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CMS Data Samples

4

2010 Dataset
36 pb-1 for Top Analysis
(good: calorimeters, muon, tracking)

2011 Dataset
~1.0 fb-1 for Top Analysis available for EPS/DPF
Doubled again since restart of LHC Physics
Today Peak luminosity > 2 ×1033 cm-2 s-1

Challenges for triggering on top samples

2010

2011
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Motivation for Top Physics @ LHC
• Top is heavy

o large Yukawa - perhaps a role in EWSB
o loop corrections to Higgs mass (mt2)

• Precision measurements using top quarks
o top production and decay
o top properties can be probed for BSM 

physics
• even if indirect, may be important confirmation of 

other discoveries!
o LHC is a top factory - large samples available

• 160 pb × 1000 pb-1 = 160 k t tbar pairs produced
• kinematic reach beyond the Tevatron

5

Why is Top Physics interesting?
• Heaviest SM particle

o m(top)=173+/-1.1GeV (0.6%)

• Special role in EWK 
symmetry breaking?

• Sensitive to Higgs mass 
through EWK loop 
corrections
o Low Higgs mass peferred

• New physics may couple preferentially to top
o e.g. search for new particles decaying into top (pairs) M(ttbar)

• The top quark may be special
o New physics may be hidden in e.g. spin structure

• Top production may be background to SUSY and other NP

!"#$%#&$!! '()*+,-./.(01234554*600, 78109:;0-3<=42= >

• New Physics
o preferential coupling to top? 
o new particles decaying to top (Zʼ, 4th generation, ...)
o new physics can modify top couplings
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Top Pair Cross Section Measurements
• SM Production

o gluon fusion
o qq annihilation

• SM cross sections
o σNNLO=163+11-10 pb
o σNNLO=164+10-13 pb

• SM Decay
o Expect ~100% t➔Wb (|Vtb|~1)
o tt channels characterized by W decays

• dilepton: tt➔W+bW-b➔ℓ+νbℓ-νb
• lepton+jets: tt➔ℓνbqiqjb
• fully hadronic: tt➔qiqjbqkqlb
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See S. Khalil talk for details (5pm)

2010 Results (36/pb): dilepton, lepton+jets
New Results (1.09/fb): Fully hadronic, µτ

• Gluon fusion (dominant at LHC)

• Quark-antiquark annihilation

• Total cross section at 7 TeV:
o NLO (MCFM)
o approx. NNLO

• Kidonakis, PRD 82 (2010) 114030

• Langenfeld, Moch, Uwer, PRD80 (2009) 054009; 
• Aliev et al., CPC182 (2011) 1034

Top quark pair production
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Cross Section Summary

• Good agreement in varied 
channels

• Good agreement with 
NLO calculations

7
See S. Khalil talk for details (5pm)
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Single Top Production
• Standard Model Production

• Probes New Physics through top couplings
o non-SM production or decay

• Single top discovered at the Tevatron
• CMS Search for t-channel at 7 TeV 

o large cross section with distinctive signature
o two searches with 2010 data (36/pb)
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See T. Speer talk for details 10 Aug
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CMS Single Top t-channel
• Event Selection

o t→Wb with leptonic W→ℓν (e or μ)
• lepton: pT> 20 GeV muons and pT>30 GeV electrons 
• Neutrino from Missing ET: require MT > 40 (50) GeV μ (e)

o Exactly two anti-kT jets (R=0.5) with pT> 30 GeV |η|<5
• one jet b tagged with high purity tagger

• Two analysis methods:
o 2D template fit in ηj and cos θ*ℓj

• t-channel signal has a non-central light jet & V-A predicts: 
• smaller model dependence

o Multi-variate analysis using a boosted decision tree
• 37 observables exploiting expected kinematics (W, top, b-jet,…) 
• higher sensitivity

• Backgrounds
o QCD - modeled from data in control region using MT
o W+light jets - fit simultaneously or data-driven estimate
o VQQ - MC normalized from top pair cross section analysis

9
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arXiv 1106.3052 CMS-PAS-TOP-10-008
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Figure 3: Boosted decision tree discriminant (bdt) for both electron and muon decay channels in
the W-enriched control sample (top panel), with simulation normalized to data, also shown for
W + jets samples with doubled and halved renormalization and factorization scale (Q). Same
observable after the complete BDT selection (bottom panel), with signal scaled to the measured
cross section and all systematic uncertainties and backgrounds scaled to the medians of their
posterior distributions.
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Single Top Fits
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the W-enriched control sample (top panel), with simulation normalized to data, also shown for
W + jets samples with doubled and halved renormalization and factorization scale (Q). Same
observable after the complete BDT selection (bottom panel), with signal scaled to the measured
cross section and all systematic uncertainties and backgrounds scaled to the medians of their
posterior distributions.
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Figure 2: Cosine of the angle between charged lepton and untagged jet (cos θ∗, top panel)
and pseudorapidity of the untagged jet (ηlight jet, bottom panel) after the 2D selection, for both
electron and muon decay channels. QCD and W + light-partons events are normalized to
data, tt, VQQ̄ (V = W, Z and Q = b, c), and Wc are normalized to the result of a dedicated
measurement, all other processes are normalized to theoretical expectations.

