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For each value of the mass, the mixing angle is fixed
by the correct relic density, i.e., the photon flux
gives an upper bound on the mass:

M. Laine and M. Shaposhnikoyv, JCAP 6 31 (2008)
mpr1 S 50 KeV

Warm Dark Matter (WDM)

® WDM erases structures on scales smaller than its
free streaming horizon Xps .
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(resonant) production of Nr1 through active-sterile mixing:

2 KeV < mp; <50 KeV

!

Constraints depend on production mechanism!

other (non-thermal) production mechanism:
decay of a scalar singlet particle ¢

already known:
cis in thermal equilibrium, freezes-out and decays ¢ — Nri Nr1

A. Kusenko, Phys.Rev.Lett. 97 (2006) 241301

*early freeze-out weakens Lyman-alpha bound for non-resonant mixin

K. Petraki and A. Kusenko, Phys.Rev.D77 (2008) 0650T4

o|ate freeze-out can also produce sufficient amount of Dark Matter

new mechanism: o is never in thermal equilibrium, freezes-in

and decays o — Ngi Ngi
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L.J. Hall et al., JHEP 1003 (2010) 080

Y freeze-out scenario

| . . L . . R
1 10 1 100

r=m/T
general features:

e initial abundance Y negligibly small (assumption)
e particle itself is never in thermal equilibrium
e feebly coupling constants A < 107° (Feebly Interacting Massive Particle)
e abundance Y increases with increasing coupling constants
8
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Freeze-In of o through < » Higgs portal
| T (scalar mixing)
assumptions:

e feebly Higgs portal coupling: » < 107°

¢ sterile neutrino masses: My, < My K My, ,

e light neutrino masses: £, < —(y%),L;HN,
 potential: Z, symmetry

T

decay width:I' (6 — Ngr1Ng1) = (yljgz
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free streaming horizon: comoving distance traveled by a freely moving particle
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PNm) _ g5
I decay: non-thermal distribution

thermal distribution:

our mechanism: scalar initially not in thermal equilibrium due to fgeeze-in
with specified production mechanism

lower bound on KeV sterile neutrino mass
|2
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KeV sterile neutrino is a well motivated particle candidate for WDM.

\

Any model for KeV sterile neutrino WDM must particularly satisfy
constraints from X-rays and Lyman-alpha-forest. 1

For resonant production through active-sterile mixing,
these constraints allow masses between 2 KeV and 50 KeV.
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Summary

KeV sterile neutrino is a well motivated particle candidate for WDM.

\

Any model for KeV sterile neutrino WDM must particularly satisfy
constraints from X-rays and Lyman-alpha-forest. 1

For resonant production through active-sterile mixing,
these constraints allow masses between 2 KeV and 50 KeV. 1

Other well studied and successful non-thermal mechanism
is production through decay of frozen-out scalar. 1

We have analysed the decay of a frozen-in FIMP as a
new production mechanism. 1

Our new production mechansim opens up a
new region in the allowed parameter space. 1
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