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Disclaimer  
• This is a personal snapshot of ATLAS experimental 

results 

– Full list available at https://twiki.cern.ch/twiki/bin/view/AtlasPublic 

• There are 166 ATLAS publications on collision data up to 

now 

– An average of 2 papers/week in 2012 

• Material included in this talk is collected from differentes 

sources 

– Colleagues, previous talks, official ATLAS conference slides 

• I tried to be “fair” and not let Higgs searches results 

monopolize your attention (and mine) 
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Outline 
• Introduction 

– ATLAS, LHC luminosity, trigger 

• Perfrmance of the ATLAS detector for physics analysis  

– Physics objects reconstructions: e, , hadronic  decay, jets… 

• QCD 

• W/Z bosons 

• Dibosons 

• Top quark  

• Higgs searches 

• BSM 

– SUSY,  

– Exotics: extra-dimensions, new resonances, everything else(?) 
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The ATLAS detector 
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44 m 

7000 Tons 

 A general purpose detector 

 Inner detector (ID) 

◦ Pixel 

◦ Silicon microstrip tracker (SCT) 

◦ Transition radiation tracker (TRT) 

 Solenoid 

◦ 2T magnetic field 

 Calorimeter 

◦ Electromagnetic (EM)-Liquid Argon (LAr)  

◦ Hadronic (HAD)  
 scintillating tiles in the central barrel, LAr in end 

caps (EC) 

 Muon Spectrometer (MS) 

◦ Monitored drift tubes (MDT) and cathode 
strip chambers (CSC) used for position 
measurement in bending plane 

◦ Resistive plate chambers (RPC) and thin 
gap chambers (TGC) used for triggering 
and position measurement in non-bending 
plane 

 Three large superconducting  toroids 

◦ One barrel and two EC 

◦ Eight-fold azimuthal symmetry around 
calorimeter 

◦ 0.5T magnetic field 

 

 

25 m 



LHC performance  
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The new chalenge: Pile-up 
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Z μμ 

Z μμ event from 2012 data with 25 reconstructed vertices 

Experiment’s  

design value  

(expected to be 

reached at L=1034 !)  



ATLAS and 2012 Pile-up conditions 
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• Huge efforts over last months to prepare for 2012 conditions and mitigate impact 

of  pile-up on trigger, reconstruction of physics objects (in particular ET
miss, soft 

jets, ..),  computing resources (CPU, event size) 

 

 Pile-up robust, fast trigger and offline algorithms developed  

 Reconstruction and identification of physics objects (e, γ, μ, τ, jet, ET
miss) 

optimized to be ~independent of pile-up  similar (better in some cases!) 

performance as with 2011 data 

 Precise modeling of in-time and out-of-time pile-up in simulation 

 Flexible computing model to accommodate x2 higher trigger rates and event size 

as well as physics and analysis demands  

Z ee events 

Efficiency of inclusive electron  

trigger (ET thresholds as low as 24GeV)  

as a function of  “pile-up” 



Performance of the ATLAS 

detector for physics analysis  
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Tracks & vertex reconstruction 
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Impact of pile-up 
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Electrons and photons reconstruction (I) 
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Electron and photon reconstruction (II) 
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Electrons and photons Identification 
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Electrons identification efficicency 
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Identification efficiencies measured using Tag&Probe method on Z  ee, W  eν, J/ψee  

Low ET electron efficiencies (4-20 

GeV) are measured on J/ψ events.  
Dependence of the identification efficiencies on 

pile-up. Improved for 2012 data taking  

Nvtx 



Photons identification efficiency 

Rachid Mazini, Academia Sinica 15 



Electrons and photons energy calibration 
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Muons in ATLAS 
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• Combined (CB) 

– coverage: |η| < 2.5 

– inner detector (ID) and muon 

spectrometer (MS) contribute to 

momentum accuracy 

– best momentum resolution 

• Stand-alone (SA) 

– coverage: |η| < 2.7 

– high momentum resolution 

– momentum from MS 

• Segment tagged (ST) 

• coverage: |η| < 2.5 

• momentum from ID 

• needed for low pT to fill 

acceptance gap at η ≈ -1.2 

• Calorimeter tagged (CT) 

• available for |η| < 2.5 

• lowest purity 

• uniform efficiency near MS 

acceptance gap at η ≈ 0 

• Muon momentum resolution  

• Combined muons from Z boson 

decays  

• Resolution: width of Gaussian 

convoluted with dimuon mass 

resolution at generator level 

• Fit range for m(μμ): [75 GeV, 105 GeV] 



