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The Standard Model and its drawbacks

Till today, though, the Standard Model (SM) is the most celebrated
and established theory, there are several reasons to expect new
physics beyond SM. Some of these are as follows :

® The origin of neutrino mass

® The explanation of a DM candidate

® The origin of the matter-antimatter asymmetry in the Universe

and several others.
However, no new physics has been found yet in experiments.

Though, at present, new physics is usually searched for in future
colliders, here we emphasize on investigating well-known observables
and show that such a study can hint towards new physics. In this
work we perform this study by precise measurement of top quark
features
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Motivation

The LHC, being a “top quark factory”, helps in precise
measurement of various properties of the top quark.

Deviation from the SM prediction in measuring these properties
of the top quark can, very efficiently, shed light on new physics
signal.

Here we study a particular observable, namely, the invariant
mass of the b-jet and the lepton (), which has been used to
extract the top quark mass, assuming leptonic decay of the W+
boson arising from pair produced top quarks.

Our goal is to check if there exist a BSM particle with mass
around m; and which can mimic the final state of fully leptonic
decay of pair-produced top quarks, can it cause any deviation in
the myy distribution.

Though this will work for any BSM scenario that can
accommodate such a particle, as an example we assume the
MSSM scenario with m; = 180, 200 and 220 GeV.
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MSSM Signal

i“

I\/I~SSM signal where the~|ightest stop t1 decays to the lightest chargino Xli and b and
Xit decays to the LSP x(l) leptonically via a real or a virtual W% boson.
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Methodology

Several parameter space points with fixed m, but different m
1
and m have been generated using SPheno- 4.0.3 interfaced with

SARAH—14.15.1 by setting the input parameters as follows:
* my(1,1)? = ma(2,2)? = mg(i, 1) = mj(i, 1)* = me(i,i)? =
m;(i,i)? = 1.2 - 107 GeV2.
mg(3,3)% = 1.7 - 10° GeV2,
All the off-diagonal mass terms = 0
M3 =2-10°% Gev?
My =1 TeV
Mz = 3.5 TeV
tan 8 =10
M varying from 5 GeV to 1000 GeV
p: varying from 100 GeV to my
A¢(3,3): varying from (z; + p cot B - 100) GeV to
(z¢ + p cot B + 100) GeV where z; is derived for one particular
point by trial-and-error so as to get the desired m, .
o All other trilinear couplings = 0
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Methodology

® Each of these parameter space points are passed through
smodels- 2.2.1 which evaluates the value r for the parameter
space points. < 1 implies that a parameter space point is
allowed by the current experimental constraints.

® Next, the parameter space points are simulated using
Pythia 8.3. We impose the following set of cuts motivated by
experimental papers:
cuts: pr(f) > 25 GeV, |n(¢)| < 2.5, R(j) = 0.4,
pr(7) > 25 GeV, |n(y)| < 2.5, AR({j) > 0.2

® The jets are clustered according to anti-k7 jet algorithm.
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Benchmark points

After the simulation, we obtain the my, distributions for all the

parameter space points.

Here we show the my, distributions for two benchmark points,

namely, BM1 and BM2 which are:

BM1: my, ~ 200 GeV, mx} ~ 136.165 GeV, m o ~ 49.9 GeV,

1

r= 0.8304 '

and

BM2: my ~ 200 GeV, mx} ~ 156.42 GeV, m s ~ 123.3 GeV,
1

r= 0.71606 '
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myy distribution
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myy distribution
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Significance

Significance is calculated for the parameter space points by summing
in quadrature the quantity S;/(B; * up,) over all bins of the my
distribution, where

S;= number of signal events in the i*" bin

B;= number of BG events in the i*" bin

up,= Relative uncertainity in the BG in the i’ bin extracted from
ATLAS and CMS

BM1: Significance (up, from ATLAS) ~ 10.8, Significance (up
from CMS) ~ 4.1

i

BM2: Significance (up, from ATLAS) ~ 2.6, Significance (up, from
CMS) ~ 0.9
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mg, = 220 GeV
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Conclusion

® Currently the usual trend is to look for new physics at energies
beyond the reach of the LHC but accessible by future colliders.

® However, here we show that a thorough study of well-known
kinematic observables may hint towards the existence of new
physics.

® We carefully investigate the my, distribution in a fully leptonic
decay of pair-produced top quarks in which deviation from SM
prediction can be observed if any new particle exists in nature
that has mass around m; and if this new particle can give rise
to a similar final state as a fully leptonic decay of pair-produced
top quarks.

® As an example we chose the MSSM scenario with stop mass
close to top quark mass and the rest of the spectrum such that
the stop decays to a b quark, ¢ and Ejf so as to mimic the top
decay assuming leptonic decay of W boson.

® In myy distribution after cuts at /s = 13 TeV, we were able to
see some excess due to this signal in some parameter space
points. 15,18



Thank You



Questions ?
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