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Outline   

  Introduction  

M. Aldaya 

  Description of analyses    

  Measurements:    

TOPLHCWG, 28.11.13 

•  Event selection 
•  Kinematic reconstruction 
•  Unfolding 

•  CMS (l+jets, dileptons) @ 7 TeV: Eur. Phys. J. C73 (2013) 2339  

•  CMS (l+jets, dileptons) @ 8 TeV: CMS-PAS TOP-12-027, CMS-PAS-TOP-12-028  

•  ATLAS (l+jets) @ 7 TeV: ATLAS-CONF-2013-099 

  First studies at generator level on definition of top quark    



•  Enhance sensitivity to New Physics  

•  Background for Higgs, rare processes  
  and many BSM searches 
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Why measure differentially?   

M. Aldaya TOPLHCWG, 28.11.13 

•  Precise tests of pQCD for top quark production in  
  different regions of the phase space    

•  Theory predictions and models need to be  
  tuned and tested with measurements  

  Precise understanding of top quark distributions is crucial: 

  LHC 2010 – 2012: 

Entered the era of precision 
measurements  

in top-quark-pair production  

[ Kidonakis, arXiv:1009.4935 ] 

•  Extract/use for PDF fits   

7 TeV: ~ 1 M tt pairs 
 

8 TeV: ~ 5.5 M tt pairs 
(each ATLAS & CMS) 
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General analysis strategy   

M. Aldaya 

Measure σ(tt) as a function of kinematic distributions of top, top pairs,  
b-jets, leptons, and lepton pairs 

Response 
matrix 

(1) Event selection (2) tt kinematic reconstruction (3) Bin-wise cross section    
      measurement 

•  Subtract background 

•  Unfolding: correct for  
  detector effects and  
  acceptance   

(4) Differential tt cross sections 
•  Normalised  to in-situ  
  measured σ(tt)   

•  ‘Visible’ or extrapolated to  
  full phase space   

•  Compare to theory predictions   

TOPLHCWG, 28.11.13 
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Event selection    

M. Aldaya TOPLHCWG, 28.11.13 

•  Exactly 1 isolated high-pT lepton (µ or e) 
 

•  CMS: pT > 30 GeV, |η| < 2.1 

•  ATLAS: pT > 25 GeV, |η| < 2.5 
 

 

•  Veto additional leptons 
 

•  ≥ 4 high-pT jets, ≥ 2 b-tagged jets 
 

•  CMS: pT > 30 GeV, |η| < 2.4 

•  ATLAS: pT > 25 GeV, |η| < 2.5 

•  Additionally: ATLAS: ET
miss > 30 GeV, mT

W > 35 GeV 

Lepton+jets: 

Dileptons: 
•  2 opp.-sign, high-pT isolated leptons (ee, µµ, µe) 

•  pT > 20 GeV, |η| < 2.4 

•  QCD veto: mll < 20 GeV (12 GeV for 7 TeV) 
 

•  ≥ 2 jets (pT > 30 GeV, |η| < 2.4), ≥ 1 b-tagged jets  
 

•  ee, µµ channels:  ET
miss > 40 GeV (30 GeV for 7 TeV),  

                                  |mll – mZ| > 15 GeV 

Kinematic reconstruction of the tt system 

Kinematic reconstruction of the tt system 

 e/µ+jets	



ee/µµ/eµ	


 dileptons	





   Kinematic distributions – l+jets (7 TeV, 5 bf-1)    

6 M. Aldaya TOPLHCWG, 28.11.13 

  Pure tt samples after 
   event selection: 

  Main backgrounds: 
 W+jets(*), tt(dilep),  
 single top, multijet(*) 
 
 
 

(*) data-driven normalisation 

~ 80% tt 

  Reference tt prediction: 
 Alpgen+Herwig  

e+jets: 
pT(1st bjet) 

µ+jets: 
mT

W 

µ+jets: 
pT(tt) 

pT(top) 

Hadronic top:  
slope observed in   
data for pT > 200 GeV  



  Kinematic distributions – l+jets (7 TeV, 5 fb-1)    

7 M. Aldaya TOPLHCWG, 28.11.13 

  Pure tt samples after 
   event selection: 

  Main backgrounds: 
 tt(other), single top, W+jets 
(all derived from MC) 

~ 90% tt 

  Reference tt prediction: 
 MadGraph+Pythia  

l+jets: 
y(tt) 

l+jets: 
N(jets) 

l+jets: 
pT(top) 

l+jets: 
pT(tt) 

Top pT spectrum tends to 
lower pT values in data 
than in simulation 



 Kinematic distributions – dileptons (7 TeV, 5 fb-1)    
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y(tt) 

pT(tt) 

N(bjets) 

