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Introduction

The Top physics is one of the main pillars of the physics program at the LHC.

The top quark is the heaviest particle of the SM (173.20 ± 0.51 (stat) ± 0.71 (syst) GeV,
CDF Conf. note 10976, D0 Conf note 6381) → Yukawa coupling to the Higgs field close to
1 → Most interesting object to test the SM.

Top mass: fundamental parameter of SM and BSM Physics!

Decay time of O(10−24 s) shorter than the hadronization time scale → a unique possibility
to study a “bare” quark free from hadronization effects.

The measurement of the ratio σtt̄bb̄/σtt̄jj is an important ingredient to understand if the
Higgs particle is compatible with the SM or not.

The measurement of the W helicity fraction as well as the measurement of the top anti-top
mass difference can also suggest the presence of new physics.
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Cross section measurements

Cross section measurements
I Dileptonic and Semileptonic channel. CMS-PAS-TOP-12-007, CMS-PAS-TOP-12-006,

CMS-PAS-TOP-12-011, ATLAS-CONF-2012-149
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tt̄ production cross section in the dilepton/semileptonic channel (
√
s = 8

TeV CMS)

e−µ−+jets channel
I Template fit to Mlb
I QCD background

shape from data
I Systematics:

b-tagging, jet energy
scale.

Dileptonic channel
I Cut based analysis
I High purity, High

statistics
I Systematics: lepton

ID, jet energy scale.

 Andreas B. Meyer                                                                         Top Quark Physics, Highlights from CMS                                                                          LC2013  28 May 2013                                                
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Total tt Cross Section at 8 TeV
Lepton (e/µ) + jets: tt̄ ! `⌫qq̄bb̄ @ 8 TeV

First measurement in the lepton + jets channel at 8 TeV!

CMS-PAS-TOP-12-006

Require 1 isolated high-pT µ/e, veto on
additional leptons, � 4 jets, and � 1
b-tagged jet

QCD multijet background shape and
normalization from data

Binned likelihood fit of the invariant mass
of the b-jet and the lepton (Mlb)

Cross-check: uses the mass of the
three-jet combination with the highest pT

�tt̄ = 228.4 ± 9.0(stat.) ±29.0
26.0 (syst.) ± 10.0(lumi.) pb, ��tt̄/�tt̄ ⇠ 14%

Main systematics: b-tagging e�ciencies ⇠ 8%, jet energy scale ⇠ 5%
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NEW
$

Dilepton (e, µ): tt̄ ! `⌫`⌫bb̄ @ 8 TeV

First measurement in the dilepton channel at 8 TeV!

CMS-PAS-TOP-12-007

Require 2 OS isolated and high-pT
leptons, veto Z-mass region for ee &
µµ, � 2 jets, minimum Emiss

T , � 1
b-tagged jet

DY and non-W/Z lepton backgrounds
estimated from data

Cut-based analysis performed in three
categories ee, eµ, µµ; combined using
BLUE

Very clean sample after the di↵erent
selection steps
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�tt̄(@8TeV)

�tt̄(@7TeV)
= 1.41 ± 0.11

�tt̄ = 226.8 ± 3.1(stat.) ± 10.7(syst.) ± 10.0(lumi.) pb, ��tt̄/�tt̄ ⇠ 6.6%

Main systematics: lepton e�ciencies ⇠ 2%, jet energy scale ⇠ 3%
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DESY Hamburg

LHC at 8 TeV
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Dilepton (e, µ): tt̄ ! `⌫`⌫bb̄ @ 8 TeV

First measurement in the dilepton channel at 8 TeV!

CMS-PAS-TOP-12-007

Require 2 OS isolated and high-pT
leptons, veto Z-mass region for ee &
µµ, � 2 jets, minimum Emiss

T , � 1
b-tagged jet

DY and non-W/Z lepton backgrounds
estimated from data

Cut-based analysis performed in three
categories ee, eµ, µµ; combined using
BLUE

Very clean sample after the di↵erent
selection steps
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$   and at 8 TeV 

22/08/2012 Frank-Peter Schilling  -  Top Physics at LHC 5 

CMS measurements using first part of 2012 data 
Both di-lepton and lepton+jets channels 

Good agreement with theory observed (looking fwd to full NNLO) 

CMS PAS TOP-12-006 
CMS PAS TOP-12-007 

Lepton (e/µ) + jets: tt̄ ! `⌫qq̄bb̄ @ 8 TeV

First measurement in the lepton + jets channel at 8 TeV!

CMS-PAS-TOP-12-006

Require 1 isolated high-pT µ/e, veto on
additional leptons, � 4 jets, and � 1
b-tagged jet

QCD multijet background shape and
normalization from data

Binned likelihood fit of the invariant mass
of the b-jet and the lepton (Mlb)

Cross-check: uses the mass of the
three-jet combination with the highest pT

�tt̄ = 228.4 ± 9.0(stat.) ±29.0
26.0 (syst.) ± 10.0(lumi.) pb, ��tt̄/�tt̄ ⇠ 14%

Main systematics: b-tagging e�ciencies ⇠ 8%, jet energy scale ⇠ 5%
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 ̄ = 228.4 ± 9.0(stat.) ±29.0 (syst.) ± 10.0(lumi.) pb,  ̄/ ̄ ⇠ 14% tt 26.0 

Main systematics: b-tagging e⇠ 8%, jet energy scale ⇠ 5%

QCD multijet background shape and normalization from data
Binned likelihood fit of the invariant mass of the b-jet and the lepton (Mlb)

t ̄t = 226.8 ± 3.1(stat.) ± 10.7(syst.) ± 10.0(lumi.) pb, t ̄t/t ̄t ⇠ 6.6%
Main systematics: lepton e⇠ 2%, jet energy scale ⇠ 3%

DY and non-W/Z lepton backgrounds estimated from data
Cut-based analysis performed in three categories ee, eμ, μμ; combined using BLUE

�tt̄(8 TeV)

�tt̄(7 TeV)
= 1.41 ± 0.11

Rise with energy 

22/08/2012 Frank-Peter Schilling  -  Top Physics at LHC 6 

Authors Cross section at 8 TeV 
[pb] (+-scale +-PDF) 

Details 

Moch et al. 
(arXiv:1203.6282) 

250 +14-18 +6-6 MSTW 68%CL , 
m_t=173 GeV 

Moch et al. 203 +11-15 +9-9 ABM11 68%CL 

Cacciari et al. 
(arXiv:1111.5869) 

229 +18-20 +6-6 M_t=173.3 GeV, 
MSTW 68%CL 

Kidonakis 
(arXiv:1205.3453) 

234 +10-7 +12-12 MSTW 90%CL 

Ahrens et al. 
(arXiv:1105.5824) 

225 +12-12 +11-12 MSTW 90%CL, 
mt=173.1 GeV 

• R(8 TeV / 7 TeV) = 1.41 +/- 0.10 
exp. unc. uncorrelated 
(pessimistic) 

• Plan also double ratios e.g. tt/Z(8) 
/ tt/Z (7) – sensitive to new 
physics (see e.g. Mangano, Rojo) 

Cross section rise  
with energy confirmed 

M(lepton-bjet)

N(bjet)

�e/µ+jets channel

�Template fit to Mlb

�QCD bg shape from data

�Systematics: 

�b-tagging

� jet-energy scale

�dilepton channel

�Cut-and-count

�High purity, high statistics

�Systematics: 

� lepton-ID

� jet-energy scale
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tt̄ production cross section in the semileptonic channel (
√
s = 8 TeV

ATLAS)

Number of singal events obtained from data with a likelihood discriminant template fit.
(Likelihood function obtained from projective likelihood method defined in the TMVA)

Multijet bkg: matrix method form µ + jets channel, Jet-electron method (using simulated
di-jet sample) for e+jets channel.

