
11JUAS seminar 6 February 2020 

Future High Energy Linear Colliders

Louis Rinolfi

CERN



22Louis Rinolfi

Hadrons versus leptons colliders

lepton collider => precision physics

– study machine

– elementary particles collisions

– well defined CM energy

– polarization possible

e+ e-
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hadron collider => frontier of physics

– discovery machine

– collisions of quarks 

– not all nucleon energy available in collision

– huge background

p p

Limited by the dipole field available  

p (GeV/c) ≈ 0.3 B (T) r (m)

Limited by the synchrotron radiation  

W (eV) ≈ E4 (GeV) / r (m)
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Brief history of high energy linear colliders e+ e-

1985:   CLIC = CERN Linear Collider  => Compact Linear Collider

2004: International Technology Recommendation Panel selects the Superconducting RF 

technology versus room temperature technology

=> ILC (International Linear Collider) based on TESLA technolgy

1995:   Six linear colliders studies at high energy, in parallel:

=> TESLA  (1.3 GHz, superconducting) DESY (Germany)

=> SBLC (3 GHz, normal conducting) DESY (Germany)

=> NLC (11.4 GHz, normal conducting) SLAC (California)

=> JLC (11.4 GHz, normal conducting)  KEK (Japan)

=> VLEPP     (14 GHz, normal conducting)    Novosibirsk (Russia)

=> CLIC (30 GHz, normal conducting) CERN (Switzerland)

1989:   SLC = Stanford Linear Collider

Start operation with the beam

2020: CLIC (12 GHz) and ILC (1.3 GHz) studies are ongoing

JUAS seminar 6 February 2020 
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R&D on future high energy linear colliders: 

ILC:  2004 to 2020:   16 years 

CLIC: 1985 to 2020:  35 years 

Recommendation (decision ?) expected this year 2020 

if a linear collider should be constructed and which one
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Vision 20 years ago 

on future high energy colliders

First beam 2010

Decision in 2020 hopefully
R&D still for a long time
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Workshops on high energy linear colliders
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Basic Linear Collider

Reach the highest collision energy

Reach the highest luminosity

With a reduced power 

consumption and a 

minimum cost 

BDS    = Beam Delivery System

RTML = Return To Main Linac

e+ target

e-
e- e+

JUAS seminar 6 February 2020 
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Energy center of mass for linear colliders

Ffill =  Filling factor of the Linac;        Llinac = Length of the linac;      GRF = accelerating gradient

Energy (center of mass)      Ecm = 2 Ffill Llinac GRF

MeV

MV/mm

JUAS seminar 6 February 2020 
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nb N+ N- frep

4 p sx sy

cm-2 s-1

Hz

cm

L =

nb = number of bunches;    N = number of particles per bunch;        sx, sy = rms transverse beam sizes

Basic expression for 

luminosity

Number of events = sevent x ∫ L(t) dt

sevent is the probability of producing a particular event

∫ L(t) dt is a measure of the total number of interactions

with  L the instantaneous luminosity

The unit of the cross-section (sevent) is the barn (1 barn = 10-28 m2)

=> 1fb   = 10-43 m2

Luminosity

JUAS seminar 6 February 2020 
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Re-write luminosity for linear colliders

L   =     
nb N+ N- fr

4 p sx sy

Beam Quality

(Many systems)Luminosity

spectrum

(Physics)

Beam current

(Power and RF limits, 

beam stability)

h

sy

N
HD

Pwall

Ecm

L 

Pwall = total wall-plug power;  Ecm = center mass energy; 

h = efficiency of converting wall-plug power into beam power

N = number of beamstrahlung photons emitted per e+/-

HD = enhancement of luminosity due to the pinch effect during bunch crossing 

JUAS seminar 6 February 2020 
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Luminosity performance for e+e- colliders

Note 1: Peak luminosity at SLC (92 GeV) was ~1030 cm-2s-1

Note2: Peak luminosity at LEP2 (209 GeV) was ~1032 cm-2s-1

JUAS seminar 6 February 2020 

D. Schulte
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SLC (Stanford Linear Collider) – California - USA

The first and only Linear Collider who was running with a beam

e- (45.6 GeV) and e+ (45.6 GeV)

3.2 km (2 miles) S-band linac

Operation: 1989-1998

JUAS seminar 6 February 2020 

J. Sheppard
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SLC (Stanford Linear Collider) – California - USA

2 experiments: MARK II,  SLD

Peak Luminosity: 2x1030cm-2s-1

Final beam energy 

Ecm = 92 GeV

80% electron-beam 

polarization 
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The Linear Collider Collaboration

2012

CLIC Conceptual 

Design Report 

published in 2012

ILC Technical Design 

Report published in 

2013

JUAS seminar 6 February 2020 



Louis Rinolfi 15JUAS seminar 6 February 2020 

CLIC at CERN



CLIC detector and physics 

(CLICdp)

