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● W polarization measurement in helicity basis with single top 
events

● Known as W helicity measurements

● CP-violation probe by the forward-backward asymmetry 
with W polarization in normal basis with single top events

● A few words on polarization
● What is polarization: a momentum is produced in a prefered direction, 

“polarized”

● How to study: use angles to probe the prefered (polarized) direction

● As people say, the polarized angular distribution

To be presented
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● Top/W polarization: decaying children are produced in a polarized direction

● The left-handed Wtb vertex causes top/W polarization

● For top polarization, why use single top?

● Single top is highly polarized

● Top pair is not polarized (F. Déliot talk)

● For W polarization

● with single top (this talk)

● with top pair (F. Déliot talk)

● Goal:

● Probe Wtb vertex: constraints on anomalous couplings beyond SM

What is Top/W polarization?

Strong interactionWeak interaction

momentum
in top rest frame

t
b

W

spin

~70%
Longitudinal W

t
b

W

spin
momentum

in top rest frame

~30%
Left-handed W
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Polarizations constrain Wtb interaction
● The most general effective Lagrangian describing Wtb vertex

● SM: V
L
 = V

tb
 almost 1, anomalous couplings V

R
 g

L
 g

R
 equal to 0 

● Beyond SM: non-zero anomalous couplings

● How to constrain anomalous couplings?

● CMS measured W polarization fractions in helicity basis to constrain 
anomalous couplings

● ATLAS measured the forward-backward asymmetry in W polarization 
with normal basis to probe CP-violation
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W polarization with θ*/θT/θN 

● Traditionally, W polarization is measured with cosθ* in helicity basis

● The angle between lepton momentum in W boson rest frame and W boson 
momentum in top quark rest frame

● W helicity fractions are used to constrain anomalous couplings

● Paper [Nucl. Phys. B840 (2010) 349-378] explored 
new bases for W polarization measurements

● s
s
 = top spin axis

● q = W boson momentum in top rest frame

● Measure W polarization with

● cosθT in transverse basis 

● cosθN in normal basis  

● ATLAS defines AN

FB
 with cosθN  

● cosθ = cosθN

● z = 0

W boson

t quark

lepton

Normal basis
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● Analysis: Measure AN

FB
  to constrain anomalous couplings and to probe CP-

violation

● AN

FB
 is very sensitive to the imaginary part of g

R
, for small values of g

R
 and 

taking V
L
=1 V

R
=g

L
=0, one has the relation between the AN

FB
 and Im g

R
 above

● CP violation can be probed by the non-zero imaginary part of anomalous coupling g
R
 

● Therefore, a non-zero AN

FB
 indicates CP-violation

CP-violation probe with AN

FB
   

[Nucl. Phys. B840 (2010) 349-378]

Constrain imaginary part of g
R
 

Non-zero AN

FB
 indicates CP-violation 
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Signal and backgrounds

● Exactly one lepton 
(CMS uses only 
muon)

● High missing 
transverse energy

● Exactly two jets
● Exactly one of the two 

jets is tagged

(J. Donini talk)

Data driven
● QCD multijet background

● Electron channel: JetElectron model for the shape 
modeling, fit to Emiss

T
 for normalization

● Muon channel: Matrix method
● W+jets background

● MC for modeling
● Fit to control region for normalization

● QCD multijet background
● Normalization is given in the fit to transverse mass of W
● Model is given from data by inverting isolation requirements

● W+jets background
● Normalization is given in the simultaneous

fit with W helicity fraction extraction
● Model is from control region (2jet0tag)

● Theoretical prediction and
Monte carlo simulation
● s channel, Wt channel, top pair,
● Z+jets, Diboson(WW, WZ, ZZ)

Signal Backgrounds
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Result: CP-violation probe with AN

FB
 

[ATLAS-CONF-2013-032]

Unfolding method (2 bins)

assuming P = 0.9 in SM

Dominant uncertainties
● statistics
● generator
● bkg normalization
● JER JES

cosθN Im(g
R
)

P
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Result: W polarization in helicity basis

[CMS PAS TOP-12-020]
The measured polarizations are used to set
limits on Wtb anomalous couplings.
The best fit values
g

L
  = -0.014 and g

R
 = 0.007

Including all uncertainties
CMS
Single top

F
R

F
0

F
L

Re(g
L
)

Re(g
R
)



10

● ATLAS gave the first measurement on forward-backward asymmetry 
AN

FB 
in W polarization with normal basis which constrains anomalous 

couplings in Wtb vertex and shows no evidence of CP-violation in top 
quark decay.

