
JUAS Seminar30th January 2017 1

Future High Energies Linear Colliders

Louis Rinolfi

CERN



JUAS Seminar30th January 2017

General physics context today

ATLAS and CMS announced on 4th July 2012 the discovery of a Higgs boson at 126 GeV

Peter Higgs

Do we need other high energy colliders ?

The answer is “yes”,  but at which Energy ?

With this discovery, the Standard Model is now complete. 
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SUSY or Super Symétrie

3

Each particle could have a super symmetric particle
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Energy-frontier 

model for

leptons collisions,

New physics 

from LHC ?

Physics context with Super Symmetry 

How do we build the optimal machine given a physics scenario ? 

• Higgs physics (SM and non-SM)

• SUSY

• Extra dimensions

• ?
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• hadron collider => frontier of physics

– discovery machine

– quarks collisions

– huge background

– not all nucleon energy available in collision

• lepton collider => precision physics

– study machine

– elementary particles collisions

– well defined CM energy

– polarization possible

p p

e+ e-

Simulation of HIGGS production e+e– → Z H 

Z → e+e–, H → bb

Hadrons versus leptons colliders
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Linear Collider Challenges

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-
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Energy

E = mc2
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Well known !

Particles

W   80 GeV

Z     91 GeV

H    126 GeV

t       171 GeV

Futures machines ?

380 GeV

500 GeV

1 TeV

3 TeV

5 TeV

100 TeV

… PeV
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The number of events for a particular type of event is given by:

Number of events = L x sevent

sevent is the probability of producing a particular event

L is a measure of the total number of interactions

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

=> 1fb   = 10-43 m2

If the cross-section to produce a given event is 1fb then 

we would need 1fb-1 of data to get 1 event!!

Luminosity

L = Nevents / sevent
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Major parameters for linear colliders

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

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

nb = number of bunches;    N = number of particles per bunch;        sx, sy = beam size parameters

Luminosity (basic) L   =     
nb N+ N- frep

4 p sx sy

MeV
MV/m

m

cm-2 s-1

Hz

cm
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SLC (Stanford Linear Collider) – California - USA

2 experiments: MARK II,  SLD

Energy: 92 GeV

Peak Luminosity: 2x1030cm-2s-1

The only Linear Collider who was running with a beam (up to now)

Operation: 1989-1998
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Brief history of CLIC (Compact Linear Collider e+ e-)

1985:   CLIC = CERN Linear Collider

CLIC Note 1: “Some implications for future accelerators” by J.D. Lawson => first CLIC Note

2004: International Technology Recommendation Panel selects the Superconducting RF 

technology (TESLA based) versus room temperature technology (JLC/NLC based)

=> ILC at 1.3 GHz for the TeV scale  and CLIC study at 30 GHz continues for the multi-TeV scale

2007: Major parameters changes: 30 GHz => 12 GHz  and 150 MV/m => 100 MV/m

2012 : July: Higgs boson discovery at LHC

CERN Council Strategy group for Particle Physics (Krakow September 2012)

Publication of CLIC - CDR (Conceptual Design Report)

1995:   CLIC = Compact Linear Collider

=> 6 Linear colliders studies (TESLA,  SBLC, JLC, NLC, VLEPP, CLIC)
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2017: Rescaling of the CLIC energy at 380 GeV for the first phase  
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Physics at CLIC

https://indico.cern.ch/event/571073/

Seminar by Lucie Linssen (CERN)

Following the discovery of the Higgs boson, the CLIC potential for precision 
Higgs measurements is addressed for several centre-of-mass energies

24th January 2017

https://indico.cern.ch/event/571073/
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CLIC Layout  (3 TeV) e+ e-
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DRIVE BEAM LOOPS