Systematics: Jet and MET reconstruction, MC modeling of the signal.

Result: σtt̄= 241 ± 2 (stat.) ± 31 (syst.) ± 9 (lumi.) pb.
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Figure 1: Fit to the likelihood discriminant distribution D(ηl, A
′) in data in the e+jets (a) and µ+jets (b)

channels. The hatched bands display the combined expected statistical and systematic uncertainty.

after the fit is shown in Fig. 2. Figures 3 and 4 show distributions of basic kinematic quantities after the

fit in both channels.

The tt̄ production cross section is calculated as

σtt =
Ntt̄

L × BR × εsig , (4)

where L is the integrated luminosity, BR is the combined branching ratio for dileptonic and semileptonic
tt̄ decays, and εsig is the product of the signal acceptance and efficiency calculated on a tt̄ sample without

fully-hadronic decays.

The fitted numbers Ntt̄ of tt̄ events and the corresponding cross sections are shown in Table 2. The

quoted statistical uncertainties are evaluated from the fit. The fitted W+jets scale factors pWj are found

to be 0.54±0.05 (stat.) in the e+jets channel and 0.73±0.04 (stat.) in the µ+jets channel. The correlation
coefficent between the tt̄ and W+jets fractions is found to be −0.7 for both channels.

7 Systematic uncertainties

The systematic uncertainties relevant to this analysis fall into several categories. The instrumental sys-

tematic uncertainties are related to the reconstruction of jets and Emiss
T
(jet energy scale, jet energy res-

olution, jet reconstruction efficiency, soft jet related uncertainties in Emiss
T
calculations), and leptons
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′) in data in the e+jets (a) and µ+jets (b)

channels. The hatched bands display the combined expected statistical and systematic uncertainty.

after the fit is shown in Fig. 2. Figures 3 and 4 show distributions of basic kinematic quantities after the

fit in both channels.

The tt̄ production cross section is calculated as

σtt =
Ntt̄

L × BR × εsig , (4)

where L is the integrated luminosity, BR is the combined branching ratio for dileptonic and semileptonic
tt̄ decays, and εsig is the product of the signal acceptance and efficiency calculated on a tt̄ sample without

fully-hadronic decays.

The fitted numbers Ntt̄ of tt̄ events and the corresponding cross sections are shown in Table 2. The

quoted statistical uncertainties are evaluated from the fit. The fitted W+jets scale factors pWj are found

to be 0.54±0.05 (stat.) in the e+jets channel and 0.73±0.04 (stat.) in the µ+jets channel. The correlation
coefficent between the tt̄ and W+jets fractions is found to be −0.7 for both channels.

7 Systematic uncertainties

The systematic uncertainties relevant to this analysis fall into several categories. The instrumental sys-

tematic uncertainties are related to the reconstruction of jets and Emiss
T
(jet energy scale, jet energy res-

olution, jet reconstruction efficiency, soft jet related uncertainties in Emiss
T
calculations), and leptons
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default

Cross section measurements

Cross section measurement
I Dileptonic and Semileptonic channel. CMS-PAS-TOP-12-007, CMS-PAS-TOP-12-006,

ATLAS-CONF-2012-149
I Single-top t-channel. CMS-PAS-TOP-12-011, ATLAS-CONF-2012-132
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default

Measurement of single-top t-channel cross section (CMS)

single-top production mechanisms

Top Production at LHC

 The LHC is a top factory!
 Top pair production: 67% by gluon gluon fusion at 7TeV. 

  σ
tt
 = (164 ± 10) pb at 7 TeV (NNLO), 20 times higher than Tevatron! 

    Kidonakis, PRD 82 (2010) 114030 Langenfeld, Moch, Uwer, PRD80 (2009) 054009 

Vtb~1

Single Top production: EWK production via three main contribution

σ(7 TeV)~64 pb σ(7 TeV)~4.6 pb σ(7 TeV)~15.6 pb

allows a direct
measurement of the Vtb coupling

di-leptonic channel (e/μ/tau) :
BR= 9% but clear signature
semi-leptonic channel :
BR= 45%
More events but higher 
W+jets and QCD bkg
hadronic channel :
46% of total, 
high multi-jet background.

The t-channel single-top process is expected to be the dominant one with a
σth
t = 87.2+2.1

−0.7(scale)+1.5
−1.7(PDF )pb at 8 TeV (for a mt = 173 GeV/c2).

Probe for new physics (FCNC).

CMS analysis at 8 TeV

Leptonic channel.

Signal extraction:
maximum likelihood fit
to the |ηj | distribution.

Main bkg: from data in
CRs.

8 5 Systematic Uncertainties
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Figure 4: Distribution of m`nb requiring |hj0 | > 2.0, obtained by normalising each process yield
to the value from the fit. Because of limited simulated data, the background distribution is
smoothed through a simple spline curve.
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(b)

Figure 5: Distinct single-top quark t-channel features in the SR. (a) Charge of the muon nor-
malised to the fit result requiring |hj0 | > 2.0. The observed charge asymmetry reflects the
different production cross sections of single-top quark and anti top quark at the LHC. (b) Dis-
tribution of cos q⇤ normalised to the fit result requiring |hj0 | > 2.0. cos q⇤ is defined as the cosine
of the angle between the lepton and the non-b-tagged jet in the reconstructed top quark rest
frame. Because of limited simulated data, the background distribution is smoothed through a
simple spline curve.

• Jet energy scale (JES): all reconstructed jet four-momenta in simulated events were
simultaneously varied according to the h and pT-dependent uncertainties on the jet

Mlbν distribution applying
|ηj | > 2.0

σt−ch
t = 80.1± 5.7(stat)±

11.0(syst)± 4.0(lumi)pb.
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default

Measurement of single-top t-channel cross section (ATLAS)

Leptonic channel.

Multivariate analysis

Signal extraction: maximum likelihood fit to the NNoutput distribution.

Two separate analyses: 2 or 3 jets.

Signal region: 1 b-tagged jet

Control region: no b-tagged jets

Systematics: JES, b-tagging, ISR/FSR.

resulting NN output distributions for the signal and the two largest backgrounds are shown in Figures 7(a)
and (b). The data distributions are compared to the prediction in the control regions in Figures 8(a) and
(b).
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Figure 7: Distributions of the NN output in the two-jet and three-jet samples. The distributions for signal
and the two most important backgrounds normalised to unit area are shown in (a) for the two-jet samples
and (b) for the three-jet samples.
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Figure 8: Distributions of the neural network output. The result of the application of the NNs to the
control region is shown in (a) for the two-jet sample and in (b) for the three-jet samples. Here the
overall MC model expectation is scaled to the number of observed data events, respecting the relative
normalisation between the different processes. The bottom panels show the relative difference between
observed data and expectation. The blue shaded band reflects the uncertainty from the limited MC
statistics and the uncertainty on the QCD multijet normalisation.
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σtt̄ = 95± 2(stat.)± 18(syst.)pb
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default

Cross section measurements

Cross section measurements
I Dileptonic and Semileptonic channel. CMS-PAS-TOP-12-007, CMS-PAS-TOP-12-006,

ATLAS-CONF-2012-149
I Single-top t-channel. CMS-PAS-TOP-12-011, ATLAS-CONF-2012-132
I Measurement of Vector Boson Production associated with tt̄ pairs at 7 TeV. Phys. Rev. Lett. 110

(2013) 172002
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default

Measurement of Vector Boson Production associated with tt̄ pairs

Key ingredient to test the SM validity. First measurement of ttZ coupling.

