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Physics  with first fb-1

at Large Hadron Collider 

Today:
 Precision 

measurements in 
Standard Model

 Physics with 
dibosons
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News from CERN

 Seminar on the Higgs searches from 
each experiment, given by 
spokespersons
 13.12.2011, at 14pm, video
 Analysis with up to 5.6fb-1/experiment
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The Standard Model 
 SM measurements are the foundations of all 

searches (33 papers on measurements to date)
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The Standard Model

Discussed today
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W boson mass
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Impact of the new limits on 
the green band
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W mass measurement
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W mass measurement
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Template fitting

 Custom fast Monte Carlo makes smooth high-statistics 
templates. Perform binned maximum likelihood fits to the data
 And provides analysis control over key ingredient of the simulation 
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W mass measurement
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W mass measurement

D0 projection
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pT
W distribution measurement
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Z/* forward-backward asymmetry
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Z/* forward-backward asymmetry
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Z/* forward-backward asymmetry
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Z/* forward-backward asymmetry
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Gauge couplings

 In Standard Model (SM) non-abelian nature of SU(2)L x 
U(1)Y  allow gauge bosons to interact with one another
 Coupling between 3 gauge bosons=> triple Gauge-Boson 

Coupling (TGC)
 SM only allows charged coupling (WWZ, WW), does not 

allow pure neutral coupling (ZZZ,ZZ,Z,) since Z/ 
has no charge nor weak isospin. 

 Physics beyond SM can introduce anomalous TGCs 
which may allow neutral couplings or increase the 
charged TGCs couplings strenght. 
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Dibosons
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Characteristic of the triple 
gauge-boson couplings
 Sensitivity to TGCs comes from four different types of 

information
 Cross section: parabolic increase of cross-section with TGC 

due to the linear Lagrangian: ~(TGC)2

 Energy behaviour: TGC lead to a broad increase in the 
differential cross-section at large invariant mass MWV,ZV   
(V=Z,) and transverse momentum PT(V) (V=W,Z,) 

 Production angle: angular information of the bosons
 Polarisation: different TGCs contribute to different boson 

helicity states. Decay angular information enhance 
sensitivity to individual TGCs.
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Effect of anomalous coupling
 Any non-zero coupling result in crease of the cross-

section and harder pT spectrum of the outgoing 
boson.
 Can be simulated by a number of generators, such as 

Sherpa, MCFM, Baur, etc.
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Cross-sections
 (W)BR(W→enb
 (WW)BR(W→efb

 (Z) BR(Z→ee)  ~ 1 nb
 (ZZ) BR(Z→ll)2 ~ 10 fb

 Eg with fb-1

 ~   106 W  and  ~105 Z events per experiment and lepton channel
 ~ 100 WW and ~10 ZZ per experiment including all lepton 

channels
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W and Z production
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Definition of the signal
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Photon identification
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Photon isolation efficiency
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Event selection
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Background estimation
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Background estimation
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Kinematic distributions
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Signal yield
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Uncertainties
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Cross-section
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Z
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Heavy boson production
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Backgrounds
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Future trends
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Plan
 Amazing how much could have been done with only 

36pb-1 data accumulated in 2010: numbers of results 
are still in the pile-line but already theory is being 
tested quantitatively.... and is holding its own 
(unfortunately)
    4.01 Higgs boson... where we stand?

  18.01 What's new from New Physics searches?
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W polarisation
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W polarisation
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V+jets: past, present and future
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TGCs and new physics
 Numerous possible extensions of the Standard 

Model result in anomalous couplings
 Example: neutral TGCs: ZZ and Z

 Follow effective Lagrangian 
approach
 Parametrize the ZZ/Z vertex in the 

most general way
 One coupling is usually described in 

terms of many parameters
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ATLAS Detector
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ATLAS Inner Detector
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ATLAS Calorimeters
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