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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 also predicted by string theory 
compactifications. 



Coupling to Photons

Usually there is also an induced coupling to photons.

Which allows for mixing between photons and axions in 

magnetic fields….



Linearised wave equation

See, e.g. Raffelt and Stodolsky 1987



Mixing Matrix
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CAST: cern-axion-solar-telescope



look for axions 

produced in the sun

and turn them back into

photons down here

Search for Solar axions





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

This more recent work 

finds that a=3/5



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



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…



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



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



The burst of 
radiation 

changes the 
ionisation of 
the Universe 



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



Net result depends on the following factors:-

• How many solitons exist above the critical mass 

when ma=wp?

• How many more solitons above the critical mass 

form later?

• How much energy is dumped into the Universe?

• How much ionisation takes place?

• Do the bubbles Coalesce? 



Need to look at the effect on the 
CMB and compare to Planck.



Parameter space we are sensitive to

PROVISIONAL



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 
may be competitive with other 
constraints



SETTING CONSTRAINTS ON DARK 
MATTER WITH OJ 287

arXiv 2207.10021  Malcolm Fairbairn 

(with John Ellis and Ahmad Alackhar)



• DM overdensity around a BH may significantly alter the dynamics of BH’s merger with 
another compact object 

• The strong gravitational potential of a BH is theorised to lead to a significant increase 
in the concentration of DM in the central region

• Creation of a “spike” in the dark matter density- Gondolo & Silk 1999 

• OJ287: accurate timing of outbursts constraints DM distribution

Kavanagh et al. 2021

DARK MATTER AROUND BLACK HOLES



Dark Matter spike at Centre of Galaxy?

Adiabatic contraction of  dark matter during formation of  

black hole leads to spike at centre of  galaxy 

(Gondolo+Silk ‘99)



0.04 pc

Closest approach of 

SO-16 is

0.0002 pc 

=45 AU 

=600 Rsch 



Constraints from Sag A* 

Lacroix 1801.01308



OJ287 is a 

BL-Lac object



Harvard College 
Observatory 1899

Outbursts of OJ287 discovered back to 1891 on 

photographic plates.



OJ 287

• BL Lac object (𝑧=0.306)- one of the most extensively-monitored blazars

• variations with timescales of ∼ 𝟔𝟎 and ∼ 𝟏𝟐 years

• A feasible model of OJ 287 must at least explain and predict:







Conservative sector  (‘even’ order)

Dissipative radiative sector (‘odd’ order terms)

Spin-related contributions

PN numerical integration scheme:

EOM: 

• Relative two-body COM motion

• Precessional dynamics of primary BH spin

DETERMINING THE RELATIVISTIC BBH ORBIT 





• Precession of the pericenter

• Precession of the orbital plane

• Gravitational radiation

ICs

𝑡 = 360 𝑦𝑟

𝑡 = 0

1912.980

2019.569

Projection on y-z plane

Convergent trial orbit 

𝜒2 ≈ 0.259

ORBIT SOLUTION 



RESULTS

Total mass of spike cannot be more than 
around 3% of mass of primary.



CONCLUSIONS

OJ287 is a remarkable, extreme object

Its highly relativistic nature makes it very sensitive to 
initial conditions and the presence of any spike

We predict that we can rule out any spike with mass 
greater than 3% of the black hole within the orbit of 
the secondary


