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Signals from new physics beyond SM
* Last Big Discovery

» Last missing piece of SM 2012
discovered but expected !! nggs Discovered
* Next Big Discovery :
HL-LHC
» No New Physics Signals
6 years and counting !! 100 TeV Collider?

 What if New-Particle is a Complete SM Singlet?

» Produced via mixing with SM
particles Displaced Vertex!
» Can be sufficiently long lived !!
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SM
Future displaced vertex search

* Displaced Vertex Signature et T3 8M

» Low Standard Model Background

» |deal for new physics searches
J. Chou, D. Curtin, H. Lubatti
arXiv: 1606.06298
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Future displaced vertex search sV
LSM

> Rare SM Higgs Decay
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Minimal B-L model and displaced vertex
 Minimal Gauged B-L (Baryon-Lepton) Extension of SM

SU(3). SU©2), U(l)y | U1)p-1
N} 1 1 0 —1
© 1 1 0 +2

» Anomaly Free:
» Seesaw Mechanism :

> N, can be long-lived !!

Table 1: New Particle content.

3 generation of right handed Neutrinos (N;)

N; are SM singlet and can have Majorana mass
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 Heavy Neutrino production from Higgs decay

» Higgs Mixing
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» NN production
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Heavy neutrino production with displaced vertex
* N production at LHC (m 4 ~ mj, >~ 125GeV)

» Using future best search reach value

onn(min) = o(pp— ¢ —> NN)+o(pp—h— NN)
~ [sin® 6 x{ BR(¢ — NN)|+ cos®6 x BR(h — NN)]| op,(mp).
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Heavy neutrino decay: type-l seesaw

* Heavy Neutrino Decay into SM particles
3
L(N' = W/Z+SM) & > [Reil* x '

a=1

G2
| F 5 .
N 199g3 N

» Degenerate Case: M py1,2,3 = MN

3
m‘
Decay length is independent of Uy Zl [Rail? = m;
o=
» m; is the mass of the light neutrino
» Lightest light neutrino mass
mmp fixes light neutrino mass spectrum

Normal Hierarchy (NH) : (m;<m;) <m; @ m=my,. ..
Inverted Hierarchy (IH) : m; < (my<my) @ my=m..
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Heavy neutrino decay: type-l seesaw

Decay Length: mai1.2.3 = my = 20 GeV
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Heavy neutrino decay: type-l seesaw

* Normal Hierarchy: mpy1.23 = my = 20 GeV
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Heavy neutrino decay: type-l seesaw

Inverted Hierarchy: m 123 = my = 20 GeV

5 rnlightest =0.1eV

10
1000+
10¢
——- HL—LHC
—— MATHUSLA
0.1% o . 3
L - LHeC
| 27 - FCC—eh
0.001 ' ' - —
0.001 0.1 10 10 10

on [ 1b]

m; =0.01eVv
105 : /I‘ ghtest
1000} !
| );
s i
~ 10} !
z ' --- HL-LHC
St ;a
o1l : — MATHUSLA
: _‘_’,,-s'"’ " - LHeC
_____________ i ! - FCC—eh
0.001 : ;

Myightest = 0-001 eV

0.001 0.1 10

------------

ISP i N

Nt o e -

--- HL-LHC
— MATHUSLA
- LHeC

- FCC—¢h

0.001 0.1 10

1000105 107

1000 10° 107
ct (m)

Digesh Raut, Alabama 10



Type-l seesaw and neutrinoless double beta decay

* Neutrino less Double Beta Decay: m 1.2 = my = 20 GeV

Complementarity

(mgg) =

§ : 2
J

» Displaced vertex search : (m,, Miightest)
> Neutrinoless double beta decay: (Mg est)

S. Dell’Oro, S. Marcocci, et.al
arXiv: 1601.07512
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Displaced vertex search reach for different masses

SM

* Generalization ( mg = my, my # 20GeV ) i’
SM

““
““
.

o(pp/eh - S — XX)=0xx (CT ms 20GeV>

“125GeV
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Displaced vertex search reach for different masses

* Generalization ( mg = my, mx = 20GeV )
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Summary

Prospect of new physics search with a displaced vertex signature at the
future colliders

New physics with displaced vertex signature for a completely singlet
SM new physics particle.

Type-|l seesaw in gauged B-L extension of SM

Heavy neutrino pair production via Higgs mixing

Heavy neutrino with a displaced vertex signature at HL-LHC and MATHUSLA
detector.

Complementarity of displaced vertex search for heavy neutrino and
neutrinoless double beta decay searches

Thank You
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Back Up Slides: Z’ Search and displaced vertex
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