Muon Reconstrucion efficiency and Isolation 
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• Tag and probe selection 
– One good muon reconstructed in ID 

and MS selected as tag 

– Second object identified by one of 
the systems taken as probe muon if 
invariant mass of two muons is close 
to  

• J/ψ mass for low pT range  

• Z boson mass for high pT range 

– Efficiency = fraction of probe objects 
identified as muons 

• Muons required to be isolated to 
suppress background in many 
analyses 

– Calorimeter based isolation 
ΣEt(ΔR<0.3)/pt < X  

• Corrections applied to remove pile-up 
dependence 

– Track based isolation Σpt(ΔR<0.3)/pt < Y 
• Pile-up robust 

Track based isolation 

calorimeter based isolation  



Jets reconstruction and calibration 
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Pile-up substruction and uncertainty 
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Pile-up suppression 
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Jets energy scale uncertainty 
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Insitu jet energy scale: Z+jets 
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Reconstrucion of Tau hadronic decay 
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• Hadronic decays of tau: 65% 

• Reconstruction seeded by anti-kt 
jets(R=0.4) 
• pT > 10 GeV, |η| < 2.5  

• calibrated 3D topological clusters 

• good quality tracks with pT > 1 GeV 

• discriminating variables 
• combined information from calorimeter 

and tracking 

• input to multi-variate algorithms 

 

1/18 

35% 

65% 

17% 39% 

14% 

14% 

7% 
8% 

 
 

 

 

 
 

 
 

 
 

core cone 
ΔR < 0.2  

isolation cone 
0.2 < ΔR < 0.4 
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Tracking and calorimeter performance for tau reconstruction at 

ATLAS

Sofia Maria Consonni1, on behalf of the ATLAS Collaboration
Contact: sofia.consonni@mi.infn.it

1)  Università degli Studi di Milano & INFN

The tau lepton at hadron colliders

• m = 1776.82 ± 0.16 MeV 

• τ  = 290.6 ± 1.0 fs

• cτ  = 87μm 

Decays before leaving the 

beam pipe

Leptonic 

mode BR = 35.2% → very 

difficult to distinguish from 

prompt leptons at colliders

Hadronic mode 

BR = 64.8%

1 prong or 3 prong

Narrow low track multiplicity 

hadron jet

Taus have an important role in Higgs boson and 

Supersymmetry searches. 

Physics requirements

• Discriminate from hadronic jets

• Discriminate from electrons and muons

• Good energy calibration: scale and resolution

• Reconstruction of single modes

Calorimeter and tracking information is 

combined to reconstruct hadronically 

decaying taus

Tau reconstruction at ATLAS

• Reconstruction seeded by anti-kt jets (R=0.4) from calorimeter calibrated 3D topological 

clusters, pT > 10 GeV

References

• The ATLAS collaboration, Performance of the Reconstruction and Identification of Hadronic Tau Decays with ATLAS,        

ATLAS-CONF-2011-152

• Tracks satisfying

- pT > 1 GeV

- number of pixel hits # 2

- number of pixel + SCT hits # 7

- | transverse impact parameter|  < 1.0 mm

- | longitudinal impact parameter| < 1.5 mm

are associated if distance from tau axis

- " R < 0.2 → core tracks

- 0.2 < " R < 0.4 → isolation tracks 

crucial role of tracking efficiency!

• Four-momentum from clusters in " R < 0.2 from the seed axis plus an additional correction is 

applied for the pT

• Information from tracking and calorimetry combined to derive identification variables

Energy calibration

• Input clusters from Local Hadron Calibration (LC): 

topological clusters corrected for non-compensation 

losses due to noise threshold and dead material

• On top of tau energy scale (TES) correction applied to 

restore the true energy value

• TES determined using the response of MC simulated 

taus in bins of | η| , LC energy, and 1-prong or multi-

prong category.

Topological clustering
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TES uncertainties:

• particle responses from isolated single hadrons 

measurements and combined test beam data

• Underlying event

• Pile-up 

• Hadronic shower model

• Material in detector simulation

Response curves as a function of reconstructed tau pT at LC scale for 1-

prong (left) and multi-prong (right) tau candidates in various | η|  bins

TES uncertainty for 1-prong (top, | η| <0.3) and multi-prong (bottom, 

1.6<| η| <2.5) decays. The single contributions are shown as points and 

the combined uncertainty as the filled band.

Identification

In-situ identification efficiencies

Pileup independence major requirement → tradeoff between tracking and calorimetry:

• tracking less sensitive thanks to shorter integration time 

• calorimetry sensitive to full object energy

Identification performance

Examples of identification performance of 

inverse background efficiency as a function 

of signal efficiency for different estimators 

built from identification variables and 

based on a set of cuts, a projective log-

likelihood ratio or a Boosted Decision Tree 

(BDT) algorithm.