DRIVE BEAM INJECTOR

BYPASS TUNNEL

e- INJECTION DESCENT TUNNEL

DAMPING RINGS

MAIN BEAM INJECTOR

INTERACTION REGION 

DRIVE BEAM DUMPS

COMBINER RINGS

TURN AROUND

e+  INJECTION DESCENT TUNNEL

FRANCE SWITZERLAND

CLIC SCHEMATIC
(not to scale)

e+  SIDEe- SIDE

LHC 

INJECTION TUNNEL 

Sands and gravelsMolasseMoraines

Limestones

≈ 1km
≈

1
0
0
m

CLIC Tunnel layout

14



JUAS Seminar30th January 2017 15

Parameter 380 GeV 1.5 TeV 3 TeV

Luminosity L (1034cm-2sec-1) 1.5 3.7 5.9

L above 99% of √s (1034cm-2sec-1) 0.9 1.4 2.0

Accelerator gradient (MV/m) 72 72/100 72/100

Site length (km) 11.4 29 50

Repetition frequency (Hz) 50 50 50

Bunch separation (ns) 0.5 0.5 0.5

Number of bunches per train 352 312 312

Beam size at IP σx/σy (nm) 150/2.9 ~60/1.5 ~40/1

Beam size at IP σz (μm) 70 44 44

Estimated power consumption* (MW) 252 364 589

CLIC staging parameters

*scaled from CDR, with room for improvement
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A tremendous amount of challenging parameters

Accelerating gradient  ( G = 100 MV/m) 

Beam emittance production and preservation  (ge n = 5 nm.rad at Damping ring exit)   

Very low break down rate in the accelerating cavities  (BDR < 10-7) 

Ground motion and stability requirements  

Positron flux ( 1.1 1014 e+/s  => 20 times more than the SLC machine produced) 

Beam size at IP   (sy = 1 nm) 

Power consumption  ( ~ 600 MW) 

Cost  (several billions of €, $, CHF,…..) 

+ many others; none will be discussed in this seminar; only the beam size at IP is illustrated in the next slide 
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Challenges at the Interaction Point: beam size

Stability requirements (> 4 Hz) for a 2% loss in luminosity

Vertical spot size at IP is 1 nm

Magnet Horizontal 

jitter

Vertical 

jitter

Linac (2600 quads) 14 nm 1.3 nm

Final Focus (2 quads) 

QD0

4 nm 0.15 nm

H2O molecule

18
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CLIC Timeline
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CTF3 successfully 

demonstrated a two-beam 

acceleration up to a gradient 

of 145 MV/m 

A new facility starts operating in 2017 (based on the CFT3 main beam). It’s called:

CLEAR, Cern Linear Electron Accelerator for Research 

main beam

drive beam

CTF3 (CLIC Test facility)
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ILC (International Linear Collider)  e+ e-

21
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► High gradient acceleration with super-conducting accelerator.

► High luminosity is obtained with the high aspect ratio beam made up with Damping 

ring and final focus. L = 1.8 1034 cm-2s-1

► Polarized electron.

► Potential polarization of positron.   3.9 1014 e+/s 

ILC accelerator overview

G = 31.5 MV/m  

22
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ILC parameters

Parameter Symbol ILC Unit

Center of mass energy Ecm 500 GeV

Main Linac RF Frequency fRF 1.3 GHz

Luminosity L 2 1034 cm-2 s-1

Luminosity (in 1% of energy) L99% 1 1034 cm-2 s-1

Linac repetition rate frep 5 Hz

No. of particles / bunch Nb 20 109

No. of bunches / pulse kb 1312

Overall two linac length llinac 22 km

Proposed site length ltot 31 km

Beam power / beam Pb 10.8 MW

Wall-plug power to beam efficiency ηwp-rf 9.4 %

Total site AC power Ptot 230 MW

Transverse horizontal emittance γεx 8000 nm rad 

Transverse vertical emittance γεy 40 nm rad 

Horizontal IP beam size before pinch σ*
x 640 nm

Vertical IP beam size before pinch σ*
y 5.7 nm

Beamstrahlung energy loss δB 2.4 %

23
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Kitakami site

ILC in Japan ?

