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Lecture 9

Physics  Program 
of the experiments at 

Large HadronCollider

  Standard Model
   Higgs boson 
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Latest news

 Living in 
incredibly 
exciting time 
for 
fundamental 
partcile 
physics!

  Today:  CERN LHCC open session 
http://indico.cern.ch/conferenceDisplay.py?confId=216930

http://indico.cern.ch/conferenceDisplay.py?confId=216930
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Latest news

Excellent LHC performance in 
2012 

Lpeak up to 7.7x1033  cm-2 s-1 at 8 
TeV
Lintegrated ~ 23 fb-1 delivered

Design Pile-up !

LHC operated with 50ns bunch 
spacing:

• 2012 pile-up conditions 
challenging 
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SM Higgs production at the LHC
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Higgs production and decay at LHC
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Higgs production and decay at LHC
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Higgs production and decay at LHC
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SM Higgs decays
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ATLAS results of 4-th July
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Definitions:  
   Global signal strength factor 
    Scale factor on the total number of events predicted by the SM 

for the Higgs boson signal: 
    =0  - bgd only hypothesis
    =1  - SM signal in addition to the bgd 
    Hypothesised values of  tested with statistics based on profile 

likelihood ratio.

    Local p0:

   Probability that the background can produce a fluctuation   
greater than or equal to the excess observed in data. Equivalent 
in terms of number of standard deviations is called local 
significance.

    95% CLs exclusion:
   Value of  is regarded as excluded at 95%CL when CLs is less 

than 5%. A SM Higgs boson with mass mH is conisdered excluded 
at 95%CL when =1 is exluded at that mass.
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ATLAS results of 4-th July
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ATLAS results of 4-th July

Excess consistent with 
H-> and H->ZZ*->4l decays
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SM predictions for H->
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H-> event signature
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Shower shapes and vertex  reconstr.
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Event categorization 
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Energy calibration and resolution 
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Invariant mass distribution 
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Quantifying the excess p0
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Signal strenght
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Properties of new resonance
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The golden channel
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The golden channel
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Final expected and observed yields
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Quantifying the excess: p0
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Exploring large Higgs mass hypotheses
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Other ZZ channels
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Since then....... (4-th July)

ATLAS
The WW channel 
completed with 5.8fb-1 
and released end of 
July, included in the SM 
Higgs published paper. 
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H->WW
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Background overwiew
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Backgrounds: W+jets
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Backgrounds: Z+jets
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Backgrounds: Z+jets
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Backgrounds: top
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Backgrounds: dibosons
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Separating gg->H->WW from qq->WW
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Separating gg->H->WW from qq->WW



5 December 2012 E. Richter-Was 44

Using the mass information: mT variable
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Standard Model Higgs
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Since then....... (HCP conference)

ATLAS
Low mass channels with decay to WW, bb,  updated 

with ~13fb-1 (2012)   and released for HCP conference.
Update on combination for signal strength.

CMS
Updated ZZ, WW, bb,  with ~12 fb-1 (2012).
Updated combination, couplings and spin.

Tevatron
Update on H->bb analysis with 10fb-1.
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The TEVATRON update
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The TEVATRON update
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ATLAS H->bb: analysis strategy
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H->bb: backgrounds
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H->bb: example flavour fit
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H->bb: systematic uncertainties
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H->bb: mbb distribution (1 lepton)



5 December 2012 E. Richter-Was
54

H->bb: Diboson production 
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H->bb: Expected and observed events 
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H->bb: Expected and observed events 
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ATLAS: update on combination 
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Channels entering HCP combination 

Couplings measurement 
not updated for HCP: 
uncertainies of 20-30%
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Next topics

  12.12  --  Higgs (part II) Higgs (part II) 
  19.12  - SUSYSUSY
         9.1   – other searches for New Physics 9.1   – other searches for New Physics 
     16.1   - B-physics programme16.1   - B-physics programme
     23.1   – heavy ion programme23.1   – heavy ion programme
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