Projections of 2D Fit

Both analyses find evidence for single top t-channel
arXiv 1106.3052 CMS-PAS-TOP-10-008
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Single Top Measurement (t-channel)
• Combination of two analyses by 

BLUE (51% corr.)
o σ=83.6 ± 30(stat+syst) ± 3(lumi) pb

• Combined significance 3.5σ
• In agreement with SM
• 95% CL Limit on |Vtb|

o |Vtb|>0.62 (0.68)
• Results accepted by PRL

• Work in progress with >1/fb of 
2011 data, including s,tW 
channels

11

See T. Speer talk for details 10 Aug

arXiv 1106.3052 CMS-PAS-TOP-10-008
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Top Mass in Dilepton Channel

• Mass via two known 
techniques (Tevatron) 
with improvements
o KINb 
o AMWT

• Careful systematics

12

See A. Avetisyan talk for details 12 Aug

20 6 Measurement of the top quark mass
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Figure 8: Reconstructed top quark mass distributions from the KINb (left) and AMWT (right)
methods. Also shown are the total background plus signal models, and the background-only
shapes (shaded). The insets show the likelihoods as functions of mtop.

where xi are the Björken x values of the initial-state partons, F(x) is the PDF, the summation
is over the possible leading-order initial-state partons (uū, ūu, dd̄, d̄d, and gg), and the term
p(E∗|mtop) is the probability of observing a charged lepton of energy E∗ in the rest frame of the
top quark, for a given mtop. For each value of mtop, the weights w are added for all solutions.
Detector resolution effects are accounted for by reconstructing the event 1000 times, each time
drawing random numbers for the jet momenta from a normal distribution with mean equal
to the measured momentum and width equal to the detector resolution. The weight is aver-
aged over all resolution samples for each event and mtop hypothesis. For each event, the mtop
hypothesis with the maximum averaged weight is taken as the reconstructed top quark mass
mAMWT. Events that have no solutions or that have a maximum weight below a threshold value
are discarded. Based on simulations, we expect this requirement to remove about 9% of the tt
and 20% of the Z+jet events from the sample.

A likelihood L is computed for values of mtop between 151 and 199 GeV/c2 in steps of 3 GeV/c2,
using data in the range 100 < mAMWT < 300 GeV/c2. A unique shape determined from MC is
used for each b-tag category, where the peak mass distribution of each individual contribution
is added according to its expected relative contribution. For the Z+jet background, both the
distribution and its relative contribution are derived from data in the Z-boson mass window
(c.f. Section 5.1.1). For the other contributions (signal, single top production, non-dileptonic
decays of tt pairs), the distributions predicted by the simulation are used. Further background
contributions are negligible and are not taken into account in the fit.

We determine the bias of this estimate using ensembles of pseudo-experiments based on the
expected numbers of signal and background events, as shown in Fig. 9. A small correction
of 0.3 ± 0.1 GeV/c2 is applied to the final result to compensate for the residual bias introduced
by the fit (Fig. 9, left). The width of the pull distribution is on average about 4% smaller than
1.0, indicating that the statistical uncertainties are overestimated (Fig. 9, right). The statistical
uncertainty of the measurement is therefore corrected down by 4%.

Figure 8 (right) shows the predicted distribution of mAMWT summed over the three b-tag cate-
gories for the case of simulated mtop = 175 GeV/c2, superimposed on the distribution observed

arXiv 1105.5661 CMS-TOP-11-002 (acc. by JHEP)Dilepton Channel 36 pb-1 
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Figure 10: Combined top quark mass measurements (left) and uncertainties (right) for pseudo-

experiments with mtop = 172 GeV/c2
. The result of the fit is shown by the blue line in the left

plot. The statistical uncertainty obtained from the combined fit is shown by the vertical blue

line superimposed on the expected uncertainty distribution.

bination, under the assumption that such asymmetries are not significant and originate from

fluctuations in their determination. The results of the combination are presented in Table 5,

along with the individual measurements and the weight they have in the combined result.

Table 5: Summary of measured top quark mass for the KINb and AMWT methods with the

contributing weights to the combined mass value. The χ2
/dof and p-value of the fit are also

given.

