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“Discovery” of  Standard Model 

through synergy of 

hadron - hadron   colliders    (e.g. Tevatron) 

lepton - hadron     colliders   (HERA) 

lepton - lepton      colliders   (e.g. LEP)

Past few decades 



possible due to                      

• precision measurements    

• known higher order  

electroweak corrections 

LEP 

Test of the SM at the Level of Quantum Fluctuations 

indirect determination of the top mass 

prediction of the range 

        for theHiggs mass 



Today’s knowledge: 

only through combination 

of results from different 

accelerator types   

in particular: 

Lepton and Hadron 

Collider 

together with highly 

developed theoretical 

calculations 

Time evolution of 
experimental limits on 
the Higgs boson mass  

Synergy of colliders 

M
H
 between 114 and ~200 GeV 

LEP,SLD, 

Tevatron… 

indirect 

direct 

t
op 



origin of mass/matter             or                 

origin of electroweak symmetry breaking  

unification of forces 

fundamental symmetry of forces and 

matter 

unification of quantum physics and 

general relativity  

number of space/time dimensions  

what is dark matter  

what is dark energy 

Key Questions of Particle Physics today 



 LHC 

but it will take time. . . 



1. Is there a Higgs? 

2. What is the Higgs mass? 

3. Is the Higgs a SM-like weak doublet? 

4. Is the Higgs elementary or composite? 

5. Is the stability of M
W 

/ M
P
 explained by a symmetry or 

dynamical principle? 

6. Is supersymmetry effective at the weak scale? 

7. Will we discover DM at the LHC? 

8. Are there extra dimensions? Are there new strong 

forces? 

9. Are there totally unexpected phenomena? 

10. What is the mechanism of EW breaking? 

Standard 

Nearly 

Standard 

Not at all 
Standard 

Initial phase of LHC will tell 

which way nature wants us to go 

Restart of the LHC: November this year 



Initial Phase of LHC will tell the way to go 

Possible ways beyond LHC 

hadron - hadron   collider    (sLHC / DLHC) 

lepton - lepton      collider    (ILC / CLIC)

lepton - hadron     collider   (LHeC) 

The next decades 



sLHC L~1035 

one possible way :   luminosity upgrade 

The European Strategy for particle physics 
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    Two Phase Luminosity Upgrade:  

gradually increase performance of LHC, 

i.e. towards luminosity upgrade (L~1035) sLHC:
    - New inner triplet -> towards L~2*1034

     - New Linac (Linac4) -> towards L~4*1034

         construction started  earliest implementation~ 2013/14

     - New PS (PS2 with double circumference)

     - Superconducting Proton Linac (SPL)
         start design now, ready for decision ~ 2012

         aimed for L~1035  if physics requires 

     - Detector R&D 

             Important: international collaboration 11

sLHC 



~2009      2011     2013  // arbitrary scale                 

sLHC:  
extending the physics  
potential of the LHC 









The European Strategy for particle physics 



250 Gev 250 Gev 

e+ e- Linear Collider 

Energy   250 Gev x 250 GeV 
# of RF units      560 
# of cryomodules     1680 
# of 9-cell cavities   14560 
2 Detectors push-pull 
2 1034 peak luminosity 
5 Hz rep rate, 1000 -> 6000 bunches 
IP : x 350 – 620 nm; y 3.5 – 9.0 nm 
Total power  ~230 MW 



FALC July 09 

Mike Harrison 

Global Design Effort 

Toward Industrialization 

Project Scope 

Euro XFEL ~800 2 years ~1 cavity / day 

Project X ~400 3 years ~2 cavities/ week 

ILC ~15,500 4 years ~20 cavities / day 

(  3 regions ~7 cavities / day) 

Call for ender out 



FALC July 09 

Mike Harrison 

Global Design Effort 
GDE Timeline 

Design studies 

2009 2010 

                                                           New value cost estimate 

                                                          R&D Demonstrations 

    TDP Baseline Technical Design 

2011 2012 2013 

RDR Baseline 
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TDR 

TDP-1 TDP-2 Project 

Proposal 









Precision Higgs physics 

LHC + LC 

Determination of 

absolute coupling  

values with  

high precision  



Dark Matter and SUSY 



LC Detector challenges: 
calorimeter 

ZHH  qqbbbb 

red:  
track based 

green: 
calorimeter based 

High precision 

measurements  

demand new approach 

to the reconstruction: 

    particle flow (i.e.  

    reconstruction of ALL 

    individual particles) 

this requires 

    unprecedented    

    granularity 

in three dimensions 

R&D needed now 
for key components 



FALC July 09 

Mike Harrison 

Global Design Effort 



Particle Flow 

LC design goal 



FALC July 09 

Mike Harrison 

Global Design Effort 

Slide 28 



FALC July 09 

Mike Harrison 

Global Design Effort 

Slide 29 



ring-ring solution: 

     L   1033 

linac-ring solution: 

     L  few 1031 

Large Hadron electron Collider: possible layouts 

Would be the successor 
of HERA at higher cms 

40 - 140 GeV 

     on 

1  -     7  TeV 



Large Hadron electron Collider 

Goal: CDR late 2010 

2010/12 

new physics around 2010-12 ? 



Key Messages
Need to clear the cloud of TeV-scale physics to obtain clear views
Synergy of colliders 

sLHC dual purpose

           luminosity increase and juvenation  of accelerator complex
ILC could be constructed now

CLIC more R&D needed

Converge towards one LC project

Detector R&D mandatory for all projects

LHC results decisive    

32

Great opportunities ahead at the TeV scale 

Window of opportunity for decision on  

the way forward around 2012 (?) 