30 institutes from 18 countries

CLIC Collaborations

CLIC accelerator collaboration

70 institutes from 32 countries
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A. Latina
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CLIC 380 GeV layout and power generation

140 ms 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 ms 

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

Baseline electron 

polarisation ±80%



CLIC layout – 3TeV

Baseline electron 

polarisation ±80%
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CLIC parameters



Conceptual Design Report CDR 2012

Updated Staging 

Baseline 2016 Project Implementation 

Plan 2018
http://dx.doi.org/10.5170/CERN-2016-004

https://cds.cern.ch/record/1500095

https://cds.cern.ch/record/1425915
https://cds.cern.ch/record/1475225
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CLIC

http://dx.doi.org/10.5170/CERN-2016-004
https://cds.cern.ch/record/1500095
https://cds.cern.ch/record/1425915
https://cds.cern.ch/record/1475225
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CLIC roadmap

JUAS seminar 6 February 2020 

S. Stapnes
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ILC in Japan

JUAS seminar 6 February 2020 
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ILC Site and Collaborations

JUAS seminar 6 February 2020 

Kitakami site
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ILC layout

8370 superconducting cavities in 930 cryo-modules 

Gradient 31.5 MV/m    RF Frequency 1.3 GHz

Beam polarization: e- 80%, e+ 30%

JUAS seminar 6 February 2020 
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ILC positron source

The gamma-ray beam is sent onto a target to produce e+e- pairs.

A e+ beam polarization (> 30 %) can be obtained.

The main electron beam (> 125 GeV) should go through a SC helical undulator

to produce polarized photons
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ILC parameters

JUAS seminar 6 February 2020 
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ILC TDR
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Linear Collider Experiment

Measure vertex and 

Short-lived particles

Measure momentum

and charge of charged 

particles

Energy 

measurement of 

(charged and) 

neutral particles

B-field for 

momentum and 

charge 

measurement

Field return and 

muon particle 

identification

Final steering

of nm-size beams

6 m

109 readout cells

D. Schulte 29
9th International School for Linear 

Colliders

L. Linssen
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Parameter Symbol [unit] SLC ILC CLIC

Centre of mass energy Ecm [GeV] 92 500 3000

luminosity L [1034cm-2s-1] 0.0003 1.8 6

Luminosity in peak L0.01 [1034cm-2s-1] 0.0003 1 2

Gradient G [MV/m] 20 31.5 100

Particles per bunch N [109] 37 20 3.72

Bunch length σz [μm] 1000 300 44

Collision beam size σx,y [nm/nm] 1700/600 474/5.9 40/1

Vertical emittance εx,y [nm] 3000 35 20

Bunches per pulse nb 1 1312 312

Distance between bunches Δz [mm] - 554 0.5

Repetition rate fr [Hz] 120 5 50

Comparison 

JUAS seminar 6 February 2020 
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Gianotti / 14/01/2020
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This morning in Japan, the MEXT Minister and the Minister of State for Science and 
Technology Policy have spoken to the press about the ILC. You can read our translation 
below. 
------------------------------------------------------------------
Translation of Q&A with Hon. Koichi Hagiuda,

ILC  31st January 2020

Journalist:

Yesterday, the Science Council of Japan published its Master Plan for large infrastructure 
research projects, compiled every three years. The International Linear Collider (ILC) project, 
currently being promoted to be hosted in the Tohoku Region, was not selected to be among 
the high-priority projects. Please tell us about how you regard this result and the plan going 
forward.

T. Omori / KEK
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Minister:

I understand that the ILC Project was not selected to be among the High-Priority Large 
Research Projects in the Master Plan 2020 published yesterday by the Science Council of 
Japan. This has been put together from the viewpoint of people representing the academic 
community, and we believe that it will serve as a reference for future discussions within the 
government. Being an international project, the ILC project requires broad support from both 
inside and outside the country. In light of the outcome of the Master Plan 2020, and 
observing the progress of other discussions such as the European Strategy for Particle 
Physics, we would like to carefully carry forward the discussions.

We will cooperate firmly with international organizations. There are pending 
issues such as overall merits of the project, whether or not to host the project 
in Japan, and, if we decide in the affirmative, the location of the site. We would 
like to carefully examine these issues.