Method Measured mtop (in GeV/c2
) Weight

AMWT 175.8 ± 4.9 (stat.)± 4.5 (syst.) 0.65

KINb 174.8 ± 5.5 (stat.)+4.5

−5.0
(syst.) 0.35

Combined 175.5 ± 4.6 (stat.)± 4.6 (syst.) χ2
/dof = 0.040 (p-value = 0.84)

7 Summary
Top quark pair production in proton-proton collisions at

√
s = 7 TeV has been studied in a data

sample corresponding to an integrated luminosity of 36 pb
−1

collected by the CMS experiment

in 2010. The analysis is based on events with jets, missing transverse energy, and two energetic,

well identified, isolated leptons. Consistent measurements of the tt production cross section are

obtained from nine final states characterised by combinations of lepton flavour ( e
+

e
−

, µ+µ−
,

e
±µ∓

) and number and type of reconstructed jets (one jet, two jets with no b-tagged jets, two

jets with at least one b-tagged jet). The combination of these measurements yields σtt̄ = 168 ±
18(stat.)± 14(syst.)± 7(lumi.) pb, in agreement with standard model expectations. The ratio of

production cross sections for tt and Z/γ�
is measured to be 0.175 ± 0.018(stat.)± 0.015(syst.),

where the average of the measured dielectron and dimuon Z/γ�
cross sections in the mass

range of 60–120 GeV/c2
has been used.

The same data sample has been used to perform two measurements of the top quark mass using

two different kinematic algorithms. The combined result from the two methods is: mtop =
175.5± 4.6(stat.)± 4.6(syst.)GeV/c2

. This is the first measurement of the top quark mass at the

LHC. With the first year of data-taking, the precision of our top quark mass measurement is

already close to that of the Tevatron in the same final state.

22 6 Measurement of the top quark mass

The tagging rate is varied according to the flavour of the selected jet as determined from the

MC simulation. This affects the choice of the jets used in the reconstruction of mtop, and causes

the migration of events from one b-tagging multiplicity to another.

A summary of the systematic uncertainties are given in Table 4 for the two algorithms, along

with their correlations and combined values. Other sources of uncertainty including template

statistics, initial- and final-state radiation, background template shape and normalisation, and

E/T scale, each yield uncertainty on mtop of less than 0.5 GeV/c2. They are included in the mea-

surement but are omitted from Table 4.

Table 4: Summary of the systematic uncertainties (in GeV/c2) in the measurement of mtop, for

the two different algorithms, together with their correlations and combined values.

Source KINb AMWT Correlation factor Combination

Overall jet energy scale +3.1/–3.7 3.0 1 3.1

b-jet energy scale +2.2/–2.5 2.5 1 2.5

Lepton energy scale 0.3 0.3 1 0.3

Underlying event 1.2 1.5 1 1.3

Pileup 0.9 1.1 1 1.0

Jet-parton matching 0.7 0.7 1 0.7

Factorisation scale 0.7 0.6 1 0.6

Fit calibration 0.5 0.1 0 0.2

MC generator 0.9 0.2 1 0.5

Parton density functions 0.4 0.6 1 0.5

b-tagging 0.3 0.5 1 0.4

The fits described above can be turned into a measurement of the b-jet energy scale if the top

mass is constrained in the fit by using an independent determination. To this end, the top mass

has been fixed at the current world average value of 173.3 ± 1.1 GeV/c2 [8] and the JES left free

to vary. The JES determined in this manner, from a sample composed primarily of b-jets, is

within 4.8% of the nominal CMS JES [41]. The uncertainty on the nominal CMS JES is 3.5–6%

depending on jet pT and η.

6.4 Combination of mass measurements

The BLUE method [48] is used to combine the KINb and AMWT measurements, with the asso-

ciated uncertainties and correlation factors. The statistical correlation between the two meth-

ods, which is used to define the contribution of the statistical uncertainties to the error matrix

in the combination, is determined to be 0.57 from pseudo-experiments with mtop = 172 GeV/c2.

In order to check the statistical properties of the combination procedure, the statistical error

matrix is computed for each pseudo-experiment and the combination is carried out assuming

no systematic uncertainties are present. Before proceeding with the combination, the statisti-

cal uncertainties are rescaled by the width of the pull distributions so that the pulls with the

rescaled uncertainties have an r.m.s. equal to one. The distributions characterising the result

of the combination are shown in Fig. 10. The width of the pull distribution of the combined

measurements is very close to unity and no further corrections to the statistical uncertainty

returned by the combination are needed.

Systematic uncertainties common to the methods are assumed to be 100% correlated. When in-

dividual measurements have asymmetric uncertainties they are symmetrized before the com-

KINb AMWT

(GeV/c2)

First top mass measurement from LHC
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Top Mass in Lepton + Jets

• Again two methods
o Template Method

• jointly with jet energy scale
• 2 btags required; µ+jets 

o Ideogram Method
• event-by-event likelihoods
• best precision from kinematic fit 

taking all event information

13

Lepton+Jets Channel (36 pb-1)10 6 Systematic Uncertainties

6 Systematic Uncertainties
The calibration of the analysis relies on MC simulation. Any discrepancy between the MC
simulation used in the pseudo-experiments and the data may lead to a bias in the measured top
quark mass. In this section we describe the aspects of the simulation which may not accurately
describe the data and evaluate their possible effects on the top mass measurement.

