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ABSTRACT

The remarkable discovery of the Higgs boson at the Large Hadron Collider filled

the last missing bit of the Standard Model and marked the beginning of a new

era of searching for physics beyond the SM. TeV scale new physics, if it exists,

should show up at the Large Hadron Collider. Among all new physics models,

dark matter motivated theories are of particular interest. The dark matter signals

in the Large Hadron Collider are challenging in respect of discovering them as

well as determination of properties like mass, spin etc. associated with the new

particles in the discovery signal. Study of mass sensitive observables in this

regard can not only provide mass and spin information but can also be used as

a discovery tool.

In this thesis, we demonstrate how the already available constraint(s) can fur-

ther sharpen the mass bound variables considering both inclusive and exclusive

observables. We have studied the mass bound variables
√
Ŝmin and its variants

by minimizing the parton level center of mass energy that is consistent with

all inclusive measurements. They were proposed to have the ability to measure

mass scale of new physics in a fully model independent way. Here we relax the

criteria by assuming the availability of partial information of new physics events

and thus constrain this mass variable even further. Starting with two different

classes of production topology, i.e., antler and non-antler, we demonstrate the

usefulness of these variables to constrain the unknown masses. This discussion

is illustrated with different examples, from the standard model Higgs produc-

tion and beyond standard model resonance productions leading to semi-invisible

production. We also utilize these constraints to reconstruct semi-invisible events

and thus improving the measurements to reveal the properties of new physics.

We further moved to mass-constraining variable M2, a (1 + 3)-dimensional

natural successor of the extremely popular MT2. M2 possesses an array of rich

features having the ability to use on-shell mass constraints in semi-invisible pro-

duction at a hadron collider. We investigate the consequence of applying a

heavy resonance mass-shell constraint in the context of a semi-invisible antler
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decay topology produced at the LHC. Our proposed variable, under additional

constraint, develops a new kink solution at the true masses. This enables one

to determine the invisible particle mass simultaneously with the parent particle

mass from these events. We analyze a way to measure this kink optimally, ex-

ploring the origin and the properties of such interesting characteristics. We also

study the event reconstruction capability inferred from this new variable and

find that the resulting momenta are unique and well correlated with the true in-

visible particle momenta. This proposal of reconstruction is demonstrated with

a potentially interesting scenario, when the Higgs boson decays into a pair of τ

leptons. The LHC has already started exploring this pair production to investi-

gate the properties of Higgs in the leptonic sector. Dominant signatures through

hadronic decay of tau, associated with invisible neutrinos compound the diffi-

culty in the reconstruction of such events. Exploiting the already existing Higgs

mass bound, this new method provides a unique event reconstruction, together

with a significant enhancement in terms of efficiency over the existing methods.

Keywords : Beyond Standard Model, Standard Model, Hadronic Colliders,

Particle and resonance production, Higgs, Tau lepton, Event reconstruction.
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2.1 Partonic mandelstam variable:
√
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