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Super- Kamiokande, Sudbury Neutrino Observatory 1999,
Neutrino oscillation between mass and flavor eigenstates

| Neutrinos are very special
@ @ I\ Physics Nobel Prize 2015 |
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@ Neutrino oscillation data
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Yet to be discovered in the
neutrino sector

l \ Nature of mixing
between the flavor

and mass
eigenstates
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A variety of generation mechanisms including
seesaw, inverse seesaw, at different

frameworks at tree and loop levels: Everett and
Scotogenic models by Popov




Seesaw Mechanism Gell-Mann, Glashow, Minkowski, Mohapatra, Ramond,
Senjanovic, Slansky, Yanagida

Extending the SM with SM-singlet right handed neutrino
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Dirac Mass term Majorana Mass term

Neutrino mass matrix
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diagonalizing

Flavor eigenstate can be expressed in terms of the mass eigenstate
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PMNS matrix M p My}




Inverse Seesaw Mechanism : Mohapatra(1986), Mohapatra & Valle (1986)
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Relevant Part of the Lagrangian
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General Parametrization of the neutrino Dirac mass matrix

From the inverse seesaw formula

Flavor non-diagonal case

M
= uRRT = WmszT) = Uins Dnim Ui m,. carries the off-diagonal
entries
1
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/u

general orthogonal matrix
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We can parametrize the mixing in terms of the 2icoshysinhy  cosh?y + sinh?y
phases and the general parameter considering

bounds from non-unitarity



Impression/s at the ILC olete” = VN, = oIR8, p,y)|?
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IR ,.:(8, p, )|? branching ratios

v
NTR = UfsR because |e,p < 1 Ni —

SIEEIRY A, =150 GeV
n —

€

We scan over the phases and then general parameter to find the cross section

as a function of the general parameter ‘y’,
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e"e” — vN, followed by the decays N — €W (£
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Production of the heavy neutrinos at the Linear Collider using fat jet
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e+ J+ pryl}lss final states at the linear colliders

e+

1. Electrons in the final state should have the following transverse momentum (p%) and

pseudo-rapidity (|n°|) as p7 > 10 GeV, |n°| < 2.5.

2. Jets are ordered in pr, jets should have p‘% > 10 GeV and |1/| < 2.5.

3. Photons are counted if p. > 10 GeV and |n7| < 2.5.

4. Leptons should be separated by AR, > 0.2.
5. The leptons and photons are separated by AR, > 0.3.
6. The jets and leptons should be separated by ARy > 0.3.

7. Fat Jet is constructed with radius parameter R = 0.8.



Transverse momentum distribution of the electron (p%) from the s1gnal and background events
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Transverse momentum distribution of the fat jet (pT) from the signal and background events
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Jet mass (M ;) distribution of the fat jet from the signal and background events
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1 TeV LC

e Transverse momentum for fat-jet p7. > 150 GeV for My mass range 400 GeV-600 GeV

and p% > 250 GeV for My mass range 700 GeV-900 GeV.
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e Transverse momentum for leading lepton p%i > 100 GeV for My mass range 400 GeV-600

GeV and peTi > 200 GeV for My mass range 700 GeV-900 GeV.

e Polar angle of lepton and fat-jet |cos .| < 0.85, |cos 0] < 0.85.

e Fat-jet mass M; > 70 GeV.



3 TeV LC

e Transverse momentum for fat-jet p5 > 250 GeV for the My mass range 700 GeV-900
GeV and p7 > 400 GeV for My mass range 1 — 2.9 TeV.

Advanced cuts

e Transverse momentum for leading lepton p,_eri > 200 GeV for My mass range 700 — 900

GeV and p%i > 250 GeV for My mass range 1 — 2.9 TeV.

e Polar angle of lepton and fat-jet |cos .| < 0.85, |cos 6| < 0.85.

e Fat-jet mass M; > 70 GeV.

500 GeV @1 TeV LC

800 GeV @ 3 TeV LC
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Mass-mixing limit plots
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Conclusions

The neutrino oscillation experiments confirm the existence of the tiny neutrino mass which
lead to extend the Standard Model by right handed neutrino/s which mix with the SM
neutrinos. There are several interesting simple (and next-to-simple) scenarios with different
nice properties which efficiently explain the existence of the neutrino mass some of which
which can be tested at the colliders such as at the proposed linear collider (also at the LHC) if
the masses of the heavy neutrinos belong to the TeV scale or so.

In this presentation we have concentrated only on the signatures which can motivate the
search of such heavy neutrinos at the linear collider. We have used the general
parametrization based on the Casas-lbarra conjecture. Using non-unitarity, neutrino
oscillation data and indirect constraints from flavor violation and LEP experiments we have
put bounds on the mixing angles to probe the signature of the heavy neutrinos. We have
found that using the general parameters one can produce the heavy neutrinos followed by the
leading decay modes up to a cross section of 150 fb including the mixing which can reach at
a high discovery limit in future.

We have also studied the scenarios where the heavier neutrinos can be discovered at the
linear collider from the boosted object search. In that case the heavy neutrinos will dominantly
produce the boosted W boson which will further decay into a fat jet. Using jet substructure
method we distinguish the signal and background. Finally we show a limit plot in the mass-
mixing plane up to 5-sigma which is very strong compared to the EWPD.
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