The systematic uncertainties are evaluated by applying a given systematic effect to the sim-
ulation. Without altering the analysis, pseudo-experiments are re-generated and a new cali-
bration curve obtained. The difference between the top masses obtained with the default and
with the new calibration curves is taken as an estimate for the corresponding systematic un-
certainty. The same dedicated simulation samples and procedures used for the tt cross-section
measurement [7, 19] are considered. In case the systematically altered simulation sample is
only available at a top mass of 172.5 GeV, the mass shift at 172.5 GeV is evaluated and the stan-
dard calibration slope is assumed. The sources of systematic uncertainties investigated and
their resulting uncertainties are summarized in Table 2, and described in more detail in the
following.

Table 2: List of systematic uncertainties.

Ideogram analysis Cross-check
Source δmt (GeV) δJES δmt
JES (overall data/MC) +2.4-2.1 - -
JES pT and η dependence - 0.004 0.3
light vs b-jet scale - 0.002 2.6
JER (10% effect) 0.07 0.005 0.2
MET (10% effect) 0.4 - -
Factorization scale 1.1 0.001 0.9
ME-PS matching threshold 0.4 0.003 0.2
ISR/FSR 0.2 0.008 0.4
Underlying event 0.2 0.001 0.7
Pile-up effect 0.1 0.005 0.2
PDF 0.1 0.002 0.2
Background 0.5 0.007 0.9
B-tagging 0.05 0.003 0.2
Fit calibration statistics 0.1 0.004 0.1
Total systematic uncertainty +2.8- 2.5 0.015 3.1

Overall Jet Energy Scale and jet flavor dependence: For the ideogram analysis we vary the
jet energy of all jets within the (pT and η-dependent) 1-sigma uncertainty band obtained
from independent jet energy scale and resolution studies based on the full 2010 CMS data
set [11].
The uncertainty contains various contributions, such as offset corrections for pile-up, the
detector calibration, and modeling of fragmentation and radiation effects in simulation.
It includes a pT-dependent term of up to 1.5% in the region of interest for this analysis,
covering possible discrepancies between data and the simulation in the modeling of the
jet flavor dependence of the jet energy response.
For the cross-check analysis, the (pT and η-dependent) 1-sigma JES uncertainty based
on the first 3 pb−1 of 2010 data [10] was used. While the uncertainties in this case are

CMS-PAS-TOP-10-006 
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Table 3: The measured mt and its uncertainties for the two measurements and the combination
in GeV.

Dileptons Lepton+jets Correlation Combination
factor

Measured mt 175.5 173.1 173.4
Statistical Uncertainty 4.6 2.1 0 1.9
Breakdown of Systematic Uncertainty:
Jet energy scale (correlated part) 2.25 2.25 1 2.3
Jet energy scale (uncorrelated part) 3.28 n/a 0 0.4
Jet energy resolution 0.5 0.1 1 0.1
Lepton energy scale 0.3 n/a 0 0.0
Missing pT scale 0.1 0.4 1 0.4
Pile-up 1.0 0.1 1 0.2
b-tagging 0.4 0.1 1 0.1
Background 0.1 0.5 0 0.4
Parton density function 0.5 0.1 1 0.2
MC generator 0.4 n/a 0 0.0
Underlying event 1.4 0.2 1 0.3
ISR/FSR 0.2 0.2 1 0.2
Jet-parton scale 0.7 0.4 1 0.4
Factorization scale 0.6 1.1 1 1.0
Fit calibration and MC statistics 0.3 0.1 0 0.1
Total Systematic Uncertainty 4.6 2.7 2.7
Combination weight 12% 88%

that are common to both measurements are considered to be fully correlated, with the exception
of the jet energy scale (JES).

The lepton+jets measurement uses a later version of JES calibration compared to the version
of JES calibration used in the dilepton channel. We decided to split the JES uncertainty in
the dilepton channel into two parts: a correlated part which has the same magnitude as the
JES uncertainty in the lepton+jets channel, and an uncorrelated part which is the remainder.
The sum in quadratures of the correlated and uncorrelated JES uncertainty gives the total JES
uncertainty in the dilepton channel.

Table 3 shows the results of the individual measurements, the results of the combination, and
the weight carried by each measurement. The combined result is:

mt = 173.4 ± 1.9(stat)± 2.7(syst) GeV.