  Pure tt samples after 
   event selection: 

  Main backgrounds: 
 tt(other), single top,  
Z+jets ( data-driven) 

~ 80% tt 

  Reference tt prediction: 
 MadGraph+Pythia  

pT(top) 

Top pT spectrum tends to 
lower pT values in data 
than in simulation 



l+jets: 
η(l) 

9 M. Aldaya TOPLHCWG, 28.11.13 

  Comparison to: 
•  MadGraph+Pythia  
•  MC@NLO+Herwig 
•  POWHEG+Pythia 

  ‘Visible’ phase space: 

Consistent with  
7 TeV results at CMS dileptons: 

m(ll) 

l+jets: 
pT(b-jet) 

  Results: leptons, b-jets @ CMS (8 TeV, 12 fb-1) 

dileptons: 
m(lb) 

•  l+jets:  
  lepton (jets) within 
   pT > 30 GeV, |η| < 2.1 (2.4) 
 

•  dileptons: 

  leptons (jets) within: 
  pT > 20 (30) GeV, |η| < 2.4 



    Results: ATLAS & CMS (7 TeV, l+jets) – y(tt)        
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  General good agreement  
   between data & simulation 

M. Aldaya TOPLHCWG, 28.11.13 

  Data better described by Alpgen+Herwig 

  MC@NLO+Herwig & Powheg+Herwig  
   show similar behaviour 

  
  ATLAS: Comparison to ALPGEN+Herwig,  
  MC@NLO+Herwig, POWHEG+Herwig 

  CMS: Comparison to MadGraph+Pythia,  
   MC@NLO+Herwig, POWHEG+Pythia,  
   POWHEG+Herwig 

  Similar behaviour for dileptons,   
  both at 7 and 8 TeV  



    Results: ATLAS & CMS (7 TeV, l+jets) – y(tt)        
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General good agreement  
between ATLAS & CMS 
results, within uncertainties 

M. Aldaya TOPLHCWG, 28.11.13 

  
  First attempt at direct data comparison: data/NLO prediction (MCFM) 



    Results: ATLAS & CMS (7 TeV, l+jets) – pT(tt)        
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  General good agreement between data & simulation, both for ATLAS & CMS 

M. Aldaya TOPLHCWG, 28.11.13 

  
  ATLAS: Comparison to ALPGEN+Herwig,  
  MC@NLO+Herwig, POWHEG+Herwig 

  CMS: Comparison to MadGraph+Pythia,  
   MC@NLO+Herwig, POWHEG+Pythia,  
   POWHEG+Herwig 

  CMS: Similar behaviour for dileptons, both at 7 and 8 TeV  



    Results: ATLAS & CMS (7 TeV, l+jets) – pT(tt)        
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Reasonable agreement  
between ATLAS & CMS data 

  First attempt at direct data comparison: data/NLO prediction (MCFM) 



    Results: ATLAS & CMS (7 TeV, l+jets) – m(tt)        
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  General good agreement between data & simulation,  
   both for ATLAS and CMS 

  NLO+NNLL: good agreement, within uncertainties, for  
  CMS; ATLAS data not well described 

M. Aldaya TOPLHCWG, 28.11.13 

  

  ATLAS: Comparison to ALPGEN+Herwig,  
  MC@NLO+Herwig, POWHEG+Herwig, NLO+NNLL  

  CMS: Comparison to MadGraph+Pythia , MC@NLO+Herwig,    
   POWHEG+Pythia, POWHEG+Herwig, NLO+NNLL 

  CMS: Similar for dileptons, both at 7 and 8 TeV  



    Results: ATLAS & CMS (7 TeV, l+jets) – m(tt)        
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General good agreement  
between ATLAS & CMS data 

  First attempt at direct data comparison: data/NLO prediction (MCFM) 

CMS: Better agreement with 
MCFM than ATLAS, within 
uncertainties 



 Results: ATLAS & CMS (7 TeV, l+jets) – pT(top)        
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- CMS: softer spectrum in data, best described by  
  Approx. NNLO 

  Powheg+Herwig describes ATLAS & CMS data  
  reasonably well over the full pT range 

  pT(top) < 200 GeV: disagreement btw ATLAS & CMS 

M. Aldaya TOPLHCWG, 28.11.13 

  CMS: Similar behaviour for dileptons, both at 7 & 8 TeV  

- ATLAS: disagreement with Approx. NNLO  



 Results: ATLAS & CMS (7 TeV, l+jets) – pT(top)        

