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Motivation: Axion parameter space
Assuming KSVZ-like photon and neutron couplings:
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The (standard) misalignment mechanism

Relic density:

ρSMM
θ,0 ≈ 1

2
m∗m0θ

2
∗f

2
a

(
a∗
a0

)3

where

0 = today,

∗ = time of onset of oscillations.
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Motivation: Axion parameter space
Assuming KSVZ-like photon and neutron couplings:
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?
Can we produce ALP dark matter at low−fa?
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Attempts to increase the DM abundance

> Large misalignment (Arvanitaki et al.)

> Trapped misalignment (Di Luzio et al.)

> Kinetic misalignment (Co et al. )
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Attempts to increase the DM abundance

> Large misalignment (Arvanitaki et al.)

> Trapped misalignment (Di Luzio et al.)

> Kinetic misalignment (Co et al. ) ←
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Kinetic misalignment - Co et al.,2019

> Begins to oscillate at θ̇ ∼ 2ma

> Delay oscillations

⇒ less redshift

⇒ more DM

⇒ lower fa

ρkinθ ≈ maf
2
a θ̇∗

(
a∗
a0

)3

where ∗ = time of stopping.
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Kinetic misalignment?

> Begins to oscillate at θ̇ ∼ 2ma

> Delay oscillations

⇒ less redshift

⇒ more DM

⇒ lower fa

ρkinθ ≈ maf
2
a θ̇∗

(
a∗
a0

)3

where ∗ = time of stopping.
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Axion fragmentation



Axion fragmentation - Fonseca et al’, 2019

Expand into fluctuation:

θ(t, x) = Θ(t) + δθ(t, x), where δθ(t, x) =

∫
d3k

(2π)3
θk(t)e

−ik·x

EOM is a Hills equation:

θ̈k +

[
k2

a2
+m2

a(T ) cosΘ

]
θk = 0

Solutions given by Floquet theorem:

θk(t) = θ+(t; k)e
µkt + θ−(t; k)e

−µkt such that Re{µk} > 0→ exponential growth!
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Axion fragmentation - our work
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Efficiency of fragmentation

The ratio ma(T∗)/H(T∗) controls the efficiency:

ma(T∗)

H(T∗)
. 3 → Standard misalignment

3 .
ma(T∗)

H(T∗)
. 42 → Kinetic misalignment with weak fragmentation

42 .
ma(T∗)

H(T∗)
. 900 → Fragmentation after trapping

900 .
ma(T∗)

H(T∗)
→ Fragmentation before trapping
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Assuming KSVZ-like photon and neutron couplings:
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Model implementations



Affleck-Dine-like kick

Affleck & Dine 85, Co et al. 19

Full complex field (incl. radial dynamics)

P =
1√
2
φeiθ

Higher-dimensional terms

A

n

Pn

mn−3
Pl

+ c.c. =
2A

n2n/2
cos(nθ)

φn

mn−3
Pl

Probed by a large VEV φkick

→ θ̇kick = 21−
n
2
Aφn−2

kick
sin(nθkick)

mφMn−3
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Model implementation

SUSY inspired nearly-quadratic potential

Vlate = m2
φ|P |2

(
1

2
ln

(
2|P |2

f2
a

)
− 1

2

)
+

1

4
m2

φf
2
a

Affleck-Dine higher-dimensional terms (also SUSY inspired)

Vearly = (O(1)×m2
φ︸ ︷︷ ︸

Vlate

−cHH2︸ ︷︷ ︸
Drive VEV

)|P |2 + A+ cAH

n

Pn

Mn−3
+ h.c.︸ ︷︷ ︸

Angular gradient

+
|P |2n−2

M2n−6︸ ︷︷ ︸
Stabilize H2-term
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Radial oscillations and damping

Radial equation of motion:

φ̈+ 3Hθ̇ + V ′︸︷︷︸
Potential

= θ̇2φ︸︷︷︸
Centrifugal

Radial oscillations about effective minimum at

θ̇ = mφ where mφ ≡
√

φ−1V ′

Must be damped!
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General damping: Maximal damping temperatures
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General damping: Minimal damping temperatures
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General damping: Constraints
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Numerical solution of Yukawa damping
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Full implementation: Supported ALP DM parameter space
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GW amplification from kination

Image taken from Gouttenoire et al. (2111.01150)
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Supported parameter space
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Summary

> Axion-like-particle dark matter can be motivated also in the low-fa regime

> ALP DM in reach of upcoming experiments

> Much parameter space features fragmentation

GW signal from fragmentation is hard to observe (see 2206.14259)

Minicluster formation is more promising (see upcoming work by Eroncel et al.)

> Model implementations can be found

Model shown here: KSVZ-like ALP with Affleck-Dine-like terms

Supports QCD axion and ALP DM from ma ∈ [10−6eV, 10 eV]
Might imply GW signal from kination (see our upcoming paper or 2111.01150)
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Thank you!

Contact

DESYª Deutsches Philip Sørensen

Elektronen-Synchrotron 0000-0003-4780-9088
DESY Theory Group
philip.soerensen@desy.de

www.desy.de +4530897153
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Thank you!

Questions?
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DESY Theory Group
philip.soerensen@desy.de

www.desy.de +4530897153

DESYª | Axion-Like-Particle Dark Matter Beyond the Standard Paradigm | Philip Sørensen | Hamburg, 29.09.2022 Page 26

https://www.orcid.org/0000-0003-4780-9088
mailto:philip.soerensen@desy.de
https://doi.org/

