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Why Left-Right Symmetry?

« Grand-Unification SO(10) —SU(3). x SU(2)1, x SU(2)r x U(1)p_&
Georgi, Fritzsch, Minkowsi, Nanopolous (1974-79) — ST (3)e x SU(2)L x U(1)y

- Can solve Str ong CP Problem Parity restored symmetry
Mohapatra, Senjanovic, Babu, Beg, Tsao (1978,89)

- Explain vanishing of Higgs quartic “Higgs Parity”
Hall, Harigaya (2018)
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Why Left-Right Symmetry?

» Predicts right-handed neutrinos

()= (),

- N SM gauge singlets. If long-lived, /V; can be dark matter
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Cosmology

» Production mechanisms:
- 1) Yukawa coupling yN/H

. Problem! In tension with x-ray and structure
bounds Perez et.al (2017)

» 2) In LR theories, N; can also be produced via Wx
exchange
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Relativistic Freeze-Out and Dilution

- When reheat temperature after inflation is large, N’s in
thermal equilibrium then decouple relativistically

: M,y
- Overproduction problem! €y, =20 x Qpn (Zke\/)

- However, N, also thermally produced

If long-lived can produce entropy upon decay

Dilute N, to the dark matter abundance
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Neutrino Masses

- Stability of N; (to be DM) and semi-stability of N5 (to
be the diluter) will constrain form of neutrino masses

» In the conventional LR or two Higgs doublet LR
theories, the general, effective Lagrangian below vr is

/
cl .

—»CLR,eff i) ym&NjH AF yg;URNZ-Nj | 323 gingQ
/i
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Neutrimo Masses

- Stability of N; (to be DM) and semi-stability of N5 (to
be the diluter) will constrain form of neutrino masses

» In the conventional LR or two Higgs doublet LR
theories, the general, effective Lagrangian below vr is

e (CMijUZ/U%z yq;jv)( v )

YU M
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Neutrino Masses

- Stability of N; (to be DM) and semi-stability of N5 (to
be the diluter) will constrain form of neutrino masses

» In the conventional LR or two Higgs doublet LR
theories, the general, effective Lagrangian below vr is

(vi N;) (cMyv?/vg Vj
M)\ N,
- Semi-stability of N, guarantees

ipave o i ~
M2:,u(7)cl {’IZ<
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Constraint 1: Ny Warmness

M2 [GGV]
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i aek B
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« Current limits from LSS :
surveys & Lyman-alpha
photons require M; > 2 keV : Warm DM
Drews et. al. (2016) 1 108 R 10° ) 1010 e 1011 s 1012 7 1013
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Signal: 21em Cosmology
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Constraint 2: No Decaying after BBN
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Constraint 3: Insufficient Dilution

- If N2 decays too early

Insufficient dilution
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Signal: Hot Dark Matter

» Subdominant component

of N; DM produced
from V2 beta decay

£—|—

NG u, 0t
Wgr

i®

« These N; become non-
relativistic around eV era,
and constitute hot DM
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Summary

- Parameter space of sterile neutrino DM in LR theories bounded
o Prediction of 2keV < M; <500keV, 10° GeV < wvg <10 GeV

- Interestingly, vp compatible with Grand Unification or Higgs
Parity Rizzo, Senjanovic (1982), Siringo (2013), Hall, Harigaya (2018)

» 21-cm cosmology and CMB telescopes can probe much of
parameter space

. N, can also provide leptogenesis besides diluting (future work)
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Signal: Leptogenesis

- Explore in upcoming paper
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Freeze-In

10 % I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ [T TTTT TTTTTIT [T TTTTIT AT [T TTTTI [ T TTTT I \HH%
5 D(N; — £7F) > 107271

1. A 5
g 0—1 —30 |
1 = E & i
> 107 | ¥
O - :
O, 1077 ME——____ CaEe Rl
& - :
el :
2 10 % 21cm Cosmology ﬁi
0_5 sin? 260 = 10_10;
e e :
10 Warm DM ]
:-—0_7 | | \HHH‘ llHHH‘ | \L\H\i llHHM[ llHHH‘ | \HHH‘ JlHHU’ llHHH‘ | \HUH‘ lJHHL\’ llHHH‘ | \HMUJ | umi

e m e g e N L R B iR

UR [GGV]



Compatibility with GUTs and HP
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Effective Lagrangian below vgr

» Conventional LR

—L1r D i (6 G) @ +yl (0 8) Ar + ¥V (6 6;) Ar + hc

. Integrating out Ay via A\, ALAr®'® leads to ¢H? term

- Two Higgs doublet LR

—L1R D fmA( >HLHR+fmA<f 6;) HE + fif° >A<N>H%+h.c.
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