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Tail of new physics

e Massive neutrinos
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Neutrino masses

How do neutrinos get tiny masses?
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Neutrino masses

Seesaw mechanisms:
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(1) How do heavy neutrinos interact with the SM?

(2) How do heavy neutrinos get Majorana masses M y?



Neutrino masses

(1) From flavor basis to mass basis, heavy neutrinos interact with the SM
Vo) 1 of v
N -0 1 N
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active-sterile mixing: - O=—D>Mp<k1




Neutrino masses

(1) From flavor basis to mass basis, heavy neutrinos interact with the SM
Vo) 1 of v
N -0 1 N

. . .. 14 N 1
active-sterile mixing: 2% 0= M—MD <1
N

(2) Spontaneous symmetry breaking above the electroweak scale
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Left-Right Symmetric Model

The left-right symmetry SU(3)c x SU(2)L x SU(2)g x U(1)p—_1,
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R. Mohapatra, G. Senjanovic,
Phys.Rev.Lett. 44 (1980) 912,
Phys.Rev.D 23 (1981) 165



Left-Right Symmetric Model

The left-right symmetry SU(3)c x SU(2)L x SU(2)g x U(1)p—_1,
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Left-right symmetry is broken, leading to the left-right mixing

(®) = vdiag (cg, —sge ")



Sterile neutrinos

General seesaw relation in the LRSM:

1
MV — ML - MgM—NMD

« Type-l seesaw dominance: M, = —M},—Mp
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Sterile neutrinos

General seesaw relation in the LRSM:

1

MV = Mg, — MT—M
L DMn D
1
« Type-l seesaw dominance: M, = —M},—Mp
My
¢ Type—ll seesaw dominance: M, = My = :j—LMN VLR = <AL’R>
R

100] sterile neutrino can be

very light

Normal Inverted

solar: 7.5x10°% eV

2
.
atomos pheric:
2.4x107 eV

atomospheric:
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Sterile neutrinos

Sterile neutrinos to elucidate the origin of neutrino masses:

* Direct searches (masses and couplings)

e active-sterile mixing © e suppression by Wy mass

* sensitive to light N e sensitive to heavy N
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Sterile neutrinos

Sterile neutrinos to elucidate the origin of neutrino masses:

* Direct searches (masses and couplings)
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Keung-Senjanovic process
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Sterile neutrinos

Sterile neutrinos to elucidate the origin of neutrino masses:

* Direct searches (masses and couplings)

e left-right mixing ¢

e sensitive to |Ight N GL, Ramsey-Musolf, Vasquez, 2202.01789 (PRD)
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Sterile neutrinos

Sterile neutrinos to elucidate the origin of neutrino masses:

Direct searches (masses and couplings)

35.9fb” (13 TeV)
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e left-right mixing ¢

e sensitive to |Ight N GL, Ramsey-Musolf, Vasquez, 2202.01789 (PRD)
* sensitivity comparable to Keung-Senjanovic
process |Von|* ~ ¢ ~ 1074

* new probe of light sterile neutrino in the LRSM
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Sterile neutrinos

Sterile neutrinos to elucidate the origin of neutrino masses:

* Neutrinoless double beta decay (Majorana vs Dirac)

Schechter, Valle, Phys.Rev.
D25 (1982) 774
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Sterile neutrinos

Sterile neutrinos to elucidate the origin of neutrino masses:

* Neutrinoless double beta decay (Majorana vs Dirac)
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Sterile neutri

Sterile neutrinos to elucidate the origin of neutrino masses:

NOS

* Neutrinoless double beta decay (Majorana vs Dirac)

dr, o S ur,
Wi,
s er
A )
S n-l
q J/ 12 4 L, 10
Yy — “=
eL oo
=)
g

Wi, § 1072
dL " _ Uuy, B

—q* ~ (200 MeV)?

(mag) =Y _ mUZ|

—t
T =T

107

Excludélzd

I |
KamLAND:-Ziv

My (EV)

> |
[=11]
S
(=]
el £
- tonne-scale, @
i = o
Ny |
|
E |
vl el byl P AT A
10" 107 107 10" 50 100 150

A

18



Sterile neutrinos

Sterile neutrinos to elucidate the origin of neutrino masses:

* Neutrinoless double beta decay (Majorana vs Dirac)
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Sterile neutrinos with intermediate mass have the
potential to make significant contributions
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Sterile neutrinos

Sterile neutrinos to elucidate the origin of neutrino masses:

* Neutrinoless double beta decay (Majorana vs Dirac)
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strong support for next-generation experimental searches
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Left-Right Symmetric Model

The left-right symmetry SU(3)c x SU(2)L x SU(2)g x U(1)p—_1,

&

3 M no QCD 6 term due to parity (axionless solution)
Ly
|
gz Mohapatra, Senjanovic 1978
SLocp = s a Babu, Mohapatra 1989
2 3272
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Left-Right Symmetric Model

The left-right symmetry SU(3)c x SU(2)L x SU(2)g x U(1)p—_1,

& . . .
A no QCD 6 term due to parity (axionless solution)
&y
1
) Mohapatra, Senjanovic 1978
SLocp = s - Babu, Mohapatra 1989
9 3272

Strong CP problem: P < 101!

6 = arg det (M, My)
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Left-Right Symmetric Model

The left-right symmetry SU(3)c x SU(2)L x SU(2)g x U(1)p—_1,

..‘004,0 no QCD 6 term due to parity (axionless solution)
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SLocp = s - Babu, Mohapatra 1989
3 3272
Strong CP problem: P < 101!
- D
0 ~ satopmy/ (2mp)

0 = argdet (M, M)
tree-level, from CP

violation in quark sector

For quark Yukawa interaction QLYo®Qr ,
- /
QLHQR @HCI)T YQHYC;
Quark mass matrix Mg = Yo (®) is generally complex
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Sterile neutrinos
Sterile neutrinos to address strong CP problem

Even if satas — 0, 6 can be generated from leptonic CP violation at
one-loop level
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Sterile neutrinos
Sterile neutrinos to address strong CP problem

One-loop 0 is sensitive to the sterile neutrino masses, thereby O9oop S
1071V sets upper limits on the sterile neutrino masses
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Summary

Sterile neutrinos provide a unique insight into new physics, including the
understanding of neutrino masses and resolution of the strong CP problem.

Left-right symmetric model explains the origin of neutrino masse:

* Light sterile neutrinos can be directly probed at the LHC and significantly
contribute to Ov(53 decay

 Heavy sterile neutrino can address strong CP problem

Outlook:

e interplay of Ovf35 decay and neutron EDMs
e connections of sterile neutrinos to baryon asymmetry and dark matter

Thanks for your attention!
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