17 M. Aldaya TOPLHCWG, 28.11.13 

- ATLAS result in agreement  
  with MCFM  

  First attempt at direct data comparison: data/NLO prediction (MCFM) 

 pT(top) < 200 GeV:  
- Disagreement between  
  ATLAS & CMS data 

- ATLAS & CMS in  
  disagreement with MCFM  

 pT(top) > 200 GeV:  
- Good agreement between  
  ATLAS & CMS data 



18 M. Aldaya 

  Comparison based on 7 TeV results in l+jets for pT(top), m(tt), pT(tt), y(tt) 

TOPLHCWG, 28.11.13 
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ATLAS & CMS to-do list (I)   

M. Aldaya Cross Sections Meeting, 21.11.13 
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ATLAS & CMS to-do list (II)   

First study:  
- Check definition of top parton after QCD radiation and before decay  
- Consistency of the MC samples at generator level used in the  
  ATLAS & CMS differential cross section analyses 

Suggestions for further checks are welcome !  
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MC tt samples: parameters & tunes (7 TeV)    

M. Aldaya 

•  Additional Powheg+Herwig sample: NLO PDF CTEQ6M, AUET2 Herwig 6 tune 

•  Additional Powheg+Herwig sample: NLO PDF CT10, AUET2 Herwig 6.5 tune 

Default samples 

TOPLHCWG, 28.11.13 

  



All CMS samples overview: pT(top)     

22 M. Aldaya TOPLHCWG, 28.11.13 

  Ratio wrt CMS Powheg+Pythia 

pT(top) 
  Low pT region mostly similar 

  Some differences for pT > 300 GeV   
   between Pythia (green, red)  
   and Herwig (pink, blue) 

  Different behaviour of  
   Powheg+Herwig, especially for 
   pT < 100 GeV 

  Similar behaviour in    
  ATLAS & CMS 

  Powheg+Herwig provides  
  reasonable description of the  
  data both for ATLAS and CMS 



  events produced with the same generator and parton shower/hadronization scheme  
  are compatible within the statistical uncertainty of the samples  

Consistent top quark definition in HERWIG- & PYTHIA-showered samples btw ATLAS & CMS: 

23 M. Aldaya TOPLHCWG, 28.11.13 

Pythia-showered:  
ratio wrt CMS Powheg+Pythia 

pT(top)  

Herwig-showered: 
ratio wrt CMS Powheg+Herwig 

pT(top)  

  Powheg+Herwig: different shape over the whole pT spectrum, both for ATLAS & CMS 

PYTHIA-SHOWERED samples vs. HERWIG-SHOWERED samples 



PYTHIA-SHOWERED samples vs. HERWIG-SHOWERED samples 
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Pythia-showered:  
ratio wrt CMS Powheg+Pythia 

y(tt)  

Herwig-showered: 
ratio wrt CMS Powheg+Herwig 

y(tt)  

  events produced with the same generator and parton shower/hadronization scheme  
  are compatible within the statistical uncertainty of the samples  

Consistent top quark definition in HERWIG- & PYTHIA-showered samples btw ATLAS & CMS: 

  MadGraph+Pythia (Alpgen+Herwig) more central than other Pythia- (Herwig-) showered samples 



POWHEG SAMPLES: Pythia vs. Herwig        

25 M. Aldaya TOPLHCWG, 28.11.13 

  Ratio wrt CMS Powheg+Herwig 

pT(top)  y(tt) 

Given a generator, the relative differences between PYTHIA & HERWIG are observed by both 
experiments with sizes that are consistent within the statistical uncertainties of the samples 

  Powheg+Herwig: different shape over the whole pT spectrum, both for ATLAS & CMS 



26 

Summary & outlook    

M. Aldaya TOPLHCWG, 28.11.13 

•  ATLAS and CMS have consistent definition of the top quark (top parton after radiation)   
•   Compatible behaviour in corresponding sample pairs: same differences  
   between generators and hadronisation schemes 

  First comparison between ATLAS & CMS 

•   Default generators (CMS MadGraph+Pythia, ATLAS Alpgen+Herwig) are similar,  
   consistent within statistical uncertainties 

  Powheg+Herwig describes pT(top) in data better, both for ATLAS & CMS 

  Question for theorists/MC experts:  
  What is the main difference to other generators where the pT(top) distribution is different ?    

