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Freeze-in DM

DM possibly never in thermal equilibrium with SM particle plasma.
e Instead, DM relic density determined by “Freeze-in” mechanism [1].
e ThermalDMcase: Y =Y, forx < 1, x =m/T
dY — s(T'=m) (ovpe)
dez ~  H(T =m) 12
e Freeze-incase: Y (xry) =0 leads to
dY — s(m) (0Uper)
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Freeze-in DM

e Given (ov,.;)as a function of x, Boltzmann equation can be integrated up
to x = 1 (kinematic boundary)
e Example: light vector-boson mediator
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e Observed DM density of [0,k = 0.12|2] reproduced by [g, = 2.31 x 10~°
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Braneworld Cosmologies

e Modified Friedmann Equation

o For T/T; < 1, standard Big Bang cosmology is reproduced.
o For T/T; > 1, the universe evolves differently. Parametrize modified
Friedmann equation as

H = Hy(T) x F(T)

o We assume the following form for £(T") for 7/T, > 1

o () - &)
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Braneworld Cosmologies

e Apply adjusted Hubble parameters to Boltzmmann equation. The effective

change is -
e () - v (2]

o DM relic abundance enhanced (reduced) for 7 < 0O (v > 0)
e For vector boson mediated process:
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Braneworld Cosmologies

e Randall-Sundrum (RS) Il Model
o Friedmann equation for a spatially flat universe [2] yields:
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e Gauss Bonnet (GB) Model
o Found by adding higher curvature terms to RS action [3].
o Phenomenological requirements fix free parameters.
o Friedmann equation in highest temperature epoch becomes:

. : = =
H « ( P MQP) = Hgp X (L) =|Hs X (ﬂ)
45 Mp PGB Xz

[3] Binetruy, Deffayet, & Langlois, 2000
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e Minimal B-L SM Extension with

RHN as a DM candidate [5]

o RHN DM communicates with
SM via Higgs-mediated
(Higgs-portal) or Z' mediated
(Z'-portal) processes.

o DM experiments and LHC
have narrowed parameter
space for Z' mediated RHN
freeze-in DM [6].
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Application to Z’ portal DM with RHN
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Application to Z’ portal DM with RHN

Process: ff — Z' — NN
e Numerically solved
Boltzmann equations
o GB Yield enhanced 101
o RS Yield reduced
e Densities become:
o GB: [Qpumh?=0.12
o 4D: Qpyh?=72x10"3 I —
o RS: QDMh2 = 4.5 X 10_5 " " .x=m/T

m=10TeV, T, =1TeV, myz =1 GeV, ggr, = 1.54 x 1076

1 0—14 |-

Y(x)

10—18 |-

10—20 2

1 L 1
0.100 10

[yd-day] +£G0"LLBL :AIXJIE BPEYO B ‘BPENO “d'A

vabaules at crimson.ua.edu



A

- Lifetime Frontier Experiments

e Reproducing Qpyh? = 0.12
requires different values of §BL 1074
for the RS, GB, and standard

cosmologies. o5 B
Small BL = long-lived Z’ o

e ForwArd Search ExpeRiment K -
(FASER) for LHC Run-3 and
FASER 2 at HL-LHC could 7

search for such a Z'.
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Excluded regions taken from [7] Bauer et al., 2018



Summary

e Considered “Freeze-In” DM in the context of 5D Braneworld
cosmology.

e Friedmann equation modified in early universe, in turn modifying DM
relic density for nonstandard cosmologies.

e For Z'-portal RHN DM in minimal B-L SM extension, braneworld effect
affects value of coupling. Results from Lifetime Frontier Experiments
directly inform possibilities for BSM physics and accurate
cosmological description of the universe.
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