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Many variants of freeze-out: Less variants for freeze-in
* Semi-annihilations Dark Matter from Exponential Growth
® H|dden sector Bringmann, PFD et al. 2103.16572
. Hryczuk, Laletin 2104.05684
 Cannibal DM . . L .
. Very interesting application to sterile
* Forbidden DM _
. neutrinos
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Outline

* Production by transformation
* Evolution of the DM abundance

* Phase diagram

* Anew life for sterile neutrino DM after the pandemic (exponential growth)
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Production by transformation
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Production by transformation
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Production by transformation

* 1, +3Hn, = (ov),n,'n,

xV/
_ o v dx
Y (x)=nlsxY, exp(BJ TR(X))
Xy
nl/e}q(av)tr
e R(x) = - # of transformations of DM

particle per Hubble time

e — Phase of exponential production

e Shutoff by kinematical or Boltzmann
suppression

* First: constant matrix element for simplicity
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Evolution of DM abundance

Fixed initial abundance
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Evolution of DM abundance

Initial abundance from freeze-in
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Phase diagram
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Phase diagram
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Phase diagram
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Phase diagram
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Coupling hierarchy through mass mixing

« Convenient way to realize 45 < A,.: Two fermions with tiny mass mixing angle 0, only one (mostly y)
interacts with some mediator ¢ via Yukawa coupling

e After mass diagonalization:
e vy vertices x cos’6 ~ 1
e Yy vertices «x cos@sinf ~ 6
e Yy vertices  sin” 6@ ~ 62

e Transformation amplitude < @

e Freeze-in amplitude o 6
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A new life for sterile neutrino DM after exp. growth

o What if v further is in the SM? 10~7
o Sterile neutrino (y = r), mass-mixing with active 1078
neutrino (y = v, '
1077+
 Yukawa coupling between mediator ¢ and v in ; A
flavor-space: = 107 ‘;;«? \
&\ 1 \ 7 -
Y ¢ = = \ G
° gint D, E¢I/S I/S =+ h.c. 0 10—11.g i \\‘\ Signals \
1 S
— ng(cosz OvCv. — sin(20)T v, + sin” Oy ) + h.c 1012 < R
" sYs a”'s a”a s 1 S NN
’ % \\\ .
» Allows for sterile neutrino DM at @ much smaller than 1013 z s
Dodelson-Widrow mechanism (production by active- 1A
sterile oscillations) in a very simple model 10—142 i
* Generally present for self-interacting sterile neutrinos ms |keV|
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Evolution

Smaller 0 = larger y = additional processes
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Parameter space
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constrained by astrophysical
observations at late times

Bringmann, PFD et al. 2206.10630



Parameter space
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Conclusions

* New non-thermal DM production mechanism involving exponential growth
e Complements freeze-in and freeze-out scenarios
* Interesting phenomenological consequences
* Anew life for sterile neutrino DM after exponential growth
* Exponential growth regime occurs naturally for self-interacting sterile neutrinos
* Allows for mixing angle much smaller than in Dodelson-Widrow scenario
 Simplest allowed model for sterile neutrino DM production as Dodelson-Widrow is excluded

* Much of parameter space is testable in the foreseeable future
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Thank you!
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Phenomenological consequences
Higgs portal 4, | H|*y*/2

10—

Higgs portal
Moy = Mp /2
)\ﬁ S.T. QX = 0.8 QDM

)\hw S.T. Qw = 0.2 QDM

102 10° 104
m, |GeV]
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