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Minimal fermionic DM Why?
— Simple.
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Thermal DM is mostly excluded, e.g. L. Lopez-
Honorez, T. Schwetz and J. Zupan, Phys. Lett. B 716
(2012), 179-185 [arXiv:1203.2064 [hep-ph]].
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Minimal fermionic DM
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Ling ZAHH<XX+X X>~
What we do?

— Freeze-in.

— Free Try.

— All processes. (Work in progress)

Thermal DM is mostly excluded, e.g. L. Lopez-
Honorez, T. Schwetz and J. Zupan, Phys. Lett. B 716
(2012), 179-185 [arXiv:1203.2064 [hep-ph]].
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Why?
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— General.
— Generic low energy limit.
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Ling = fiHTH (xx +x' XT) : — General.
— Generic low energy limit.
What we do? — Explore DM landscape.
Freeze-in. )
Free Try. 10"

— All processes. (Work in progress)
Phase-space distribution (PSD). 10t
Focus on low m,.*
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(2012), 179-185 [arXiv:1203.2064 [hep-ph]].

PSD for the UV contribution shown in J. McDonald, 10°
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There are analyses of different parameter regions; e.g.
O. Lebedeyv, A. P. Morais, V. Oliveira and R. Pasechnik, 10°
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Minimal fermionic DM

Ling = fiHTH (><><+xT XT) :

What we do?
— Freeze-in.
— Free Try.
— All processes. (Work in progress)
— Phase-space distribution (PSD).
— Focus on low m.*

— Code for reproducibility.
(Work in progress)
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(2012), 179-185 [arXiv:1203.2064 [hep-ph]].

PSD for the UV contribution shown in J. McDonald,
JCAP 08 (2016), 035 [arXiv:1512.06422 [hep-ph]].

There are analyses of different parameter regions; e.g.
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* There is a paper that apeared on 23/06/2026 that
seems to focus on the same mass scale: D. Feit-
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Dark matter

e Dark matter
@ What do we know?
@ Candidates
@ Propaganda
@ The role of reheating
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Dark matter — What do we know?

Dark matter is likely:
Mostly electrically neutral.

One thing | know: | know nothing
— Attributed to Socrates

Stable or very slow decay rate.

Cold/Warm.
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@ Non-Baryonic.
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@ Gravitationally interacting.



Dark matter — What do we know?
One thing | know: | know nothing

— Attributed to Socrates

Dark matter is likely:
@ Mostly electrically neutral.

@ Stable or very slow decay rate.

@ Non-Baryonic. "
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@ Cold/Warm. T
@ Gravitationally interacting. =
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There are many hypotheses for DM.



Dark matter — Candidates

o
Candidate When Who 3 Less complete
Primordial BH 1966, 1971 Zeldovich & Novikov, Hawking @
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Dark matter — Propaganda

(If you do not expect the unexpected, you will not find it.
— Attributed to Heraclitus

" \\T\‘»\\?‘»

— Light DM
e Relatively unexplored.
e Accessibility.
e Experimental complementarity.

astro/cosmo

interaction streangth

* This is an simplified representation of an entire ecosystem of searches and

models. It is meant for illustrative purposes during this talk.

mass
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— Freeze-in
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o Non-thermal effects.!
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1 G. Ballesteros, M. A. G. Garcia and M. Pierre, JCAP 03 (2021), 101 [arXiv:2011.13458].
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Dark matter — Propaganda

(If you do not expect the unexpected, you will not find it.
— Attributed to Heraclitus
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A o — Light DM
z e Relatively unexplored.
<
S e Accessibility.
% |_cheap) o Experimental complementarity.

— Freeze-in
e Complementary to WIMP.

o Non-thermal effects.!

— Phase-space distribution
e Quantizaion of distortions.1:*
e Accurate bounds.*
e PSD reconstruction? 2

interaction streangth
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* This is an simplified representation of an entire ecosystem of searches and

models. It is meant for illustrative purposes during this talk.
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* Also see talks from Stefan Lederer and Nicola Barbieri.
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Dark matter — The role of reheating

Freeze-in:
— Initially absent DM particles = Npv < Neq. | [ === ———===—=—=
Tri=Tru
LT TR
T V~ad ~e

Some useful freeze-in references:
J. McDonald,Phys. Rev. Lett. 88 (2002), 091304 [arXiv:hep-ph/0106249 [hep-ph]].

