
Study of top-quark decay process and new
limits on Wtb anomloaus couplings

Apurba Tiwari and Sudhir Kumar Gupta
atiwari@myamu.ac.in, sudhir.ph@amu.ac.in

Aligarh Muslim University, Aligarh - 202002, UP

ABSTRACT
We study new physics contributions to

Wtb anomalous couplings in top-quark de-
cay process t → Wb at partonic level. In par-
ticular, we compute the limits on anomalous
couplings to Wtb vertex at partonic level.
Limits were obtained at 13 TeV LHC en-
ergy with integrated luminosity of 36.1 fb−1

and predictons for future circular colliders,
namely, HL-LHC, HE-LHC and FCC-hh were
given. For future colliders the projected lu-
minosities of 0.3 to 3 ab−1 at HL-LHC, 3 to 12
ab−1 at HE-LHC and 10 to 30 ab−1 at FCC-
hh were explored. We also analyze the CP-
violation sensitivity for the process t → Wb
and found that the future colliders with en-
hanced luminosities give more promising re-
suls.

INTRODUCTION
The Standard-Model (SM) is considered a

very successful theory in itself, with a thor-
ough explanation of strong and electromag-
netic interactions. But it has some flaws due
to which it is considered incomplete such as
it could not explain matter-antimatter asym-
metry of the universe [1], Leptogenesis, Bar-
iogenesis, unable to explain dark matter and
dark energy [2] etc. Particle physicists felt the
need to extend SM in order to explain these
phenomenons and proposed beyond the SM
theories.

CP-violation [3] searches in the top-quark
sector are of high interest as top-quark is
the heaviest quark among all quark and as
a consequence, it offers large phase space
to its decay products. Also, It has a life-
time shorter than the hadronization scale so
it does not bound and expected to observed
directly at the LHC. It is, therefore, worth to
study new physics contributions through di-
rect CP-violation in top-quark.

In this article, we consider the top-quark
decay process t -> Wb and estimate limits
to Wtb anomalous coupling at 99 % C.L.
The limits were obtained for the preexisting
data of 13 TeV LHC run-1 with the decay-
width measurements and with the cross-
section measurements as well. Similar stud-
ies for HL-LHC with S = 14 TeV, HE-LHC
with S = 27 TeV and FCC-hh with S = 100 TeV.

ANALYSIS WITH CROSS-SECTION
The plots given below show the relative change of cross-section as a function of anomalous

couplings.

The contour plots given below, show the asymmetries obtained from cross-section at 1σ,
2.5 σ, and 5σ C.L. for 13 TeV LHC energy, HL-LHC with center-of-mass(CMS) energy of 14
TeV, HE-LHC with CMS energy of 27 TeV and FCC-hh with CMS energy of 100 TeV.

13 TeV LHC Energy HL-LHC(14 TeV LHC Energy)

HE-LHC(27 TeV LHC Energy) FCC-hh(100 TeV LHC Energy)

ANALYSIS WITH DECAY-WIDTH
In the plots below, the first four plots

show the dependency of the relative change
of decay-width on anomalous couplings, the
middle three plots show the dependency of
asymmetry obtained from decay-width on
anomalous coupling and the last three con-
tour plots show the asymmetry at 1σ, 2.5σ
and 5σ C.L.

CONCLUSIONS
In this article, new limits are established

on the anomalous couplings to Wtb vertex.
The limits are obtained at 13 TeV LHC energy,
HL-LHC with

√
S = 14 TeV, HE-LHC with√

S = 27 TeV and FCC-hh with
√
S = 100

TeV. These limits are presented in the tables
given below, the first table presents the re-
sults obtained from decay-width and the sec-
ond table presents the results obtained from
cross-section. Also, the CP-violating asym-
metries at Wtb vertex are measured and pre-
sented at 1σ, 2.5σ and 5σ C.L..

Constraints obtained from Decay-Width.

|CR|=0 |CL|=0 |CL|=|CR|

(
∆Γ
Γ

)
t→bW (×10−2) −1.8 ≤ CL ≤ 0.2 −0.5 ≤ CR ≤ 0.6 −0.9 ≤ CL,R ≤ 0.2

(
∆σ
σ

)
pp→tt→(t→bW )(t̄→b̄W−)

(×10−2)
√
S = 13 TeV −1.6 ≤ CL ≤ 0.05 −0.25 ≤ CR ≤ 0.3 −0.8 ≤ CL,R ≤ 0.05

Constraints obtained from Cross-Section.
√
S(TeV)

∫
Ldt σNLO(pb) Bounds on |CL| (×10−4) at |CR| = 0 Bounds on |CR| (×10−4) at |CL| = 0 Bounds on |CC| (×10−4) at |CL| =|CR|

13 36.1 fb−1 870.7 CL ≤ 0.16 −2.74 ≤ CR CL,R ≤ 0.168

14 0.3ab−1 1024.08 CL ≤ 0.052 −1.07 ≤ CR CL,R ≤ 0.054

2ab−1 CL ≤ 0.020 −0.45 ≤ CR CL,R ≤ 0.021
2.5ab−1 CL ≤ 0.018 −0.41 ≤ CR CL,R ≤ 0.019
3ab−1 CL ≤ 0.016 −0.37 ≤ CR CL,R ≤ 0.017

27 3.0 ab−1 3907.2 CL ≤ 0.009 −0.21 ≤ CR CL,R ≤ 0.009

7.0 ab−1 CL ≤ 0.006 −0.14 ≤ CR CL,R ≤ 0.006
12.0 ab−1 CL ≤ 0.005 −0.11 ≤ CR CL,R ≤ 0.005

100 10.0 ab−1 37418.9 CL ≤ 0.002 −0.04 ≤ CR CL,R ≤ 0.002

20.0 ab−1 CL ≤ 0.001 −0.03 ≤ CR CL,R ≤ 0.001
30.0 ab−1 CL ≤ 0.001 −0.026 ≤ CR CL,R ≤ 0.001
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LAGRANGIAN AND PROCESS
The corrected Wtb vertex for top is [4],
LtbW = g√

2
b̄
[
γµ (δC1LPL + δC1RPR)W−µ

±σµν
(
C̃2LPL + C̃2RPR

)
∂νW

−
µ ]t+ h.c.,

here the C1L, C1R, C2L and C2R are dimen-
sionless complex constants. At tree level in SM
C1L = 1 and other anomalous couplings are
zero, however these may get corrections from new
physics contributions.


