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Why study top quarks?
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Top Facts;
Mt ⇡ 173GeV

�t ⇡ 1.5GeV
��1
t < ⇤�1

QCD

• Probing QCD interactions over magnitudes of energy         

• Important contribution to many loops

• Background for new physics!
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Production and decay
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Production and decay

• some tree level contributions to pair production 

• Single top production / decay

• Observe (b-)jets and charged leptons
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• Some tree level contributions to pair production

• Single top production /  top decay

• Observe (b)-jets / charged leptons
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Production and decay II

• Require NLO/NNLO

          

• Asymmetric NLO 
contributions
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Some Comparisons?

5

d
-4 -2 0 2 4

)d
 (p

b 
/ 0

.4
d

/d
md

0

1

2

3

4

5

6

7

8

 = 154.5 pbave.mCT10, 
 = 164.5 pbave.mMSTW08, 
 =  166.9 pbave.mNNPDF22, 
 pb-27.5

+25.2 =  162.0ave.m

, top quarkt tA = 7TeV, MCFM6.2 pp s

 < 2
t
* m

R
µ

t
* m

F
µ

 < 2
1

-4 -2 0 2 4

Re
la

tiv
e 

er
ro

r

0.75
0.8

0.85
0.9

0.95
1

1.05
1.1

1.15
1.2

1.25

Sensitivity to;
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Looking at the forward region
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• Production is phase space 
dependent

• High eta more sensitive 
to asymmetric production

Analysis of muon+b-jet

• b-tagged jet, pT > 60GeV

• Isolated muon, pT > 20GeV

• Partially reconstruct ttbar
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Jet-Tagging (7TeV)

7

0.2 0.4 0.6 0.8 1.0
b!Efficiency0.90

0.92

0.94

0.96

0.98

1.00
Rejection, light!jet

Topo!NN tag!Wjets"
NN tag!Wjets"
Topo!NN tag!ttbar"
NN tag!ttbar"

ElEl

MuonMuon
SVSV

0.2 0.4 0.6 0.8 1.0
b!Efficiency

0.7

0.8

0.9

1.0
Rejection, charm

Topo!NN tag!ttb"
NN tag!ttb"

•  R=0.5, anti-kt

•  

• track based Neural 
Network

• Topological tagger 
based on displaced 
vertex

• 60% efficiency
1% mis-tag(light)
15% mis-tag(charm)

jetpT > 40GeV
LHCb
unofficial

LHCb
unofficial



RG, IOP HEPP 2013, 09/04/2013

Asymmetric production in LHCb
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Conclusions

• LHCb asymmetry analysis underway

• Many theoretical developments in progress
- Improvement in shower description
- NNLO differential distributions

• N(N)LO PDF errors improving with LHC data
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Backups W Analysis
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Figure 7: Di↵erential cross-section for Z ! µµ as a function of yZ . The dark shaded
(orange) bands correspond to the statistical uncertainties, the light hatched (yellow) band
to the statistical and systematic uncertainties added in quadrature. Superimposed are
NNLO (NLO) predictions with di↵erent parametrisations for the PDF as points with
error bars; they are displaced horizontally for presentation.
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Figure 8: Di↵erential W cross-section in bins of muon pseudorapidity. The dark shaded
(orange) bands correspond to the statistical uncertainties, the light hatched (yellow) band
to the statistical and systematic uncertainties added in quadrature. Superimposed are
NNLO (NLO) predictions as described in Fig 7.
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Figure 5: Distribution of muon p

T

for positively (left panel) and negatively (right panel)
charged muons in W candidate events, for the total fiducial cross-section (a). The plots
(b) to (f) give the same information for the di↵erent ⌘

µ bins. The data (points) are
compared to the fitted contributions from W

� and W

+ (light shaded). The background
contributions are, from top to bottom in the legend: decay-in-flight, Z ! µµ, ⌧ decays
of W and Z, and heavy flavour decays.
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arXiv:1204.1620, DOI:10.1007/JHEP06(2012)
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Backups
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LHCb ttbar channels

�⌘22�5(pb) 7TeV 8TeV 14TeV

l b 1.4 2.5 18.6

l b j 0.3 0.7 8

l b b 0.1 0.3 3.1

l+l- 0.02 0.05 0.8

Differential cross sections;

POWHEG->Pythia8

anti-kt jets with R = 0.5

pT jets > 15 GeV

pT lepton > 8 GeV

b= truth tagged jet



RG, IOP HEPP 2013, 09/04/2013

Backups
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NLO Asymmetry
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Top-Quark Asymmetry – A New Physics Overview
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Figure 1: Top-antitop production at the Tevatron. The ratio OSM/Oexp is displayed for the total cross section
σt  t and its invariant mass distribution (dσ/dMt  t)> for Mt  t ∈ [0.8,1.4] TeV. The inclusive asymmetry in the
parton frame is shown for the lepton + jets channel, (AFB)t

 t
l+ j, besides its bin (AtFB)

> for high invariant mass
Mt  t > 0.45 TeV, as well as for the dilepton channel, (AtFB)

t  t
ll . The asymmetry in the laboratory frame is denoted

by (AtFB)
lab, and AlFB is the charged lepton asymmetry. Numbers correspond to the central measured values [1].

vector boson with axial-vector couplings gqA to quarks in the s channel, a color-singlet vector in the
t channel or a color-triplet scalar in the u channel, both with flavor-changing couplings gut , gu t to
quarks.

In the following, we will review the three classes of new physics (NP) in top-antitop produc-
tion. Our main focus will be on models that reconcile the theory prediction of the asymmetry with
its measurement, while preserving the good description of the t  t cross section and its Mt  t distribu-
tion in terms of QCD. Further strong constraints from flavor physics and collider observables have
to be respected when constructing a viable model. For each class, we give examples of concrete
realizations of NP that yield a consistent picture of top-quark pair production.

2. s channel: color-octet vectors (axigluons)

Color-octet vector bosons with axial-vector couplings gqA to quarks, dubbed axigluons, gener-
ate a charge asymmetry at tree level. The interference of an axigluon with the QCD gluon (INT) and
the interference of an axigluon with itself (NP) yield the following contributions to t  t production,

σ INT
a ∼ g2

s
gqA g

t
A

M2
t  t −M2

G
, σNP

s ∼ (gqA)
2(gtA)2 M2

t  t
(M2

t  t −M2
G)

2 , (2.1)

where MG is the mass of the axigluon and gs denotes the strong coupling constant of QCD. The sign
of the interference term σ INT

a is determined by the magnitude of the axigluon mass with respect to
the momentum transfer in the process q  q→ t  t and by the signs of the quark couplings gqA and gtA.
In order to generate a positive asymmetry, a light axigluon of MG ≈Mt  t may have flavor-universal
couplings to quarks, whereas a heavy axigluon with MG &Mt  t must exhibit axial-vector couplings
of different sign to light and top quarks. A strong constraint on the magnitude of gqAgtA/M2

G arises

3

S. Westhoff, arXiv:1108.3341

TeVatron summary

http://arxiv.org/abs/1108.3341
http://arxiv.org/abs/1108.3341
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