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Here is the Idea…

• 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

Gluon kinetic term

Quark kinetic term

Quark masses



Neutron Dipole Moment and 
strong CP problem

predicts electric dipole moment for 
neutron  d~ 10      q’ e cm-16

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

Why is q’ so small ?  Solution – first promote q to expectation 
value of a field with U(1) symmetry then…

-27



Axion like Particles

One can simply be agnostic and leave the coupling to 
photons as a free parameter

creates mixing/interactions between photons and axions



Ciaran  O’Hare produced plot



Axions can also decay!  Only a small 
fraction would ionise the Universe 



CAST bound means decay time much larger than age of Universe though!





Schive et al 2014



Coalesence of 
halos to form 
bigger halo

Formation of a 
single halo from 
smaller halos



Schive et al found 
a=1/3

More recent work 
(Chan, Ferreira, 
May, Hayashi & 
Chiba)
finds that a=3/5

!



More massive but smaller cores for bigger values of a



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



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



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



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



Concentrate on parametric resonance

Levkov, Tkachev et al.

Stimulated emission exponentially enhances decay

Translates into halos with a certain minimum mass

And it doesn’t take long to happen…



Need to track the production and 
destruction of  axion stars through 

mergers…



Total energy emitted many orders of  
magnitude larger than that from Supernovae



Photon Effective Mass can prevent Decay!







Absorption of  the photons in IGM 
through inverse Bremsstrahlung

Less than a parsec

Absorption leads to super heated region which 
subsequently expands



Absorption of  the photons in IGM 
through inverse Bremsstrahlung



Have to use technology from Supernova Remnant evolution

Picture from Ken Nagamine



Driving pressure 
inside bubble

Drag pressure to 
accelerate medium

Self gravity of 
expanding shell

Self gravity of 
entire halo

Bubble of  Hot Gas is created which Expands 

Two simultaneous equations to solve.



Evolution of  Luminosity 
which drives Pressure

This switches off 
fairly quickly!

fm << 1  is fraction of baryonic mass kept inside bubble



Evolution of Bubble Size, 
velocity and pressure

We end evolution when 
internal pressure is equal to 
IGM pressure!



Injection of  energy heats up baryons



We use a three level model for hydrogen and also include Helium



The burst of 
radiation 
changes 

the 
ionisation of 

the 
Universe 



Net result depends on following factors:-

• How many solitons exist above critical mass 
when ma=wp?

• How many solitons above critical mass form 
later?

• How much energy is dumped into the Universe?

• How much ionisation takes place?

• Do the bubbles Coalesce? 



Constraints from the 
Opacity of  the CMB



Constraints from 
future 21cm 
observations



Conclusions
• Fuzzy Dark Matter leads to 

solitonic cores in dark matter 
halos

• Axion decay into photons is 
enhanced in dense regions

• Solitons decay and ionise the 
Universe

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


