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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
e Cannibal DM . . .
e Forbidden DM (First DM production mechanism w/
. exponential growth!)
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Outline

* Production by transformation

* Evolution of the DM abundance
* Phase diagram

* Higgs portal model

e Connection to sterile neutrinos
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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

 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

n,+3Hn, = (ov),[n,'n,

1072 ¢
: 102 MeV
1073k
m, = 10' MeV
10—4 \ """"""""""""
semi—anni-
105 hilations
B ——————
FQ k% =0.12 1
B Sl b mim =2 | £ 1076 BBN excluded
DR R 7/ A— (my < 0.5MeV)
N rm,@‘l-31 T A 4
1018 : N‘s'db'zz : = : . 7
3F 3
LA T
—8
100—3' BT A Ty o T/ (R TI TR\ 10
z¢:m¢/T
_9| BBN excluded _
;(777:¢<° e) QX:QDM

10~ 1071
WY — XY Aa

108

109

10—4

102

Bringmann, PFD et al. 2103.16572



Phase diagram
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Phase diagram
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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
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Connection to sterile neutrinos

 Convenient way to realize Az < A,.: Two fermions 10~
with tiny mass mixing, only one (mostly y) -
interacts with some mediator via Yukawa coupling
* After mass diagonalization: 1077+
] A
— : o)
e yy vertices «x cos“ 0 ~ 1 10 -
XX > 10 : %\
e Wy vertices «x cos@sinf ~ G =R = \ ;?glals
> N8
— : - 2 2 = Ny
o YWy vertices « sin“f ~ 0 oez) 2 Rl
2 SO
 What if y further is in the SM? A N
10—13 % N
e — Sterile neutrino, mass-mixing with active, | ~
coupling between mediator and sterile in flavor- 10~ —
space ’ 10
ms |keV]
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Connection to sterile neutrinos
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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
e Specific model realizations:
* Higgs portal as simple example
* Connection to sterile neutrinos

e stay tuned for upcoming publication!
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Thank you!
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