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Overview

I H−t production. Why polarisation?

I Lab frame observables for top polarisation.

I Results in H−t production.

I Outlook.
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H−t production
I Charged higgs bosons may be produced in association with a

single top quark.
I This is the analague of Wt production in the Standard Model.

H
−

t t

H
−

I Here we assume the general coupling

GH−tb̄ = − i

v
√

2
Vtb [mb tanβ(1− γ5) + mt cotβ(1 + γ5)] ,

where tanβ is the ratio of VEVs for the two doublets.
I The polarisation of the top will depend on (mH , tanβ).
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Top polarisation

I In a given production process, the degree of polarisation of
the top quark is defined by

Pt =
σ(+,+)− σ(−,−)

σ(+,+) + σ(−,−)
,

where σ(±,±) is the cross-section for a positively or
negatively polarised top.

I If the top quark decays according to

t →Wb → ff ′b,

the decay product f is distributed in the top quark rest frame
according to

∼ 1

2
(1 + κf Pt cos θf ,rest) .
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Top polarisation

I Here θf ,rest is the (rest frame) angle between the decay
product f and the top quark spin vector.

I The strength of the correlation is governed by the analysing
power κf .

I This depends on the decay product f , and receives higher
order corrections from SM or BSM diagrams.

I For a lepton (f = l), κl ' 1 at leading order.

I Furthermore, κl is insensitive to BSM corrections to the decay
of the top quark, to a first approximation (Godbole, Rao,
Rindani, Singh).

5 / 20



Leptons as new physics probes

I Consider a top quark which is produced in association with
some new physics particle X .

I This may affect the net polarisation of the top (Pt 6= 0).

I If the top decays leptonically, the angular distribution of the
lepton is governed by Pt and κl .

I BSM corrections to the top quark decay are irrelevant, as they
do not change κl .

I It follows that lepton angular distributions can be used to infer
the coupling of X to the top quark!
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Lab frame observables

I The preceding argument is based on an angular distribution in
the top quark rest frame.

I It is easier more useful to construct observables in the lab
frame.

I We assume that the (lab frame) top quark direction can be
accurately reconstructed.

I Then one can consider the azimuthal angle φl and polar angle
θl between the top and its decay lepton (Godbole, Rao,
Rindani, Singh).

7 / 20



Calculational Details

I We calculated results for φl and θl , we used the recently
developed MC@NLO software for H−t production (Weydert
et. al.).

I This includes NLO matrix elements interfaced with a parton
shower algorithm, with spin correlations included according to
the algorithm of Frixione, Laenen, Motylinski, Webber.

I I will also occasionally show LO parton level results for
comparison, obtained with MadGraph.

I Parameters used throughout are as follows: mt = 172.5 GeV,
Γt = 1.4 GeV, mb = 4.95 GeV, µr = µf = mt .

I Partons are MSTW 2008 LO and NLO for the MadGraph and
MC@NLO results.
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Results - φl
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I Peaked at φl = 0, 2π, even for unpolarised tops, due to boost
form rest frame.

I Polarisation dependent information modifies the overall shape.
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Azimuthal asymmetry parameter

I Note that φl distributions for different parameter values cross
at φl = π/2, 3π/2.

I This allows us to define a single asymmetry parameter

Aφ =
σ(cosφl > 0)− σ(cosφl < 0)

σ(cosφl > 0) + σ(cosφl < 0)
.

I Each point in parameter space (tanβ, mH−) gives a different
value of Aφ.

I A measurement of Aφ can then be used to determine the
parameters of the H− boson, if discovered.

I Can also be used to distinguish H−t production from
backgrounds.
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Results - Aφ
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I Results are shown at LO (blue) and MC@NLO (red) level
(statistical uncertainties shown), and for different Higgs
masses (200-1500 GeV).
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Results - θl
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I Peaked strongly at small θl .

I Crossing point for different points in parameter space.
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Polar asymmetry parameter

I This motivates the definition of a polar asymmetry parameter:

Aθ =
σ(θl < π/4)− σ(θl > π/4)

σ(θl < π/4)− σ(θl > π/4)
.

I Analagous to the azimuthal parameter, but provides
complementary information.

I In principle, combining Aφ and Aθ can give complete
information on mH− and tanβ.
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Results - Aθ
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I Results are shown at LO (blue) and MC@NLO (red) level
(statistical uncertainties shown), and for different Higgs
masses (200-1500 GeV).
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Energy observables

I Shelton has recently proposed the following observables (at
parton level):

z =
Eb

Et
, u =

El

El + Eb
,

where El , Eb are the energies of the lepton and b quark (or
jet) from the top decay, and Et the top energy.

I These are sensitive to new physics corrections to both the top
quark production and decay, and carry top polarisation
information.

I They were originally proposed only for boosted tops,
characterised by e.g.

B =
|ptop|

Et
.
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z and u parameters
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I Cutting on the boost parameter gives a well-defined shape
which carries polarisation information (Shelton).

I Here shown for tanβ = 1, mH− = 200 GeV.
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z and u parameters
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I Shape varies around peak
as parameters vary.

I For z parameter, slope
carries polarisation
information.

I Can define asymmetry
parameters around
crossing points.
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Az and Au
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Conclusion

I Top polarisation effects can be used to measure the H−t
coupling.

I Lab frame angular distributions (φl , θl) are sensitive to top
polarisation.

I Asymmetry parameters can be defined which maximise the
differences throughout parameter space (tanβ, mH−).

I Energy ratio distributions are also useful, but require boosted
tops.

I Get complementary information from all these parameters:
angular asymmetries are insensitive to corrections to top
decay.
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Outlook

I In other studies, the energy-related observables are found to
be robust w.r.t. higher order corrections and detector effects
(Papaefstathiou, Sakurai).

I Similar methods can be used to distinguish Standard Model
Wt production from top pair production (and H−t from Wt).

I Note that many details of H−t analyses would also be directly
relevant to W ′t production.
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