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Outline
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More on Top couplings:
Top Quarks Polarisations

Antonio Onofre Top Couplings @ Beyond...



3/37

Outline

Main Topics in this Talk
Global Fits of Data
More on Top couplings:
Top Quarks Polarisations

Antonio Onofre Top Couplings @ Beyond...



4/37

Global Fits of Data

Why is it necessary a precise
model-independent measurement of the Wtb
vertex structure?

It may reveal physics beyond the Standard Model
Vtb could be different from the Standard Model value
Anomalous couplings may appear at the vertex

It may help understand possible other new physics beyond the
Standard Model

top quarks decay almost exclusively to t →W +b
understanding the structure of the Wtb vertex helps
revealling possible non-standard t t̄ production at LHC,
Zt t̄/γt t̄ couplings at ILC, etc.
important for B and K physics (indirect limits on anomalous
couplings, see later)
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Global Fits of Data

The Wtb vertex must be determined by a global
fit to several observables:

Several, theorectically equivalent, observables studied for
t t̄ production at LHC (not all explored yet @ LHC)
Single top cross section usefull (sensitive to Vtb and
anomalous couplings)
Indirect limits from b → sγ available (not used)
The most general CP-conserving vertex for top quarks
on-shell is used
All couplings are allowed to vary freely in TopFit to find the
allowed regions for a given CL
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Global Fits of Data
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The Wtb vertex structure

Effective Wtb vertex from dim-6 operators

L = − g√
2

b̄ γµ (VLPL + VRPR) t W−
µ

− g√
2

b̄
iσµνqν

MW
(gLPL + gRPR) t W−

µ + h.c.

VL ≡ Vtb ∼ 1 (within SM)
VR,gR,gL ⇒ anomalous couplings

[EPJC50 (2007) 519, NPB804 (2008) 160, NPB812 (2009) 181]

How to probe anomalous couplings in the Wtb vertex?
indirect limits from B-physics
measurements of single top quark production: cross-section and
angular distibutions
measurements of t t̄ production: angular distributions of top quark
decays
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B-physics constraints to Wtb vertex

[EPJC57 (2008) 183]
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B-physics constraints to Wtb vertex

BR(B̄ → Xsγ) =
(

3.55± 0.24 +0.09
−0.10 ± 0.03

)
× 10−4

[hep-ex/0603003]

BR(B → Xsγ)× 104 = (3.15± 0.23)− 4.14 (VL − Vtb) + 411 VR

− 53.9 gL − 2.12 gR − 8.03 C(p)
7 (µ0)

+ O
[(

VL − Vtb,VR , gL, gR ,C
(p)
7

)2
]

O
[
(VL − Vtb,VR , . . .)

2
]
' 1.32(VL−Vtb)2−262(VL−Vtb)VR + 12970V 2

R + . . .

VL − Vtb VR gL gR C(p)
7 (µ0)

upper bound 0.04 0.0024 0.003 0.08 0.02
lower bound −0.24 −0.0004 −0.018 −0.46 −0.12

[EPJC57 (2008) 183]
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B Mesons Rare Decays

[Francesco Polci, Moriond QCD, 19-26 March, 2022]
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B Mesons Rare Decays

[K.A.Petridis, CERN talk, March 23, 2021]
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B Mesons Rare Decays
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B Mesons Rare Decays

[K.A.Petridis, CERN talk, March 23, 2021]
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B Mesons Rare Decays

[Mathias Neubert, Moriond QCD, 19-26 March, 2022]
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Global Fits of Data

Main objective: extend the studies already performed at
the LHC on top quark Anomalous Couplings/EFT in
t →Wb decays to HL-LHC/HE-LHC
Several processes under study to
probe the Wtb vertex1:

Top quark pair production (t t̄)
(i) semileptonic channel
(ii) dileptonic decays

single top quark physics
(i) t-channel (single lepton)
(ii) Wt-channel (dileptonic decay)

