580 24 or 
+17  (aft. ee)

[BCHF] 

~ 16 High-field SC magnet (SCM)
- Nb3Sn: Jc and Mechanical stress 
Energy management

SPPC (to be 
filled)

75 –
120 

TBD TBD TBD 12 -
24

High-field SCM
- IBS: Jcc and  mech. stress
Energy management

C
C
ee

FCC-
ee

CDR 0.18 -
0.37 

460 –
31

260 –
350 

10.5 +1.1

[BCHF]

10 – 20
(0.4 - 0.8) 

High-Q SRF cavity at < GHz, Nb Thin-film 
Coating
Synchrotron Radiation constraint
Energy efficiency (RF efficiency)

CEPC CDR 0.046 -
0.24 

(0.37)

32~
5

150 –
270

5

[B$]

20 – (40) 
(0.65)

High-Q SRF cavity at < GHz, LG Nb-bulk/Thin-
film
Synchrotron Radiation constraint
High-precision Low-field magnet

L
C
ee

ILC TDR 
update

0.25
( -1)

1.35 
(– 4.9)

129 
(– 300)

4.8- 5.3  
(for 0.25 TeV)

[BILCU]

31.5 – (45) 
(1.3)

High-G and high-Q SRF cavity at GHz, Nb-bulk
Higher-G for future upgrade
Nano-beam stability, e+ source, beam dump

CLIC CDR 0.38 
(- 3)

1.5 
(- 6)

160
(- 580)

5.9 
(for 0.38 TeV)

[BCHF] 

72 – 100 
(12)

Large-scale production of Acc. Structure
Two-beam acceleration in a prototype scale
Precise alignment and stabilization. timing
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18-20 November 2019 *Cost estimates are commonly for ”Value” (material) only. 
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Components SCRF NCRF HLRF SC Mag. NC Mag. Vac. Optics Others

Techniques HG HQ CRYO CRAB HE-Klys Nb3Tn CRYO

P
R
O
J
E
C
T
S

FC
C

FCC-hh X X X X X

HE-LHC X X X X Coll Integr.

FCC-
eh/LHe
C

X

FCC-ee X X X X X IRs Integr.

LC ILC X X IRs e+

CLIC X X X IRs

57

Large Accelerator Projects Key technologies:

18-20 November 2019CepC 2019
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ILC Summary
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CLIC Summary

59
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Luminosity recipe: linear vs circular
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Luminosity recipe: linear vs circular
Ø In storage rings additional limitations

appear: beam-beam tune shift and IP
chromaticity (small by

*) which favors
high beam currents, large emittance
and high collision frequencies

Ø In linear the relevant number is the
disruption parameter

Ø At high-energies the most dangerous effect
is beamstrahlung: SR in strong EM field of
opposing beam during collision. It can cause
significant amount of energy loss, induce
large energy spread and loss of the particles.
Using very flat beams is the main way of
mitigating this effect

!",$ =
& '()",$∗

2,- .",$ ( ." + .$)
< 0.1 − 0.5



Luminosity
6218-20 November 2019CepC 2019

Luminosity recipe

Luminosity cannot be fully 
demonstrated before project 
implementation: 
Ø Luminosity is a feature of the facility 

not the individual technologies
Ø Relying in experience, theory and 

simulations
Ø Foresee margins

Beamstrahlung
Beam Beam
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Luminosity recipe: the “dreamt” Luminosity

Energy dependence:

At low energies circular colliders 
surpass
• Reduction at high energy due to 

SR

At high energies linear colliders 
excel
• Luminosity per beam power 

roughly constant

Note: The typical higgs factory energies are close to the cross over in luminosity
Linear collider have polarised beams (80% e-, ILC also 30% e+) and beamstrahlung

D. Schulte, Granada 2019



Benno List, Daniel Schulte, Dmitry Shatilov, 
Cheng Hui Yu, Vladimir Litvinenko,           
Thomas Roser
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Boosted Luminosity