24
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A tremendous amount of challenging parameters

Accelerating gradient in SC cavities  ( G = 31 MV/m) 

Beam emittance production and preservation  (ge n = 10 nm.rad at Damping ring exit)   

Ground motion and stability requirements  

Positron flux ( 3.9 104 e+/s  => 70 times more than the SLC machine produced) 

Beam size at IP   (sy = 6 nm) 

Power consumption  ( ~ 230 MW) 

Cost  (several billions of €, $, CHF,…..) 

+ many others; none will be discussed in this seminar; only the e+ source is illustrated in the next slide 
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Challenge to produce e+

Driven by > 125 GeV   =>  The main electron beam should go through a SC 

helical undulator to produce polarized photons

Advantage   =>   Polarized positrons (30 to 60 %) are produced

=>   Powerful tool for Physics

26
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• Positron production at low energy.

• How important is polarization?

• How interesting is gamma-gamma?

Issues and questions L. Evans

LCWS 

Linear Collider Workshop 

Morioka - Japan 

December 2016

https://agenda.linearcollider.org/event/7371/timetable/#all.detailed

Link to LCWS 2016:

https://agenda.linearcollider.org/event/7371/timetable/#all.detailed
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gg collider from CLIC

• Based on e-e- collider
• But collide electron beam with laser beam just before the IP (at small angle α)
• Hard backscattered photons move almost in direction of initial electron (angle ~1/γ)
• Photons collide

IPg g e-

28
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Other possible future linear colliders

LPA = Laser Plasma Accelerator

PWFA = Plasma Wake Field Accelerator

DLA = Dielectric Laser  Accelerator 

JUAS Seminar on Laser Plasma Accelerator 1st February 2017 by R. Abmann / DESY 

29

EAAC workshop – Elba - Italy

JUAS Seminar on The future of particle accelerators (European context) 12th January 2017 by M. Vretenar /CERN

https://agenda.infn.it/conferenceTimeTable.py?confId=8146#all.detailed
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ILC

FCC

Conceptual 

Design started

ESS

E-XFEL

LHeC ERLSuperKEKb

FAIR

LHC HiLumi

SwissFEL

LBNL LWFA 2014

R. Assmann, EAAC 2015, 9/2015Future of accelerators

Hadron acc. project

Hadron acc. proposal

Lepton acc. project

Lepton acc. proposal

CLIC
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Laser-driven Plasma Accelerator

31
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An European project

32
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Concept for PWFA-LC layout for 1TeV.  Based on earlier work from 2009 by Raubenheimer et al.
E. Adli et al., “A beam driven Plasma Wake-Field Linear Collider”, CSS2013 and arXiv:1308.1145 

PWFA as Linear Collider

33
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Parameter Symbol [unit] ILC CLIC LPA PWFA

CMS energy Ecm [GeV] 500 3000 1000 3000

Luminosity L [1034cm-2s-1] 1.8 6 2.0 6.3

Lum. in peak L0.01 [1034cm-2s-1] 1 2 (0.74) 2.5

Beam power [MW] 10.5 28 9.6 48

Eff. gradient G [MV/m] 21 80 5000 1000

Particl./bunch N [109] 20 3.72 4 10

Bunch length σz [μm] 300 44 1 20

IP beam size σx,y [nm/nm] 474/6 40/1 10/10 194/1.1

Emittances εx,y [nm] 104/35 660/20 100/100 104/35

Bunches/train nb 1312 312 1 1

Bunch dist. Δz [ns] 554 0.5 66.7x103 105

Rep. rate fr [Hz] 5 50 15x103 104

Main beam parameters

34
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Plasma Linear Collider

35
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LHC continues to investigate what physics is behind the 

Higgs boson and what energy scale should be considered.

Future

36

Future LHC results would establish the 

scientific case for future High Energy 

Colliders 
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Many fundamental questions remain open 

What is the origin of the mass of the particles ?

Why there is no antimatter in the space ?

What was the state of the matter just after the Big-Bang ?

Why our  existing models explain only 4% of the Univers estimated mass ?

And many more ……

Future is very exciting ……

37
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JUAS students are the future machine builders …..

…. for future high energy particle accelerators ! 

Conclusion
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