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Goals and motivation of the analysis

● Large cross-section of top quark pairs production allows 
detailed study of the differential cross sections

● Provide precise test of pQCD with a set of measurements 
that can be used to constrain various predictions, e.g.:

 →  Different generators (POWHEG, MC@NLO, MadGraph)

 →  Different tunes (POWHEG hdamp = mt , hdamp = ∞)

 →  Different QCD radiation models (IFSR)

 →  Different PDF sets (CT14nlo, NNPDF30nlo, MMHT2014nlo68cl, 
   CJ12, METAv10LHC, HERA20NLO)

● Top-quark pairs production is a leading background to 
many Higgs analyses and BSM searches
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Top reconstruction

• Wlep = (l± + ν) neutrino p
z 
from E

T

miss using M
W

PDG constraint from W → l ν decay
• Leptonic top = Wlep + closest b-jet
• Whad = non b-tagged jet pair with its invariant mass M

jj
 closest to M

W

PDG

• Hadronic top = Whad + the remaining b-jet     

The top reconstruction is identical at detector and particle levels with the exclusion of the 
neutrino that at particle level is taken from the truth info
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Event selection

● Same event selection is 
applied to the electron 
and muon channels 

● Good data/theory 
agreement

The uncertainties in the table 
contain statistical and 
systematic contributions added 
in quadrature

ATL-COM-PHYS-2015-792
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Control plots

● New variable Ytt

boost
 is defined as ½[ y

t,lep
 + y

t,had
 ]

 
● Overall fair agreement at detector level between data and theory
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Measurements

● Emphasis on top quark and tt 
pairs kinematics (transverse 
momentum, rapidity …)

● Fiducial phase space 
(“particle-level”) smaller 
extrapolation and uncertainties

● Full phase-space 
(“parton-level”) larger 
extrapolation also to regions 
not covered by the detector, 
allowing comparisons with 
NLO  and future differential 
NNLO calculations and 
combinations with CMS
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Differential Cross-sections

● The electron and muon channels are summed linearly before 
the Unfolding

● Iterative Bayesian unfolding (N
itr
= 4) is applied to correct for

selection efficiency and detector acceptance and resolution,
so that the resulting spectrum can be compared with theoretical
predictions
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Systematics uncertainties

Background modeling

Detector modeling
● Jet Energy Scale 
● Jet Energy Resolution 
● Flavor tagging efficiency
● Lepton Identification 
● ET

MISS
 

● Pileup 
● Luminosity

Signal modeling
● Matrix element
● I/FSR
● Parton shower
● PDF (CT10nlo)

● W+jets SF 
● Single top x-sec
● Z+jets x-sec 
● VV x-sec
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Results
• POWHEG+PY6 
CT10nlo h

damp
 = m

t
 

baseline sample

• POWHEG+PY8 
h

damp
 = m

t
 

newer parton shower

• MC@NLO+HW6 
Alternate NLO 
generator and 
parton shower

• MadGraph+PY6 
LO/Multileg 
generator, 
CMS default

• POWHEG+HW6 
7 TeV default, 
Alternate parton 
shower
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Normalized differential x-sec
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Normalized differential x-sec

Data tend to overestimate the prediction at high Ytt

boost
 range

Large
deviation
at high
|ytt| range
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Run II PDFs

MC@NLO generator (native CT10nlo PDF's) 
reweighted with Run II PDF's

Run II PDF sets enhance the
agreement in large-rapidity regions
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Conclusions

●This is an important measurement that allows a 
precise test of pQCD predictions, constraining 
MC generators, higher-orders calculations, and  
future NNLO differential predictions 

●It can contribute to future PDF fits, allowing 
better determination of PDFs

●Differential cross section as function of 
transverse momentum and rapidity of top quark 
and top quark pairs are not well described by all 
MC generators in the high p

T
 and y regions
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Backup

Slides
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τ leptons

● Particle level
Since only “final states” are taken in account, we actually 

don’t look at the decay chains of the parton tops. We just 
care about leptons, jets and E

T

miss in the fiducial phase 

space
 

●Parton level
We check the first step decay chain of the W. A top that 

decays in t →b W, if W→ τ ν is considered “leptonic” 
regardless the actual decay of the tau. So we have to 
correct for the dilepton contribution.
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Absolute or normalized spectra ?

Parton level Unfolding (Full Phase space)
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