9 Conclusion
A measurement of the top quark mass is presented using events with one charged lepton (muon
or electron) and four or more jets in the final state, collected by CMS in pp collisions at

√
s = 7

TeV. The complete kinematics of each event are reconstructed using a constrained fit. For each
selected event a likelihood is calculated as a function of assumed value of top quark mass,

Combination with dilepton channel
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Top Pair Invariant Mass

• Resonance search in tt
o Zʼ, Kaluza-Klein gluons, …

• “Low mass” analysis
o following (e/μ)+jet 

reconstruction 
o 8 channels

• 3 jets w/ b-tag 
• 4 jets w/ 0,1,2 tags 

o kinematic fit
o simultaneous template fits

• No deviation from SM
o limits on narrow Zʼ
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See S. Rappoccio talk for details 11 Aug
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Top Pair Invariant Mass

• High mass/boosted 
tops
o fully hadronic channel
o using jet substructure 

or top/W tagging
• validated with boosted 
μ+jet sample

• Data driven QCD bkgd
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Top Production Charge Asymmetry - 21 July 2011Amanda Deisher - (CMS)

Charge asymmetry in ttbar events

Asymmetric initial state

- top in direction of proton(quark) 

- anti-top in direction of antiproton 

• SM Theory: ~5% [Kühn, Rodrigo]

• CDF measures AC(y) 2σ larger than SM pred.

+3.4σ for Mtt > 450 GeV/c2 

3

AC =
N+ −N−

N+ +N−

Phys. Rev. D 83, 112003 (2011)

Symmetric initial state  

- quark is usually valence (higher p)

- anti-quark is usually a sea quark 

• SM Theory: 1.3% (η) and 1.1% (y) [Kühn, Rodrigo]

• CMS 36 pb-1:  

      AC(η) = 0.060 ± 0.134 (stat) ± 0.026 (syst)

• Today: Update to 1.09 fb-1

∆(y2) = (yt − yt) · (yt + yt)

∆|η| = |ηt|− |ηt|∆(y) = yt − yt

CMS-PAS-10-010
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• Standard Model: Interference of leading order and box diagram (left) and initial 
and final state radiation diagrams (right) lead to small charge asymmetry in quark-
antiquark annihilation mode

• Beyond standard model:  axigluons, Z’, W’, Kaluza Klein

- New resonances s-channel production in M(tt) not necessarily visible

- Different couplings might lead to changes in their angular distributions

! Charge asymmetry would be sensitive to t- and u-channel exchange

2

Looking for new physics with ttbar
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Looking for new physics with ttbar

Kuhn & Rodrigo PRL 81, 49 (1998)
(updated for pdfs, mtop)

SM Prediction
Tevatron ~5%
LHC ~1% (dilution from gg production)

Forward-backward
Observed by D0 & CDF
D0 PRL 100 142002 (2008)
CDF PRL 101, 202001 (2008)

arXiv 1101.0034

“Width” difference
CMS 36/pb
CMS-PAS-TOP-10-010

Now updated to 1.09/fb
CMS-PAS-TOP-11-014

Top - Anti Top asymmetries
from interference of 
LO, box, radiative diagrams

Look at pseudorapidity or rapidity difference

~2σ Larger than SM; Esp. Mtt>450 GeV
Perhaps new physics? Axigluons?
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Raw and Unfolded Asymmetry
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Aη
C Ay

C
Source of Systematic − Variation + Variation − Variation + Variation

JES −0.003 0.000 −0.007 0.000
JER −0.002 0.000 −0.001 0.001

Q2 scale −0.014 0.000 −0.013 +0.003
ISR/FSR −0.006 +0.003 0.000 +0.024

Matching threshold −0.006 0.000 −0.013 +0.006
PDF −0.001 +0.001 −0.001 +0.001

b tagging −0.001 +0.003 0.000 0.001
Lepton ID/sel. efficiency −0.002 +0.004 −0.002 0.003

QCD model −0.008 +0.008 −0.006 +0.006
Pileup −0.002 +0.002 0.000 0.000

Overall −0.019 +0.010 −0.021 +0.026

Table 2: Systematic uncertainties taken into account in the measurement of AC. Listed are the
positive and negative shifts induced by systematics in ensemble tests.
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Figure 5: Unfolded ∆(|η|) spectrum (left) and unfolded ∆(y2) spectrum (right). The LNO
prediction has been taken from [24].

Observable Raw AC BG-subtracted AC Unfolded (and corrected) AC
∆|η| −0.004 ± 0.009 −0.009 ± 0.010 −0.016 ± 0.030+0.010

−0.019
∆(y2) −0.004 ± 0.009 −0.007 ± 0.010 −0.013 ± 0.026+0.026

−0.021

Table 3: The measured asymmetries for both variables at the different stages of the analysis
from the raw value to the background subtracted value and to the final unfolded result.

