
Collisionneurs Lineaires :  
l’apres LHC ? 

Francois Le Diberder  
2012 l’annee du Dragon 



Proton in the LHC at 4 TeV/beam 

… and in the fridge 
where Time is frozen 

Proof follows 

Is a Quantum Mechanics Pizza 



1 fm 

0.0005 fm 

Proton in the LHC at 4 TeV/beam 

Valence quarks 

Sea quarks 

Gluons 
… and in the fridge 
where Time is frozen 

Is a Quantum Mechanics Pizza 

u

u

d

Bubbling up when the  
pizza is being cooked 



Pizza Pizza collisions 



A rare pizza-pizza collision  
where a “hard” scattering took place 

When two pizzas touch : they interact (violently) 
the total cross-section is close to the geometrical cross-section 



How an event looks like, one properly massaged to please the eyes 

For the physicist it looks much less simple 



For the PhD student it 
looks like an hopeless 
hyperbunch of raining 
numbers she has to 

crunch endlessly  
on the Grid 

as she searches  that will help 
her to invert the 

detector and  
pizza effects 

to reach Physics 



L. Dixon         New 
Directions in Scattering 
Theory 

ICHEP Melbourne 2012 July 11 8 

“Typical” hadron collider event 
nonperturbative  

string/cluster 
fragmentation 

parton shower 

underlying event from 
secondary parton interactions 

(pizza-pizza event) 

Hard SM matrix 
elements 

Do  



gluon 

Awesome challenge 
for theory and 

experiment 

LHC project bravely launched nevertheless 

    Start 

Data taking 



gluon 

αS

NLO Revolution 

Lattice QCD breakthroughs 

αS

16 Pflops 

Cracking down NN(N)LO QCD Feynman diagrams  Cracking down NN(N)LO QCD Feynman diagrams  

NLO Revolution 

Lattice QCD breakthroughs 

16 Pflops 

Mastering QCD 

LHC project launched without any hint that all this may happen 

Machine and detectors works wonderfully !!! 



LHC  pushing the limits on new phenomena BSM 

so far no big surprise, to our big disappointment 



 Linear Collider input to the European Strategy 

Francois Le Diberder (CNRS/IN2P3) KILC 2012, Daegu 

But a key motivation for building the LHC was to ensure 
The discovery/exclusion of the Higgs whatever its mass.  
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• Now 7 but 13 TeV soon 
• Higher Luminosity  
• Detectors upgrades 
• Know how improving 

Machine ? 





We should stay open-minded and filled with 
 curiosity: 

Exploration of Planet Higgs just began.  



Just entering a new world 
with a potential for many 

big surprises  



History tought us that the interplay between 
p-p & e-e & e-p colliders is intrumental  

in allowing progresses 
 in our understanding of Physics 

e-p 

p-p e-e 

Three types of machines, so far 



History tought us that the interplay between 
p-p & e-e & e-p colliders is intrumental  

in allowing progresses 
 in our understanding of Physics 

The future must be prepared well in advance 
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e-p 

p-p e-e 

The proton is not an elementary particle 

q-q 

q-g 

g-g 

virtual colliders 
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virtual colliders 
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virtual colliders 

q-q 

q-q 

The electron is an elementary particle,  
 but still, it is surrounded by photons 

A much smaller effect,  
but more and more relevant  

as energy increases  



Serious thoughts on the Next-to-Next  
Possible colliders started long ago:  
where US are betting for the long term. 



Timeline for HEP Global roadmap: 12 busy months ahead 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 
20 12 20 13 

Open Symposium 
Sept. 10-12 (Krakow) 

Strategy Group drafting session 
January 21-26 (Erice) 

Community Planning Meeting 
Oct. 11-13 (FNAL) 

LCWS 2012 
Oct. 22-26 (Arlington) 

eLCWS 2013 
April/May  

HF 2012 
Nov. 14-16 (FNAL) 

Community Summer Study 
Early August (Snowmass) 

LP2013 
June 24-29 (S.F.) 

LCWS 2013 
fall (Japan) 

LCB composition: fall 2012 

LCB takes charge 
Feb. 21 (Vancouver) 

Fragrant Mountain 
Dec. 19-21 (Beijing) 



The dream-machine 

affordable 

Mature technology 

flexibility 

SU(2)L Full SM reach 

Clean Luminosity 
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Invisible Higgs decays are made visible! 



tt̄ threshold

Two simultaneous thresholds :  tt̄ and HHZ

350 GeV is the entrance to top world 



500 GeV is the portal to the whole SM 



1000 GeV is the Vector-Vector world 



The direct 
measurement 

The top mass 

Higgs 
discovery 



Tour de force 

√
S = 500 GeV & L = 500 fb−1

σ[mtop] ∼ 50 MeV

σ[Γtop] ∼ 25 MeV



Coupling Htt at about 10% 



Coupling HHH at about 20% 



A 500+ GeV Linear Collider can cover  
most accessible Higgs couplings  

Γtot

Γinvisible

Γgg

Γγγ
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Co-organized by CERN 
And France as the daughter 
Of the French-Asia initiative  

launched in 2006 for LC 
France is in a very good position,  

we should maintain 

2011  
Earthquake 
& Tsunami 

Iter 

DG of CERN will come 



Higher energy reach option 



Lyn Evans  
Project Leader of LHC 

now project leader of LC 

Lyn is setting up his team 

Head of ICFA : now Fermilab Director 

Almost finalized 

Takes charge early February 2013 

Technical Design Report 
Final review December 2012 

Conceptual Design Report 
major milestone in 2012 

Detailed Baseline Design 
Final review December 2012 



€ 

e+e− →νν WW ,νν ZZ
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It took more than 250 years to build Strasbourg Cathedral 

More than 10 years to go before the Linear Collider runs  



Templeton Prize  
2012 Dalai Lama 

Templeton Prize  
2011 Rees 

Templeton Prize  
2009 D’espagnat 

Templeton Prize  
2000 Dyson 

15-18 Oct 2012 Science Philosophy Theology http://public.web.cern.ch/Public/Welcome.html 
Enthousiastic mail this morning (19 10 2012) from DG of CERN: 

We must keep our ambitions up to what humanity means 



We must dare! 