Trilepton: tt̄ + Z events

contribution from events containing a SM Higgs boson,
assuming a mass of 125 GeV, as suggested by recent
findings [18,19], has been estimated and found negligible
for the trilepton channel.

The total systematic uncertainty is evaluated by assess-
ing the relative change in signal efficiency and background
yield in the simulation when varying relevant parameters
by 1 standard deviation. The sources of systematic uncer-
tainty include experimental uncertainties such as the
background estimate, lepton reconstruction and trigger
efficiencies, jet energy scale and resolution, b-tagging
efficiency, pileup modeling, and the integrated luminosity.
Model uncertainties arising from scale variations of the
matrix-element or parton-shower matching scale and the
hard-scattering scale Q2 are also included. The dominant
uncertainty comes from the background estimate and
amounts to 27% of the background yield; this includes the
statistical uncertainty on the number of simulated events
and the uncertainty on the background scale factors deter-
mined from the data all added in quadrature. All other
uncertainties are less than 5%. The signal efficiencies are
determined from MC simulations using MADGRAPH. In
order to account for any difference due to the NLO predic-
tions, signal efficiencies are also calculated using the
POWHEGBOX [20–22] generator. The two simulations differ
in their predictions of the signal efficiencies by 13%, and
this value is taken as a systematic uncertainty. Systematic
uncertainties that affect both signal and background yields
are assumed to be fully correlated. The total systematic
uncertainty on the measured cross section is 15%.

The event yields after applying the full event selection
are shown in Fig. 2. Nine events are observed, compared to
a background expectation of 3:2! 0:8 events. From the
combination of the four decay channels, the presence of a
t!tZ signal is established with a combined significance
of 3.3 standard deviations, corresponding to a p value of
4" 10#4, as obtained with an asymptotic profile likeli-
hood estimator [23]. The cross section is extracted through
a simultaneous measurement performed in the four decay
channels, and is measured to be

!t!tZ ¼ 0:28þ0:14
#0:11 ðstatÞþ0:06

#0:03 ðsystÞ pb:
The measured cross section is found to be compatible,
within uncertainties, with the NLO prediction of
0:137þ0:012

#0:016 pb [4]. A comparison of the observed and
predicted distributions for several kinematic variables is
available in the Supplemental Material [24].

The same-sign dilepton analysis searches for events with
the following decay chains:

pp ! t!tW ! ðt ! b‘!"Þðt ! bjjÞðW ! ‘!"Þ;
pp ! t!tZ ! ðt ! b‘!"Þðt ! bjjÞðZ ! ‘!‘(Þ

ðwith ‘ ¼ e or#Þ:
The final set of selection criteria for the dilepton channel

requires the presence of two same-sign leptons, one with

pT > 55 and the other with pT > 30 GeV, and a dilepton
invariant mass greater than 8 GeV, at least three jets with
pT > 20 GeV of which at least one is b-tagged by the
medium operating point, andHT > 100 GeV. These selec-
tion requirements have been chosen by optimizing the
expected significance of the signal excess. To make this
data sample statistically independent of the data selected
for the trilepton channel, events passing the trilepton selec-
tion are removed.
The benefit of searching for same-sign dilepton events is

that SM processes containing two prompt same-sign lep-
tons in the final state have very small cross sections. The
background processes considered here include diboson
production (WZ, ZZ, W$, Z$, W!W!), tbZ, triboson
production, and production of vector-boson pairs from
double-parton scattering. Yields from these processes are
taken directly from the simulation and scaled to NLO
predictions whenever available.
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Same-sign dilepton: tt̄ + V events
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a background expectation of 3:2! 0:8 events. From the
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requires the presence of two same-sign leptons, one with

pT > 55 and the other with pT > 30 GeV, and a dilepton
invariant mass greater than 8 GeV, at least three jets with
pT > 20 GeV of which at least one is b-tagged by the
medium operating point, andHT > 100 GeV. These selec-
tion requirements have been chosen by optimizing the
expected significance of the signal excess. To make this
data sample statistically independent of the data selected
for the trilepton channel, events passing the trilepton selec-
tion are removed.
The benefit of searching for same-sign dilepton events is

that SM processes containing two prompt same-sign lep-
tons in the final state have very small cross sections. The
background processes considered here include diboson
production (WZ, ZZ, W$, Z$, W!W!), tbZ, triboson
production, and production of vector-boson pairs from
double-parton scattering. Yields from these processes are
taken directly from the simulation and scaled to NLO
predictions whenever available.
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Figure 3: Measurements of the tt̄Z and tt̄V production cross sections, in the same-sign dilep-
ton (left) and trilepton channel (right), respectively. The measurements are compared to the
NLO calculations (horizontal black lines) and their uncertainty (grey bands). Internal error
bars for the measurements represent the statistical component of the uncertainty.
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default

Cross section measurements

Cross section measurements
I Dileptonic and Semileptonic channel. CMS-PAS-TOP-12-007, CMS-PAS-TOP-12-006,

ATLAS-CONF-2012-149
I Single-top t-channel. CMS-PAS-TOP-12-011, ATLAS-CONF-2012-132
I Measurement of Vector Boson Production associated with tt̄ pairs at 7 TeV. CERN preprint:

CERN-PH-EP-2013-033
I Measurement of the cross section ratio σtt̄bb̄/σtt̄jj . CMS-PAS-TOP-12-024
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default

Measurement of the cross section ratio R=σtt̄bb̄/σtt̄jj

Motivations

tt̄H is one of the most promising channels for the direct measurement of the top quark
Yukawa coupling with the H boson.

If the new observed particle is the SM Higgs boson → it decays mainly into bb̄ in the final
state.

Because of the irreducible non-resonant background from the production of tt̄ pair in
association with bb̄, the tt̄bb̄ final state has not yet been observed.

For the first time we measured the cross section ratio σtt̄bb̄/σtt̄jj .

Analysis

tt̄ decaying dileptonically.

Fit to b-tagging jet-multiplicity to
extract signal from bkg.

Systematics: fake b-fraction

σtt̄bb̄/σtt̄jj =
3.6± 1.1(stat)± 0.9(syst)%.

MC predictions: 1.2%
MADGRAPH, 1.3% POWHEG
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Figure 4: Distribution of the b-tagged jet multiplicity using the ”medium” and ”tight” working
point of the b-tagging algorithm (CSVM and CSVT) for data and simulated samples of tt̄bb̄ and
tt̄cc̄+tt̄LF events, where the normalizations of the latter were obtained from the fit to the data,
as described in the text.

7 Correction to Particle Level
The ratio R which is determined by the fitting procedure discussed in the previous section is
defined at the reconstruction level. In order to be able to compare with theory predictions or
with other experiments, a correction factor to the particle level definition of the cross section
ratio within the visible phase space (see Section 2) needs to be applied. The acceptance and
efficiency ratio of tt̄jj and tt̄bb̄ should be applied to the measured ratio at reconstruction level.
Since the ratio is already defined in terms of the visible phase space, no acceptance correction
is needed, and the correction to the particle level only needs to consider the ratio of selection
efficiencies for tt̄jj and tt̄bb̄ events. The efficiency ett̄jj is defined as the number of reconstructed
tt̄jj events divided by the number of tt̄jj events at the particle level, both defined in the visible
phase space. Similarly, the efficiency ett̄bb̄ is defined. The definitions of tt̄jj and tt̄bb̄ events are
described in Section 2. The efficiency and the efficiency ratio for each selection step are shown
in the Table 3. As shown in the table, the correction factor after the final selection (S5) is found
to be 0.46 and 0.37 for CSVM and CSVT selection, respectively. The correction factor is applied
to the fraction, R at the reconstruction level in the following way:

s(tt̄bb̄)/s(tt̄jj) = R ⇥ ett̄jj/ett̄bb̄ (4)

8 Estimation of Systematic Uncertainties
Normalization uncertainties, as the one related to the measurement of the luminosity, are ex-
pected to cancel in the ratio. The lepton efficiency scale factor is very close to unity, and also
its variation as a function of kinematics would not affect the measured b-tagged jet multiplicity
distribution. Since the kinematic distributions of jets in tt̄jj and tt̄bb̄ are similar, the jet en-
ergy scale uncertainty is expected to be relatively small in the measurement of the ratio. The
main residual source of systematic uncertainty is expected to arise from the knowledge of the
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Top quark Properties

Top quark Properties
I W polarization
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default

W Polarization

θ∗ disribution (angle between the p(lepton) in W rest frame and p(W).)