Examples of jet rejection variables: shower width in the electromagnetic and 

hadronic calorimeter weighted by the transverse energy of each calorimeter part (1), 

number of tracks in the isolation annulus (2), decay length significance of the 

secondary vertex for multi-prong tau candidates in the transverse plane (3), pileup 

corrected transverse energy of isolated clusters (4). 

Each of the discriminants provides working points corresponding to approximately 60% (loose), 45% 

(medium), and 30% (tight) signal efficiencies.

Examples of electron rejection variables: 
maximum transverse energy deposited in a cell in the 

pre-sampler layer of the electromagnetic calorimeter, 

which is not associated with that of the leading track 

(5), ratio of high-threshold to low-threshold hits 

(including outlier hits), in the Transition Radiation 

Tracker (TRT), for the leading pT core track (6) 

• Identification efficiencies can be 

measured in data 

• Method: select W→ τ ν or Z→ τ τ  events 

in data without applying tau identification 

and count the events that pass 

identification

Background is a major 

challenge: estimation 

exploting charge correlations 

for Z→ τ τ  and fitting track 

multiplicity for W→ τ ν 
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Jet width in the tracker and calorimeter

Leading track information 

Isolation variables

Invariant mass of tracks and clusters  

Impact parameter, secondary vertexing

Longitudinal position of energy deposits 

ATLAS LAr strip information

ATLAS TRT information 

Decay products are collimated

Presence of leading charged hadron

No gluon radiation

Low invariant mass

Lifetime

EM energy fraction different from electrons

EM component from ! 0

Less transition radiation than electrons

Identification efficienciesIdentification efficiencies Cuts Likelihood BDT

W→τν
Results on 1.37 fb-1, statistical 

uncertainty is given first and then 

the systematic

Loose 0.87 ± 0.02 ± 0.02 0.70 ± 0.02 ± 0.02 0.81 ± 0.02 ± 0.03
W→τν
Results on 1.37 fb-1, statistical 

uncertainty is given first and then 

the systematic

Medium 0.79 ± 0.02 ± 0.03 0.46 ± 0.02 ± 0.03 0.63 ± 0.02 ± 0.03

W→τν
Results on 1.37 fb-1, statistical 

uncertainty is given first and then 

the systematic Tight 0.65 ± 0.02 ± 0.03 0.27 ± 0.01 ± 0.02 0.42 ± 0.01 ± 0.03

Z→ττ
Results on 0.8 fb-1, statistical 

uncertainty is given first and then 

the systematic

Loose 1.03 ± 0.05 ± 0.08 0.83 ± 0.05 ± 0.08 0.88 ± 0.05 ± 0.08
Z→ττ
Results on 0.8 fb-1, statistical 

uncertainty is given first and then 

the systematic

Medium 0.80 ± 0.05 ± 0.07 0.56 ± 0.04 ± 0.05 0.61 ± 0.04 ± 0.06

Z→ττ
Results on 0.8 fb-1, statistical 

uncertainty is given first and then 

the systematic Tight 0.63 ± 0.04 ± 0.06 0.32 ± 0.02 ± 0.03 0.40 ± 0.03 ± 0.04

Jet rejection

ATLASPreliminary

) [GeV]
h
,!(

vis
m

0 20 40 60 80100120140160180200

E
v
e
n
ts
 /
 5
 G
e
V

0

50

100

150

200

250

-1dt L = 800 pb

 = 7 TeVs

After tight BDT ID

Data 2011

 (truth-matched)Z

 (non-truth-matched)Z

 ! W 

Multijet

! ! Z 

tt

  W 

ATLASPreliminary

) [GeV]
h
,!(

vis
m

0 20 40 60 80100120140160180200

E
v
e
n
ts
 /
 5
 G
e
V

0

200

400

600

800

1000

1200

1400

1600

1800 -1dt L = 800 pb

 = 7 TeVs

Before tau ID

Data 2011

 (truth-matched)Z

 (non-truth-matched)Z

Multijet

 ! W 

  W 

! ! Z 

tt

Z→ τ τ  selection before ID Z → τ τ   selection after ID

20 100 200

re
s
p
o
n
s
e

1-prong tau candidates

ATLASPreliminary

 [GeV]
T
p
LC

0.92

0.94

0.96

0.98

1

1.02

1.04

1.06

1.08

1.1

| < 0.30    < |

| < 0.60.3 < |

| < 10.6 < |

| < 1.31    < |

| < 1.61.3 < |

|1.6 < |

W→ τν selection after ID

Electron rejection

τ 



Tau identification 
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Decay properties of tau Detector information used 

