
ATLAS @ LHC – Prospective   

In 2015 :√S = 7 TeV → 14 TeV   
 

By 2021 : 300 fb-1   (~ * 12) ← end of approved running  
  

By 203x : 3000  fb-1   (  ~ *10) 

1 Corinne Goy  pour le groupe ATLAS – 03/10/2013  

#  H SM 

17. 10 6 

170. 10 6 

 



A year ago already !  
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10 fb-1  
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10 fb-1  

( # H SM  : 0.2 106 ) 

25 fb-1 

2013 

γγ 
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Standard model 
processes  

W + jets  

Electroweak Fit   

The SM  holds !   
And is fully 
constrained  
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Planck (2013): a summary    

No clue of  “what next” : 
 Direct searches   ( √S )  
 Precision measurements  ( L)   

The SM tell us about ordinary 
matter : 
 5%    
 Including  0.1% neutrinos  ? 



ElectroWeak Symmetry Breaking    

 Is this really  The Higgs boson?  
 Spin & Parity  
 Coupling to fermions 
 Coupling to  gauge bosons  
 Higgs potential via  triple & quartic H couplings  

 
 Why 126 GeV  ?  
 Fine tuning … 
 New physics …  
 Link with Dark Matter.  
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Susy ?  



Approved ? →  3000 fb-1 / ~10 years (2033) 

LHC planning  
Luminosity  

300 fb-1 
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The new boson 
behaves l ike the SM 

Higgs boson 

 JP   = 0+ 

 Other hypothesis excluded 
by at least 2 sigmas  

8 



Couplings measurements 
Production modes @ LHC (14 TeV) :   Decay modes @126 GeV  : 

→ Access to the Top quark  coupling to H  

% bb ττ cc µµ WW ZZ 

56.7 6.22 2.82 0.02 22.4 2.79 

gg γγ Zγ 

8.52 0.228 0.159 

87.4% 

2.3% 7.3% 

1% 
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Coupling measurement  with 25 fb-1  
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κ𝑖 ≡ 𝑔𝑖/𝑔𝑖𝑖𝑖 

λ𝑖𝑖 ≡ κ𝑖/κ𝑗 

κ𝑖𝑖 ≡ κ𝑖.κ𝑗/κ𝐻 

Current uncertainties :  >  20%  
Only ratios  are accessible at LHC  

𝜎(𝑖 → 𝐻).𝐵𝐵 𝐻 → 𝑓 ~ (𝜅𝑖𝜅𝑓/𝜅𝐻)2 



With 300 fb-1 and 3000 fb-1  

 With 3000 fb-1, 
  a factor ~2 improvement is expected . 
 → 2 to 10 %  

 
 Theoretical uncertainties (QCD scale, PDF, higher 

orders, non perturbative, electroweak  )  11 

Th. Unc /2  

3000 fb-1 



Projection by an independent group  

12 Courtesy R. Lafaye  



Measuring the Total Width   
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 Direct measurement is limited by the 
detector resolution.  

 Current limits :   
 6.9GeV  (CMS)   

 Expected at the end of Run 1 : 
   ~ 2GeV (syst. limited)  

+ 
| 

|2 

ГH 
SM@125 GeV = 4 MeV  

 Expected at the end of Run 2 :  ~ 200 to 400 
MeV  

 Stat. limited. 

Interference Term       →     Shift of the peak  
  position 

No Interference  

+ detector 
resolution 



Rare Mode : H →µµ  (2nd lepton)    
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A few thousand events expected with 3000 fb-1 



Triple & Quart ic  H coupl ing 
   →The Higgs Potential  

With 3000 fb-1  
30 % ? 

Within SM : 
 Difficult, even at ILC/CLIC  
 Explored channel: 

 bbγγ 
 bbWW  
 bbττ /bb bb (th. studies) 
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√ S  = 14 TeV  gg→H gg→HH 

σ (fb)  49850 33  

Exploiting the bb final state is a necessity   



Beyond the Standard Model  

SUperSYmmetry, Compositeness, Extra-
dimensions, New Gauge bosons,  New families 

 …  

16 



17 

1 TeV 
1 TeV 

SUSY  Non – SUSY   



√S :  7  TeV  
→ 14 TeV  
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s_m/ m_ino 

Qualitatively :  
Gluino, squark (1st & 
2nd)  
Stop, Sbottom  
Charginos, 
Neutralinos 
   

14/8 
TeV 

 A substantial increase of the 
cross-section  

 roughly an order of magnitude  
 

 Gluino/Squark :  ~  2 TeV     Stop/Sbottom :  800 GeV – 1 TeV   



From 300 fb-1  to 3000 fb-1  
 Improvement of sensitivity  by : 

 400 GeV  (squarks, gluinos )  
 200 GeV (stop, sbottom)  

 
 1 TeV    (resonances)  
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Example  

 Charginos :    
 Exclusion to 1 TeV  



Dark Matter  
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 Effective field theory (EFT) 
operators 

 Competitive limits with direct 
searches  
 In the low masse range.   
 Spin dependent  

 
 CAVEAT : EFT may not hold  

+ Missing ET
 



Multi  Boson Final  States :  
 Ve c t o r  B o s o n  S c a t t e r i n g  – Tr i p l e  G a u g e  C o u p l i n g  –

Q u a r t i c  G a u g e  C o u p l i n g   
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EWSB :  
 Does the “Higgs” behave as 

expected ?  

Non Abelian Structure of SM :  
  In particular access to QGC  



Theoretical  Uncertaint ies  
and Precis ion Measurements   
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Theoretical uncertainties : 
 PDFs, αS 
 Non pertubative computation  
 Higher orders 

 NLO done   
 NNLO is the new frontier …  

 EW  corrections ( 5%)  

Sizeable 
contributions 
of th. error.  

pp -> H + jet  

→Scale uncertainty reduced from 40%  to   
 4%                                                                        

Data 
useful to 
control 
the th. 

computat
ions 



Prospects with 3000 fb-1 

 New discovery / Better limits  
 

 Era of precision Higgs physics  : 
 Mass  ~ 50 MeV 
 Couplings  de 2 a 10%   (ratio)   
 Rare decays (Zγ, µµ ) 
 Triple H coupling ? 
 Width : 

 Via the interference with bkg graphs in the mode H → γγ 
 Sensitivity : ~400 MeV   

 SM : 4 MeV , current limit ~ 7 GeV 
 

 Precision SM measurements  : 
 Multi boson phenomenology 
 + sin2(θW), MTop , MW  …  
 
   

23 

To cope with the event rate, event pile-up and radiation 
level expected in Phase I and II of LHC, it is  needed to 
upgrade the detectors  → next talk.  
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Another Portal  to DM  
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 From Missing Et distribution  
 Sensitivity to  Br Inv :  ~ 10% with  3000 fb-1 
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