Test V-A structure of tWb-vertex, possible BSM contribution modify elicity fractions: F0,
FL, FR .

Combined results ATLAS+CMS using 2010 and 2011 data
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W polarization with 2012 data at 8 TeV (CMS)

Dilepton channel
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W Polarization
�θ* distribution (angle between the p(fermion) in W rest-frame and p(W))

�Test V-A structure of tWb-vertex, possible BSM contributions modify helicity fractions FL, FR, F0

24

5

Ev
en

ts

0

100

200

300

400

500

600 tt
diboson
single top
DY+Jets
Data

 =7TeVs at -1CMS Preliminary, 4.6 fb

T
Top p

0 50 100 150 200 250 300 350 400 450 5000.5

1

1.5

Ev
en

ts

0
200

400

600
800

1000

1200
1400

1600

1800
2000

tt
diboson
single top
DY+Jets
Data

 =7TeVs at -1CMS Preliminary, 4.6 fb

ηTop 
-5 -4 -3 -2 -1 0 1 2 3 4 50.5

1

1.5

Figure 3: Distributions of (left) pT and (right) h of the reconstructed top quark in the positive
branch of top pair events, t ! W+b ! l+nb. The ratio between data and simulation is shown
at the bottom of the distributions.
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Figure 4: Data-Simulation comparison for the cosq⇤ distribution with systematic uncertainities.
A complete discussion about the systematical uncertainities can be found in Section 6. The ratio
between data and simulation is shown at the bottom of the distribution.

W-helicity fraction in single-top topology
• First measurement of W-helicity fractions in single-top
• A reweighting method employed in a binned likelihood

fit using cos(θ*) variable
• Simultaneous measurement of W+jets and W-helicities

• Signal is every process involves top quark μ+jets
• No bias from top-pair events

• top-pairs in dilepton channel are fitted, too
• Mutual effect between the two tops are considered

• W boson is reconstructed using W-mass constrained solutions for pz,ν
• Results at & and 8 TeV are

combined by combining 
the two likelihoods

• Correlations in systematic 
uncertainties are taken 
into account

Only t-channel with highest rate
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Figure 5: The cos(q⇤) distribution, from where the W helicity fractions are obtained. Simulated
samples are normalized according to the luminosity. The tt sample is additionally scaled by a
factor of about 10%.

FL, F0, FR is obtained by reweighting each MC event by the weight W(cos q⇤gen;~F):

W(cos q⇤gen;~F) ⌘
r(cos q⇤gen)

rSM(cos q⇤gen)
=

3
8

FL(1 � cos q⇤gen)
2 +

3
4

F0 sin2 q⇤gen +
3
8

FR(1 + cos q⇤gen)
2

3
8

FSM
L (1 � cos q⇤gen)

2 +
3
4

FSM
0 sin2 q⇤gen +

3
8

FSM
R (1 + cos q⇤gen)

2

(7)
where FSM

L , FSM
0 , FSM

R are the SM fractions that are present in the reference MC. The new distri-
bution takes automatically into account, by construction, all resolution and acceptance effects
predicted by the simulation.

The final fit to extract the measured polarization fractions is performed by implementing the
reweighting procedure in a minimization program. A Poisson likelihood function L(~F) is built,

L(~F) = ’
bin i

NMC(i;~F) Ndata(i)

(Ndata(i))!
exp (�NMC(i;~F)), (8)

using the number of observed Ndata(i) and expected NMC(i,~F) events in each cos(q⇤rec) bin i.
The number of expected events is given by:

NMC(i,~F) = NBKG(i) + Ntt(i;~F) (9)

Ntt(i;~F) = Ftt

"
Â

tt events, bin i

W(cos q⇤gen;~F)

#
(10)

NBKG(i) = NW+jets(i) + NDrell�Yan+jets(i) + NQCD(i) + NSingle�Top(i) (11)

Note also the presence of an overall normalization parameter for the tt component, Ftt, which
is not sensitive to the polarization fractions but absorbs a large fraction of the experimental
and theoretical systematic uncertainties on the predicted rates. Uncertainties on the normal-
ization of backgrounds are considered as a separate source of systematics. The final measured
fractions are the ones that maximize the likelihood function above. Special care must be taken
in reweighting methods to ensure that the statistical uncertainties on the MC prediction for
each bin are substantially smaller than the corresponding ones in data, taking also into account
degradations due to the presence of weights. This is certainly the case in the present analysis,

TOP-11-020
dilepton 7 TeV (4.6 fb-1)l+jets 7 TeV (2.2 fb-1) single top topologies 7 and 8 TeV

12 7 Results

Table 7: BLUE coefficients of each measurement for the overall combination.
Coefficient [%]

Measurement wF0 wFL
F0 ATLAS 2010 (single lepton) 12.4 7.2
FL ATLAS 2010 (single lepton) 19.4 11.4
F0 ATLAS 2011 (single lepton) 39.7 - 8.5
FL ATLAS 2011 (single lepton) -15.5 35.2
F0 ATLAS 2011 (dilepton) 13.2 2.7
FL ATLAS 2011 (dilepton) 5.2 15.0
F0 CMS 2011 (single lepton) 34.7 - 1.4
FL CMS 2011 (single lepton) - 9.1 38.4

Total weight: 100.0 100.0

W boson helicity fractions
-1 -0.5 0 0.5 1

ATLAS and CMS preliminary
-1 - 2.2 fb-1=35 pbint = 7 TeV, Ls RF LF 0F

ATLAS 2011 (dilepton)
CMS 2011 (single muon)

ATLAS 2010 (single lepton)
ATLAS 2011 (single lepton)

LHC combination

NNLO QCD
Combination

)0/FL/FRData (F

Figure 1: Overview of the four measurements included in the combination as well as the re-
sults of the combination. The inner and outer error bars correspond to the statistical and the
total uncertainty, respectively. The green solid line indicates the predictions of NNLO QCD
calculations [1].

unity. Also shown are the helicity fractions predicted by NNLO QCD calculations including
the theoretical uncertainty.

7.1 Stability tests

The stability of the results against the hypotheses assumed for the correlations between ATLAS
and CMS measurements, rLHC defined in Section 5, is verified in the following way:

• Firstly, the correlation values for the systematic uncertainties which were assumed to
be either partially or fully correlated (rLHC(F0, F0) = rLHC(FL, FL) = �rLHC(F0, FL) =
0.5 or +1, respectively) were varied in steps of 0.1 between 0 and 1, while all the other
correlations were kept as described in Section 5. The partially correlated systematic
uncertainty treated in this way is that for radiation, while the fully correlated sys-
tematic uncertainties are those for the top quark mass, PDF, and background esti-
mated from simulation (W+jets and ”others”). The variations were applied to one

TOP-12-025

9

Systematic Source ±DFL ±DF0

Top QScale 0.027 0.051
Top Mass 0.016 0.003

WZ QScale 0.013 0.026
DY normalization 0.009 0.014
W normalization 0.000 0.002

SingleTopTW normalization 0.002 0.008
JES 0.010 0.006

Pile-up 0.014 0.017
PDF 0.004 0.005
Total 0.040 0.063

Table 2: Summary of the systematic uncertainties for combined channels.