Collimated decay products Jet width in tracker and calorimeter 

Leading charged hadron Leading track 

No gluon radiation Isolation 

Low invariant mass Invariant mass of tracks and clusters 

Lifetime Impact parameter, secondary vertex 

EM energy fraction different from electrons Longitudinal position of energy 
deposits  

EM component from π0 LAr strip  

Less transition radiation than electrons TRT 
Energy weighted calorimeter radius provides 
discrimination against jets 

Ratio of high threshold to low threshold hits  in TRT for leading 
track provides discrimination against electrons 

Discrimination  
against  
Jets 

e 



Tau (1P) identification performance 
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taus vs jets taus vs electrons 

Same procedure applied to identify three prong taus using additional 

information on lifetime  



Tau identification efficiency measurement 
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• Efficiency measured in data 
using 
– Z -> τμτh and W-> τν events 

with tag and probe selection 
• require events to pass 

muon/MET trigger to tag a tau  

• probe hadronically decaying tau  

– Data/MC scale factors (SF) 
consistent with 1 



QCD at work 

The issue with QCD is Calculations 
can be extraordinarily difficult. Many 
quantities need to be measured at 
the LHC for QCD predictions tests. 

Rachid Mazini, Academia Sinica 28 



Jet structure: Fragmentation and shape 
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Fragmentation function  Particle density around jet axis  

• Understand the hadronization process  

• Benchmark for the simulation  
 



Jets production cross section 
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pT interval 20 GeV-1.5 TeV.  10 orders of 

magnitude in cross-section  

Source of systematic uncertainties:  

jet energy scale, luminosity, unfolding, jet matching, jet angular resolution, 

reconstruction efficiency,  pile-up, trigger, jet ID  



Parton kinematics 
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 7 . 10 -5 < x < 0.9 

Q2< 2 . 10 7 
 



High mass dijet 
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Very large dijet mass range investigated: 260 GeV-4.6 TeV:  

no significant deviation from QCD observed  

2010 dataset : 37 pb-1  2011 dataset : 4.8 fb-1  



b-jets 
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Jets with a b-hadron  

• Verify QCD with heavy-floavou quarks  

• Precise knowledge of cross sections necessary for discovery physics: Higgs, 

new physics  

• b-jets identified with both secondary vertices and leptonic decays.  
 

Better agreement with POWHEG+Pythia  

than with MC@NLO+Hervig  
Good agreement with NLO predictions  



Direct photons 

Rachid Mazini, Academia Sinica 34 

• DIS and Drell-Yan are sensitive to the quark 

PDFs. 

• Gluon sensitivity is indirect 

• The fraction of momentum not carried by the 

quarks must be carried by the gluon. 

• direct photon is useful way  to have a direct 

measurement of the gluon PDFs 

• It might less sensitive than the indirect 

measurements,  

• It also has the potential to probe higher Q2  

• his process depends on the (largely known) 

quark distributions and the (less known) gluon 

distribution 

• There is a discrepancy at low pT, seen at the 

Tevatron experiments 
 

• There are theoretical ideas on how to resolve 

this, but the cross-section calculation and the 

PDF measurements have become intertwined. 

• No longer a clean PDF measurement. 

BUT 



Direct photon measurements in ATLAS 

Rachid Mazini, Academia Sinica 35 

•There is still something not entirely understood going on below 50 GeV  
• It appears is a function of ET.  separate PDF effects from the calculational issues. 

• Narrower binning in y primordial 



W/Z bosons measurements 
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Motivations : 

• Important backgrounds for new physics 

searches 

• Advantage – known production cross 

sections 

• Provide tests on QCD and understanding 

of collision environment (PDFs) 

• Low x dominance of gluon and sea quark 

• Check evolution of QCD from low scales 

to high scales 

• Test pQCD predictions up to NNLO 



W and Z bosons in ATLAS 
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Cross section measurements in ATLAS 
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• Extrapolation to total phase space introduces an extra uncertainty of 1.5 – 2.1% 

but allows comparisons with other experimental results 

• Measurements are in good agreement with theory predictions at NNLO QCD 

# Signal events # Background events 

Signal acceptance Signal efficiencies 



Fiducial Cross sections 
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• Comparisons in the common 

fiducial ( |η| < 2.5 and yZ < 3.6 

respectively) 

 

• Regions disentangle theory and 

experimental effects better 

 

• Detailed comparisons to PDFs, 

without the additional 

extrapolation uncertainty. 

 

• Overall, NNLO QCD 

comparisons in remarkable 

agreement. 



