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The Standard Model of Over the decades experiments

Particle Interactions have found each
and every missing pieces

Verified the facts that
they belong to this family

N'wee Gemnerations of Matter

I II III

Finally at the Large Hadron collider
Higgs has been observed
- [ts properties must be verified

Strongly established with interesting shortcomings
Few of the very interesting anomalies :

(e . . )
Tiny neutrino mass and flavor mixings
Relic abundance of dark matter... |

2 SM can not explain them



Different aspects of neutrino mass generation mechanism
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Production modes

of the RHNs at the colliders : pp, e ¢, e p

Flavor eigenstate can be expressed in terms of the mass eigenstate

Ve = Ufmym - anNn
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Existing and prospective bounds on the mixings| 1502.06541 1805.00070 1908.09562
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20 + pmISS : bounds from the Higgs decay(h — Nv, N — 2¢v)

CMS, JHEP 09 (2016) 051: 7&8 TeV combined Future sensitivity can go down to 1704.00880

H — W W?*, upper limit on Yukawa as 10%precise result at pp collider: 1704.00881
well as mixing arXiv:1606.09408
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NLO — QCD production of the heavy neutrinos @ pp colloiders

>M/ " J/ yd /" 1602.06957
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Production of the heavy neutrinos at the Linear Collider using fat-jet| 1207.3734, 1811.04291
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e +J + pr™ final states at the linear colliders.

e Transverse momentum for fat-jet p;. > 150 GeV for My mass range 400 GeV-600 GeV
and p7. > 250 GeV for My mass range 700 GeV-900 GeV.

e Transverse momentum for leading lepton peTi > 100 GeV for My mass range 400 GeV-600
GeV and p%i > 200 GeV for My mass range 700 GeV-900 GeV.

1 TeV e~ e™ collider

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

e Fat-jet mass M; > 70 GeV.

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

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

GeV and pfri > 250 GeV for My mass range 1 — 2.9 TeV.

3 TeV e~ e™ collider

e Polar angle of lepton and fat-jet |cos 6.| < 0.85, |cos 0;| < 0.85.

e Fat-jet mass M; > 70 GeV. 11



e +J + pr™ final states at the linear colliders

Y
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e+ v
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Limits on VEV scale of U(1l)y 27, 2)@LHC;HL — LHC; LEP —II, ILCx
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RHN pair production at the ILC from Z’: SSDL plus four jet mode
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Summary

We study the models with the heavy fermions under the simple extensions of the SM

where the neutrino mass is generated by the seesaw mechanism at the tree level to
reproduce the neutrino oscillation data.

Stay tuned. ..

Thank You

We find that such heavy fermions can be tested at the underground experiments- at
the proton-proton, electron-positron and electron-proton colliders in the near future.
We have calculated the bounds on the light-heavy mixings for the electron-positron
collider which could be probed in the near future.
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Back — up shides



Production of the heavy neutrino pair at the ILC from Z/

LHC constraints become dominantly weaker with heavier Z’
100 _ Eqc < my,, Z' boson medrated processes at the ILC
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Alt.B — L, my = 100 GeV
Alt.B — L, my =50 GeV (X = 0)
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(Long lived RHNs ) 1812.11931
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Franceschini, Hambye, Strumia Biggio, Bonnet
Type — 111 seesaw Biggio, Fernandez Martinez, Hernandez Garcia, Lopez Pavon

SM 1 SUQ), triplet formion. AD- Mandal, Modak 2005.02267 AD, Mandal 2006.04123
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Triplet production at the e”e™

collider
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Experimental limits from ATLAS and CMS on type — III seesaw
2006.04123
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Mass-mixing limit plots 2005.02267
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Other interesting aspects at the ILC

Type — 1II scenario : SM + SU(2) triplet scalat : Charged scalar
1206.6278, 1811.03476, 1803.00677

Left — Right Seesaw using Beam Polarization at an e*e~Collider : 1701.08751 W
Seesaw mechanism at the 250 GeV ILC : 1812.11931 7
1. Test of BSM gauge mediated processes

Asymmetries

2. Pair — production of heavy neutrinos

Prompt, Displaced/ LLP study
Effect of polarization

3. Beam dump, Forward Physics Facility
4. BSM scalar : Light/ Heavy, mixing with SM scalar

. Prospect of e — yscattering



Existing and prospective bounds
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