
Ideas for combinations of measurements 
constraining the Wtb vertex

 Nuno Castro
nfcastro@lip.pt

LHC TOP WG meeting, 18th Nov 2015
IF/00050/2013, CERN/FIS-NUC/0005/2015



  2

The Wtb vertex
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The Wtb vertex

The following dim-6 operators are relevant to the Wtb vertex:

[Nucl.Phys.B 812 (2009) 181]
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W polarization and the Wtb vertex
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W polarization and the Wtb vertex
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W polarization and the Wtb vertex

BLUE combination:
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W polarization and the Wtb vertex
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Single top production cross-section
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Single top production cross-section

● Notice the difference in the dependence of g
R
 for top and anti-top

production
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Single top production cross-section

Phys.Rev. D90 (2014) 11, 113007

Eur.Phys.J. C74 (2014) 12

● Interpretations 
done outside
the collaborations
with the published
information

● Very useful to know
what to expect but
a detailed study
of the correlations
can't be done
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Combining results at the observable level
● The Best Linear Unbiased Estimator (BLUE) method:

● The combined result is a linear combination of the individual 
measurements

● The combined result is unbiased
● The combined result has a minimum variance

● Minimize 

● Full covariance matrix needed 

● In the present case, what we want is not a combined measurement 
(e.g. if the individual measurements are the W helicity fractions and 
the single top production cross-section) but rather the combined 
contraints on the anomalous Wtb couplings

error matrix

[NIM 270 1 (1988) 110]

[Eur. Phys. J. C, 74 (2014) 2717]
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Combining results at the observable level
● It's crucial to apply the efficiency corrections when interpreting 

the measurements

● EFTfitter (developed by Kevin Kroeninger) can be used: 

→ For illustration purposes only
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Combining results at the observable level

→ For illustration purposes only
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Combining results at the observable level

→ For illustration purposes only

Allowing all the (real part of the) anomalous couplings to vary simultaneously:

Combining results at the observable level
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Accessing the imaginary part of the couplings
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Accessing the imaginary part of the couplings
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Accessing the imaginary part of the couplings

→ For illustration purposes only
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Accessing the imaginary part of the couplings

W momentum in 
the top-quark 
rest frame

lepton 
momentum
in the W rest 
frame

spect. quark 
momentum
in the top rest frame

[arXiv:1510.03764]
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Accessing the imaginary part of the couplings

[arXiv:1511.02138]

→ defined, for each top (t→bW→b) as the number of times each decay product () is
     aligned (or antialigned) w.r.t. the direction of the recoiling spectator quark 

t polarization
→ Polarization axis: defined along the untagged jet in the top rest frame
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Accessing the imaginary part of the couplings
[arXiv:1511.02138]

(0.44 expected in the SM)
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Some concluding remarks
● In order to go further on the (general) Wtb vertex study we need 

a combination of different observables between experiments. 
This requires additional information to be properly done:

● Type of uncertainties: gaussian (this would make our life simpler...)
● Categories of uncertainties (stat., JES, b-tagging, etc): same 

categories between measurements / experiments
● Correlation between uncertainties: one needs to remember to save 

the information on the sign of uncertainties 
● MC samples with anomalous couplings needed to access the 

impact on the eff * accept
● It's crucial not to assume the SM Wtb vertex in the measurements 

(e.g. when doing the unfolding)
● Shall we also start thinking about a combination of fiducial 

measurements affecting related to the Wtb vertex?
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Going even further: 
towards a global fit in the top sector

[arXiv:1506.08845]
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