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Main themes of research

➢ Dark matter: 
▪ What it is (→ candidates)
▪ Where it comes from (→ underlying theory: ̀ `new physics”)
▪ How to link it to what we know (→ experimental data)
▪ How to detect it (→ 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,…)

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

➢ Theoretical studies of:
▪ the macrocosm (Universe)
▪ the microcosm (quantum world)
▪ the Big Bang

➢ Dark matter and …
➢ (g-2)muon 

➢ Long-lived particles (LLPs)
➢ Theories of the Big Bang (standard, non-standard)
➢ …

Faser @ CERN

Two prime classes of candidates:
➢ WIMP
➢ axion (+axion-like)

Dark matter: 
1/4 of the Universe
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Some recent papers on axions as DM…
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▪ Dark matter production through a non-thermal flavon portal, 
 Andrew Cheek, Jacek Osiński, LR, Sebastian Trojanowski, 2211.02057 → JCAP

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

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

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

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

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


Extending preferred axion models 
via heavy-quark induced early matter domination

Andrew Cheek, Jacek K. Osiński, Leszek Roszkowski,
 e-Print 2310.16087 → Phys. Rev. D, 109, 123529 
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Consider:
• Axion DM
• Non-standard
      models of very early 
Universe



CAMK annual meeting, L. Roszkowski, 
22.01.2025

5

101010111012101310141015
f a ⇠mQ [GeV]

10− 9 10− 8 10− 7 10− 6 10− 5 10− 4 10− 3

ma [eV]

10− 20

10− 18

10− 16

10− 14

|g
a
γ
|

[G
eV

−
1
]

Fut ure
A xion
L im it s

H
a

lo
sc

o
p

e
s

Axion dark matter
including heavy Q

with θi 2
⇥
0.5,π/

p
3
⇤

d 5(SC)

d = 6

d = 7

d = 8

d = 9

Figur e 6. The extended region of preferred axion dark mat ter masses denoted by the colored lines,

the previously understood window is shown in green, referring to decays via d 5 effect ive operators

and standard cosmology (SC). Decays that proceed through higher-dimensional effect ive operators

and therefore produce a period of EMD are shown in blue (d = 6), red (d = 7), purple (d = 8) and

orange (d = 9). We have remained agnost ic about the suppression scale ⇤. The maximum ma is

the same for each case, and given by the rightmost green marker. The exist ing limits and future

project ions are taken from Ref. [101].

5 Conclusions

In this art icle we explore the role that heavy quarks required in many axion models may have

on the evolut ion of the early Universe. In part icular we find that these heavy quarks can

dominate in the early Universe and dilute the relic cold axion abundance produced through

misalignment . This has great consequence for our understanding of preferred axion models, a

subgroup of axion models that meet desirable criteria. Assuming standard early cosmology,

the preferred axion models were believed to be limited to have heavy quark decay at most by

dimension-5 effect ive operators. We have demonstrated that this is not the case and decays

that proceed through effect ive operators up to dimension 9 st ill survive all known constraints.

Our results here mot ivate the return to axion models where decays occur with effect ive

operators of dimension d ≥ 6, since these should no longer be considered disfavored. In

this art icle we have not at tempted to collate these models in order to remain as general as

possible. When we do study higher-dimensional axion models, we may find more models that

meet with more restrict ive criteria than considered here, such as no domain walls NDW = 1.

The effects of EMD on misalignment have been studied before, but the remarkable fea-

ture of this work is that we have not invoked an arbit rary mat ter field that dominates and

decays before BBN, nothing addit ional needs to be added beyond what is already present
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Extending preferred axion models 
via heavy-quark induced early matter domination

Andrew Cheek, Jacek K. Osiński, Leszek Roszkowski,
 e-Print 2310.16087 → Phys. Rev. D, 109, 123529 

❖ Early matter domination ``built into” the QCD axion model
▪ KSVZ axion model contains very heavy (~fa~1012GeV) singlet quarks
▪ They decay in the early Universe, causing short period of EMD

Quark decay proceeds via
interactions:
▪ Ren (d=4)
▪ Non-ren (d>4) 

Depending on d,
allowed range of axion mass
gets strongly extended
towards lower mass values

axion mass (eV)

A follow-up project with Cheek, 
Arias, Visinelli in progress
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