7 Results and conclusions
The measured polarization of the W bosons in the dileptonic tt̄ channel are presented, based
on proton-proton collisions at a centre-of-mass energy of

p
s = 7.0 TeV with the CMS detector

using total integrated luminosity of 4.6 fb�1.

The obtained helicity fractions are:

FL = 0.288 ± 0.035(stat) ± 0.040(syst)
F0 = 0.698 ± 0.057(stat) ± 0.063(syst)

with a correlation factor between F0 and FL to be -0.93 and

FR = 0.014 ± 0.027(stat) ± 0.042(syst)

from the constraint FL + F0 + FR = 1.

This result is in good agreement with the SM predictions and is also consistent with other
measurement performed by different experiments at the LHC and the Tevatron [5, 16, 22].
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WZ QScale 0.013 0.026
DY normalization 0.009 0.014
W normalization 0.000 0.002

SingleTopTW normalization 0.002 0.008
JES 0.010 0.006

Pile-up 0.014 0.017
PDF 0.004 0.005
Total 0.040 0.063

Table 2: Summary of the systematic uncertainties for combined channels.

7 Results and conclusions
The measured polarization of the W bosons in the dileptonic tt̄ channel are presented, based
on proton-proton collisions at a centre-of-mass energy of

p
s = 7.0 TeV with the CMS detector

using total integrated luminosity of 4.6 fb�1.

The obtained helicity fractions are:

FL = 0.288 ± 0.035(stat) ± 0.040(syst)
F0 = 0.698 ± 0.057(stat) ± 0.063(syst)

with a correlation factor between F0 and FL to be -0.93 and

FR = 0.014 ± 0.027(stat) ± 0.042(syst)

from the constraint FL + F0 + FR = 1.

This result is in good agreement with the SM predictions and is also consistent with other
measurement performed by different experiments at the LHC and the Tevatron [5, 16, 22].
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energies. Although uncertainties related to b-jet identification are obtained from data samples,
they involve some theory assumptions. The same argument holds to extract the pileup distri-
bution in data. Hence for these source of uncertainty, we vary the correlation between the two
experiments from zero to 100% and we conservatively take the maximum uncertainty in this
range. The combination of the two measurements finally leads to

Systematic source DFL DF0

JES 0.007 0.007
JER 0.011 0.003

unclustered energy 0.018 0.010
pileup 0.002 0.002

b-flavored scale factor 0.003 0.001
non-b-flavored scale factor 0.001 0.002

single-top generator 0.005 0.009
Q2 scale 0.006 0.008

mtop 0.001 0.001
PDF 0.003 0.003

tt̄ normalization 0.003 0.002
QCD shape 0.003 0.003

W+jets shape 0.012 0.011
integrated luminosity 0.010 0.010

SM W-helicity reference 0.002 0.001
total systematic uncertainty 0.030 0.023

Table 3: Summary of systematics in combined likelihood.

FL = 0.293 ± 0.069(stat.) ± 0.030(syst.),
F0 = 0.713 ± 0.114(stat.) ± 0.023(syst.),
FR = �0.006 ± 0.057(stat.) ± 0.027(syst.).

with a correlation of -0.92 between FL and F0. Figure 4 (a) illustrates the combined measured
left-handed and longitudinal W-helicity fractions with their uncertainties compared to the SM
expectations in (FL; F0) plain. The right-handed polarization, FR, is compared with the SM pre-
diction and the results from other experiments or analyses in Figure 4 (b). Consistent with the
SM expectations, the combined W-helicities are used as input to the TOPFIT [38, 39] program
to exclude the tensor terms of the tWb anomalous couplings, gL and gR. Figure 5 shows the
exclusion limits with 68% and 95% confidence level.
The tWb vertex in single-top production is not considered in the analysis. Its effect on the W-

helicity measurements is however estimated using simulated samples with VR and VL anoma-
lous couplings in both production and decay. While with the Standard Model hypothesis
(VL = 1 and VR = 0) the measurement is unbiased, there is a bias up to 1.1% (6.1%) on the
FL (FR) measurement for VL = 1 and |VR|2 < 0.3. The bias on F0 is negligible. The constraint
on VR is taken from the D0 analysis of the tWb anomalous couplings in which the W-helicity
measurement from tt̄ is combined with the limits from single-top studies [40]. The measure-
ment also remains unbiased versus the strength of the left-handed vector interaction, i.e. in a
(VL 6= 1, VR = 0) scenario.

CMS-ATLAS combination

Several measurements: All consistent with left-handed charged current

Single-top t-ch

4 3 Event selection and topology reconstruction

for pz,n where

L =
m2

W
2

+ ~pT,µ · ~Emiss
T . (4)

Different approaches are proposed to determine pz,n if two real solutions exist [3, 4]. The so-
lution with less absolute value is taken in this analysis. For events with imaginary solutions,
mW is smeared within its width (80.4 ± 2.1) according to a Breit-Wigner distribution so as real
solutions can be found.
Figure 2 (a, b) illustrates the reconstructed top quark mass for data and simulation. The detec-
tor effects, specially uncertainties in pz,n solutions, result in the broadness of the distribution as
well as the change in the mean mass value. The distribution of reconstructed cos q⇤l in data is
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Figure 2: The reconstructed top quark mass (a, b) and the distribution of reconstructed cos q⇤l (c,
d) for data and simulation at 7 TeV (a, c) and 8 TeV (b, d) center-of-mass energies. Corrections
from different sources are considered in simulation. The shape and normalization for QCD
multi-jets and at

p
s = 8 TeV for W+jets events are obtained from data [18, 19].

compared with simulation in Figure 2 (c, d). These distributions are given to the likelihood fit
method to measure the W-helicity fractions.

 Andreas B. Meyer                                                                         Top Quark Physics, Highlights from CMS                                                                          LC2013  28 May 2013                                                

W Polarization
�θ* distribution (angle between the p(fermion) in W rest-frame and p(W))

�Test V-A structure of tWb-vertex, possible BSM contributions modify helicity fractions FL, FR, F0
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Figure 3: Distributions of (left) pT and (right) h of the reconstructed top quark in the positive
branch of top pair events, t ! W+b ! l+nb. The ratio between data and simulation is shown
at the bottom of the distributions.
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Figure 4: Data-Simulation comparison for the cosq⇤ distribution with systematic uncertainities.
A complete discussion about the systematical uncertainities can be found in Section 6. The ratio
between data and simulation is shown at the bottom of the distribution.

W-helicity fraction in single-top topology
• First measurement of W-helicity fractions in single-top
• A reweighting method employed in a binned likelihood

fit using cos(θ*) variable
• Simultaneous measurement of W+jets and W-helicities

• Signal is every process involves top quark μ+jets
• No bias from top-pair events

• top-pairs in dilepton channel are fitted, too
• Mutual effect between the two tops are considered

• W boson is reconstructed using W-mass constrained solutions for pz,ν
• Results at & and 8 TeV are

combined by combining 
the two likelihoods

• Correlations in systematic 
uncertainties are taken 
into account

Only t-channel with highest rate
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Figure 5: The cos(q⇤) distribution, from where the W helicity fractions are obtained. Simulated
samples are normalized according to the luminosity. The tt sample is additionally scaled by a
factor of about 10%.

