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b-tagging performances in ATLAS and CMS: 
extremely important for many physics analyses (Higgs, SUSY, SM, ….)   
  

- Reconstruction of the original flavour  
  (B, Bbar) of the reconstructed B meson  
   (important for mixing and CP analyses) 
 
- Performance calibrated from control  
  channels, e.g. 
 
- Effective efficiencies 2.1-3.5% (opp. side) 
  and 0.7% – 1.3% (same side) dep. on analysis 
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Physics Results    
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 Total, elastic and inelastic pp cross sections at 7 TeV  

•  Domain of the TOTEM experiment 
     Detectors in the CMS forward regions  

Total cross section  
(four methods give consistent results) 
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Inelastic pp cross section at 7 TeV: 

•   The inelastic cross section was also measured by ALICE, ATLAS and CMS;  
      Good agreement among the experiments, within systematic uncertainties 

•   Measurement require the subtraction of diffractive components and  
      acceptance extrapolations;  
      The associated model dependence (e.g. Donnachie-Landshoff) constitutes 
      the largest systematic uncertainty 

ALICE:  
σ  inel= (72.7 ± 1.1 (stat) ± 5.1 (model) ) mb 

ATLAS: 
σ inel= (69.1 ± 2.4 (stat) ± 6.9 (model) ) mb 
 
CMS: 
σinel = (64.5 ±1.1 (stat) ± 3.0 (model) ) mb 
 
TOTEM: 
 σinel  = (73.5 ± 0.5 (stat) ±1.8

-1.3 (syst) ) mb 
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 Soft Physics and diffraction  
•  Measurements of soft inelastic collisions and diffractive processes are  
     important for any modeling of the underlying event or pile-up processes  
 
•  LHCb and Totem experiments extend the measurements far into the forward region  
 
 
 
 
 
 
 
 
 
 
 
 
•  General behaviour: experiments agree well among each other, however,  
     Monte Carlo models underestimated inclusive particle production;  
 
     A Monte Carlo tuning that describes simultaneously all observables is still   
     missing 
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-  Disentangle the various diffractive components by studying rapidity gaps;  
 
-  Model description needs tuning 

single diffractive double diffractive central diffractive 
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Particle production in the extreme forward region 

•  Important input for astro-particle physics experiments 

•  Single photon and π0 spectra, compared to models:  
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Hard processes:  
      Tests of perturbative QCD  

 
 
     -  Jet production 
 
     -  W/Z production  
 
     -  Production of Top quarks 
 
     -  Heavy hadrons 
        (Onia and B hadrons)   
 
     -  Quark-gluon plasma 
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Double differential cross sections, as function of  
pT and rapidity y  (full 2010 data set)  

-  Data are well described by NLO pert. QCD calculations (NLOJet++)  
-  Experimental systematic uncertainty is dominated by jet energy scale uncertainty 
-  Theoretical uncertainties: renormalization/ factorization scale, pdfs, αs, …, 
     uncertainties from non-perturbative effects  

somewhat larger deviations in the  
forward region 
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Double differential cross sections, as function of pT and rapidity y: 
(full 2010 data set)  

-  Data are well described by NLO pert. QCD calculations (NLOJet++)  
-  Experimental systematic uncertainty is dominated by jet energy scale uncertainty 
-  Theoretical uncertainties: renormalization/ factorization scale, pdfs, αs, …, 
     uncertainties from non-perturbative effects  

CMS: include full 2011 data set;  
comparison up to 2 TeV (central rapidities) 
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Important for:    - Test of QCD  
                         -  Search for new resonances decaying into two jets (à next slide)  

                Invariant di-jet mass spectra 
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      In addition to QCD test:    Sensitivity to New Physics 

•  Di-jet mass spectrum provides large  
     sensitivity to new physics  
 
      e.g. Resonances decaying into qq,  
             excited quarks q*, …. 
 

