
FPCP	  2015	  Poster	  session	  

The	  latest	  results	  on	  top	  quark	  pair	  cross-‐sec3on	  measurement	  	  
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Top quark 
Top quark is the heaviest elementary particle (173 GeV) in 
the Standard Model (SM). Since its mass is close to the 
electro-weak symmetry breaking scale, the top-quark 
production cross-section is sensitive to various new 
physics models. Additionally, since the top-antitop pairs 
are produced via the strong interaction, the measurement 
of the pair-production cross-section is useful to test 
perturbative QCD (pQCD) .  

Top	  quark	  pair	  decay	  modes	

Inclusive	  cross-‐sec3on	  measurement	  

The experimental uncertainty is small enough to provide the input to the 
pQCD calculations.  

24

 [GeV]t
T

p

Th
eo

ry
 / 

Da
ta

0.8
0.9

1
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8

Data
CT10NLO
MSTW2008NLO
NNPDF 2.3
HERAPDF 1.5

0 50 100 150 200 250 350 800

ATLAS
-1 Ldt = 4.6 fb∫

 = 7 TeVs

(a)

 [GeV]ttm

Th
eo

ry
 / 

Da
ta

0.8
0.9

1
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8

Data
CT10NLO
MSTW2008NLO
NNPDF 2.3
HERAPDF 1.5

250 450 550 700 960 2700

ATLAS
-1 Ldt = 4.6 fb∫

 = 7 TeVs

(b)

 [GeV]tt
T

p

Th
eo

ry
 / 

Da
ta

0.5

1

1.5

2

2.5
Data
CT10NLO
MSTW2008NLO
NNPDF 2.3
HERAPDF 1.5

0 40 170 340 1000

ATLAS
-1 Ldt = 4.6 fb∫

 = 7 TeVs

(c)

|
tt

|y

Th
eo

ry
 / 

Da
ta

0.8

0.9

1

1.1

1.2

1.3

1.4 Data
CT10NLO
MSTW2008NLO
NNPDF 2.3
HERAPDF 1.5

0.0 0.5 1.0 2.5

ATLAS
-1 Ldt = 4.6 fb∫

 = 7 TeVs

(d)

FIG. 11. (Color online) Ratios of the NLO QCD predictions [70] to the measured normalized differential cross-sections for
different PDF sets (CT10 [25], MSTW2008NLO [67], NNPDF2.3 [68] and HERAPDF1.5 [75]) (markers) for the (a) transverse
momentum of the hadronically decaying top-quark (ptT), and the (b) mass (mtt̄), the (c) transverse momentum (ptt̄T), and the
(d) absolute value of the rapidity (|ytt̄|) of the tt̄ system. The markers are offset in each bin and the bins are of equal size to
allow for better visibility. The gray bands indicate the total uncertainty on the data in each bin, while the error bars denote
the uncertainties in the predictions, which include the internal PDF set variations and also fixed scale uncertainties.

Analysis	  method	  
The top-quark pair is reconstructed with a 
kinematic likelihood fit. Top quark decay in a 
leading-order representation is assumed in the 
likelihood fit. Reconstructed variables are 
unfolded to correct for the detector response. e
+jets and µ+jets channels are individually 
unfolded and combined. The normalized cross-
section is obtained by dividing by the measured 
total cross-section in order to reduce systematic 
uncertainties.     
 The results are compared to the predictions of 
Monte Carlo MC generators and next-  
to-leading-order (NLO) QCD calculations.  
MC predictions agree with the data within the 
uncertainties in a wide kinematic region. 
However, the measured cross-sections are smaller 
than the predictions in high pT

t and mtt regions. 
The distributions show some preference for 
HERAPDF1.5 when used in conjunction with a 
fixed-order NLO QCD calculation. 

ATLAS-‐CONF-‐2014-‐057	

The measured cross-section is generally smaller than the prediction of NLO and LO + 
parton shower MC generators after normalization to NNLO+NNLL QCD calculations 
of the inclusive cross-section. The discrepancy is between the measurements and the 
predictions ranges from 30% to 70% in the highest-pT bin, depending on MC generators 
employed in the predictions. 

