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Dark matter and neutrinos
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Neutrino mass from Seesaw

* Introduce a SM-singlet fermion N:
1

1 1 1 V2v§
Loass = Yy VN +=MNN - —m,vv + = MNN m, & —-
2 2 M
* Small v — N mixing: 6= yv—~ / <107 /
* Feeble coupling not to thermalize N:
T<H(T=M)=> yM < M = 3,5 1077 M *) neglig.ible contribution
8m My, VH to neutrino mass.
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Neutrino-portal DM

e Dark sector with a fermion and a scalar:

yyLHN + ANy ¢

Higgs-portal: k [¢p|*|H|*
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Conditions for freezed-in N, ¢, x

L=y LHN + ANx¢ + k|p|?|H|?
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Freeze-in production

* DM not in thermal equilibrium but producible from thermal
particle scatterings (ex: gravitino, axino, RHsN)

dTlDM
dt

+ 3Hnpy = (ov)[ng, — Ny

— ™

SM+SM->DM+DM  DM+DM->SM+SM

= —— *)ng, dT/dt = —HT
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Production channels of N, ¢, x

L=y LHN + ANx¢ + k|p|?|H|?

vh 3 N Ni>('b)(

NN = oo /xx
Y AYy
vh — x¢ b - vy
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Freeze-In scenario |:

hh = o — vvyy
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Freeze-1n scenario |l: NN - xx/éd - xx/vvxx
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Freeze-1n scenario lll: N- ¢x - vxx
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Energetic neutrinos from dark sector

 Energetic neutrinos produced from the ¢ decay:

Ayy
b - vy

* Feeble coupling y, A, determining the ¢ lifetime, can be made
arbitrarily small.

- Relevant parameters: 74, m, (my), and the neutrino energy

Ey = (m§ —m3)/2my



Observational consequences

* Ty S teq~10"*sec: y is 100% (stable) DM, and the produced
neutrinos are red-shifted away for 7y < t,q.

* teqg S Ty K ty: ¢ behaves like a decaying DM. The produced
neutrinos contribute to dark radiation constrained by the
CMB measurement. Being red-shifted, they may be

detectable. E, (T¢>1/2
< 0.1

ppr < 0.1 ppy at teq
m, Leq

* Ty 2 to~4 10"7sec: The decaying ¢ can be 100% DM, and its
lifetime is strongly constrained by neutrino observations.



Extra neutrino fluxes

» Cosmic flux from early DM decay:

( 0 7 —t(2)/Te AN
d'“r:cos Mg € 7o N
1D = — dz I7] E o m —m B, — Fy
(L, I'ch ) (v) (L Ly, 0 — 2'?}?.(5} allc l s
2 A cos g €12/ H(z) = Ho\/Qa + (1 + 2)3Q + (L + 2)*Q,
Icos — E — Eu

0(z)
dE, T¢ H(z) t(z)= [CTdZ[(1+ )H ()]

e Galactic neutrino flux:

dp e t0/Te N o

2 ‘T'/ 1 2 = |

(Igal Eu dEga Eu dE X Rsol Psol <J> Fsl 8.33 kpe <]) ~ 2.1
TeTllg psol = 0.3 GeV/ cm?
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Signals and observations
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Constraints

DR constraint
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Conclusion

* Neutrino-portal: AN¢y with a decaying ¢ and a stable y DM.
 Characteristic channels of freeze-in production:

) hh > ¢p, ¢ - xx, ¢ > xN/v,
i) vh>N® 5oy, ¢ - yv

) vh > N, NN - ¢d/xx, ¢ — xv

* The decay ¢ — yv, involving y, 4, can be very late to provide
an additional source of energetic neutrinos.

* They contribute to dark radiation or exotic signals at neutrino
detectors.
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