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Introduction

Falls sich dies bewahrheiten sollte, würde sich also das über-
raschende Resultat ergeben, dass dunkle Materie in sehr viel
größerer Dichte vorhanden ist als leuchtende Materie.
(If this should be verified, it would lead to the surprising result that
dark matter exists in much greater density than luminous matter.)

Zwicky 1933
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Introduction

Gravitational evidence for Dark
Matter (DM)

Freeze-out and WIMPs require
large couplings
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The Model

Axion-like particle (a) mediator be-
tween the SM fermions (f ) and the DM
(�), a U(1)PQ charged Dirac fermion

a can emerge naturally from extended Higgs

sector ! also expect dim-5 couplings
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ν
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u b

s
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γZ W

H

hidden sector
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Do not consider coupling to gauge bosons at
tree-level but can couple via loops, e.g.

k � q1

k

k + q2
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q2

a
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2@µa@µ
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P
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a
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hf̄ i�5f + . . .

ga�� ⌘ C�/fa (hidden sector coupling), ga↵ ⌘ Cf /fa (connector coupling)
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Alternative DM Genesis Scenarios

Consider simpler toy model: dn�
dt + 3Hn� =

P
f

⌦
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DM and ALP number changing interactions (IR)
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Coupled Boltzmann equations
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Hidden sector and visible sector thermally decoupled, T
0 ⌧ T

@⇢0(T 0)

@t
+ 3H

�
⇢0 + P

0� (T 0) =
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Need to solve system of 3 (unfortunately stiff) coupled differential equations

mχ = 10 GeV, ma = 1 GeV
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Constraints on our ALP
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• Revisit constraints from electron beam dumps, rare B and K
decays, astrophysics, dark matter searches and cosmology.

• In particular, for our specific ALP scenario we (re)calculate and
improve beam dump, flavour and supernova constraints.
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Freeze-in vs. constraints on our ALP (m�/ma = 10)
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dashed lines: lines of constant ga�� which reproduce the
observed DM relic density
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DFO vs. constraints on our ALP (m�/ma = 10)
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• Tiny ga↵ ) ALP relatively long lived ) consequences for BBN
• For ma . 2mµ constraints are very similar, see [Kawasaki et al ’20] for very

long-lived ALPs with sub-GeV ma excluding ⌧a ⇠ 103 � 105 s
• For 2mµ . ma . 1 GeV, EM bounds probably apply too, lifetimes not

excluded.
• For hadronic decays ⌧a ⇠ 0.1 s can be excluded, see [Kawasaki et al ’17]
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Conclusion

What we have done
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• Our simple framework of an axion-like particle
mediating DM leads to various alternative DM
genesis scenarios

• Performed a detailed numerical calculation of full
region of parameter space giving the correct relic
density in various regimes, in particular DFO
regime non-trivial

• Brand-new calculation of constraints (normally
constraints for ALPs for photon coupling) to
verify if these regions of parameter space are
allowed

Future work

E (@t � Hp@p) f = C [f ]

• Improve accuracy, in particular in sequential
freeze-in region, by solving unintegrated
Boltzmann equation

• Assess the potential sensitivity of future
experiments to the region of interest
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Future work

E (@t � Hp@p) f = C [f ]

Exciting time for axions! We
look forward to seeing the im-
pact of future experimental
results on our model!
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Electron Beam Dump Constraint

SLAC E137 Experiment: 20 GeV Electrons bumped
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Astrophysical Constraints

ALPs inside stars

ν
a?

1)

2)

1) Energy Loss

Very weakly interacting ALP would stream
out freely of the hot core and accelerate the
cooling of the star

2) Radiative Energy Transfer

For larger couplings ALPs will be trapped
inside the star and radiate energy

Horizontal Branch Stars

R = NHB/NRG well described ) La . L3↵

Energy emitted per unit mass and time
h✏ai . h✏3↵i = 100 g�1 erg s�1
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FODDS - numerical solution

⌦DMh2 = 0.12
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for m� = 10, ma = 1 GeV, ga�� = 1.3 · 10�2 GeV�1, ga↵ = 10�13 GeV�1
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Freeze-in ...

... from SM particles
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Decoupled freeze-out region
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