Analysis	  method	  
The differential cross-
section for pT of the top 
quark is measured for the 
hadronically decaying top 
quark with pT > 300 GeV. 
The jets from high-pT top 
quarks are collimated and 
therefore treated as a single 
jet with large radius.  
The pT distribution of the 
large-radius jet is unfolded 
to correct for the detector 
response. Both of the parton 
level and particle level 
cross-sections are measured. 
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pt
T [GeV] d�(tt̄)/dpt

T [fb/GeV] Stat. Unc. [%] Total Unc. [%]
300 - 350 61 ± 2.8 ± 23
350 - 400 28 ± 2.4 ± 22
400 - 450 13 ± 3.1 ± 27
450 - 500 6.2 ± 3.8 ± 28
500 - 550 3.1 ± 4.5 ± 29
550 - 650 1.2 ± 6.7 ± 31
650 - 750 0.37 ± 11 ± 35

750 - 1200 0.046 ± 14 ± 37

Table 4: Parton-level di↵erential cross-section, with statistical and total uncertainties, as a function of
the top quark pT decaying hadronically.
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Figure 6: Fiducial particle-level di↵erential cross-section as a function of the hadronic top-jet candidate
pT. Powheg+Pythia, Powheg+Herwig, MC@NLO+Herwig and Alpgen+Herwig predictions are com-
pared with the final results. MC samples are normalized to the NNLO+NNLL inclusive cross-section
�tt̄ = 253+13

�15 pb. Electroweak corrections are not applied to the Powheg+Pythia prediction. The lower
part of the figure shows the ratio between the MC prediction and the data. The shaded area include the
total statistical plus systematic uncertainties.
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Figure 7: Parton-level di↵erential cross-section as a function of the top quark pT decaying hadronically.
Powheg+Pythia, Powheg+Herwig, MC@NLO+Herwig and Alpgen+Herwig predictions are compared
with the final results. MC samples are normalized to the NNLO+NNLL inclusive cross-section �tt̄ =

253+13
�15 pb. Electroweak corrections are not applied to the Powheg+Pythia prediction. The lower part

of the figure shows the ratio between the MC prediction and the data. The shaded area include the total
statistical plus systematic uncertainties.
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(b) Detector to Parton

Figure 8: Relative uncertainties on d�tt̄/dpi
T,ptcl (a) and d�tt̄/dpi

T,parton (b). The category “Total” includes
all the uncertainties described in Sec. 7 and 9.4 and the main contributions are also shown separately.
The uncertainties are symmetrized such that only the positive components are shown here.
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Differen3al	  	  cross-‐sec3on	  measurement	  for	  boosted	  top	  quark	  using	  lepton	  +	  jets	  events	  at	  8	  TeV	  

�tt = 182.9± 3.1(stat)± 4.2(syst.)± 3.6(lumi)[pb](eµ, 7TeV)
�tt = 242.4± 1.7(stat)± 5.5(syst.)± 7.5(lumi)[pb](eµ, 8TeV)

Top quark decays into a b-
quark and a W-boson with 
a branching fraction of 
about 100%. Therefore, the 
final state of the top quark 
pair is categorized by the 
decays of two W-bosons.  
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FIG. 8. (Color online) Normalized differential cross-sections for the (a) transverse momentum of the hadronically decaying
top quark (ptT), and the (b) mass (mtt̄), (c) transverse momentum (ptt̄T) and the (d) absolute value of the rapidity (|ytt̄|) of
the tt̄ system. Generator predictions are shown as markers for Alpgen+Herwig (circles), MC@NLO+Herwig (squares),
Powheg+Herwig (triangles) and Powheg+Pythia (inverted triangles). The markers are offset within each bin to allow for
better visibility. The gray bands indicate the total uncertainty on the data in each bin. The lower part of each figure shows the
ratio of the generator predictions to data. For ptt̄T the Powheg+Pythia marker cannot be seen in the last bin of the ratio plot
because it falls beyond the axis range. The cross-section in each bin is given as the integral of the differential cross-section over
the bin width, divided by the bin width. The calculation of the cross-sections in the last bins includes events falling outside of
the bin edges, and the normalization is done within the quoted bin width. The bin ranges along the horizontal axis (and not
the position of the markers) can be associated with the normalized differential cross-section values along the vertical axis.
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