EFT/anomalous couplings
studied associated
to the Wtb vertex

1
JHEP1206(2012)088, EPJC77(2017)264, JHEP04(2017)124, JHEP04(2016)023, JHEP12(2017)017,
PLB717(2012)330, PRD90(2014)112006, PLB716(2012)142, PLB756(2016)228, EPJC77(2017)531,
JHEP01(2016)064, JHEP04(2017)086, JHEP01(2018)63, EPJC78(2018)186
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Top quark pair production
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Top quark pair production (t t̄)

+ Example of Decay Observable: cos θ∗` [F0,FL,FR]

F SM
0 = 0.687± 0.005

F SM
L = 0.311± 0.005

F SM
R = 0.0017± 0.0001

@ NNLO QCD calculation, PRD81(2010)111503
(F0 + FL + FR = 1)

EPJC77(2017)264
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Top quark pair production (t t̄)

[arXiv:hep-ph0605190v2 18 Mar 2007]
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Single top quark
production
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Single top quark production

σ = σSM
(
V 2

L + κVR V 2
R + κVLVR VLVR + κgL g2

L + κgR g2
R + κgLgR gLgR + . . .

)

the κ factors determine the dependence on anomalous
couplings

the κ factors are, in general, different for t and t̄ production

the measurement of the single top production
cross-section allows to obtain a measurement of
VL (≡ Vtb) and bounds on anomalous couplings
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Anomalous couplings/EFT parameters in global fits

General Wtb vertex Eur.Phys.J. C50 (2007) 519-533

L = −
g
√

2
b̄ γµ (VLPL + VRPR) t W−µ −

g
√

2
b̄

iσµνqν
MW

(gLPL + gRPR) t W−µ

vector (VR) and tensor like couplings (gL, gR) zero @ tree level in SM

+ EFT parameters: anomalous couplings described by effective operators
OuW ,OdW , O(3)

φq and Oφud i.e., constraints on anomalous couplings equivalent to
constraints on EFT parameters (a more integrating framework) [arXiv:1802.07237]

PRD 97 (2018) 1, 013007 (TopFit), arXiv:1811.02492
Fits
Using:

σ, Whel ,

AFB @

7,8,13 TeV
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EFT/anomalous
Couplings
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Constraints from Global Fits
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Constraints from Global Fits

[Improvements from Theory]

+ Effective Field Theory approach (EFT):

Dimension 6 Operators:

Buchmuller, Wyler Nucl.Phys. B268 (1986) 621-653,
Grzadkowski et al arxiv:1008.4884
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Constraints from Global Fits

[Improvements from Theory]

+ Effective Field Theory approach (EFT):
Example of top quark operators:
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Constraints from Global Fits

[Improvements from Theory]

+ Towards a Global SMEFT Fit:

Maltoni et al., arXiv:1901.05965

34 d.o.f., ≥ 100 observables
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Constraints from Global Fits

[Improvements from Theory]

+ Towards a Global SMEFT Fit: Results

Maltoni et al., arXiv:1901.05965 [LHCTopWG EFT note, arXiv:1802.07237]
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Constraints from Global Fits
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Top quark Polarizations
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Top quark Polarizations
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Top Quark Polarizations

[Basic Template Fit]

+ use templates for RR, RL, LR and LL (Protos):

Evaluate efficiencies (εXX ′) for the different polarisation
components
Evaluate the templates after event selection f̄XX ′

Evaluate interference term ∆int

Extract aXX ′ (at parton level, without parton level
reconstruction)
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Top Quark Polarizations

[Templates (in helicity basis K-axis)]
z1 = cos(θ1) and z2 = cos(θ2)
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Top Quark Polarizations

[Templates (in helicity basis K-axis)]
Pull Distributions SM reconstruction
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Top Quark Polarizations

[Templates (in helicity basis K-axis)]
SM ∆int Interference Results
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Conclusions

Global Fits to Data (up to the HL-LHC):
1) global analysis approach
2) full kinematical reconstruction
3) angular distributions identified in several signal regions
4) fit the Standard Model and extract EFT Wilson coefficients
5) need to go global !!!

6) need to include the Flavour Physics (two energy scales ...)

Top Quark Polarisations:
1) new template method
2) no need to recover parton level information

3) interference effects can be probed
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