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keV sterile neutrino dark matter

e Sterile neutrinos well motivated by neutrino masses
e keV sterile neutrino candidate for decaying dark matter
e Warm DM depending on mass and production mechanism
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e Sterile neutrinos well motivated by neutrino masses
e keV sterile neutrino candidate for decaying dark matter
e Warm DM depending on mass and production mechanism

DM production

o (Resonant) neutrino oscillations
Barbieri, Dolgov 1991; Enqvist, Kainulainen,
Maalampi  1991; Dodeson,  Widrow hep-
ph/9303287; Shi, Fuller astro-ph/9810076;. . .

o Hidden decoupled sector
Berezhiani, Mohapatra hep-ph/9505385;
Berezhiani, Dolgov, Mohapatra hep-ph/9511221;
Bezrukov, Hettmansperger, Lindner 0912.4415;
Nemevsek, Senjanovic, Zhang 1205.0844; . ..

o Real scalar decays
Shaposhnikov, Tkachev hep-ph/0604236;
Bezrukov, Gorbunov  0912.0390; Kusenko
hep-ph/0609081; Kusenko, Petraki 0711.4646;
Frigerio, Yaguna 1409.0659; Adulpravitchai, MS
1507.05694; Merle, Niro, Schmidt 1306.3996;
Adulpravitchai, MS 1409.4330;. ..
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How about a complex scalar?

1602.04816

6.3.1 Decay in thermal equilibrium
Let us first analyze what happens if the parent particle S is in thermal equilibrium for all
relevant temperatures. That can happen if the S-particle is strongly mixed with the neutral
annels in SM particles are present and maintain it in thermal
clow its mass.
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Complex scalar decay - model

SM —+ sterile neutrino N and complex scalar ¢
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Lepton number: Ngp ~ 1, ¢ ~ =2



Complex scalar decay - model

SM —+ sterile neutrino N and complex scalar ¢
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Symmetry breaking of lepton number

d(x) = Ve + p(x) elolx)/ve Local B — L transformation
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e Scalar ¢
e pNGB (Majoron) «

= explicit derivative couplings



Interaction Lagrangian

Scalar interactions
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Sterile neutrino interactions
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Experimental constraints

CMB constraint on v — v scattering mediated by pNGB «
Vo Z OYMGV(IT)Z,/].GV) Forastieri, Lattanzi, Natoli 1904.07810
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DM decay from flavour violating interactions

DM lifetime > age of universe

e Fastest decay
N —vZ(— vv)
02 <3 x 1074(10keV /my)?
Pal, Wolfenstein (1962); Barger, Pillps hep-ph/9503295
o N — vp(— vv)
o Tree-level N — vp(— aa)

e Loop-level N — va
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DM decay from flavour violating interactions

DM lifetime > age of universe X-ray observations N — v

e Fastest decay e mediated by W boson
N — vZ(— vv) at loop level
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Sterile neutrino production — main idea

h, hh — @, pp p,aa < NN
WW,ZZ, tt — op
aa < ()

my = 10 keV, m, = 10 GeV, )\o =1, k=53x 1079 no active-sterile mixing
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Sterile neutrino production — mai

h, hh — ¢, pp p, aa < NN
WW,ZZ,tt — oo
aa < o(p)

my =10 keV, m, =10 GeV, A, =1, k=53 x 10-° NO active-sterile mixing
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Sterile neutrino production

e energy transfer to dark sector ‘ﬂ’“&%;ka‘l) = C[SM — ¢]

o 3 different regimes, depending on m,/my,
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hermalisation of dark scalar sector
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e kinetic («) and chem. (a, ) equil.:  (T(aa < ¢(¥)))a > H

e kinetic (¢) equil.:  relaxation rate x; (I (ayp <> ap)), > H 7



Thermalisation of dark scalar sector - results

) thermalisation

100 200 300 400
m, [GeV]
e observed DM abundance for z ~ 0.1

e Thermalisation if (a) [ > H preceeded by Tipitia1 > H
and in addition (b) more than 80% of ¢ produced



Thermalisation of keV sterile neutrinos - results

free-streaming horizon \gs ~ 366% (7.299 +1In zr17<7TN\/) kpc

80

60

20(

my [keV]

e Thermalization achieved below lines of constant  (coloured)

e constant DM abundance (black)



Summary and conclusions

keV sterile neutrino with complex scalar
is viable DM scenario

both warm and cold DM possible
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Thermalisation of keV sterile neutrinos

10° T T T — T
m, =50 GeV, Ay =0.1, ks = 1078 -
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e ¢, «v in kinetic and chemical equilibrium
e kin. and chemical equil.(F'(¢ <> NN))n, (T (e <+ NN))n > H
e kinetic equilibrium (MaN + aN))y > H
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