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-
Production of Single top with Higgs

m Enables direct determination of tth coupling,
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|
Effective Top quark Couplings

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

- = ;thb ~*(fiLPL + firPR) — ot
V2 my

m In the SM, fiy =1 and fig =y =fr = 0.

(Pt — po)w(f2cPL + f2rPR)

m The most general tth coupling is written as:

me_ . .
L=—t(cos( +isin)th
v

m (; is the CP-violating phase.

m (; = 0 corresponds to pure scalar state while ¢, = 7 /2 to pure
pseudoscalar state.

m Current LHC data on h — 4+ and h — gg constrains |(;| < 0.67
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-
Higgs couplings with W bosons

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

Lt = gwn(GH W™ + G, W)d"h + g3, (G,,,G™)h
2
m ~ ~
g?,\,hT""(w;w—“)h +ghn(GE,G™# — G G+#)h

u Inthe SM, g3, =1 and g}, = g2, =g, = 0.

m g, and g, have SM Lorentz structures.

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

m Its life time is ~ 5 X 10~25s which is smaller than hadronization
scale ~ 3 x 10—24s

m In the top-rest frame, the distribution of its decay products is given by
1 dry 1
— = - (1 4+ kPt cos @
I d cos 6¢ 2 (1+ Py f)

m The £ and d quark are the best spin analyzers with kp+ = k3 = 1,

m Thus the £% or d have the largest probability of being emitted in the
direction of the top spin,
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Top Polarization

m Polar distribution of charged lepton in top rest frame,

=> Requires reconstruction of full top momentum,

o(cos By > 0) — o(cos Oy < 0)

A = 9
o o(cos By > 0) + o(cos 6y < 0)
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Top Polarization

m Polar distribution of charged lepton in top rest frame,

=> Requires reconstruction of full top momentum,

o(cos By > 0) — o(cos Oy < 0)
o(cos By > 0) + o(cos Oy < 0)’

Ay =

m Azimuthal distribution of charged lepton in lab frame,

=> Requires only reconstruction of top production plane,

_ o(cos e > 0) — o(cos ¢, < 0)
~ o(cos ¢y > 0) + o(cos ¢y < 0)’
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Lepton Azimuthal distribution
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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 ¢; < 0.47.
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Conclusions

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

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

m Azimuthal asymmetry of charged lepton may provide good sensitivity
to gwwh; and CP-violating phase (¢ < 0.4,

m Asymmetries are sensitive to (¢ in the region —0.47 : 0.47 while
cross section in > /2.
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Conclusions

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

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

m Azimuthal asymmetry of charged lepton may provide good sensitivity
to gwwh; and CP-violating phase (¢ < 0.4,

m Asymmetries are sensitive to (¢ in the region —0.47 : 0.47 while
cross section in > /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

0.075 T T 0.08 T
0.07 - regwwhy=0.2 —— | regwwhp= 0.2 ——
. regwwh=-0.2 007 L regwwhyp=-0.2 ----- |
SM bt : SM -
& & 006
@ @
=] o
) ) 0.05
B 5
S S
© ©
= = 0.04
0.03
0.02 L L L
-1 -0.5 0 0.5 1
CosBy Cosby
0.075 — : : 0.075 : :
| poeitmtes regwwhs= 0.2 —— | 7 regwwhy= 0.2 —— |
0.07 regwwhg= -0.2 00 regwwhy=-0.2 -----
0.065 || SM 0.065 S - 4
_ 006 _ 006
D [+>) -
2 0.055 2 0.055
% 0.05 % 0.05 -
5 - 8 0045}
s 0.045 S ool
0.04 0.035 |-
0.035 0.03 |-
0.03 0.025 |-
0.025 0.02 L L L
-1 -0.5 0 0.5 1 -1 0.5 0 0.5 1
Cosby Cosby

Pankaj Sharma (CoEPP) September 15, 2015 16 / 22



Polar Distribution in top rest frame
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Polar Asymmetry in top rest frame
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=> isolates real and imaginary parts of gwwh;.
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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 gwwhy.
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