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Neutrino mass & dark matter
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Seesaw mechanism

» Appealing explanation for m,,/m;~10713:

1
Leoosaw= Yn LHN + EM NN + h.c.

1 1 1
Lonass = MmpVN +§MNN - EvaV +EmNNN
mp
( 0 mD) N v 0
mp M mlz)
0 M+W

» Seesaw atTeV scale:

M~100 GeV, m, < 0.1eV - mp=.,/m,M < 0.1MeV
= VN S 10_6
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RHN-portal DM

» RHN couples to a dark sector fermion and boson:

/UV)(Q’) Pospelov-Ritz-Voloshin, 071 1.4866

» Consider a fermion DM which annihilates to RHN:

X A N Wt 7 ,
(J} E 1\ ;7\'?- g
: YN YN\
1 N er,v v

» RHN has a small Yukawa coupling to SM particles = It’s size ¢
ontrols how efficiently a RHN is in thermal equilibrium.
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Specific realization in B-L Seesaw
» Seesaw from gauged U(1)g_; breaking:
Lg_;=7yy LHN + %AS SNN + h.c.
- Qp_1(L,N,S) = (=1,+1,-2)

» Neutrino Yukawa effects are studied for

Sneutrino DM B-L Higgs DM
—_ - — — : @DM\ N
S0
0 Maaaaaa
_i_rl_ - N ('DEI\’I’ j\fr
Bandyopadhyay-E|C-Park, 1 105.1651 Bandyopadhyay-E|C-Mandal, 1707.00874
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Yukawa effect in DM freeze-out

» Coupled Boltzmann equation for DM & RHN:

dY, 1 s(my)
de 22 H(m
dYy L s(my) 9 9 I . .

_ ey (V2 12) — Yy — Y
dx 12 H(m_x)<m>xx NN ( X ‘“”) H -m.X)l( a N

X) <{T'l.‘>xxﬁ«,3\r;\,r (};? — }:3) .

2,0 2\ 2
(N — hv)=T(N — hr) = USII\ (l — E) .

m
M (my, + my)? Coomy 1/2 ) " 5 N 2
(ov) = — . o \1 2]tV erwr = s ey 2 AN (g i
167 (-m.i + -m.fj- — -m.?\,r) ey ) ) 327 ma

9 ) 2 2 2
PN = Zv) =T(N = Zv) = yﬂm (1 - &) (1 2¥) '
A my

» Smaller Yukawa > later thermal equilibrium = larger DM
relic density = requires larger annihilation rate.
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Gamma ray signals

» Larger annihilation rate excluded by FermiLAT & HESS
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Direct detection

» DM-DM-Higgs coupling at one-loop:

— Lpy = K'hYx where k' =

N kv my e (z) — myco(x)
1672 m *

2
¢

J.l\'r - memmes

9 "N-portal DM"  EJChun@KIAS 2018-08-28



Summary

» A RHN, required to explain tiny neutrino masses, may be
a portal to the dark sector.

» Thermal freeze-out density of DM depends on the tiny ne
utrino Yukawa coupling.

» Its effect (for a fermionic DM) is analyzed to study gamma

ray signals from DM annihilation searched by Fermi-LAT a
nd HESS.

» Direct detection process arises at one-loop involving an i
ndependent input parameter for a scalar in the dark secto
.
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