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Dark matter particles

effectively NEUTRAL

NON-BARYONIC
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Nntroduction: The freeze-in mechanism

Evolution of feebly interacting massive particles (FIMPs) in the early universe:
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Introduction: Testing freeze-in
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Introduction: Testing freeze-in
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Introduction: Testing freeze-in

Colliders&Accelerators Direct detection Indirect detection

@ Underground
detectors

@ High density
Astrophysical
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@ Early Universe
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Introduction: Testing freeze-in

Y){ Without EMD
@ Early Universe coupling 4
SM strength
Can
' l |
@ Colliders, DD, ID Planck'18
Any particle physics m, /T
model!
15060.07532
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Larger couplings between FIMPs and SM particles
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2. /' portal model of FIMP dark matter
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U(1) extensions

« Extra U(1) symmetries are present in many BSM scenarios

_ _ _ q)( + q)( q)( - q)( /
L OV Dr +7v*Doyy D irt (ng - 5 e 5 ~vs | XZ,
N
V)( A)(

Pure vector U(1) bosons
. Easily anomaly-free (U(1)5_;, U(I)Lﬂ_LT, etc)
* Direct detection of FIMPs and sub-GeV WIMP-like DM
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U(1) extensions

IfA)( # (), perturbative unitarity can be violated @ high energies

arXiv:1510.02110

% Y
@ w —s oo ﬁ mZ/Z Z/EA)(m)(
7 “ X
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% y :EL New particle restoring unitarity T m%,
;)G ) @ KoDD APV ﬁ X <
, A2 m

Simplified Z" portals are more natural in the freeze-in regime
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U(1) extensions

Pure axial U(1) bosons

 Anomaly-free models are involved, but possible
arXiv:1609.02188
* [nteresting from a phenomenological point of view

Spin-dependent * > g
direct detection

q,¢ g, €

Z,* €+ p Z/ E
MeV anomalies ” >N GC y-ray SN
isic S | | | excess
arxXiv:1908.09834 arxiv:1411.4079

., Can we have a testable freeze-in with axially coupled U(1) bosons ?
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/" portal: The model

Testing freeze-in with axial and vector Z’ bosons

arXiv:2104.13937

Visible sector U(l)/ gauge hoson: 7
SM particles Dark fermion: y

Dark sector

S e AR A AR A AR W A VRO
/

Processes contributing to freeze-in:

i
f o x L x ? x ?z
_ x e
T X X 2! - -

7' part of the SM bath (1, = né,q ~ 1y
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/' portal: Out-of-equilibrium conditions

We consider both cases: y thermalized and non-thermalized
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/' portal: Out-of-equilibrium conditions

We consider both cases: y thermalized and non-thermalized

'+ 1, +1,_, <H= Freeze-in
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/' portal: Relic density
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/' portal: Relic density
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/' portal: Relic density
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* The t-channel is a UV freeze-in process
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/' portal: Relic density
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« The light Z' regime of the s-channel is independent of m, in the

absence of axial couplings
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/' portal: Relic density
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/' portal: Relic density

e In our case, the heavy regime of Z’ is an IR freeze-in process
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/' portal: Phenomenology

Direct detection "
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/' portal: Phenomenology

Direct detection
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/' portal: Phenomenology

Colliders&Accelerators
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/' portal: Phenomenology

Colliders&Accelerators
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/' portal: Phenomenology
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/' portal: Phenomenology

Colliders&Accelerators
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/' portal: Phenomenology

Colliders&Accelerators
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/' portal: Phenomenology

Colliders&Accelerators
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Viable parameter space
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o My ~ 2m,and my K m, (if Ay, 7 0) == freeze-out still alive!
. Smaller V,, A, (no DM signals...) == Larger V}, A, for Qh? =0.12
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/' portal: Viable parameter space
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« Smaller V%, A){ =P freeze-in tested by colliders, APV, v — e scatt., and

beam-dump experiments for m, in the range of ~100 MeV - 100 GeV!
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/' portal: Viable parameter space

pure vector (Fl
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 Thermalization is more difficult

« Only s-channels set the relic density == |ight regime independent of m,,
=P MPs tested @ direct detection

« Larger V%—O FIMPs tested @ beam-dump (smaller aneeded)
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3. Conclusions
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Conclusions

* The freeze-in is an appealing mechanism for dark matter genesis, and
S testable in a few scenarios

* The parameter space in which the freeze-in can populate the universe
with the right amount of DM in the context of a generic Z’ portal is

already pbeing tested by many experiments!
-

@ Early Universe

=P different realizations of axially
coupled Z' portals are relevant for

the phenomenology of both
WIMPs and FIMPs
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Introduction: Evidence for dark matter particles
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Introduction: DM genesis - the freeze-out

Evolution of weakly interacting massive particles (WIMPs) in the early universe:

W W Dark Energy 68.3%
thermal equilibrium  freeze-out Planck'18
Y)(
Coupling
strength
SM —— DM
Planck'18 bath Oh—
mx/T
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Introduction: Testing freeze-out

DM
DM
(a) Direct Detection ] (b) Indirect Detectionr (¢) Collider Detectionr
e Simplified portals of WIMP dark matter are 1 et

typically in tension with bounds from direct
detection and collider experiments

* The rich phenomenology of WIMPs has
not been fully explored yet!

10 50 100 500 1000

The waning of the WIMP? A review of models, searches, and constraints

arXiv:1703.07364
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Correct relic density via freeze-in
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* The t-channel is a UV freeze-in process
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