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Introduction

e Standard Model (SM) Neutrinos are massless

* Recent experiments on the neutrino oscillation
disproves the massless-ness of the SM neutrinos.

e Extend the SM

e Seesaw mechanism
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* |nverse Seesaw Mechanism

Right Handed singlet
Majorana neutrino ( Vr )
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‘Heavy (Pseudo-Dirac) neutrino can be produced at high energy colliders




Charged and the neutral current interactions

The flavour eigenstate () in terms of the mass eigenstates
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€m, VYm, N, are the three generations of the leptons in the vector form.
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O-jet Process

pp — N/t

1-jet processes pp — NE*j
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a) Quark-quark

2 — jet processes pp — N{*jj
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b) Quark-gluon
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Proton-photon interaction P& — NL=7 | Proton-proton QED Processes pp — N{*jj (QED)
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Production cross section normalized by the square of the mixing
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Signal Process at the 8 TeV LHC

c < Br(pp— 1W'N — p*u* gq’) [fb]

ATLAS Results, p/ > 20 GeV @
20.3 fb! 8 TeV, same-sign di- U
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CMS Results, p;/ > 20 GeV @
19.7 fb* 8 TeV same-sign di- W
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C M S Criteria for Anomalous multi-lepton Search @ 8 TeV, 19.7 fb!
(Table-Ill, Phys. Rev. D 90, 032006 )

(i) The transverse momentum of each lepton: p% > 10 GeV.
(i) The transverse momentum of at least one lepton: p?r’leadmg > 20 GeV.

)
)
(iii) The jet transverse momentum: p’- > 30 GeV.
(iv) The pseudo-rapidity of leptons: |n‘| < 2.4 and of jets: |r/| < 2.5.
v) The lepton-lepton separation: ARy, > 0.1 and the lepton-jet separation:
ARy > 0.3.
(vi) The invariant mass of each OSSF lepton pair: a) my+,- < 75 GeV and b)
my+p- > 105 GeV.
(vii) The scalar sum of the jet transverse momenta: Hr < 200 GeV.
(viii) The missing transverse energy: F+ < 50 GeV.

eCase | : myry- < 75 : CMS has observed 510 events with the SM background
expectation 560+87 events . Upper limit of 510 — (560 — 87) =37 events.
eCase Il: my+,— > 105 : CMS has observed 178 events with the SM background
expectation 200+35 events. Upper limit of 178 — (200 — 35) =13 events.

e These set a 95 % CL on the mixing parameter as a function of the heavy
neutrino mass.



Upper bound on the Mixing Square from ATLAS same-sign di-lepton @ 8 TeV
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Upper bound on the Mixing Square from CMS same-sign di-lepton @ 8 TeV
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M,=100 GeV, 0j: 0.005085, 1j:0.00433,

2j: 0.00405 @ 8 TeV, 19.7 fb'l M,=100 GeV, 0j: 0.000173, 1j:0.000143,

2j: 0.0001315 @ 14 TeV, 300 fb!



Upper bound on the Mixing Square from Anomalous multi-lepton search @ 8 TeV
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CONCLUSIONS

We studied the seesaw mechanism through Majorana
heavy neutrinos and inverse seesaw mechanism through

the pseudo-Dirac heavy neutrinos.

The production mechanisms of the Heavy
Neutrino at the LHC.
Seesaw:

We studied a variety of initial states such as quark-quark,
quark-gluon and the gluon-gluon fusions.

We used the same sign di-lepton signal for the
heavy neutrino production in seesaw mechanism.



Inverse Seesaw

Using the recent ATLAS and CMS analyses @ 8
TeV for the same sign di-lepton data we improve
the upper limit on |V,,|? for all the QED and QCD
processes.

We used the CMS results @ 8 TeV to improve the
upper bound on|V |? from the tri-lepton
signal including all the QED and QCD processes.

We also put tentative bounds @ 14 TeV LHC for the
above signals.



