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Outline

• Top charge

• Branching ratio: R=B(t→Wb)/B(t→Wq)

• Electroweak couplings: 

• associated tt+γ production

• associated tt+Z and tt+W production
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Top quark charge
• SM - electroweak isospin parter of b quark (of q=-1e/3) : charge = +2e/3

• Other possible decay to W and b quark: exotic particle charge -4e/3

• identification of b-initiated jets (b-tagging): long lifetime of B 
hadrons, jets with large impact parameter; soft (low-pT) muons from B 
decays

• identification of b quark charge ➨ more complicated! Methods:

1. from the charge of the soft muon  (same sign as B-hadron in direct decays)

• smeared by flavour oscillations of neutral B mesons

• smeared by B-hadron cascades through charmed hadrons

2. from the momentum-weighted charge of all charged particles in the jet

 * Key issue : to identify b-quark jet and its charge *

K MC derived parameter 0.5/0.7 for ATLAS/CMS
i runs over all tracks
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ATLAS CONF-2011-141
0.70 fb-1 tt→ l ν+jets

CMS: TOP 11-031
4.6 fb-1 tt→ μ ν+jets
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Top quark charge

1 isolated lepton pT>20/25 GeV (e/μ)
ETmiss + mT(W) > 60 GeV  (μ)

mT(W) > 30 GeV  (e)
>=4 jets pT>25 GeV  (1 btag)

Soft lepton: +1μ within jet (pT>4 GeV)
Charge from tracks:  +1 btag

exactly1 isolated muon pT>26 GeV 
>=4 jets pT>30 GeV  

2 btags

Soft lepton: +1μ within jet (pT>4 GeV)
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 * Exotic scenario excluded by both experiments  at 5 σ *
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from soft muonfrom tracks

Top quark charge
• Systematic uncertainties

CMS (soft muon) ATLAS
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Branching ratio: 
R=B(t→Wb)/B(t→Wq)      q=b,s,d

• b-tagging:  for the analysis, crucial to know efficiency of

• correctly identifying b-jets using btag (εb, ±~3%)

• accepting light jets passing btag (mistags: εq ~14%,±~11%)

 * Key issues : correctly identify b/light-quark jets and its parent top *

CMS: TOP 11-029
2.2 fb-1 tt→ l ν+l ν+jets

εq(-)=εq(+)

(few b’s on -)

IP-based tag discriminator
(significance of 2nd jet,   >1.74)

2 isolated leptons pT>20 GeV
|Mll-MZ|>15 GeV (Z bkg removal)

ETmiss > 30 GeV
(not required for eμ)

• Event selection:
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• Jet assignment: 

• use invariant mass (lepton-jet)

• model mis-assigned distribution

1. swap jet forming pair (l-jet)

2. rotate randomly l momentum vector

• normalize at high mass region 

• remove from data ☞ fcorr~0.3 data&MC

Branching ratio

max ≈√(mt2-mW2) =156
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• From fcorr ⇒ get N, nr of correctly reconstructed and selected tops (thus, of bjets!)

• Given N, from εb, εq⇒ model the nr expected events for each b-tag multiplicity

• Data: nr of b-tagged jets 

Ex: ``model`` for 2 jets from top, correctly 
reconstructed&selected, expected # btags is:

from a likelihood fit to 
the model, extract R

Branching ratio
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• Systematic uncertainties

• Likelihood fit:

R=0.98±0.04
R>0.85 @95%CL

Branching ratio
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Electroweak couplings: gauge-boson 
associated tt production

• Investigate electroweak couplings involving tops

• Important Standard Model test: new physics modifies the structure of the electroweak 
couplings, described by

• tt production via intermediate V very difficult

• small correction to a QCD dominated process

• Instead, measure cross-sections:  ttγ, ttZ, ttW production

• Tests of the electroweak sector in top physics specially interesting

• LHC measurements are crucial: ttV cross section very low to be seen at Tevatron

see e.g. U.Baur et al., PRD71 (2005) 054013

Precision 
measurements on ttV 
final states sensitive to 
anomalous couplings 
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• Event selection
Electron channel:

exactly one electron pT>25 GeV
ETmiss > 35 GeV

mT(W) > 25 GeV
at least 4 jets pT>25 GeV

at least 1 btag
M(eγ) outside Z peak

1 photon pT>15 GeV

(tighter selection: rejects e 
misidentified as γ and QCD)

Observed: 70 events

Muon channel:
exactly one muon pT>20 GeV

ETmiss > 20 GeV
ETmiss + mT(W) > 60 GeV
at least 4 jets pT>25 GeV

at least 1 btag

1 photon pT>15 GeV

Observed: 52 events

ttγ cross-section
ATLAS CONF-2010-153
1.04 fb-1 ttγ→ lν+jets+γ
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• Signal, background separation via template fits built on data: isolation (distribution of ∑pT(tracks) in a 
cone around photon direction)

• Prompt photons (including signal)