•     Search for resonant structures in the  
     di-jet invariant mass spectrum 
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Inclusive b and bb-cross sections        

Also good agreement found for the more challenging inclusive b and bb di-jet cross 
sections (limited to central region, tracker acceptance) 

inclusive b-jet production 
bb di-jet cross section as function  
of mass 
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 γ + b jet production at the Tevatron       

-  NLO calculation describe data well in low pT region 

-   Larger deviations at high pT (large NNLO contributions ??)  

S. Wolbers 
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- Theoretical NNLO predictions in very good agreement with the experimental  
   measurements (for pp, ppbar and as a function of energy) 
- Precision is already dominated by systematic uncertainties  
-  Good agreement as well between experiments 

also in the forward region 

W cross sections at the LHC 
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(i)  Lepton charge asymmetries 

(ii) Flavour separated W+jet production 

e.g. W+c production 

(iii) Extraction of s/sbar from global fit to  
      ATLAS W/Z differential measurements 

rs = 0.5 (s + sbar) / dbar  



                         32	

 [
p

b
/G

e
V

]
T

/d
p

!
d

-610

-510

-410

-310

-210

-110

1

10

210

310
 + jets"e#W

=7 TeVsData 2010, 
ALPGEN
SHERPA
BLACKHAT-SHERPA
MCFM

-1
Ldt=33 pb$

ATLAS Preliminary

1 jets
%

W + 

-1

2 jets, x10

%
W + 

-2

3 jets, x10

%
W + 

-3

4 jets, x10

%
W + 

T
h
e
o
ry

/D
a
ta

0.5

1

1.5

2 1 jet%W + 

 [GeV]
T

First Jet p

100 200 300

T
h
e
o
ry

/D
a
ta

0.5

1

1.5

2 2 jets%W + 

W/Z + jet cross section measurements                             

Jet multiplicities  
in W+jet production 

-  Impressive description of jet multiplicities and kinematic properties up to high jet 
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W + b jets 
•  Important background for many studies (Higgs, SUSY, top) 
•  Measurements at the Tevatron exceed NLO prediction 
 
•  Measured by ATLAS using 2010 data sample 

–  studied W + 1 jet and W + 2 jets 
–  require at least one b-tagged jet 
  

Results from e and µ combined. 
Measurements ~1.5σ above NLO 
prediction, but still consistent within  
uncertainties 
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Top Quark pair production 
Pair production: qq and gg-fusion 

b-tag multiplicity in l-jet events  ...and..  in di-lepton events  
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Top cross section measurements 

•  Measurements at the Tevatron and at the LHC   
     are well described by approx. NNLO calculations 
 
•  Precision reached at the Tevatron: 6.4%  

•  LHC experiments have already reached a   
     comparable precision (6.2%)  
 
     (large dataset, still potential to reduce the 
      already dominant systematic uncertainties) 
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Top properties according to expectations, except maybe AFB (Tevatron) 

Needs clarification:  
  
More data, improved theoretical calculations 
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Charmonium and Bottomonium states   

Is this for the LHC ?   

Yes, all experiments at the Tevatron 
and LHC have observed these  
states, measured production cross 
sections and have even discovered  
new ones 
 
use µµ decays and γ-signatures  

-except for ALICE and LHCb-  
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Charmonium production:    

 
•   Production reasonably well described by NLO QCD  
   calculations 
•   Simple colour singlet model not adequate  
 
•  Similar conclusions for bottomonium states  

•  Polarization is still not understood,  
    further measurements needed  
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New heavy meson or baryon states      

•  First observation by ATLAS:   
     χb (3P) à ϒ(1S)+ γ   
               and ϒ(2S)+ γ    

•  First observed by CDF in B+
c à J/ψ lν	

•  Observed in  B+
c à J/ψ π (LHCb, ATLAS) 

     and J/ψ πππ (LHCb)  
 
 
 
 
 
 
 
 
 
 
 
 
•  Many other states by LHCb 
    (Bs

**, Λb
0*, …)  	

χb (3P)  B+
c  
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