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Production of Single top with Higgs
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Enables direct determination of t̄th coupling,
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Effective Top quark Couplings

Using only Lorentz invariance, the tbW coupling can be written as:

Γµ =
−g
√

2
Vtb

[
γµ(f1LPL + f1RPR)−

iσµν

mW

(pt − pb)ν(f2LPL + f2RPR)

]
In the SM, f1L = 1 and f1R = f2L = f2R = 0.

The most general t̄th coupling is written as:

L =
mt

v
t̄ (cos ζt + i sin ζt)t h

ζt is the CP-violating phase.

ζt = 0 corresponds to pure scalar state while ζt = π/2 to pure
pseudoscalar state.

Current LHC data on h→ γγ and h→ gg constrains |ζt| < 0.6π
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Higgs couplings with W bosons

Using only Lorentz and gauge invariance, the WWh couplings upto
dimension-5 can be written as:

Leff = g1
Wh(G+

µνW−µ + G−
µνW+µ)∂νh + g2

Wh(G−
µνG+µν)h

− g3
Wh

m2
W

v
(W+

µW−µ)h + g4
Wh(G+

µνG̃−µν − G−
µνG̃+µν)h

In the SM, g3
Wh = 1 and g1

Wh = g2
Wh = g4

Wh = 0.

g3
Wh and g2

Wh have SM Lorentz structures.

⇒ Thus not expected to modify the shape of the distributions.
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Top Polarization

Its life time is ∼ 5× 10−25s which is smaller than hadronization
scale ∼ 3× 10−24s

In the top-rest frame, the distribution of its decay products is given by

1

Γ

dΓf

d cos θf
=

1

2
(1 + κPt cos θf)

The `+ and d quark are the best spin analyzers with κ`+ = κd̄ = 1,

Thus the `+ or d have the largest probability of being emitted in the
direction of the top spin,
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Top Polarization

Polar distribution of charged lepton in top rest frame,

⇒ Requires reconstruction of full top momentum,

Atl =
σ(cos θtl > 0)− σ(cos θtl < 0)

σ(cos θtl > 0) + σ(cos θtl < 0)
,

Azimuthal distribution of charged lepton in lab frame,

⇒ Requires only reconstruction of top production plane,

Aφ =
σ(cosφ` > 0)− σ(cosφ` < 0)

σ(cosφ` > 0) + σ(cosφ` < 0)
,

Pankaj Sharma (CoEPP) September 15, 2015 6 / 22



Top Polarization

Polar distribution of charged lepton in top rest frame,

⇒ Requires reconstruction of full top momentum,

Atl =
σ(cos θtl > 0)− σ(cos θtl < 0)

σ(cos θtl > 0) + σ(cos θtl < 0)
,

Azimuthal distribution of charged lepton in lab frame,

⇒ Requires only reconstruction of top production plane,

Aφ =
σ(cosφ` > 0)− σ(cosφ` < 0)

σ(cosφ` > 0) + σ(cosφ` < 0)
,

Pankaj Sharma (CoEPP) September 15, 2015 6 / 22



Lepton Azimuthal distribution as top-spin analyzer

Measured w.r.t top production plane.
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Azimuthal Distribution
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Azimuthal Distribution
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Azimuthal Distribution
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Asymmetry vs Top polarization
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Asymmetry vs Top polarization
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⇒ Sensitive in the region ζt < 0.4π.
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Conclusions

Top quark polarization provides an additional handle to probe new
physics scenarios.

Associated Single-top and Higgs production provides an opportunity
for direct determination of tth coupling..

Azimuthal asymmetry of charged lepton may provide good sensitivity
to gwwh1 and CP-violating phase ζt < 0.4π,

Asymmetries are sensitive to ζt in the region −0.4π : 0.4π while
cross section in > π/2.

THANKS
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Production of Single top with Higgs
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Polar Distribution in top-rest frame
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Polar Distribution in top-rest frame
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Polar Distribution in top rest frame
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Polar Asymmetry in top rest frame

Atl =
σ(cos θtl > 0)− σ(cos θtl < 0)

σ(cos θtl > 0) + σ(cos θtl < 0)
,
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⇒ isolates real and imaginary parts of gwwh1.
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Polar Distribution in lab frame
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Polar Distribution in lab frame
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Polar Distribution in lab frame
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Polar Asymmetry in lab frame
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⇒ Sensitive to imaginary part of CP-odd gwwh4.
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