L. J. Hall, K. Jedamzik, J. March-Russell and S. M. West, JHEP 03 (2010), 080 [arXiv:0911.1120 [hep-ph]]
F. Elahi, C. Kolda and J. Unwin, JHEP 03 (2015), 048 [arXiv:1410.6157 [hep-ph]].
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— Monotonous (slow) increase of Npyr. Tr=Tru
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Freeze-in:

— Initially absent DM particles = Npv < Neq. | [ === ———===—=—=
— Monotonous (slow) increase of Npy.

— Production stops at "freeze-in" — w < 1

Freeze-in with reheating:

— Temperature evolution changes.

— Production becomes typically slower—compared to
the expansion of the Universe.
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Dark matter — The role of reheating

Freeze-in:
— Initially absent DM particles = Npv < Neq. | [ === ———===—=—=
— Monotonous (slow) increase of Npy. ZE’:Q

— Production stops at "freeze-in" — w <1. 1

Freeze-in with reheating:

— Temperature evolution changes.

— Production becomes typically slower—compared to
the expansion of the Universe.

— Reheating after freeze-in causes dilusion.

dlog YpMm _ dlog Npm |:1 dlog S (legND1\4>71:| -

du du du du T Vo a® ool

Some useful freeze-in references:
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Dark matter — The role of reheating

Freeze-in:
— Initially absent DM particles — Npy < Neg-
— Monotonous (slow) increase of Npy.

— Production stops at "freeze-in" — w < 1

Freeze-in with reheating:

— Temperature evolution changes.

— Production becomes typically slower—compared to
the expansion of the Universe.

— Reheating after freeze-in causes dilusion.
— Reheating changes the DM momentum.

dlogYpm  dlog Npm |:1 dlog S (dlogNDM>’1] . A
du du du du T Ve ad ~ e

dlog upm _ |:1 -~ (17 I's p<1)>71:| ( 1 (Eh> B 1> dlog Npm
du H pr 2upm T du '

* Details in:
P. Arias, DK, and L. Roszkowski, JCAP05 041 (2021)
[arXiv:2012.07202 [hep-ph]].

Some useful freeze-in references:

J. McDonald,Phys. Rev. Lett. 88 (2002), 091304 [arXiv:hep-ph/0106249 [hep-ph]].

L. J. Hall, K. Jedamzik, J. March-Russell and S. M. West, JHEP 03 (2010), 080 [arXiv:0911.1120 [hep-ph]]
F. Elahi, C. Kolda and J. Unwin, JHEP 03 (2015), 048 [arXiv:1410.6157 [hep-ph]]
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Production — The phase-space distribuiton:

—
\5 E
be
\_/u
2
107‘:'? ‘?‘E -
: Az
~;
Ve
106 PR T BRI BN ST B
10-3 1072 107t 10° 10 102

P Tru

m¢/2 T*



Results

@ Populations: dim-5

@ Momentum dispersion: dim-5

@ Parameter space: dim-5

@ Parameter space: dim-5 + ® — xx



Results — Populations: dim-5
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Results — Momentum dispersion: dim-5
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Results — Parameter space: dim-5
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Results — Parameter space: dim-5 + & — xx
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We shaw the minimal fermionic DM.
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We shaw the minimal fermionic DM.
@ Production range.
@ Included inflaton decay to DM.
@ Included model-independent reheating.
@ Computed the PSD.
@ Found Lyman-« bounds.
@ |dentified parameter space.

It remains an interesting possibility.
@ It has a rich production history.

@ ltis a window to many other models (e.g. singlet-doublet DM,
2HDM + sub-GeV DM, and many more).

@ The PSD shows the potential impact of reheating on multiple
production channels.
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The future’s not set. There’s no fate but what we make for ourselves.
— Attributed to John Connor
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The future’s not set. There’s no fate but what we make for ourselves.
— Attributed to John Connor

We need to work out:

Even more detailed reheating. (in progress.)
Linear matter power spectrum analysis. (i progress.)
MW satellite counts. (in progress.)

Meson annihilation. ¢n progress.)

Code for pUbllC USE€. (Inprogress.)
Thermalization at the PSD-level.

o
°
o
°
@ Detailed inflaton contribution. (inprogress.)
°
°
@ “Gray” area between freeze-in/out.

°

UV complete “simple DM” models at the PSD-level.
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you!
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