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• Introduction 

 

• Hadron Colliders 

LHC 

FCC 

 

• Lepton Colliders 

Linear e+e- colliders: ILC and CLIC 

Circular e+e- colliders: TLEP, SuperTristan  

Muon colliders 

 

• Hadron-Lepton Colliders 

LHeC  

eRHIC 

 

• Plasma accelerators 

Outlook 
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LHC expectation: 
LHC continues to investigate what physics is behind this discovery and at what energy scale 

should considered:  Do we need multi-TeV energy ? 

Future LHC results would establish the scientific case for High Energy Colliders 

General Physics context 

LHC discovery: 
LHC announced on 4th July 2012 the discovery of a Higgs boson at 126 GeV 

Peter Higgs 
J. Incaleda 

CMS 

F. Gianotti 

ATLAS 



L. Rinolfi   JUAS Seminar 30th January 2014 

LHC complementarity at the energy frontier: 

•How do we build the optimal machine given a physics scenario (partly seen at LHC ?)  

 

• Higgs physics (SM and non-SM) 

• Top 

• SUSY 

• Higgs strong interactions 

• New Z’ sector 

• Contact interactions 

• Extra dimensions 

 

Where to look at ? 

S. Stapnes / CERN 
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LHC 
RHIC 

DAFNE 

Tau-Charm 

Colliders - 2006 

TEVATRON 

PEP-II KEK-B 
CESR-C 

In operation 

In construction 

VEPP 4M 

VEPP 2000 
HERA 

Hadrons 

Leptons 

Leptons-Hadrons 

C. Biscari / ALBA 
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RHIC 

DAFNE 

Tau-Charm 

VEPP 4M 

VEPP 2000 

Colliders – 2014 

SUPER KEK-B 
LHC 

Hadrons 

Leptons 

Leptons-Hadrons 

In operation 

In construction 
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L. Rossi / CERN 

 

 

High energy colliders 
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Hadron colliders 
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27 km circumference! 
~100 m under ground! 

~1300 magnets! 
~1.7 oK temperature! 
4 large experiments! 

The LHC (Large Hadron Collider) 

CMS 

LHCb 

ALICE 

ATLAS 
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LHC  design parameters 
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LHC tunnel 
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FCC scope and  structure 
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TLEP (80 km, 

 e+e-, up to ~350 GeV c.m.)        

Also collisions: e± (200 GeV) – p (7 & 50 TeV)  

PSB 
PS (0.6 km) 

SPS (6.9 km) LHC (26.7 km) 

LEP3 

(e+e-, 240 GeV c.m.) 
 

 

 

Future Circular Colliders (3 types) 

VHE-LHC  

(pp, up to 100 TeV c.m.) 
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VE-LHC (Very High Energy – LHC) 

15 T  100 TeV in 100 km 
20 T  100 TeV in 80 km 
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European Strategy: “CERN should undertake design studies for accelerator 

projects in a global context, with emphasis on proton-proton and 

electron- positron high-energy frontier machines.” 

Project 

FCC Study : p-p towards 100 TeV 

A possible planning 
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Lepton colliders 
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Linear lepton colliders expectations 

ILC (International Linear Collider): 
ILC nominal energy study is 0.5 TeV. 

However the present design is done in order to run up to 1 TeV  

CLIC (Compact Linear Collider): 
CLIC nominal energy study is 3 TeV. 

However the present design is done in order to run over a wide energy range: 0.5 to 3 TeV 

(studies have been performed up to 5 TeV).  

“On 24 December 2013, the Japanese cabinet released the government budget proposal for the Japanese Fiscal 

Year 2014 that will be voted on in the Diet early this year. It includes an official budget line for the ILC. This is 

highly important as it represents a qualitative change in the status of the ILC in the Japanese government and 

indicates that it is now a recognized project. …” 

LC News Line , Hitoshi Murayama | 23 January 2014 

CLIC Workshop 2014 

3-7 February 2014  

CERN 

http://newsline.linearcollider.org/author/hitoshi-murayama/
http://newsline.linearcollider.org/2014/01/23
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• 11km SC linacs operating at 31.5 MV/m for 500 GeV 

• Centralized injector 

• Single IR with 14 mrad crossing angle 

• Dual tunnel configuration for safety and availability 

Reference Design – Feb 2007 

Documented in Reference Design Report 

International Linear Collider (ILC) 
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Collimator 
OMD 

150GeV e- 

~147GeV e- Target 

TAP 

(~125MeV) 

PPA(125-400MeV) 

PBSTR (Cryo-modules for 

boosting energy up to 5GeV) 

g dump 

e- dump 

Damping ring 
helical undulator 

g 

ILC baseline layout 
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CLIC Layout at 3 TeV 

Drive Beam 

Generation 

Complex 

Main Beam 

Generation 

Complex 



L. Rinolfi   JUAS Seminar 30th January 2014 

SLC CLIC 

(3 TeV) 

CLIC 

(0.5 TeV) 

ILC 

(RDR) 

LHeC 

(pulsed) 

LHeC 

ERL 

Energy  1.19 GeV 2.86 GeV 2.86 GeV 5 GeV 140 GeV 60 GeV 

e+/ bunch     
(at IP) 

40 x 109 3.7x109 7.4x109 20 x 109 1.6x109 2x109 

e+/ bunch 
(aft. capture) 

50 x 109 7x109 14x109 30 x 109 1.8x109 2.2x109 

Bunches / 
macropulse 

1 312 354 2625 100 000 NA 

Rep.  Rate 
(Hz) 

120 50 50 5 10 CW 

Bunches / s 120 15600 17700 13125 106 20x106 

e+ / second 

x 1014 

0.06 1.1 

 

2.5 3.9  18 440 

Challenges at the source: flux of e+ 

x 20 x 70 x 7000 
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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 
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Compact Linear Collider (CLIC) 
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Muon collider 
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Hadron-Lepton colliders 

eRHIC (high energy electron-ion collider): 

 

at Brookhaven USA 

LHeC (Large Hadron electron Collider): 

 

at CERN - Geneva 
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eRHIC collider 

eRHIC: high energy electron-ion collider 

General features 
•Species: electrons colliding with protons, 3He 
or heavy ions (up to Au). 
•Energy ranges: 

• 5-30 GeV electrons  
• 50-325 GeV polarized protons or up 

to 130 GeV/u gold ions  
•Luminosities 

• exceeding 1034 cm-2s-1 for e-p 
collisions 

• exceeding 1032 cm-2s-1 for e-Au 
collisions 

•High polarization of electron, proton and 3He 
beams. 
•Electron acceleration in superconducting 
energy recovery electron linacs. 
•Electron beam is used for collisions only on 
one pass (linac-ring collision scheme).  
•IR design with 10 mrad crossing angle and 
crab-crossing. 
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LHeC Collider 

LHeC: 
recirculating 

linac with 
energy  

recovery 
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two 10-GeV SC linacs, 3-pass up, 3-pass down; 6.4 mA, 60 GeV 

e-’s collide w. LHC protons/ions 

 F. Zimmermann / CERN 

LHeC Layout 
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Plasma accelerator 

 V. Malka / LOA 
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Laser plasma collider concept 
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 B. Cros/ LPA 

Laser Plasma Acceleration 



L. Rinolfi   JUAS Seminar 30th January 2014 

Conclusion 

Your participation is warmly welcome 

 to the future high energies colliders studies 

Novel ideas are necessary in order to tackle the challenging 

R&D  

The world-wide collaboration is certainly a major asset 


