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Figure 1: The three main production channels of single top: a) s-channel, b) t-channel and c) tW -channel.

1. Introduction

Despite the numerous successes of the Standard Model (SM), there exist phenomena like
Neutrino masses, Baryon Asymmetry of the Universe, Dark Matter, hierarchy problem, flavor, etc...
which require the presence of Beyond the Standard Model (BSM) physics in order to be explained.
Due to its high mass, the top-quark is believed to represent a unique portal to New Physics (NP).
At the Large Hadron Collider (LHC), the physics of the top quark entered the era of precision
measurements due to the large number of top particles produced in proton collisions at 13 TeV.
Heavy New Physics may manifest itself in the form of effective couplings involving the top-quark
(Wtb-vertex, four fermion interactions, etc...) that can be probed in single-top production. There
are three main channels for single top production which are characterized by different virtualities
of the W -boson: s-, t- and tW -channel. The tree level diagrams for these three production channels
are shown in Figure 1. We have:

a) s-channel q2
W > (mt + mb)2

b) t-channel q2
W < 0

c) tW -channel q2
W = m2

W

The 13 TeV cross sections are [1]: σt (pp → t j + t̄ j) ' 136 + 82 pb aNNLO QCD, σtW (pp →
tW + t̄W ) ' 70 pb aNNLO QCD, σs (pp→ tb+ t̄b) ' 7+ 4 pb @13TeV aNNLO QCD. Single-top
t-channel is the dominant process.

2. Wtb anomalous couplings

Heavy BSM physics can affect the top-quark weak gauge interactions and manifest in the form
of effective couplings at low energies. The most general Lorentz-invariant vertex is parametrized
as [2–4]:

LWtb = −
g
√

2
b̄γµ (VLPL + VRPR)tW−µ −

g
√

2
b̄

iσµνqν
mW

(gLPL + gRPR)tW−µ + h.c. (1)

In the SM at tree level we have VL = Vtb ' 1 and VR = gL = gR = 0. BSM physics can provide
additional contributions to VL,R and gL,R as shown in [5–12].
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2.1 Anomalous couplings contributions to observables

Using the effective vertex in eq. (1), it is possible to compute the s-, t- and tW -channel cross
sections, which can be parametrized as follows

σi = σ
SM
i + Ki∆σi (2)

where Ki are the k-factors and ∆σi are the LO NP contributions, computed in the limit mb = 0 [11]:

∆σt = a0x0 + amxm + apxp + a5x5 ∆σs = b0x0 + bmxm + bpxp + b5x5

∆σtW = c0x0 + cmxm + cpxp + c5x5 (3)

with

x0 = |VL +
mW

mt
gR |

2 + |VR +
mW

mt
gL |

2 − 1 x5 =
m2

t

m2
W

(
|gL |

2 + |gR |
2
)

(4)

and
xm = |VL +

mt

mW
gR |

2 − 1 xp = |VR +
mt

mW
gL |

2 (5)

The anomalous couplings contribute also to helicity (∗), normal (N) and transverse (T) polarization
fractions [13] which are defined as:

1
Γ

dΓ
dθx

l

=
3
8

(1 + cos θxl )2Fx
R +

3
8

(1 − cos θxl )2Fx
L +

3
4

sin2 θxl Fx
0 (6)

At LO, in the limit mb = 0, the expressions for F∗i can be found here [11]. Other powerful observ-
ables to probe anomalous couplings are Forward-Backward Asymmetries (P top polarization) [13]
constructed in terms of polarization fractions

AFB =
3
4
[
F∗R − F∗L

]
AN,T

FB =
3
4

P
[
FN,T
R − FN,T

L

]
(7)

2.2 Current and expected bounds

95% CL limits on anomalous couplings obtained by combining helicity fractions, single top
production cross section and AFB asymmetries can be found in [14, 15]. Those limits are summarized
in Table 1 where ImVL is set to be 0.

VL VR gL gR

Re [0.85,1.08] [-0.35,0.39] [-0.23,0.22] [-0.07,0.07]
Im − [-0.37,0.39] [-0.22,0.23] [-0.20,0.15]
Re 1 [-0.28,0.32] [-0.17,0.19] [-0.05,0.02]
Im − [-0.30,0.30] [-0.19,0.18] [-0.11,0.10]

Table 1: The first two lines show 95% CL limits on anomalous couplings allowing all couplings to vary
simultaneously, these limits are extracted from collected data at LHC and Tevatron [14]. The bottom two
lines show limits where ReVL is kept fixed to 1 and include the extrapolated results from the HL-LHC (3000
fb−1) [15].
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3. Constraining NP with pp→ tlν

Differential distributions in pp→ tlν → blνlν [16] can be used to constrain EFT four fermion
operators involving heavy quarks and leptons

c3(1)
Qli

Λ2 (l̄iLγµσI liL)(Q̄LγµσIQL)
cS(1)
tli

Λ2 (l̄iLeiR)ε (Q̄LtR) + h.c.

cT (1)
tli

Λ2 (l̄iLσµνeiR)ε (Q̄LσµνtR) + h.c. (8)

A sequential W ′ model with coupling kL and mass MW ′

L = −
gW
√

2
kL ν̄LγµeLW ′

µ −
gW
√

2
kL t̄LγµbLW ′

µ + h.c. (9)

can be matched to the EFT operators as follows:

C2 ≡
c3(1)
Ql

Λ2 = ±
g2
W k2

L

4M2
W ′

cS(1)
tl

Λ2 =
cT (1)
tl

Λ2 = 0 (10)

Current and expected bounds on the sequential W ′ model with comparison are obtained in [17]
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Figure 2: Left: current bounds using differential distributions at 36.1 fb−1. Right: expected bounds at 300
fb−1 (blue) and 3000 fb−1 (red).

4. Conclusion

LHC is a top factory which allows to study top-quark properties very precisely. Single top is
a great probe of NP because its production mechanisms have cross sections directly proportional
to the Wtb vertex. Heavy BSM physics may manifest at low energy by modifying the Wtb vertex.
Current measurements constrain Wtb anomalous couplings at the 0.1 level, future sensitivity may
reach 0.01 level. EFT limits imply Λ & 1 TeV. Less constrained SMEFT operators may be probed
in differential measurements of the full final state pp→ tlν.
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