It should be stressed that the ILC project is not a domestic project that we can do alone, 
but it is an international project. It is often difficult to inform you of its prospects because 
the discussions of the financial cooperation from each country are yet to take place. For 
this reason, at this stage, I think that it is not so surprising that the ILC project was not 
included in the high-priority list.
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Other possible future linear colliders

LWFA = Laser Wake Field Accelerator 

=> Wakefields driven in plasma by intense laser beams

PWFA = Plasma Wake Field Accelerator

=> Wakefields driven in plasma by particle beams

SWFA = Structure Wake Field Accelerator

=> Wakefields driven in structures (dielectric tubes) by particle beams

DLA = Dielectric Laser  Accelerator 

=> Wakefields driven in dielectric structures by short-pulse laser

JUAS seminar 6 February 2020 

https://agenda.infn.it/event/17304/overview

https://agenda.infn.it/event/17304/overview
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https://indico.cern.ch/event/732810/overview

Workshop at CERN 26-29 March 2019

JUAS seminar 6 February 2020 

The Advanced and Novel Accelerator (ANA) community must meet towards ALIC, 

the Advanced LInear Collider (30 TeV in 2035).

Based on accelerator gradient 

> 1 GV/m

A study for a future linear collider

https://indico.cern.ch/event/732810/overview
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A muon collider as an optimal alternative

Muons combine a "point-like" electron-like nature with a larger mass 

immune to radiation. 

A m+ m- collider is therefore highly preferable because of its small 

dimension which permits the utilization of an existing site. 

However it demands a substantial R&D in order to produce  adequate 

compression in 6D phase space of the muon beams.

To this effect an additional experimental program based on a 

small Cooling Ring should be initiated.

Carlo Rubbia / INFN /CERN / 2018

Muon Collider Workshop CERN 
October 9-11, 2019

https://indico.cern.ch/event/845054/timetable/

https://indico.cern.ch/event/845054/timetable/
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JENAS

European Committee for Future Accelerators (ECFA), the Nuclear Physics European 

Collaboration Committee (NuPECC), and the Astroparticle Physics European 

Consortium (APPEC)

https://jenas-2019.lal.in2p3.fr/

Some links

Physics Beyond Colliders

https://cerncourier.com/a/physics-beyond-colliders-initiative-presents-main-findings/

European Strategy for Particle Physics

https://europeanstrategy.cern/

Final recommendations in May 2020

https://jenas-2019.lal.in2p3.fr/
https://cerncourier.com/a/physics-beyond-colliders-initiative-presents-main-findings/
https://europeanstrategy.cern/
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Higgs factory: what is the best implementation ? Linear vs circular.

What is the best path for the high intensity frontier vs. the high-energy 

frontier ? 

Energy management for the future high-power accelerators ?

=> energy efficiency and sustainability are crucial for upcoming projects

Today vision

For future high energy colliders: Three essential parameters: 

1) increase the luminosity as much as possible

2) reduce the power consumption

3) reduce the cost
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Conclusion

Fabiola Gianotti

The future of high energy physic is very exciting !!!

JUAS seminar 6 February 2020 
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Not impossibly tribal A Penrose triangle was used 

to symbolise how astroparticle, particle and nuclear 

physics are intertwined. Credit: JENAS

You

ESIPAP and JUAS 

students are 

the future machine 

designers and builders
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Spares

JUAS seminar 6 February 2020 



CLIC Cost
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ILC Cost
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Gianotti / 14/01/2020
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Laser Wake Field linear collider

W.P. Leemans & E. Esarey, Physics Today, March 2009 
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Concept for a multi-stage PWFA-based Linear 

Collider (A. Seryi, T. Raubenheimer et al., 2009)

Plasma Wake Field linear collider

JUAS seminar 6 February 2020 



CLIC layout – 380 GeV

Baseline electron 

polarisation ±80%
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Applications of X-band linacs

SLAC NLCTA+XTA 2x50 MW, 11 GHz Operational

Eindhoven Compact Compton source - 25 MeV 6 MW Procurement

CERN CLEAR – 50 MeV (from Xbox-1) 50 MW Preparation

Tsinghua Thompson source upgrade – 50 MeV 50 MW Design

Frascati XFEL, injector to plasma - 1 GeV 8x50 MW CDR

Collaboration CompactLight – 6 GeV 30x50 MW Design Study

CERN LDMX – 3.5 GeV 24x50 MW Letter of intent submitted

Groningen 1.4 GEV XFEL Accelerator - 1.4 GeV NL roadmap

CERN CLIC – 380 GeV 5800x50 MW CDR



Modules (drive-beam, 

klystron type) 

Final modules, from revised 

designs to industrial modules  

Optimized structures

Use existing test-stands for 

testing, increase 

manufacturability, brazed, 

halves, conditioning 

Klystrons and 

Modulators

Efficiency and costs, significant 

gains possible for efficiency, 

industrial cost-models and 

optimisation

Magnets 
Permanent magnets, industrial 

capabilities  

Civil engineering, 

infrastructure

Detailed site layout and 

CE/infrastructure designs
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49 km

29 km

11km

Technical developments
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CLIC accelerating structure
Outside

Inside

6 mm diameter 
beam aperture

11.994 GHz X-band
100 MV/m
Input power ≈50 MW
Pulse length ≈200 ns
Repetition rate 50 Hz

Micron–precision disk

25 cm

HOM damping
waveguide


