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Main themes of my research

Ø Dark matter: 
§ What it is (à candidates)
§ Where it comes from (à underlying theory: ``new physics”)
§ How to link it to what we know (à experimental data)
§ How to detect it (à predictions for experiment)

§ Direct searches (underground detectors)
§ Indirect searches (Fermi LAT, H.E.S.S., CTA, etc)
§ Collider (LHC+), non-collider (e.g., rare decays,…)

Ø ``New physics” beyond the well-known 
 Standard Model of particle physics
Ø DM cannot be one of known particles

Ø Theoretical studies of:
§ the macrocosm (Universe)
§ the microcosm (quantum world)
§ the Big Bang

Ø Dark matter and …
Ø (g-2)muon 
Ø Long-lived particles (LLPs)
Ø Theories of the Big Bang (standard, non-standard)
Ø …

Faser @ CERN

Two prime classes of candidates:
Ø WIMP
Ø axion (+axion-like)
Other possibilities:
• dark photon
• …

Dark matter: 
1/4 of the Universe



Some recent papers on axions as DM…

§ Dark matter production through a non-thermal flavon portal, 
 Andrew Cheek, Jacek Osiński, LR, Sebastian Trojanowski, 2211.02057 à JCAP

§ Dark Matter Axions in the Early Universe with a Period of Increasing Temperature, 
 Paola Arias Reyes, Nicolas Bernal, Jacek Osiński, LR, 2207.07677 à JCAP

§ Revisiting signatures of thermal axions in nonstandard cosmologies,
 Paola Arias, Nicolás Bernal, Jacek K. Osiński, Leszek Roszkowski, Moira Venegas,
 e-Print 2308.01352 à JCAP

§ Extending preferred axion models via heavy-quark induced early matter domination,
 Andrew Cheek, Jacek K. Osiński, Leszek Roszkowski,

 e-Print 2310.16087 à Phys. Rev. D, 109, 123529

§ Dark photon dark matter from flattened axion potentials,
Hong-Yi Zhang, Paola Arias, Andrew Cheek, Enrico D. Schiappacasse, Luca Visinelli, 
Leszek Roszkowski, JHEP 10 (2025) 142, 10.1007/JHEP10(2025)142

https://inspirehep.net/literature/2176738
https://inspirehep.net/literature/2176738
https://inspirehep.net/literature/2176738
https://inspirehep.net/literature/2176738
https://arxiv.org/abs/2211.02057
https://inspirehep.net/literature/2116098
https://inspirehep.net/literature/2116098
https://arxiv.org/abs/2207.07677


Dark photon dark matter from flattened axion potentials,
al. et Leszek Roszkowski, 

JHEP 10 (2025) 142, 10.1007/JHEP10(2025)142

-6 -4 -2 0 2 4 6

0.5

1.0

1.5

2.0

Figure 1. Left: Comparison between the flattened potential in eq. (2.5) used in this work (blue),
the QCD axion potential V (�) = m

2
�f

2
�[1� cos(�/f�)] (solid gray), and a quadratic potential V (�) =

m
2
��

2
/2 (dashed gray). Right: Schematic depiction of an oscillon supported by flattened potentials:

a longlived, spatially-localized, oscillating field configuration. The field maintains an approximately
constant amplitude �0(t) ⇠ f� within a characteristic radius Rosc ' a few⇥m

�1
� . The oscillon lifetime

typically far exceeds m�1
� due to suppressed radiation losses.

Despite their rich phenomenology, the production of ultralight dark photons in the
early universe remains a longstanding challenge. A natural possibility is that dark photons
are generated via a misalignment mechanism analogous to that proposed for axions. How-
ever, reproducing the observed relic abundance through this mechanism typically requires
nonminimal couplings to gravity [33], which often violate perturbative unitarity or introduce
ghost instabilities [34, 35].3 Under minimal assumptions about their interactions, dark pho-
tons can be produced during inflation as isocurvature fluctuations only if their mass satisfies
mX & 10�5 eV [37–39]. Alternatively, dark photons may be produced through parametric
or tachyonic resonance if they couple to an evolving homogeneous scalar field that induces
time-dependent e↵ective mass for the dark photon [40–45]. These production mechanisms,
however, typically require very large couplings [40–42], entail a degree of fine-tuning [43],
or neglect the axion self-resonance which could disrupt the desired features [44, 45]. Dark
photons may also be produced via the decay of near-global cosmic strings [46]; however, the
overall viability of models in which dark photon DM acquires a Higgs mass is challenged by
vortex formation [47–49].

In this work, we propose a new scenario in which e�cient dark photon production arises
from an oscillating scalar field governed by an unbounded, flattened potential, namely, a po-
tential shallower than quadratic at large field values. For convenience, we loosely refer to
this scalar field as an axion, although the mechanism can be generalized to non-axion fields.
An example of such a flattened potential is shown in the left panel of figure 1. Flattened
potentials of this type naturally emerge in multiscalar models [50, 51], string theory con-
structions [52–58], and certain Yang-Mills theories [59, 60]. Unlike the QCD axion, which
is associated with a periodic potential [61–63], an axion field of this kind can naturally take
initial field values well above the e↵ective symmetry-breaking scale f�, allowing for significant
energy storage in the homogeneous mode.

3
The vector misalignment mechanism was first discussed in ref.[36], although that work derived the cosmo-

logical evolution of a vector field incorrectly. It was later recognized that a nonminimal coupling is required

to yield the correct DM relic abundance [33, 34].
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v a technically-involved study

a new scenario with a key outcome:
Ø dark photons can be efficiently produced 
from axion potentials that are shallower 
than quadratic at large field values 

Ø for dark photon mass up to three orders 
of magnitude below the axion mass, 
the produced dark photons can account for 
a significant fraction of the present-day dark matter 