Ay
C = −0.013 ± 0.026 (stat.)+0.026

−0.021(syst.) . (6)

Both measured values are within the uncertainties in agreement with the theory predictions of
Aη

C(theo.) = 0.013 ± 0.001 [24] and Ay
C(theo.) = 0.011 ± 0.001 [24]. One can also measure the

background subtracted asymmetry as a function of the reconstructed invariant mass of the tt̄
system to investigate whether one can see a dependence of the asymmetry on mtt̄. Figure 6
shows the results for the two variables, where no increase of the asymmetry for increasing
mtt̄ can be seen. However, these studies allow only for a qualitative statement, while for a
quantitative statement a proper simultaneous unfolding in the sensitive variable as well as in|
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Top Charge Asymmetry Results

• No significant difference from SM
o No trends versus tt invariant mass (not yet unfolded in Mtt)
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1 Introduction
The top quark is the only known fermion with a mass of the order of the electroweak symme-
try breaking (EWSB) scale and therefore plays a special role in many beyond Standard Model
(BSM) theories. In addition to the production via quark-antiquark annihilation and gluon-
gluon fusion, in some BSM theories top quarks can also be produced by the exchange of yet
unknown heavy particles. Possible candidates for such heavy particles are axigluons [1, 2], Z�

bosons [3] or colored Kaluza Klein excitations of gluons [4, 5]. Such new exchange particles
might show up as a resonance in the invariant tt̄ mass spectrum in case of s channel produc-
tion of top quark pairs. If these hypothetical new particles are exchanged in the t or u channel,
alternative approaches are needed in order to search for new top quark production modes [6].
A property of tt̄ production, which is sensitive to such additional production modes is the tt̄
charge asymmetry.

In the Standard Model (SM), the interference between the leading order (LO) Feynman diagram
and box diagrams and between initial-state-radiation and final-state-radiation leads to a small
charge asymmetry in the tt̄ production in the quark antiquark annihilation mode [7], linking
the flight direction of the (anti)top quark to the direction of motion of the initial (anti)quark.
At the Tevatron this leads due to the asymmetric initial state of proton-antiproton collisions to
an observable forward-backward asymmetry, where the top quark tends to fly into the direc-
tion of motion of the incoming proton and the antitop quark flies in the direction of the initial
antiquark. This asymmetry is accessible by the difference of the rapidities (y) of top and an-
titop quarks, yt − yt̄. Recent measurements [8–11] by the CDF and D0 collaborations report
an asymmetry which is about 2σ larger than the SM theory predicted value of about 5% [7].
In the region with high invariant masses (Mtt̄ > 450 GeV/c2) the CDF collaboration finds an
asymmetry which is 3.4σ above the SM prediction [9]. In various theory papers [12–22] it has
been speculated that such a large asymmetry might be generated by potential new exchange
particles with different vectorial and axial couplings to top and antitop quarks.

Due to the symmetric initial state of proton-proton collisions at the LHC, the charge asymmetry
manifests itself no more in terms of a forward backward asymmetry. The rapidity distributions
of top and antitop quarks are symmetrically distributed around zero. But since the quarks
in the initial state are mainly valence quarks, while the antiquarks are always sea quarks, the
different averaged momentum fractions of quarks and antiquarks are transferred to different
widths of the rapidity distributions of top and antitop quarks. Thus, in the SM, the rapidity
distribution of top quarks is broader compared to that of the more centrally produced antitop
quarks. This asymmetry can be observed in the difference of the absolute values of the pseudo-
rapidities of top and antitop quarks ∆(|η|) = |ηt|− |ηt̄| or using ∆(y2) = (yt − yt̄) · (yt + yt̄).
The latter variable can be interpreted as the variable used at the Tevatron multiplied by a factor
accounting for the boost of the tt̄ system and is motivated in [23]. In both variables one can
define the charge asymmetry

AC =
N+ − N−

N+ + N− , (1)

where N+ is the number of events with a positive value of the sensitive variable and N− is
the number of events with negative values, respectively. Since the SM charge asymmetry is a
NLO effect in quark anti-quark annihilation and since at LHC the top quark pairs are mainly
produced by gluon-gluon fusion processes the expected SM asymmetry at the LHC is even
smaller than the 5% predicted for the Tevatron. For a center-of-mass energy of 7 TeV the
current prediction for an asymmetry in the |ηt|− |ηt̄| variable is Aη

C = 0.013 ± 0.001 [24] and2 3 Event Selection

Ay
C = 0.011 ± 0.001 [24] using rapidities instead of pseudo-rapidities (For the sake of sim-

plicity we focus on ∆(|η|) when describing the method but quote uncertainties and results

for both variables.). The theory predictions are an update of [7] using a top quark mass of

mt = 173.3 ± 1.1 GeV/c2
[25] and the MSTW2008 [26] structure functions. For the estimation

of the uncertainties different choices of the parton distribution functions and different choices

of the factorization and normalization scale as well as variations of the top quark mass within

its experimental uncertainty have been taken into account. As at the Tevatron, the existence of

new exchange particles with different vectorial and axial couplings to top and antitop quark

could enhance this asymmetry.