● CMS gave the first measurements on W polarization in helicity basis 
with single top topology which helps to constrain anomalous couplings 
in Wtb interaction.

● A little about the future

● Determine the top polarization to improve AN

FB
 measurement

● Simultaneously fit to cross section and polarization observables
● Perform a combination (top pair W helicity is available) including 

single top AN

FB
  and W helicity to strongly constrain anomalous 

couplings
● Explore polarizations in other bases (transverse basis)?

Conclusions



  

Thank you all!

Thanks to the meeting organizers for arranging everything
and giving me the possibility to give the talk here!

Thanks to the people working on the LHC
and to the people working on ATLAS and CMS for their excellent work!



  

Backup slides
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Three production modes

First observations:
At TEVATRON
D0, CDF (2009) s+t

First observations:
At TEVATRON
D0, CDF (2009) s+t

First observations:
At LHC
ATLAS (05-2012)
CMS (09-2012)

7 TeV 64.57 pb 15.74 pb 4.63 pb

8 TeV 87.8 pb 22.4 pb 5.6 pb

increase ~ 40% ~ 40% ~ 20%
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Single top first observations
● First observations (s+t combined) at TEVATRON

● D0 [Phys. Rev. Lett. 103, 092001 (2009)]

● CDF [Phys. Rev. Lett. 103, 092002 (2009)]
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● Cross sections at the center of mass energy X TeV

Cross sections
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● The angle could be calculated with different decaying children from 
top: b quark, W boson, lepton, neutrino

Top polarization

arXiv:hep-ph/9811219
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CP-violation - event selection

● Exactly one lepton with p
T
 > 25 GeV

● Exactly two jets
● Jet p

T
 > 30 GeV, |η|<4.5

● With crack removal p
T
 > 35 GeV

at 2.75<|η|<3.5
● Retangular cut

● MET > 30 GeV MTW > 30 GeV
● QCD rejection

● p
T
(lepton) > 40  (40/π − 1)(φ(leading-jet, ∓

lepton) ± π) GeV

● Exactly one btagged jets among the two jets
● Central |η|<2.5
● JetFitterCOMBNNc cut at 55% btagging 

efficiency

Pretag sample

Tagged sample

Extractly AN

FB
 with tagged samples

& | η (light jet)| > 2 & H
T
>210 GeV

& m
top

 within 150-190 GeV & | Δη(light jet, b-jet)| > 1
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CP-violation - cosθN 

[ATLAS-CONF-2013-032]
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CP-violation - event yield

[ATLAS-CONF-2013-032]
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CP-violation - uncertainties

Lumi uncer input 1.8% 2011

[ATLAS-CONF-2013-032]
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● The weight

● The pdf of cosθ* of signal after reconstruction

● Binned likelihood function

● Wjets normalization and (F
L
,F

0
) are fit simultaneously

● Signal normalization is fixed to 1 according to cross section 
measurement

W helicity - Reweighting

Transfer matrix

Parameters
to be fit,
3 in total
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W helicity - event selection

Event selection (only muon events are used in 7(8) TeV analysis)
● Exactly one isolated muon with p

T
>20(26)GeV and |η|<2.1

● Exactly two jets with p
T
>30GeV and |η|<4.5 for 7TeV

● Both jet with p
T
>60GeV for 8TeV

● MTW > 40(50) GeV
● Exactly one btagged jet (mistag rate ~0.1%)
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W helicity - cosθ*

[CMS PAS TOP-12-020]
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W helicity - event yield

[CMS PAS TOP-12-020]
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W helicity - uncertainties

[CMS PAS TOP-12-020]
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