Cross sections ratio 
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• Correlations due to luminosity measurement cancel at the ratio of the cross 

sections 

• (W+ + W-)/Z ratio rather insensitive to PDFs (provided that the sea is flavor 

symmetric) 
• Agreement with measurement → flavor-independent light-quark sea (athigh scale x 

around 0.01) 

• Charge-dependent ratios (eg. W+/W- ) more sensitive to u/d differences 
• Discrepancies observed between PDF sets 



Differential cross sections 
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• Electron and muon measurements are consistent in all three channels 

 

• Datasets are combined taking into account the correlations for the 

systematics 



W charge asymmetry 
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NNLO comparisons 
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• Combined measurement of differential cross-sections are compared with NNLO 

predictions using NNLO PDFs 

• more deviations apparent than in W charge asymmetry 

• good potential to bring impact on PDFs, as there are some differences 

among the PDFs sets 



W  and Z cross sections 
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 



W+jets cross section 
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 



Z+jets cross sections 
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 



Dibosons in ATLAS 
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• Diboson production cross-sections are sensitive 

to the couplings at the triple gauge-boson vertices 

‣ Provide direct test of SM predictions 

‣ WW and WWZ vertices are predicted and have 

been measured 

‣ ZZ, Z Z, Z and ZZZ vertices are forbidden 

 

• The presence of new physics could: 

‣ Give anomalous Triple Gauge Couplings (aTGC) 

‣ Modify cross-sections and/or kinematic 

distributions 

 

•Di-Bosons are also a background to new physics 

searches 

‣ Higgs boson search 



Dibosons: W / Z  
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 



Dibosons: W / Z  
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 

• Statistical uncertainties are dominant 

• The measured cross-sections for exclusive (Njet = 0) production agree well 

with the NLO SM predictions both at low and high photon pT 

• At high pT, the measured inclusive (Njet ≥ 0) production cross-sections are 

higher than the NLO calculations 

‣ Calculations do not include multiple quark/gluon emission 



Dibosons: WW 
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 

• Good agreement with NLO SM total cross-section ~ 45.1 ± 2.8 pb 
‣ Measurement already dominated by systematic uncertainties when combining 

all three channels 

‣ Systematic uncertainty of ~8.4%, of which: ~6.7% on signal acceptance, and 

~5.1% on background estimation 



Dibosons: ZZ4leptons @ 8TeV 
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 

agreement with the 

NLO SM prediction: 

7.52 +0.39-0.34 pb 



Dibosons: ZZ Results comparisons 
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 



Anomalous Triple Gauge Coupling (aTGC) 
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The effective lagrangian for model independent triple gauge couplings 

depends on a number of parameters: 



aTGC limits from the ZZ channel 
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• Using 2011 ZZ cross section 

measurement. 

 

• The measurement is dominated by 

statistical uncertainty 

 

• No significant deviation w-r-t SM 

predictions is observed 

 

• ATLAS results are more stringent 

than the LEP and the Tevatron ones 



aTGC limits from the WW channel 
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• Maximum likelihood fit performed for events with pTlep > 120 GeV 

• No significant deviation wrt SM predictions is observed 

• ATLAS results are more restrictive than Tevatron ones 

higher sensitivity 

in high pT bins 



Top quark physics in ATLAS 
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• Precision test of theSM predictions 

• Establish the different channels separately 

• Cross-section |Vtb|
2 

• Test of the unitarity of the CKM-matrix 

• Rt= (t)/t) is sensitive to the u/d –quark PDF 

•Test of the b-quark PDF 

• Search for new physics BSM 

• LHC is a top quark factory 



Top quark production and decays 
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Top quark pair production with 2 leptons +jets 
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Top quark pair production in full hadronic mode 
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First measurement of ttbar + photon 
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Summary of ttbar cross section measurements 
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• measured accuracy < theoretical one 

• σtt is also measured in alternative channels (), showing SM is applicable at  

the LHC 

• additional features are explored (tt+jets) 



Top quark mass measurements 
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 t-channel cross section with 1 fb-1  
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 t-channel cross sections ratio with 5 fb-1 
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Wt channel cross section 
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150 signal events expected 

Relative uncertainty. 33%  

Evidence  for Wt production with an 

observed significance of 3.3  



Summary of part I  
• So many topics not covered 

– Soft QCD, heavy mesons physics, b-quark measurements, so W, Z, 

dibosons, jets… 

– Reminder, more data at 8TeV, many measurements are being redone in 

2012. Expect improvements, higher precisions, new channels… 

• Main conclusion 

– SM is always valid. EW and QCD predictions are holding through LHC 

measurements 
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