Using the difference of the absolute values of the pseudo-rapidities of the top quark pair an

analysis on the 2010 dataset corresponding to an integrated luminosity of 36 pb
−1

has been

performed [27]. In this first measurement of this property of top quark production at the LHC

an asymmetry of Aη
C = 0.060 ± 0.134(stat.)+0.028

−0.025
(syst.) has been found, in agreement with the

SM theory predictions. The precision on the result is dominated by the statistical uncertainty.

The analysis documented in this note is an update of the measurement reported in [27] using

about 30 times more data. While the previous analysis used lepton+jets events with one iso-

lated high-energetic charged lepton (electron or muon) and four or more high-energetic jets,

without the requirement on a b tag, we now require at least one jet to be tagged as stemming

from a b decay to enhance the tt̄ purity of the selected data sample.

After the selection of tt̄ candidate events, the four-momenta of the two top quarks are recon-

structed in order to derive the distributions of the sensitive variables. In order to allow for a

direct comparison between measured and theoretically predicted asymmetry we subtract the

expected background contributions and apply a regularized unfolding technique on the recon-

structed distributions before the asymmetry is finally computed.

2 Data and Simulation
In this analysis, proton-proton collisions at a center of mass energy of 7 TeV taken with the CMS

detector up to July 2011 have been analyzed (for a description of the CMS detector see [28]). The

amount of data corresponds to an integrated luminosity of 1.09 ± 0.07 fb
−1

. In order to com-

pare the measured distributions with predictions we make use of simulated data samples. Top

quark pair events are generated with the tree-level matrix element generator MADGRAPH [29]

interfaced to PYTHIA [30] for the parton showering using the MLM [31] matching algorithm.

Spin correlation in the top quark decays is taken into account and higher order tree-level gluon

and quark production is described via the matrix element for up to three extra jets beyond the

top quark pair system. For the description of the main SM backgrounds to top quark pair pro-

duction the same combination of MADGRAPH and PYTHIA is used. W and Z boson production

is simulated in association with jets (abbreviated as W+jets and Z+jets in the following). The

radiation of up to four jets is simulated with the matrix element. Also the electroweak produc-

tion of single top quarks is simulated using the MADGRAPH generator. All generated events

were fully simulated and reconstructed via the CMS simulation and reconstruction software.

3 Event Selection
We select tt̄ candidate events, where one W boson stemming from a top quark decay subse-

quently decays leptonically into a muon or electron, and the other W boson decays hadroni-

cally into hadronic jets. For the reconstruction of electrons, muons and jets we use the particle

See M. Segala talk for details 12 Aug
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dent uncertainties. Jet asymmetry measurements suggest that jet pT resolutions are about 10%
worse in data compared to simulation. Therefore all jets in the simulated samples are scaled
such that the jet energy resolution (JER) in the simulation equals the resolution in data. The
corresponding uncertainty is estimated by varying the JER within its uncertainties of ±10%.
To account for effects due to the uncertainty on the Q2 scale to use for the strong coupling con-
stant αs, we use two different tt̄ Monte-Carlo samples, in which the Q2 scale has either been
multiplied with 4 or 0.25. Effects due to extra hard parton radiation are estimated by varying
the jet matching threshold for the MLM matching scheme for the simulated tt̄ sample by a fac-
tor 0.5 or 2 from its default. The impact of initial-state- and final-state-radiation (ISR and FSR)
is estimated using two alternative signal samples, where the PYTHIA parameters for additional
parton radiation have been varied to produce more or less ISR/FSR compared to the default
configuration. We evaluate the systematic uncertainty on the measured asymmetry induced by
the imperfect knowledge of the parton distribution function (PDF) of the colliding protons us-
ing the CTEQ6.6 [41] PDF set and the LHAPDF [42] package. For this purpose, a re-weighting
procedure is applied to all generated samples, in which each CTEQ6.6 PDF parameter is inde-
pendently varied by its positive and negative uncertainties, with a new weight assigned to each
variation. The resulting templates are used to estimate the impact of variations in the PDFs on
our measurement. The overall scale factor of the b-tagging efficiency does not affect the result
on the measured charge asymmetry. Since only an η dependent variation of the b-tagging scale
factor can lead to a potential change of the result, we re-weight the simulated events according
to the η dependent uncertainties on the b-tagging scale factor given in reference [43]. Poten-
tial effects due to different lepton efficiencies for positively and negatively charged leptons are
estimated by re-weighting simulated events depending on the charge of the selected lepton.
The re-weighting is performed such, that we end up with maximally different efficiencies for
negatively and positively charged leptons within the overall uncertainties. We estimate an un-
certainty arising from the QCD model derived from data by either using only the template
for negatively charged leptons or the template for positively charged leptons instead of the
standard mixture of both for the QCD pseudo data. The used MC samples are re-weighted
such, that the number of simulated pileup events matches the number of pileup events in data.
We apply a systematic uncertainty arising from the uncertainties from this pileup re-weighting
procedure. Therefore, all simulated events gain additional weight factors which correspond to
a variation of the average number of pileup events by ±0.6.