FL, F0, FR is obtained by reweighting each MC event by the weight W(cos q⇤gen;~F):

W(cos q⇤gen;~F) ⌘
r(cos q⇤gen)

rSM(cos q⇤gen)
=

3
8

FL(1 � cos q⇤gen)
2 +

3
4

F0 sin2 q⇤gen +
3
8

FR(1 + cos q⇤gen)
2

3
8

FSM
L (1 � cos q⇤gen)

2 +
3
4

FSM
0 sin2 q⇤gen +

3
8

FSM
R (1 + cos q⇤gen)

2

(7)
where FSM

L , FSM
0 , FSM

R are the SM fractions that are present in the reference MC. The new distri-
bution takes automatically into account, by construction, all resolution and acceptance effects
predicted by the simulation.

The final fit to extract the measured polarization fractions is performed by implementing the
reweighting procedure in a minimization program. A Poisson likelihood function L(~F) is built,

L(~F) = ’
bin i

NMC(i;~F) Ndata(i)

(Ndata(i))!
exp (�NMC(i;~F)), (8)

using the number of observed Ndata(i) and expected NMC(i,~F) events in each cos(q⇤rec) bin i.
The number of expected events is given by:

NMC(i,~F) = NBKG(i) + Ntt(i;~F) (9)

Ntt(i;~F) = Ftt

"
Â

tt events, bin i

W(cos q⇤gen;~F)

#
(10)

NBKG(i) = NW+jets(i) + NDrell�Yan+jets(i) + NQCD(i) + NSingle�Top(i) (11)

Note also the presence of an overall normalization parameter for the tt component, Ftt, which
is not sensitive to the polarization fractions but absorbs a large fraction of the experimental
and theoretical systematic uncertainties on the predicted rates. Uncertainties on the normal-
ization of backgrounds are considered as a separate source of systematics. The final measured
fractions are the ones that maximize the likelihood function above. Special care must be taken
in reweighting methods to ensure that the statistical uncertainties on the MC prediction for
each bin are substantially smaller than the corresponding ones in data, taking also into account
degradations due to the presence of weights. This is certainly the case in the present analysis,

TOP-11-020
dilepton 7 TeV (4.6 fb-1)l+jets 7 TeV (2.2 fb-1) single top topologies 7 and 8 TeV
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Table 7: BLUE coefficients of each measurement for the overall combination.
Coefficient [%]

Measurement wF0 wFL
F0 ATLAS 2010 (single lepton) 12.4 7.2
FL ATLAS 2010 (single lepton) 19.4 11.4
F0 ATLAS 2011 (single lepton) 39.7 - 8.5
FL ATLAS 2011 (single lepton) -15.5 35.2
F0 ATLAS 2011 (dilepton) 13.2 2.7
FL ATLAS 2011 (dilepton) 5.2 15.0
F0 CMS 2011 (single lepton) 34.7 - 1.4
FL CMS 2011 (single lepton) - 9.1 38.4

Total weight: 100.0 100.0

W boson helicity fractions
-1 -0.5 0 0.5 1

ATLAS and CMS preliminary
-1 - 2.2 fb-1=35 pbint = 7 TeV, Ls RF LF 0F

ATLAS 2011 (dilepton)
CMS 2011 (single muon)

ATLAS 2010 (single lepton)
ATLAS 2011 (single lepton)

LHC combination

NNLO QCD
Combination

)0/FL/FRData (F

Figure 1: Overview of the four measurements included in the combination as well as the re-
sults of the combination. The inner and outer error bars correspond to the statistical and the
total uncertainty, respectively. The green solid line indicates the predictions of NNLO QCD
calculations [1].

unity. Also shown are the helicity fractions predicted by NNLO QCD calculations including
the theoretical uncertainty.

7.1 Stability tests

The stability of the results against the hypotheses assumed for the correlations between ATLAS
and CMS measurements, rLHC defined in Section 5, is verified in the following way:

• Firstly, the correlation values for the systematic uncertainties which were assumed to
be either partially or fully correlated (rLHC(F0, F0) = rLHC(FL, FL) = �rLHC(F0, FL) =
0.5 or +1, respectively) were varied in steps of 0.1 between 0 and 1, while all the other
correlations were kept as described in Section 5. The partially correlated systematic
uncertainty treated in this way is that for radiation, while the fully correlated sys-
tematic uncertainties are those for the top quark mass, PDF, and background esti-
mated from simulation (W+jets and ”others”). The variations were applied to one

TOP-12-025
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Systematic Source ±DFL ±DF0

Top QScale 0.027 0.051
Top Mass 0.016 0.003

WZ QScale 0.013 0.026
DY normalization 0.009 0.014
W normalization 0.000 0.002

SingleTopTW normalization 0.002 0.008
JES 0.010 0.006

Pile-up 0.014 0.017
PDF 0.004 0.005
Total 0.040 0.063

Table 2: Summary of the systematic uncertainties for combined channels.

7 Results and conclusions
The measured polarization of the W bosons in the dileptonic tt̄ channel are presented, based
on proton-proton collisions at a centre-of-mass energy of

p
s = 7.0 TeV with the CMS detector

using total integrated luminosity of 4.6 fb�1.

The obtained helicity fractions are:

FL = 0.288 ± 0.035(stat) ± 0.040(syst)
F0 = 0.698 ± 0.057(stat) ± 0.063(syst)

with a correlation factor between F0 and FL to be -0.93 and

FR = 0.014 ± 0.027(stat) ± 0.042(syst)

from the constraint FL + F0 + FR = 1.

This result is in good agreement with the SM predictions and is also consistent with other
measurement performed by different experiments at the LHC and the Tevatron [5, 16, 22].
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energies. Although uncertainties related to b-jet identification are obtained from data samples,
they involve some theory assumptions. The same argument holds to extract the pileup distri-
bution in data. Hence for these source of uncertainty, we vary the correlation between the two
experiments from zero to 100% and we conservatively take the maximum uncertainty in this
range. The combination of the two measurements finally leads to

Systematic source DFL DF0

JES 0.007 0.007
JER 0.011 0.003

unclustered energy 0.018 0.010
pileup 0.002 0.002

b-flavored scale factor 0.003 0.001
non-b-flavored scale factor 0.001 0.002

single-top generator 0.005 0.009
Q2 scale 0.006 0.008

mtop 0.001 0.001
PDF 0.003 0.003

tt̄ normalization 0.003 0.002
QCD shape 0.003 0.003

W+jets shape 0.012 0.011
integrated luminosity 0.010 0.010

SM W-helicity reference 0.002 0.001
total systematic uncertainty 0.030 0.023

Table 3: Summary of systematics in combined likelihood.

FL = 0.293 ± 0.069(stat.) ± 0.030(syst.),
F0 = 0.713 ± 0.114(stat.) ± 0.023(syst.),
FR = �0.006 ± 0.057(stat.) ± 0.027(syst.).

with a correlation of -0.92 between FL and F0. Figure 4 (a) illustrates the combined measured
left-handed and longitudinal W-helicity fractions with their uncertainties compared to the SM
expectations in (FL; F0) plain. The right-handed polarization, FR, is compared with the SM pre-
diction and the results from other experiments or analyses in Figure 4 (b). Consistent with the
SM expectations, the combined W-helicities are used as input to the TOPFIT [38, 39] program
to exclude the tensor terms of the tWb anomalous couplings, gL and gR. Figure 5 shows the
exclusion limits with 68% and 95% confidence level.
The tWb vertex in single-top production is not considered in the analysis. Its effect on the W-

helicity measurements is however estimated using simulated samples with VR and VL anoma-
lous couplings in both production and decay. While with the Standard Model hypothesis
(VL = 1 and VR = 0) the measurement is unbiased, there is a bias up to 1.1% (6.1%) on the
FL (FR) measurement for VL = 1 and |VR|2 < 0.3. The bias on F0 is negligible. The constraint
on VR is taken from the D0 analysis of the tWb anomalous couplings in which the W-helicity
measurement from tt̄ is combined with the limits from single-top studies [40]. The measure-
ment also remains unbiased versus the strength of the left-handed vector interaction, i.e. in a
(VL 6= 1, VR = 0) scenario.

