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DM Genesis in the early universe

DM Portals
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Early Matter Domination

BSM candidates of a meta-stable
field
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Main constraint: Tey > few MeV  £¢ + 3(1 +w)H py
from BBN p~ +4Hp,
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Generalized Dissipation Rate

A generalized dissipation rate depends on temp. and scale factor.

B> Example: i

'y ¢ —= [Bodeker '06]
: 2
B Example: Moduli decay Mp

oscillating scalar field ¢ with V(¢) ~ ¢”

potential R, (; )n < )k
F€25_>ffT X mgb (t) X &_3(29—2)/(294—2) Fermionic decay eq

More Examples:

= p—2 2) B icd
F¢—>77?7 X M (t) ~ q3(P—2)/(p+2) Bosonic decay

mo(t) oc (6(1)) 22
(8(2)) ~ a=8/7+?
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decreases with z

Mukaida et. al. 1208.3399, 1212.4985
Drewes, 1406.6243

Co et. al. 2007.04328
L




Freeze-in DM in an EMD era

, , . =102 m, =1 GeV, Mx = 10 GeV,Tgy = 1 GeV
TRH =1 GeV [ ‘ |

__ZRH(2,6/p,1/5) _]

102 10® 10* 10° 10° 107 10°

2= a/aeq

10 10* 10% 10*

Z2=afaeq

Larger coupling is reqUired to [Banerjee, DC, Sci. Post. ’22]
saturate the DM relic in EMD




Dark Photon Portal DM
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[Banerjee, DC, Sci. Post. ’22]




What are the signatures

of an EMDE?




DM Thermal decoupling in RD

B In the standard RD epoch, DM
decouples first chemically the
plasma: yy — BB

P> After this, DM kinetically decouples
from the plasma: yB — yB

B Then DM free streams.




DM thermal decoupling in EMDE

B> In EMDE: kinetic decoupling is
determined by how the elastic SM
scattering XS and Hubble vary with
the plasma temperature.

SM
> Reheating initiates when ", > H.

P ForconstantT,: 7 o ¢ 3/ and H oc T

B> For s-wave elastic scattering,
(oVv), ~ const, : ! SM
N e B and Hioc T'r

P> As a result, DM cannot kinetically
decouple before the onset of RD.

[Gelmini et al. ’08, Visinelli et
al. ’15, Waldstein et al. ’16,
Erickcek et al. ’11, ’15]




DM thermal decoupling in EMDE

B> For p-wave elastic scattering, (cv)_, ~ T~

et AT and [H o T4

B> DM kinetically decouples partially, before the
onset of RD.

P> As a result, DM cools faster than the plasma
during EMDE.

B> Due to this, the free-streaming horizon
reduces in EMDE compared to the standard RD
scenario.

P> Small-scale structure are formed due to the
scales entering the horizon before RD.

[Gelmini et al. ’08, Visinelli et
al. ’15, Waldstein et al. 16,
Erickcek et al. ’11, ’15]




DM thermal decoupling in EMDE

P> Entropy injection during the EMDE depends on the plasma
temperature: 1", ~ T

P Inthiscase: /' a_l/z, and Hioc TP

P As a result, the s-wave scattering is enough to partially decouple the
DM from the plasma.

2 Whereas, p-wave scattering fully decouples it from the plasma before
the onset of RD.

B> Such extra cooling of the DM receives an extra kick from the enhanced
matter perturbations during EMDE.

P> As a result, a boost in the formation of structures at sub-earth scales.




Kinetic decoupling of DM

Standard RD scenario:

§ _lgmef p e dTy Yeir(a)]  vel(a)
T — %/ o 5@, X 4 9T, (a) [1+ H(a)} <25 7@

y.(T) < H(T) T,~a"

(DT < HDT, T~ g1

Non-standard scenario:
Txla? HdlT? ’Vel(T) X T(4+n) /Yel(TdeC) = H(Tdec)

) et ()] ra(T) < H(T)
ra(DT # H(T)T,




Kinetic decoupling of DM

Non-standard scenario:

T~ a™® H~ T8 da(T) e TH™

—a(54+n—_) —2
gESlRERECT s oot SR
Adec Qdec

<ol no k.metl.c de.couphng, . Bl tind-—= (2 / a) =18 5 4B
Ndec < N| < Npartial: partial kinetic decoupling, | 4 e

N> Ndec a1 > st full kinetic decoupling, Njoc = 'B Z L

During entropy injection: -

domination
T

We — 0
(Matter)

F¢ x akT™

We — 1 full
(Kination) - full full

[Banerjee, DC, Hait,
Islam, 2408.08360]




Kinetic decoupling of DM

partial decoupling with I'y, ~ const. partial decoupling with I'y ~ T' full decoupling with I'y ~ T

X

EMD /yRD
)\fsh / )‘fsh
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Tdec / TRH

M/% [ wdnE

dec
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to v

ARD _ / dt
; tikds E

[Banerjee, DC, Hait,
Islam, 2408.08360]
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Case Studies

i scalar DM fermionic DM
D T T [T 1000V

O

s-wave elastic p-wave elastic &
scattering scattering iste ywx wv i

/Vel(T)
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)\ T (— f}/l( ) 7567T y (M_mX)Q (mx>
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m M < 2m
[Banerjee, DC, Hait, X < — X
Islam, 2408.08360]




Matter power spectrum

— P MP(k, A = 0 pe)

--—- Pgl\lg/[?)del—l(h Msh = 0.264 pC)
S P)Ehl/\[&[())del—H(k? At = 0.019 pe)
=== Pk, X, = 0 pc)

[Banerjee, DC, Hait,
Islam, 2408.08360]
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Summary

2> Null results from thermal DM direct detection experiments give an
impetus to consider other non-standard DM scenarios.

P Freeze-in DM relic depends on the non-standard epochs of
cosmology at high temperatures.

P> Early matter domination prior to BBN leads to a freeze-in scenario
with larger coupling.

P> Depending on the background, DM kinetically decouples from the
thermal bath with either partial (s-wave) or full (p-wave).

2> Such early decoupling leads to sub-earth mass halo formation.

P> Such sub-earth mass halos can give rise to annihilation signatures.
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