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RHIC, STAR experiment, Phenomenology(QGP)

Study the elastic and inelastic interaction of quarkonium with hadrons
using femtoscopic correlations of J/ψ-hadron pairs.

Measurement of J/ψ breakup cross section due to its interaction with
hadrons.
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Methodology
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Feasibility study for J/ψ -hadron measurement at STAR and LHCb experiments

Simulated sample with Pythia 8.2 configured within parameters of
LHCb and STAR experiments(LHCb 8TeV and Lint 2082pb−1, STAR
500GeV, Lint 400 and 2200 pb−1).
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J/ψ breakup cross section
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PhD projects

Studies on tools and phenomenology were preformed in the context of the search
for extended scenarios of electroweak symmetry breaking:

Development and validation of TauSpinner program.

Search for charged Higgs boson decaying via H± → τντ in the τ+jet and
τ+lepton final state, using pp collision data at

√
s = 13 TeV with integrated

luminosity of 36.1 fb−1.

Fake τ background estimation in the full Run-II data analysis.
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τ lepton and TauSpinner

The τ polarization is a measure of the degree of parity violation in the interaction.

Pτ =
NR − NL

NR + NL
=
στ (λ = 1)− στ (λ = −1)

στ (λ = 1) + στ (λ = −1)

TauSpinner is a tool for modifying τ spin effects in any MC generated samples or
data containing τ leptons.

The program can be used to calculate appropriate events weights, whereby spin
effects can be included into or removed from a sample.
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TauSpinner development

TauSpinner 2→4: to study samples

with 2 τs and 2 jest at the final state.
Evaluation of systematic uncertainties of
TauSpinner for variation of its input
parameter.Acta Phys.Pol.B48,1455 (2017)

A non-SM process with an
intermediate spin-2 X-state is
implemented in TauSpinner.

The matrix element of non-SM X were
generated by Madgraph and modified
in order to be implemented.

Test of matrix element and
reweighting in TauSpinner has been
preformed Eur.Phys.J.C(2018)78:10.
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Search for charged Higgs boson

Any extension to the Higgs sector, beyond adding a single scalar, implies existence
of charged scalars (2HDM, NMSSM, Triplet, ect.)

At LHC H± produced mainly in top-quark decays or in association with top-quark.

We look for H± decays to τν in τ+jets (t → bq) and τ+lepton (t → blν)
channels.

The τ+jets channel is sensitive to high H± mass (high BR of t → bqq).

The τ+lepton channel is sensitive to low and intermediate H± mass (leptonic
trigger).

mH± < mtop mH± ≥ mtop
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Analysis Overview

Search for H± over wide mass range (90-2000 GeV), using pp collision data at√
s = 13 TeV with integrated luminosity of 36.1 fb−1, recorded by ATLAS J.High

Energ.Phys.(2018)2018:139.

low mass range (90-160 GeV), Intermediate mass range (first time ever!)
(mH ≈ mt), High mass range (200-2000 GeV)

Analysis technique (MVA).

Background with prompt hadronic τ .

Top, V+jets and VV : modeled with MC.

Background with fake τ

Fake j → τ estimated with data driven fake factor method.
Fake l → τ estimated with MC.

Discriminating variable: BDT score. mT was used before.

mT =
√

2pτTE
miss
T (1− cos∆φτ,miss)
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Multivariate analysis

MVA input variables

The Υ variable, sensitive to τ
polarization, the most important at
low H± mass, while at high mass the
mT constituents mostly
discriminating.
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Observed limit and Statistical interpretation of result

Combined limits as a function of H± mass:

σ(pp→ tbH+)× B(H+→τν) for full
H± mass (top): 4.2 pb - 2.5 fb
B(t→bH+)× B(H+→τν) for low
H± mass (middle): 0.25% - 0.031%

Interpretation of result in context of hMSSM
scenario

Mass range H± < 160 GeV excluded where
theoretical prediction exists

Significant gain with respect to 2015 data.
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Fake τ background in full Run-II

Background containing j → τ
fakes are estimated from data
using fake factor method.

FF =
NCR
τhad−vis

NCR
anti−τhad−vis

FF measured in multi-jet
(gluon-initiated jets) and
W+jets(quark-initiated jets)
regions

Parametrization: pτT and
number of tracks

The FFs are combined using template fit
method

FFcomb(i) = αMJ(i)× FFmulti−jet(i)

+ [1− αMJ(i)]× FFW+jets(i)

The discriminating variables for 1-prong
τhad-vis candidates: τ jet width and for
3-prong candidates: transformed τhad-vis BDT
score
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Alternative discriminating variable for template fit

MVA analysis Neural Network (MLP) was trained on 2018 data in the W+jets and
multi-jet control regions.

Three variables, the τhad-vis jet width, the transformed BDT score and pτT were
used for training.

Comparison of combined FFs for 1-prong candidate estimated by template fit
method using τhad-vis jet width, the MLP response and the transformed BDT score
as discriminating variables:
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MLP universally applicable to both 1-prong and 3-prong in the entire pT range and
results in somewhat smaller uncertainties.
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Systematic uncertainties of the fake factor method

τhad−vis+jets τhad−vis+lepton
Source of uncertainty on FF Effect on yield Shape Effect on yield Shape

Jet composition 4.6% 3 2.8% 3

Statistical uncertainties 0.62 % 7 0.73% 7

True τhad−vis 3.0% 3 4.5% 3

αMJ uncertainty 1.60% 3 4.20% 3

Control region choice 8.4 % 3 7.9% 3

Smirnov transform. 0% 3 0% 3

Effect of systematic variations on the BDT score in the H+ mass range 130-160 GeV in
the τhad-vis+jets SR

BDT score, 130 to 160 [GeV]
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Validating of the fake τ background estimation

Marzieh Bahmani August 20, 2020 17 / 24



Modified discriminant in the full Run-II analysis (preliminary)

Discriminating variable BDT output by using new variable for both channels,
∆φτ,miss/∆φjets,miss , where ∆φx,miss is the difference in azimuthal angle between a
detector object x and the direction of the missing transverse momentum

The training of the BDT is preformed using the Scikit learning tool.

The expected limit for the full Run-II and 2015 and 2016 analysis for both
channels.
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Research interest and plans for future: being part of HEP community, CMS experiment,

LHC.

Direct searches for BSM, looking for Dark matter

Searching for heavy Higgs

Search for dark matter with top quark events
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Indirect searches, precision measurement of SM, any deviation is a
hint for new physics

Top quark decay
Top quark pair spin correlation and top quark polarisation
Search for Effective Field Theory (EFT) Couplings
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Career development plans

Improve my skills of software development, data analysis and machine
learning techniques, phenomenological approaches.

If there will be possibility to develop skills on detector operation
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Questions

Marzieh Bahmani August 20, 2020 23 / 24



Marzieh Bahmani August 20, 2020 24 / 24