CMS-ATLAS combination

Several measurements: All consistent with left-handed charged current
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Figure 1: (a): Input measurements and result of the LHC combination (see also Table 4); (b,
c) : BLUE combination coefficients and relative importance of the input measurements. The
relative importance of a measurement is defined as |wi|/ Âi |wi|, where |wi| is the absolute
value of the BLUE combination coefficient for the ith input measurement.
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default

Direct Mass: Lepton+ jets. (CMS)

Signature

1 e± or 1 µ±

4 jets, 2-btags

Analysis (“2D-ideogram”)

Reconstruct top mass from kinematic fit
(Pgof )

2D max. likelihood fit of the mass and
JES using W mass costraint.

weight each fit solution by Pgof to reduce
impact of events without correct
permutations.

Systematics

main one: b-jet energy scale (0.61).

Result

mtop = 173.5± 0.4stat+JES ± 1.0systGeV

4 5 Ideogram method
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(d)

Figure 1: Reconstructed masses of (a) the W bosons decaying to qq pairs and (b) the corre-
sponding top quarks, prior to the kinematic fitting to the tt hypothesis. (c) and (d) show, respec-
tively, the reconstructed W-boson masses and the fitted top-quark masses after the goodness-
of-fit selection and the weighting by Pgof. The distributions are normalized to the theoretical
predictions described in Refs. [17–19]. The uncertainty on the predicted tt cross section is indi-
cated by the hatched area. The top-quark mass assumed in the simulation is 172.5 GeV.

12 9 Summary
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Figure 6: (a) The 2D likelihood (�2D log (L)) measured for the `+jets final state. The ellipses
correspond to statistical uncertainties on mt and JES of one, two, and three standard devia-
tions. (b) The statistical uncertainty distribution obtained from 10 000 pseudo-experiments is
compared to the uncertainty of the measurement in data of 0.43 GeV.

listed in Table 1 are assumed to be fully correlated among the three input measurements. Ex-
ceptions are the uncertainties on pileup, for which we assign full correlation between the 2011
analyses but no correlation with the 2010 analysis, since the pileup conditions and their treat-
ments differ. In addition, the mass calibration, the statistical uncertainty on the in situ fit for
the JES, and the data-based background normalization in the dilepton analyses are treated as
uncorrelated systematic uncertainties. As a cross-check, the correlation coefficients for the cor-
related sources are varied simultaneously between 1 and 0, and changes smaller than 0.14 GeV
are observed in the combined result. The combination of the three measurements yields a mass
of mt = 173.32 ± 0.27 (stat.) ± 1.02 (syst.) GeV. It has a c2 of 1.05 for two degrees of freedom,
which corresponds to a probability of 59%.

9 Summary
The complete kinematic properties of each event are reconstructed through a constrained fit
to a tt hypothesis. For each selected event, a likelihood is calculated as a function of as-
sumed values of the top-quark mass and the jet energy scale, taking into account all possible
jet assignments. From a data sample corresponding to an integrated luminosity of 5.0 fb�1,
5174 candidate events are selected and the top-quark mass is measured to be mt = 173.49 ±
0.43 (stat.+JES) ± 0.98 (syst.) GeV. This result is consistent with the Tevatron average [2], and
constitutes the most precise single measurement to date of the mass of the top quark.
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default

Direct Mass: ATLAS

3D template analysis in lepton+jets channel. 2011 data at 7TeV have been used.
I it allows to reduce drastically the JES and bJES uncertainty

Top mass extracted using an unbinned likelihood fit to data

insitu determination of the JSF and bJSF

mtop = 172.31± 0.75(stat + JSF + bJSF )± 1.35(syst)GeV [GeV]reco
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default

Top quark Properties

Top quark Properties
I W polarization
I Top quark mass
I Top anti-top mass difference: CMS-PAS-TOP-12-031
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default

Measurement of the top anti-top mass difference in pp collisions at 8 TeV
(CMS)

Motivation

CPT invariance implies equality of particle and anti-particle masses.

Several extensions of the SM include CPT violation effects.

The top quark is unique for this kind of CPT test in the quark sector for two main reasons:
I it decays before hadronization.
I large dataset due to the large top quark cross section production at LHC

analysis

tt̄ semileptonic channel.

Idiogram method used to reconstruct the mt .

Final Results

mt =−230±264 (stat.)MeV,

mt = −325±294 (stat.)MeV,

+ jets

e- + jets

combined

The results for ∆mt are
compatible with the
expectation from the
hypothesis of CPT symmetry.

mt =−272±196 (stat.)±122 (syst.)MeV.

This is more precise by at least a factor two than any of the previous public results.
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default

Conclusions

Top quark physics: Key to QCD, electro-weak and New Physics

A wealth of measurements available from ATLAS and CMS (7 and 8 TeV).

For the first time the ratio R=σtt̄bb̄/σtt̄jj and the cross section of the top pairs produced
in association with Vector bosons have been measured.

Top mass measured by both collaboration: Tevatron precison already reached. Altogether
LHC has a number of measurements that explore top quark mass systematics in a
sophisticated way, aiming to go beyond the present systematic limitation.

Many measurements have not been presented: CP violation, FCNC, differential cross, spin
correlation, charge...

Still no hints of new physics → we are preparing the new data taking at 14 TeV.
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default

tt̄ production cross section in the dilepton channel (pp collisions at
√
s = 8

TeV) (I)

Total integrated luminosity of 2.4fb−1.

data triggered by requiring one or two
leptons (e−, µ−).

Offline selection

At least one good Primary Vertex (PV).

At least one pair of oppositely charged and isolated leptons. µ−(e−): pT > 20 GeV,
|η| < 2.4(2.5).

At least two jets with pT > 30 GeV, |η| < 2.5 are required. No overlap with selected
µ−(e−). At least one jet has to be b-tagged.

Background estimation

Dilepton candidates with Mll < 20 GeV are removed → to remove heavy flavour resonances
and Drell-Yen processes.

Mll have to be outside a ±15 GeV window centered at the Z mass.

Emiss
T >40 GeV is required to reduce the QCD background contribution.

The residual contribution of QCD and Drell-Yan processes are estimated on data.
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default

tt̄ production cross section in the dilepton channel (pp collisions at
√
s = 8

TeV) (II)

Cross section extraction

σtt̄ = N−NB
A∗L

Cut based analysis.
N is the number of events observed in data.
NB is the number of estimated background
events.

The measurements is performed in the
three channels separately (ee, µµ, eµ) and
then combined.

Theoretical prediction at 8 TeV: 225.2 pb.

12 8 Summary

between the different systematic uncertainties are taken into account as follows: lepton-ID, b-
tagging, and background normalizations are treated as uncorrelated; PU, branching ratio, JES,
JER, theory and luminosity are treated as correlated.

The results of the combination is:

stt̄ = 227 ± 3 (stat.) ± 11 (syst.) ± 10 (lumi) pb.

Figure 6 shows the measured cross section in the two different modes at
p

s = 8 TeV compared
with different theory predictions and NNLO.

The evolution of the cross section with the centre-of-mass energy is shown in Figure 7, includ-
ing the Tevatron measurement [28], [29]. The ratio of the cross section measurements at

p
s =

8 TeV (227 ± 3 (stat.) ± 11 (syst.) ± 10.0 (lumi) pb.) and
p

s = 7 TeV (161± 3 ± 6 (syst.) ±
4 (lumi) pb. [1]) is 1.41 ± 0.10. The experimental systematic uncertainties are considered to
be uncorrelated (i.e. the most pessimistic scenario), whereas the theoretical uncertainties are
assumed to be 100% correlated. Note that the systematic uncertainty due to the branching ratio
cancels out in the ratio.

