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Candidate axions generic in high energy theories
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The QCD axion

0" = 0y + arg (Deth) < 10~ 1Y

(Strong CP problem)

https:/ / cajohare.github.io / AxionLimits



Caution

We consider simple field theory axions, with Ny, = 1
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Caution

We consider simple field theory axions, with Ny, = 1

_Jat T,
& = (0¢)* — Z;i \/5
“ 0=alf

Possibly important differences for string theory axions, e.qg.

e production of strings

e core structure r_ @ @ [March-Russell,
Tillim]

e cosmological history \/\
P2
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Full evolution

T.H > f, H=m, T'~Agcp BBN CMB today
~/ ~N ~
~ Scaling e
Py solution ~s
Strings form Strings destroyed Relic axions
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Full evolution

T.H > f, H=m, T~NAocp BBN CMB today
~/ ~N ~
~ Scaling e
Py solution ~s
Strings form Strings destroyed Relic axions
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Full evolution

T.H > f, H=m, T'~Agcp BBN CMB today
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Py solution e

Strings form Strings destroyed Relic axions
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@

H(n™ [Eggemeier et al]
Axions with spatial Dark matter substructure

fluctuations “Axion miniclusters”



Initial perturbations

[ Order one fluctuations on co-moving scales ~ H, when H = ma(T)j

3.0
' 2.5
- 2.0

[Eggemeier et al]

log(p/p)

Define peak of energy

dp
spectrum to be
dlog k
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Standard picture

z ~ 3000 z =~ 30

T, ~GeV T =€V 1y

Perturbations frozen Collapse Hierarchical structure  Adiabatic halos

Wave effects at matter radiation equality

R 1 B 1
® mgv - ma(GM/ /Atclump)l/2 - /lclump(47[Gpmc%)l/2
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Aclump “Quantum” Jeans scale:

[ 1, = (Gpm?2)!" j k,/R = (162Gpm2)~"
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Standard picture

z =~ 3000 z =~ 30
—_—
T, ~GeV Te =€V I

Perturbations frozen Collapse Hierarchical structure  Adiabatic halos
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QCD axion: 10 ma(T)
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New aspects

z =~ 3000 7z ~ 30
T, ~GeV T =€V I
Perturbations frozen Hierarchical structure  Adiabatic halos
Self- Collapse
Interactions mto
solitons
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Self-interactions
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Self-interactions
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Self-interactions
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Self-interactions

A 1/3
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Self-interactions
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New aspects
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Halos vs solitons

Halos

— gravitational potential balanced

by velocity term

Angular momentum “supports” the

gravitational potential




Halos vs solitons

Halos Soliton
— gravitational potential balanced — gravitational potential balanced by
by velocity term quantum pressure «Ayvion star”

Angular momentum “supports” the Quantum pressure “supports” the

gravitational potential gravitational potential




Halos vs solitons

Halos

— gravitational potential balanced

by velocity term

Angular momentum “supports” the

gravitational potential

Soliton

— gravitational potential balanced by
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Properties of the substructure
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Properties of the substructure
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Properties of the substructure
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Properties of the substructure
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Properties of the substructure
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Subsequent evolution?
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Subsequent evolution?

z ~ 3000 7 =~ 30
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Summary

- Previously neglected self-interactions
at T'~ Aqcp move energy to the UV

+ Fluctuations on scales k, ~ k; \rg

- Structures that form around MRE are
solitonic “axion stars”

- 20% of DM axions bound




Summary

- Previously neglected self-interactions
at T'~ Aqcp move energy to the UV

+ Fluctuations on scales k, ~ k; \rg

- Structures that form around MRE are
solitonic “axion stars”

- 20% of DM axions bound

Thanks




Self-interactions
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Self-interactions

2
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Self-interactions
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Self-interactions
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Self-interactions

2
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Flat space

Perturbative regime /2 < kc2
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Flat space
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Expanding space
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Results from simulations
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Schrédinger Poisson & QP
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Properties of the substructure
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Initial perturbations

[ Order one fluctuations on co-moving scales ~ H, when H = ma(T)j

Dark matter density

log(p/p)

Density power spectrum

2 4 5 6 s Pé (k) ~
1/k, dlogk

[Eggemeier et al]
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