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ould Form Dark Stars, New Theory Says

S

astrophysical effects. The most interesting
| part is that people still get paid for this. "
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Here is the |dea...

Light dark matter forms coherent
solitonic cores inside galaxy halos

Decay to photons resonantly enhanced

Dense cores partially decay into photons
when electron density is low enough

Low energy photons absorbed by IGM

Shock bubbles form which expand,
ionising the Universe

We constrain the ionisation using the
CMB




Axions

Lagrangian of QCD Quark kinetic term
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Gluon kinetic term Quark masses
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Neutron Dipole Moment and

strong CP problem
0 a, v Cra predicts electric dipole moment for
3272 MV neutron d~107"° & ecm

However, no edm observed down to d~ 10'27 e cm

Why is 6’ so small ? Solutlon — first promote 6 to expectation
value of a field with U(1) symmetry then..

2 L This is a prediction for axion models
! s which solve strong CP problem.
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Axion like Particles

One can simply be agnostic and leave the coupling to
photons as a free parameter
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creates mixing/interactions between photons and axions



laboratory CAST bound
Jaryy < 0.66 x 10710GeV™! for m, < 0.02eV
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Axions can also decay! Only a small

fraction would ionise the Universe

Zdecay
10 ;O 19 31 50 93
— Ms x MA/SE
. - MsO(Mz/S'
107 °F E

Enough energy to
reionise the Universe
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CAST bound means decay time much larger than age of Universe though!

Jaryy < 0.66 x 10710GeV™! for m, < 0.02eV
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The Diversity of Core—Halo Structure in the Fuzzy Dark Matter Model

Hei Yin Jowett Chan,'* Elisa G. M. Ferreira,>** Simon May,”* Kohei Hayashi,>*® Masashi Chiba

Coalesence of
halos to form
bigger halo

Formation of a
single halo from
smaller halos
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Schive et al found
a=1/3

More recent work
(Chan, Ferreira,
May, Hayashi &
Chiba)

finds that a=3/5



z=20 MthO

More massive but smaller cores for bigger values of «



As Theorists, we can
contemplate many
possible deaths for
these dense cores...




Possible fates of dense axion cores (could also just stick around!)

Black Hole [not to scale]
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Possible fates of dense axion cores (could also just stick around!)

xiori Siar Rernant Black Hole [notf to scale]
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Possible fates of dense axion cores (could also just stick around!)

Plasma blocked, Mgecay — o Explosion with fiurst
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Concentrate on parametric resonance

Stimulated emission exponentially enhances decay

Pa

s i, 1 where [ - >

Translates into halos with a certain minimum mass

- r 10711 GeV ™ /10713 eV
M3 ~ 8.4 % 107° M - -
g . o M

And it doesn’t take long to happen...

decay 8.4 X 10_5]\[® 10—13 eV 2
TS T =T = d ay 37 —
tS a

Levkov, Tkachev et al.



Need to track the production and
destruction of axion stars through
mergers...

m, =10 1eV
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Total energy emitted many orders of
maghnitude larger than that from Supernovae
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Photon Effective Mass can prevent Decay!
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Different Signatures —» Consequence of Plasma Blocking

Kinematically allowed?
Smooth Yes | No — Plasma blocked Patchy
reionisation

reionisation

Mergers, m, = 5 x 10713 eV Plasma Blocking, m, <5 x 10713 eV




Energy Density of Critical Solitons Emission of photons into IGM
(Du et., al 2023)

[E 2 107*M)]

Photons undergo inverse
Bremsstrahlung absorption




Absorption of the photons in IGM
through inverse Bremsstrahlung
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| Less than a parsec |

Absorption leads to super heated region which
subsequently expands



Absorption of the photons in IGM
through inverse Bremsstrahlung
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Have to use technology from Supernova Remnant evolution

Free Expansion phase

<103 yr

//*\.

I\

SN explosion &
free expansion of the ejecta

Sedov-Taylor phase

Compact object

appoximated as a \
% point source
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Adiabatic expansion

Snowplow phase Fadeaway
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/
Ambient gas being
swept up, sharing

Dissipation of SNR

momentum

Picture from Ken Nagamine




Bubble of Hot Gas is created which Expands

Two simultaneous equations to solve.

Driving pressure Self gravity of
inside bubble expanding shell
. 87 3, . Q0. H°R GM
R=—"F _S(R-HR)?- —
O2.H<“R R / 2 R
Drag pressure to Self gravity of
accelerate medium entire halo
. Lot SRp
p o - =




Evolution of Luminosity
which drives Pressure

Ltot — LEXDIOSiUIl — LCompton — LIonisation

\

This switches off

fairly quickly!
2> o ‘
4 3
LCompton — T’Y pR
45 m,

LIonisation = fm. ny IH 47T2R2(R — HR)

fm << 1 is fraction of baryonic mass kept inside bubble
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Injection of energy heats up baryons

diy, . - o 2 " s
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We use a three level model for hydrogen and also include Helium

Continuum = e, p n— oo Level n>2 (Peebles and Zeldovich et al.,)

n = 3 = continuum

Photonionisation ) ‘ Direct
rate, B(Ty) recombination and
photionisation is
Recombination forbidden
et Resonant 2p
28 .

5 . Y |
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> Dominant recombination Lyman-a
14 recombination channel channel, immediately 10.2 eV
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Goal = HI recombination
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Net result depends on following factors:-

* How many solitons exist above critical mass
when m_=w),?

 How many solitons above critical mass form

ater?

 How much energy is dumped into the Universe?

* How much ionisation takes place?

Do the bubbles Coalesce?




Constraints from the
Opacity of the CMB

Excluded by iy
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future 21cm
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Conclusions

* Fuzzy Dark Matter leads to
solitonic cores in dark matter
halos

e Axion decay into photons is
enhanced in dense regions

e Solitons decay and ionise the
Universe

 CMB puts constraints on this
region of parameter space which
beats other tests