Figure 6: The tt̄ cross section measurements using different decay modes, `+jets and dilepton,
and the combination of both. The vertical band shows different theory prediction at NNLO.

8 Summary
The work discussed in this document presents a measurement of the tt̄ cross section in the
dilepton final state (e+e�, µ+µ�, e±µ⌥) using tt̄ event candidates containing two opposite sign
leptons, two jets, and requiring the presence of transverse missing energy. To further clean the
sample from background, b-tagging information is used as an additional selection requirement
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default

Measurements of tt̄ cross section production

Measurements of tt̄ cross section production
I Dileptonic channel
I Semileptonic channel. CMS-TOP-PAS-12-006
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default

tt̄ production cross section in the e−/µ+jets channel (pp collisions at√
s = 8 TeV) (I)

data are collected with a single lepton plus three-jets trigger. Total integrated luminosity of
2.8fb−1.

offline selection

At least one good PV.

Only one isolated lepton compatible with the reconstructed PV.
µ−(e−): pT > 26(30) GeV, |η| < 2.1(2.5). (to reject Z and top quark pairs decaying into
dileptons. )

At least four jets with pT >45, 45, 35, 35 GeV are required. At least one of them has to be
b-tagged.

Background estimation and analysis strategy

The main QCD background process is modeled on data. The other smaller contributions are
taken from simulation.

The number of signal events is extracted with a binned maximum likelihood fit of templates
describing signal and bgk processes to the data sample passing the final selection. The Mlb

distribution has been fitted.
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default

tt̄ production cross section in the e−/µ+jets channel (pp collisions at√
s = 8 TeV) (II)

Cross section extraction

Final results

5

5 Cross Section Measurement
The tt production cross section is extracted from the number of tt events observed in the data,
using the equation:

stt =
Ntt

L · #tt · BR
. (1)

Ntt is the number of tt events, L is the integrated luminosity, #tt is the efficiency for signal events
to pass the selection requirements for the specific channel, and BR is the branching ratio of the
channel considered. The number of signal events is determined with a template fit as discussed
in Section 4.

Figure 2 shows the result for the fit to the data distributions. A simultaneous fit to the Mlb data
distribution in the electron and muon channels is performed to obtain the combined result.
Separate fit parameters are used to scale the normalized QCD templates in the two channels.

Figure 2: Template fit result on the lepton-jet mass in the muon + jets (left) and in the electron
+ jets channel (right). The data corresponds to an integrated luminosity of 2.8 fb�1 in the muon
channel and 2.7 fb�1 in the electron channel. B-tagging is applied. Signal and background
contributions are rescaled according to the fit results.

We determine a signal selection efficiency times branching fraction #tt · BR of 3.2% in the muon
channel and 2.9% in the electron channel, as shown in Table 1. Trigger efficiency scale factors
of 98.6% for the electron channel and 98.1% for the muon channel, flat in pT, have been deter-
mined from data-Monte Carlo comparison and are applied to the simulation to improve the
description of the data in the trigger efficiency and lepton identification criteria.

The measured cross section with the lepton-jet mass template fit is:

stt(µ + jets) = 229.9 ± 11.1 (stat.)+27.6
�29.0 (syst.) ± 10.1 (lum.) pb,

stt(e + jets) = 227.3 ± 12.2 (stat.)+35.5
�30.0 (syst.) ± 10.0 (lum.) pb,

stt(combined) = 228.4 ± 9.0 (stat.)+29.0
�26.0 (syst.) ± 10.0 (lum.) pb,

where the systematic uncertainties are discussed in the next Section 5.1.
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default

Measurement of single-top t-channel cross section (I)

single-top production mechanisms

Top Production at LHC

 The LHC is a top factory!
 Top pair production: 67% by gluon gluon fusion at 7TeV. 

  σ
tt
 = (164 ± 10) pb at 7 TeV (NNLO), 20 times higher than Tevatron! 

    Kidonakis, PRD 82 (2010) 114030 Langenfeld, Moch, Uwer, PRD80 (2009) 054009 

Vtb~1

Single Top production: EWK production via three main contribution

σ(7 TeV)~64 pb σ(7 TeV)~4.6 pb σ(7 TeV)~15.6 pb

allows a direct
measurement of the Vtb coupling

di-leptonic channel (e/μ/tau) :
BR= 9% but clear signature
semi-leptonic channel :
BR= 45%
More events but higher 
W+jets and QCD bkg
hadronic channel :
46% of total, 
high multi-jet background.

The t-channel single-top process is expected to be the dominant one with a
σth
t = 87.2+2.1

−0.7(scale)+1.5
−1.7(PDF )pb at 8 TeV (for a mt = 173 GeV/c2).

Data collected with a single Muon trigger. Total integrated luminosity of 5fb−1.

Offline selection

Only one isolated muon with pT > 26 and |η| < 2.1. Veto on the presence of electrons.

The selected muon has to be compatible with the mass of the W (mW
T >50 GeV/c2)

b-tagging is applied to reduce the huge background of W+jets events.

A signal region (SR) is define by requiring two jets with pT > 40 and 1 of these b-tagged.

Control regions (CRs): if more than 2 jets or more than 1 b-tagged jet are present.

C. Ferro (NCU) Cristina Ferro Particle & Astro Protvino 29 / 31



default

Measurement of Vector Boson Production associated with tt̄ pairs (I)

This measurement is a key ingredient to test the SM validity. Two analysis separately:
I exclusive search of trilepton events produced in tt̄ + Z decays
I inclusive search for same sign dilepton events produced in tt̄ + V decays (V=W or Z).

Dataset and trigger

Data are collected with a dilepton trigger. Total integrated luminosity: 4.98fb−1, (7 TeV).

Trilepton analysis: offline selection

two opposite-charge, same-flavor leptons with pT > 20 GeV and 81 < mll < 101 GeV

transverse momentum of the Z > 35 GeV

third lepton with pT >10 GeV

at least three jets with pT > 20 GeV and |η| < 2.4, two of them b-tagged.

HT >120 GeV. HT is the scalar sum of all jets in the event with pT >20 and |η| <2.4.

Same-sign dilepton analysis: offline selection

two same charged and isolated leptons with pT1,T2 > 55, 30 GeV

at least three jets with pT > 20 GeV. At least one b-tagged.

HT >100 GeV
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default

Measurement of Vector Boson Production associated with tt̄ pairs (II)

Background estimation

for both analysis the main background processes, coming from tt̄ production, Z +hard jets,
and diboson productions, are modeled on data applying a specific selection.

Final results

Trilepton analysis: σttZ = 0.30+0.14
−0.11(stat)+0.04

−0.02(syst)

Same-Sign dilepton analysis: σttV = 0.45+0.17
−0.15(stat)+0.06

−0.05(syst)

Combination6
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NLO Calculations
 (2012) 05207 JHEPCambell and Ellis, 

 (2012) 05611 JHEPGarzelli et al., 

CMS  = 7 TeVs at -1L =  5.0 fb

Figure 3: Measurements of the tt̄Z and tt̄V production cross sections, in the same-sign dilep-
ton (left) and trilepton channel (right), respectively. The measurements are compared to the
NLO calculations (horizontal black lines) and their uncertainty (grey bands). Internal error
bars for the measurements represent the statistical component of the uncertainty.
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Measurement of the tt̄V production cross section:
the cross section from the trilepton channel (right),
from the same sign dilepton channel (left) are
compared to the NLO calculation (black line).

Internal error bars represent the statistical component
of the uncertainty.
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