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Summary
Minimal fermionic DM

Lint = −
1

2Λ
H†H

(
χχ+ χ† χ†

)
.

Why?
– Simple.
– General.
– Generic low energy limit.
– Explore DM landscape.What we do?

– Freeze-in.
– Free TRH.
– All processes. ⟨Work in progress⟩

– Phase-space distribution (PSD).
– Focus on low mχ.⋆

– Code for reproducibility.
⟨Work in progress⟩

T FI
<

T RH

TFI = TRH

TFI > TRH

V a3 e3uT

Y D
M

=
N

DM S

N. Arkani-Hamed, A. Delgado and G. F. Giudice, Nucl.
Phys. B 741 (2006), 108-130 [arXiv:hep-ph/0601041
[hep-ph]].

T. Cohen, J. Kearney, A. Pierce and D. Tucker-Smith,
Phys. Rev. D 85 (2012), 075003 [arXiv:1109.2604
[hep-ph]].

A. Dedes, DK, and A. Pilaftsis, Phys. Rev. D 95 (2017)
no.11, 115037 [arXiv:1704.01497 [hep-ph]].

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]].

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.
O. Lebedev, A. P. Morais, V. Oliveira and R. Pasechnik,
JHEP 04 (2025), 136 [arXiv:2410.21874 [hep-ph]].
⋆ There is a paper that apeared on 23/06/2026 that
seems to focus on the same mass scale: D. Feit-
eira and V. Oliveira, [arXiv:2606.20815 [hep-ph]]. Our
analysis aims to be more accurate (numerical evolu-
tion during reheating can be different than approxima-
tions) and cover wider TRH scales.
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Dark matter – What do we know?

One thing I know: I know nothing
– Attributed to Socrates

Dark matter is likely:
Mostly electrically neutral.

Stable or very slow decay rate.

Non-Baryonic.

Cold/Warm.

Gravitationally interacting.
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Dark matter – Candidates

Candidate When Who
Primordial BH 1966, 1971 Zeldovich & Novikov, Hawking
MACHOs 1981, 1986 Petrou; Paczynski

WIMPs 1977, 1985 Lee & Weinberg; Steigman & Turner
Gravitinos 1981, 1982 Fayet; Witten; Pagel & Primack
Axions 1983 Preskill, Wise & Wilczek
Neutralinos 1984 Ellis et al.
Strangelets 1984 Witten; Fahri & Jaffe

Q-balls 1984 Witten
Extra-dimensional DM 1984 Kolb & Slansky; Servant & Tait
Sterile neutrinos 1993 Dodelson & Widrow
Fuzzy DM 2000 Hu, Barkana & Gruzinov
FIMPs 2001,2009 J. McDonald; Hall et al.
Sub-GeV DM 2003 Boehm, Fayet et al.
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We could consider a more detailed view of simple cases.

Generalization of the basics:
Freeze-in
+ Reheating
+ PSD-level

There are many hypotheses for DM.
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Dark matter – Propaganda
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If you do not expect the unexpected, you will not find it.
– Attributed to Heraclitus

– Light DM
• Relatively unexplored.
• Accessibility.
• Experimental complementarity.

– Freeze-in
• Complementary to WIMP.
• Non-thermal effects.1

– Phase-space distribution
• Quantizaion of distortions.1,∗

• Accurate bounds.1,∗

• PSD reconstruction? 2

1 G. Ballesteros, M. A. G. Garcia and M. Pierre, JCAP 03 (2021), 101 [arXiv:2011.13458].
F. D’Eramo and A. Lenoci, JCAP 10 (2021), 045 [arXiv:2012.01446].
P. Arias, DK and L. Roszkowski, JCAP 05 (2021), 041 [arXiv:2012.07202].
T. Binder, T. Bringmann, M. Gustafsson and A. Hryczuk, Eur. Phys. J. C 81 (2021), 577 [arXiv:2103.01944].
A. Hryczuk and M. Laletin, Phys. Rev. D 106 (2022) no.2, 023007 [arXiv:2204.07078].
2 K. R. Dienes, F. Huang, et.al. Phys. Rev. D 106 (2022) no.8, 083506 [arXiv:2101.10337].
∗ Also see talks from Stefan Lederer and Nicola Barbieri.
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Summary

We shaw the minimal fermionic DM.

Production range.
Included inflaton decay to DM.
Included model-independent reheating.
Computed the PSD.
Found Lyman-α bounds.
Identified parameter space.

It remains an interesting possibility.
It has a rich production history.
It is 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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What now?

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. ⟨In progress.⟩

MW satellite counts. ⟨In progress.⟩

Meson annihilation. ⟨In progress.⟩

Detailed inflaton contribution. ⟨In progress.⟩

Code for public use. ⟨In progress.⟩

Thermalization at the PSD-level.

“Gray” area between freeze-in/out.

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