• Template from Z→ee

• pT(e1)>25, pT(e2)>15 GeV

• Use simulation to correct small e/γ differences

• Fake photons (background:  hadrons identified as γ)

• data sample from  jet triggers

• shower shape variables: inverted select. criteria

• Other backgrounds, featuring real photons or electrons:

• shape from signal

• normalization from simulation or data-driven estimation

mostly non-isolated

mostly isolated

ttγ cross-section
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tt pair correctly identified but

- an electron is faking a photon (e.g. 
dilepton channel)

estimated by ‘fake rate’: 
measure the fraction of electrons 
faking photons ρ(pT) on Z events,
(invariant mass: electron+photon);
apply to selected sample

- the lepton emits a photon
    estimated from simulation

Other processes identified as tt+γ
(real or fake)

- W+jets+γ
estimated in a control region: 
sample with 1, 2 or 3 jets;
extrapolation factor to signal region: 
from simulation

- QCD+γ
estimated in a control region: 
inverted ETmiss and/or mT(W) selection 
criteria
extrapolated to signal region

- single-top and diboson
   estimated from simulation

• Background estimation: MC/data-driven techniques

ttγ cross-section
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• Template Fits: fitting both channels simultaneously

• keep nr of non-tt bkg fixed (signal template shape)

• keep nr of tt bkg fixed (signal template shape)

• adjust hadron (hadron-), electron (signal-) fakes  and signal 
(signal- template shapes)

ttγ cross-section

hadron fakes: dominant bkg
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• Systematic uncertainties

ttγ cross-section

Dominant sources:
partially ttbar

partially photons
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• Yields:

• Observed vs expected:

               background-only 

       hypothesis significance 2.7 σ

σ . BR = 2±0.5(st)±0.7(sys)±0.08(lumi) pb,   for pT(γ)>8 GeV
NLO prediction: 2.1±0.5 pb

ttγ cross-section
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CMS: TOP 12-014
4.9 fb-1 ttZ→ lν+jets+ll

ATLAS CONF-2012-126
4.7 fb-1 ttZ→ lν+jets+ll

3 leptons 
[muons pT>20 GeV, electrons 

pT>25 GeV]
Z mass window
ETmiss > 30 GeV

at least 4 jets pT>30 GeV
1 btag

(tighter selection)

2 leptons pT>20 GeV
Z mass window
pT(Z) > 35 GeV

3rd lepton pT>10 GeV
at least 3 jets pT>20 GeV

1 btag (loose) 1 btag (medium)
HT = ∑pT(jets)>120 GeV

•  Three-lepton final state: very low SM backgrounds

•  Event selection:

ttZ cross-section
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• Background estimation:

• fake leptons (e.g. tt+jets, Z+jets), diboson

• Use control regions with looser selection criteria to measure fakes/estimate bkg:

ttZ cross-section

Data-driven
bkg estimate 

DD normalization; shapes from MC
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• Systematics:

• MC statistics, bkg determination

ttZ cross-section

ATLAS:
CMS:

bkg estimate: 27%
lepton reconstruction, 

trigger, b-tagging, pile-up,
simulation modeling, luminosity:

typically <~5%
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• Back to the signal region:

• 9 events (2.9±0.8 expected bkg)             ● 1 event (exp. 1.13±0.06 SM, 0+1.16 fakes)

significance: 3.66 σ
(p-value 0.0001)

(NLO pred: 0.1387 pb)

ttZ cross-section

σttZ = 0.30+0.14-0.11(stat)+0.04-0.02(syst) pb σttZ <0.71 pb
at 95% CL

20Wednesday, September 19, 2012



• Selecting 2 same-sign leptons

CMS: TOP 12-014
4.9 fb-1 tt→ l ν+jets

Event selection
2 leptons pT>55 (30) GeV

veto over ttZ selection (3 leptons)
3 jets pT>20 GeV

1 btag
HT>100 GeV

Background sources
Mis-reconstruction (charge id, fakes)

Rare SM: WZ, ZZ,Wγ,WW(++,--), VVV

significance: 2.99 σ
(p-value 0.001)

(NLO pred: 0.308 pb)

ttV cross-section (V=Z,W)

σttV = 0.45+0.17-0.15(stat)+0.06-0.05(syst) pb
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ttV CMS combination

Cross sections slightly
above but consistent

with the Standard
Model predictions
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Summary and conclusions
• Important tests of the Standard Model validity on 2011 LHC data:

• Top charge measured at the LHC: exotic quark with q= -4e/3 excluded

• R=B(t→Wb)/B(t→Wq) > 0.85 at 95%CL

• Measurements of ttγ, ttV (V=Z,W) cross sections presented

• ttV in hadron colliders: unique for LHC

• first steps towards understanding structure of electroweak couplings to tops 

• excellent ground to find new physics

• very important step for searches involving tt+X final states (ttH, SUSY, ...)

• Consistency with the Standard Model in all measurements
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