The impact on the charge asymmetry of all systematic uncertainties is summarized in table 2.
The largest systematic uncertainties arise from the variation of the Q2 scale and matching
threshold and from the variation of initial- and final-state-radiation in the used tt signal Monte
Carlo sample.

7 Results
We apply the described unfolding procedure to the measured ∆|η| distribution as well as to the
distribution of the second variable, ∆(y2). Table 3 gives an overview of the raw asymmetries
and the asymmetries after the background subtraction and the final unfolding and correction
for both variables. Figure 5 shows the unfolded spectra used for computing the asymmetries
together with the SM prediction at NLO. In the unfolded ∆|η| distribution we measure an
asymmetry of

Aη
C = −0.016 ± 0.030 (stat.)+0.010

−0.019(syst.) , (5)

while in ∆(y2) we measure an unfolded and corrected (divided by 0.94) asymmetry of

11

Aη
C Ay

C
Source of Systematic − Variation + Variation − Variation + Variation

JES −0.003 0.000 −0.007 0.000
JER −0.002 0.000 −0.001 0.001

Q2 scale −0.014 0.000 −0.013 +0.003
ISR/FSR −0.006 +0.003 0.000 +0.024

Matching threshold −0.006 0.000 −0.013 +0.006
PDF −0.001 +0.001 −0.001 +0.001

b tagging −0.001 +0.003 0.000 0.001
Lepton ID/sel. efficiency −0.002 +0.004 −0.002 0.003

QCD model −0.008 +0.008 −0.006 +0.006
Pileup −0.002 +0.002 0.000 0.000

Overall −0.019 +0.010 −0.021 +0.026

Table 2: Systematic uncertainties taken into account in the measurement of AC. Listed are the
positive and negative shifts induced by systematics in ensemble tests.
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Figure 5: Unfolded ∆(|η|) spectrum (left) and unfolded ∆(y2) spectrum (right). The LNO
prediction has been taken from [24].

Observable Raw AC BG-subtracted AC Unfolded (and corrected) AC
∆|η| −0.004 ± 0.009 −0.009 ± 0.010 −0.016 ± 0.030+0.010

−0.019
∆(y2) −0.004 ± 0.009 −0.007 ± 0.010 −0.013 ± 0.026+0.026

−0.021

Table 3: The measured asymmetries for both variables at the different stages of the analysis
from the raw value to the background subtracted value and to the final unfolded result.

Ay
C = −0.013 ± 0.026 (stat.)+0.026

−0.021(syst.) . (6)

Both measured values are within the uncertainties in agreement with the theory predictions of
Aη

C(theo.) = 0.013 ± 0.001 [24] and Ay
C(theo.) = 0.011 ± 0.001 [24]. One can also measure the

background subtracted asymmetry as a function of the reconstructed invariant mass of the tt̄
system to investigate whether one can see a dependence of the asymmetry on mtt̄. Figure 6
shows the results for the two variables, where no increase of the asymmetry for increasing
mtt̄ can be seen. However, these studies allow only for a qualitative statement, while for a
quantitative statement a proper simultaneous unfolding in the sensitive variable as well as in
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Summary & Conclusion
• Large samples of top quarks produced and analyzed

o Cross sections in agreement with (N)NLO SM predictions
• Channels: dilepton (including τ), lepton+jets, fully hadronic

o Single top: evidence seen at SM level for t-channel EWK 
production

o Future: differential cross sections
• Top mass measurement

o dilepton and lepton + jet channels at ~2% level
• Top samples used to probe for BSM physics

o Search for peaks in M(t tbar) - high M sensitivity beyond Tevatron
• new jet substructure analysis in fully hadronic channel

o Charge asymmetry consistent with SM (needs statistics)
o And more properties to come: Wtb couplings, charge, ...

• Analysis of > 1 fb-1 in progress (updates coming soon)
20



9 Aug 11 CMS Top Results - Karl.Ecklund@rice.edu

CMS Top Presentations at DPF
• See dedicated CMS talks for additional analysis 

details
o Top pair cross section - S. Khalil 9 Aug @  5 pm
o Single Top measurement - T. Speer 10 Aug @ 2 pm
o New physics M(t tbar) - S. Rappoccio 10 Aug @ 5:30 pm
o Mtop - A. Avetisyan 12 Aug @ 8:40 am
o t tbar Charge Asymmetry - M. Segala 12 Aug @ 9:40 am
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