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HERA-LHC Workshop 2004 - 2005 

•  Parton distribution functions 
– X-sections, DGLAP, BFKL and resummation 

•  Multijet final states & energy flow 
– Rapidity-gap events 

•  Heavy quarks 
–  Input for LHCb 

•  Diffraction 
– An interesting way to measure the Higgs? 

•  Monte Carlo tools 



Open Questions beyond the 
Standard Model 

•  What is the origin of particle masses? 
 due to a Higgs boson? 

•  Why so many flavours of matter particles? 
•  What is the dark matter in the Universe? 
•  Unification of fundamental forces? 
•  Quantum theory of gravity? 
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Why do Things Weigh? 

Where  do  the  masses  
come from ? 

Newton: 
 Weight proportional to Mass 

Einstein: 
 Energy related to Mass 

Neither explained origin of Mass 

Are masses due to Higgs boson? 
    (the physicists’Holy Grail) 



Without Higgs … 

… there would be no atoms 
–  Electrons would escape at the speed of 

light 
… weak interactions would not be weak 

–  Life would be impossible: there would be 
no nuclei, everything would be radioactive 

How does the Higgs trick work? 



    Nambu EB, GHK  and Higgs 

Spontaneous symmetry breaking: massless Nambu-
Goldstone boson ‘eaten’ by gauge boson ‘eaten’ by gauge boson 
Accompanied by massive particle 

EB, GHK  



A Phenomenological Profile  
of the Higgs Boson 

•  First attempt at systematic survey 



2011: Combining Information from 
Previous Direct Searches and Indirect Data 

mH = 125 ± 10 GeV Gfitter collaboration 



Higgs Production at the 
LHC 

A la 
recherche du  
Higgs perdu 
… 

Many production modes measurable if Mh ~ 125 GeV 



A Legacy from HERA 

Accurate determinations of parton distribution functions – 
including gluons – in kinematic range of interest for LHC 



Successful HERA Predictions 

Determinations of parton distribution functions verified by 
successful predictions for Tevatron and LHC 



Higgs Cross Section @ 7 TeV 

Accurate predictions for Higgs production at 
the LHC 



WH Associated Production 

Also predictions for 
rarer production 

mechanisms at the 
LHC – useful for 

constraining Higgs 
models 



Vector-Boson Fusion 

Also predictions for 
rarer production 

mechanisms at the 
LHC – useful for 

constraining Higgs 
models 



CMS excludes 
> 127.5, < 600 GeV 

ATLAS excludes 
< 122.5, > 129, < 539 GeV 

Has the Higgs been Excluded? 
Interesting hints around Mh = 125 GeV ? 



CMS prefers 
< 125 GeV 

ATLAS prefers 
> 125 GeV 

Has the Higgs been Discovered? 
Interesting hints around Mh = 125 GeV ? 



Unofficial Combination of Higgs 
Search Data from March 7th 

Is this the 
Higgs Boson? 

No Higgs here! No Higgs here! 



Be careful what you wish for! 



The Particle Higgsaw Puzzle 

Is LHC finding the missing piece? 
Is it the right shape? 
Is it the right size? 

 



Does the ‘Higgs’ have Spin Zero ? 

•  Decays into γγ, so cannot have spin 1 
•  Spin 0 or 2? 
•  If it decays into ττ or b-bar: spin 0 or 1 or 

orbital angular momentum 
•  Can diagnose spin via  

–  angular distribution of γγ 
–  angular correlations of leptons in WW, ZZ decays 

•  Does selection of WW events mean spin 0? 



Does the ‘Higgs’ have Spin Zero ? 

•  Polar angle 
distribution for 
X2 W+W-  

•  Polar angle 
distribution for 
X0 W+W-  

 (for φ  = π) 
JE, Hwang: arXiv:1202.6660 



What lies 
Beyond? 



 
 
 

Precision 
Electroweak 

data?? 
Higgs 

coupling 
blows up!! 

Higgs 
potential 
collapses 

Higgs coupling less 
than in Standard Model 

viXra Blogger’s Combination  
of March 7th Data 

There must be New Physics 
Beyond the Standard Model 



Theoretical Constraints on Higgs Mass 

•  Large Mh → large self-coupling → blow up at 
low-energy scale Λ due to  
 renormalization 

•  Small: renormalization  
 due to t quark drives  
 quartic coupling < 0 
 at some scale Λ 
 → vacuum unstable 

•  Vacuum could be stabilized by Supersymmetry 
Espinosa, JE, Giudice, Hoecker, Riotto, arXiv0906.0954	



LHC 95% 
exclusion 



Elementary Higgs or Composite? 

•  Higgs field:  
  <0|H|0> ≠ 0 

•  Quantum loop problems 

•  Fermion-antifermion 
condensate 

•  Just like QCD, BCS 
superconductivity 

•  Top-antitop condensate? 
needed mt > 200 GeV 

New technicolour force? 
-  Heavy scalar resonance? 
-  Inconsistent with  
     precision electroweak data? 

Cut-off Λ ~ 1 TeV with 
 Supersymmetry? 

Cutoff  
Λ = 10 TeV 



Interpolating Models 

•  Combination of Higgs boson and vector ρ 

•  Two main parameters: mρ and coupling gρ 
•  Equivalently ratio weak/strong scale: 

    gρ / mρ 
Grojean, Giudice, Pomarol, Rattazzi  



General Analysis of ‘unHiggs’ 
Models 

•  Parameterization of effective Lagrangian: 

•  Fits 
a ≠ c 

Azatov, Contino, Galloway: arXiv:1202.3415	

 Espinosa, Grojean, Muhlleitner, Trott: arXiv:1202.3697	





Combination of LHC & Tevatron 

•  Rescale couplings: to bosons by a, to fermions by c 

 
 
 
 
 
•  Standard Model: a = c = 1 JE & Tevong You, arXiv:1204.0464	



Global 
analysis 



Diffractive Higgs Production? 

Discovery of hard diffraction 
(rapidity-gap) events at HERA 
suggest that double-diffractive 

Higgs production may be 
observable at the LHC 



Diffractive MSSM Higgs Production 

Potentially useful discriminator between 
different Higgs models 



Diffractive MSSM Higgs Production 

Potentially useful discriminator between 
different Higgs models 



Conversation with Mrs Thatcher: 1982 

What do you do? 

Think of things for the 
experiments to look for, 

and hope they find 
something different 

Wouldn’t it be 
better if they 
found what 

you predicted? 

Then we would not 
learn anything! 



The Story so far in 2012 