  Next steps in ATLAS & CMS comparison:  

•  consistency of theory precictions, data/MC comparison,  
  further cross-checks on unfolding, etc    

  ATLAS & CMS tt differential cross sections 

•  Largely consistent with SM predictions   
•  Some tension between ATLAS & CMS at low pT(top) values 

 Collaboration between both experiments started to understand differences 
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Additional information   

M. Aldaya TOPLHCWG, 28.11.13 



28 

Summary of differential σ(tt) measurements   

M. Aldaya TOPLHCWG, 28.11.13 

  

7 and 8 TeV 7 TeV 



All CMS samples overview: pT(tt)     

29 M. Aldaya TOPLHCWG, 28.11.13 

  Ratio wrt CMS Powheg+Pythia 

pT(tt) 

  Different behaviour of  
   Powheg+Pythia for 
   pT > 200 GeV 

  Compatible ATLAS & CMS  
  behaviour in corresponding  
  sample pairs 
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•  Vary 4-momenta of leptons,  
   jets & neutrino within resolutions 

•  Constraints: 
•  mtop = mantitop  

•  mqq = mlν = mW = 80.4 GeV 
 

•  Limit permutations: consider  
  4/5 leading jets, use b-tag information 
•  Take 4-jet permutation with minimum χ2   

Kinematic reconstruction – l+jets   

CMS-PAS TOP-12-027 

 

•  ATLAS: maximum likelihood fit of the measured 
  objects to a LO representation of the tt decay  

L = transfer functions  Breit-Wigner distributions  Wbtag 
 

Experimental resolutions 
of each tt decay product 

Associate ET
miss, leptons, 

jets with W and (anti)top 
 

(m(anti)top = 172.5 GeV) 

b-tag  
information 

Leptonic top: reconstructed from fitted lepton, neutrino, b-parton 
Hadronic top: reconstructed from remaining 3 partons 

ATLAS-CONF-2013-099 

Kin reco 
requirement 

log( L ) 
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•  Underconstrained system (2 neutrinos) 

•  Constraints: 

•  mlν = mW = 80.4 GeV 
•  px,y(ν1) + px,y(ν2) = ETmiss

x,y 

•  mtop = mantitop = fixed 
 

•  Vary mtop in 1 GeV steps: 100 – 300 GeV 

•  Take solutions with most b-tagged jets 
 
 
 
 
 

•  Choose solution with best reconstructed    
  neutrino energy with respect to simulated    
  spectrum 

     Kinematic reconstruction – dileptons   



  Kinematic distributions – l+jets (8 TeV, 12 fb-1)    
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  Pure tt samples after 
   event selection: 

  Main backgrounds: 
 tt(other), single top, W+jets 

~ 80% tt 

  Reference tt prediction: 
 MadGraph+Pythia  

l+jets: 
y(top) 

l+jets: 
N(jets) 

l+jets: 
pT(top) 

l+jets: 
pT(tt) 

CMS-PAS TOP-12-027 

Top pT spectrum tends to 
lower pT values in data 
than in simulation 



 Kinematic distributions – dileptons (8 TeV, 12 fb-1)    
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pT(lead bjet) 

y(lead top) y(tt) 

N(bjets) 

  Pure tt samples after 
   event selection: 

  Main backgrounds: 
 tt(other), single top, Z+jets 

~ 80% tt 

  Reference tt prediction: 
 MadGraph+Pythia  

CMS-PAS TOP-12-028 
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Unfolding: correcting for detector effects & acceptances   

M. Aldaya TOPLHCWG, 28.11.13 

Event 
numbers 

Differential  
σ(tt) 

Response matrix Aij  

Binning 
Chosen to limit migration 
effects, quantify with: 
•  CMS: purity (pi) & stability (si): ≥ 0.4    

•  ATLAS: experimental resolution,  
  optimised to minimise uncertainty  
  on final result    

Regularisation 
•  Basic unfolding: simple 
inversion of response matrix Aij:      

Phase space (PS) 
Correct back to parton 
or particle level in full 
or visible phase space 
 

(variable dependent)   
CMS: also visible PS 

•  Regularisation used to  
  remove large statistical     
  fluctuations (SVD)     

All top and tt quantities are 
corrected to parton level after 

QCD radiation, in full PS 

ATLAS & CMS use different criteria to choose the regularisation parameter   
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  Systematics determined individually for each bin of the measurement   
  Normalized cross sections: only shape uncertainties contribute, correlated 
uncertainties cancel 

More info: 1/σ dσ/dX @ ATLAS – values (7 TeV)  

TOPLHCWG, 28.11.13 

  Main systematics: JES , signal generator, btagging, ISR/FSR for pT(tt) 



36 M. Aldaya 

More info: 1/σ dσ/dX @ CMS – values (7 TeV)  

TOPLHCWG, 28.11.13 
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  Determined individually for each bin of the measurement   
  Normalized cross sections: only shape uncertainties contribute, correlated 
uncertainties cancel 

Typical values per bin at 7 TeV  

Experimental 

Model 

More info: 1/σ dσ/dX @ CMS – syst (7 TeV)  

TOPLHCWG, 28.11.13 
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More info: 1/σ dσ/dX @ CMS – phase space  

TOPLHCWG, 28.11.13 



39 M. Aldaya 

More info: 1/σ dσ/dX @ CMS – unfolding  

TOPLHCWG, 28.11.13 


