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The strong interaction also admits a CP violating term in its 
Lagrangian 

Promoting theta to a field allows the CP-violating term to 
dynamically reach zero 

Goldstones theorem then produces a boson, the axion
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Axion Coupling to Photons
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Galan et al. 2015
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Astrophysical Magnetic Fields
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Searching for Axions:

1. Astrophysics 

2. Radio Observations of Nearby Neutron Stars 

3. With Multi-messenger Signals
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Astrophysical Searches for Axions
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Cooling in Massive Stars
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X-ray Searches of Neutron Stars
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Dessert et al. 2019
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Recently Reported Excess

Archival Chandra shows a 5 sigma excess 
and a couple of 3 sigma excesses through 

observations of the M7 

No expected background, although several 
plausible mechanisms 

Observations at higher energies will be 
almost background free
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Stimulated Decay
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Neutron stars
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Neutron stars - Goldreich Julien Model

GJ model gives the minimum co-rotating 
plasma density required for self-

consistency of Maxwells equations
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Mapping the Phase Space from Infinity to Close By

Is the phase space completely isotropic or completely radial?
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f(r,v) = f1(r1,v1)
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Axion-Photon Conversion

Similar to light shining through a 
wall calculations, but the inverse 

process 

Calculated using the plane wave 
and WKB approximatons

16

  

Adler et al. 2008
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Radial Approximation
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Going to the full PSD

1. Define a grid. All photons trajectories are parallel 
since the source is far away 

2. Trace back trajectories (assumed to be straight) 
on to the magnetosphere to calculate conversion 

radius 

3. Compute luminosity at conversion radius and 
sum up overall signal
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Signal
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Time Variation
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Sensitivity of a Radio Telescope

The important quantity of a radio telescope is 
the SEFD (noise level) 

Since radio lines are common, ON/OFF 
observations are necessary to conclusively 

observe radio line

21

Smin =
SEFDp
2BaTobs

<latexit sha1_base64="VFGhX44fp/gD/O756uq7Is5Jhok=">AAACLnicbVDLSsQwFE19O76qLt0EB8HV0I6CboTBFy6VecK0lDSTapgkrUkqDKVf5MZf0YWgIm79DDMzxfeBwOGce8i9J0wYVdpxnqyJyanpmdm5+dLC4tLyir261lJxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg77B8N/fYNkYrGoqEHCfE5uhQ0ohhpIwX2ST3IPI70leQZpyLP4QH0Ionwp1o/OT3O88xT11Jn1cMAwcZXJA5VbhDYZafijAD/ErcgZVDgPLAfvF6MU06Exgwp1XWdRPsZkppiRvKSlyqSINxHl6RrqECcKD8bnZvDLaP0YBRL84SGI/V7IkNcqQEPzeRwTfXbG4r/ed1UR/t+RkWSaiLw+KMoZVDHcNgd7FFJsGYDQxCW1OwK8RUyZWnTcMmU4P4++S9pVSvuTqV6sVuuHRZ1zIENsAm2gQv2QA2cgXPQBBjcgnvwDF6sO+vRerXexqMTVpFZBz9gvX8AuM2qzg==</latexit>

https://arxiv.org/abs/1906.05800
https://arxiv.org/pdf/1912.08815.pdf


Thomas D. P. Edwards | IPMU 2020 | 1906.05800, 1912.08815

Sensitivity Plot

These lines are considering the same NS J0806.4-4123 but 
assume different observations
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Axion Miniclusters

Axions can form dense miniclusters if te PQ symmetry is 
broken after inflation 

They are around the size of the solar system and are around 
10-12 solar masses 

Importantly, they can be a factor of 10-105 more dense at 
formation
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Survival Probability and the Goldilocks zone

AMCs in the centre of 
the galaxy or high 
ellipticity will be 

disrupted by stars
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rate of encounters today

At large galactocentric 
radii, the AMCs have 
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Multi-Messenger Astrophysics is Here
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Multi-Messenger Signal of QCD Axion
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Restricted Axion Mass Range
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Intermediate Mass Black Holes and DM Spikes
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Density slope depends on 
initial slope 

7/3 corresponds to an 
initially NFW like density 

profile 
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Dynamical Friction
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fDF = 12⇡G2m2
NS
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v2NS
<latexit sha1_base64="VsdURtoqd4GGQpwF8yOQ+SaNXC0="></latexit>

https://arxiv.org/abs/1906.05800
https://arxiv.org/pdf/1912.08815.pdf


Thomas D. P. Edwards | IPMU 2020 | 1906.05800, 1912.08815

Dynamical Friction in a Binary System

32

GWs
<latexit sha1_base64="k00p0UtuJEv6s7ZDl1QrlJNeqts=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFF7qsYB/QGUomzbShSWZIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uc397hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEdtfVs0G15tbdOdAq8QpSgwKtQfXLH8YkFVQawrHWfc9NTJBhZRjhdFbxU00TTCZ4RPuWSiyoDrJ55hk6s8oQRbGyTxo0V39vZFhoPRWhncwz6mUvF//z+qmJroOMySQ1VJLFoSjlyMQoLwANmaLE8KklmChmsyIyxgoTY2uq2BK85S+vkk6j7l3UGw+XteZNUUcZTuAUzsGDK2jCPbSgDQQSeIZXeHNS58V5dz4WoyWn2DmGP3A+fwBb5pHk</latexit>

Time
<latexit sha1_base64="ZaaoO7QB1YYPvWUeWnrh1CS07M4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r9AXtUDJppg1NMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vp7CxubW9U9wt7e0fHB6Vj0/aOkoUoS0S8Uh1A6wpZ5K2DDOcdmNFsQg47QST+8zvTKnSLJJNM4upL/BIspARbKzk9wU2YyXSJhN0PihX3Kq7AFonXk4qkKMxKH/1hxFJBJWGcKx1z3Nj46dYGUY4nZf6iaYxJhM8oj1LJRZU++ki9BxdWGWIwkjZJw1aqL83Uiy0nonATmYh9aqXif95vcSEt37KZJwYKsnyUJhwZCKUNYCGTFFi+MwSTBSzWREZY4WJsT2VbAne6pfXSbtW9a6qtcfrSv0ur6MIZ3AOl+DBDdThARrQAgJP8Ayv8OZMnRfn3flYjhacfOcU/sD5/AFFG5Js</latexit>

10°2 10°1 100

Frequency, f [Hz]

10°6

10°4

10°2

100

102

104

106

P
h
as

e
d
iÆ

er
en

ce
,
¢

™

Æ = 2.5

Æ = 7/3

Æ = 2.0

1408.353
The smaller partner will 

reach merger faster than in 
a vacuum inspiral = Change 

in Phase evolution

https://arxiv.org/abs/1906.05800
https://arxiv.org/pdf/1912.08815.pdf


Thomas D. P. Edwards | IPMU 2020 | 1906.05800, 1912.08815

Dephasing of the GW Signal
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Gravitational Waves Constrain the Slope of the Density Profile
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Radio Counterpart
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Phase Space Density close to the IMBH
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We use Eddingtons inversion formula, a unique 
solution to collision less particles in a background 

potential in equilibrium
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LISA Rates
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Uncertainty in IMBH formation 
channels make merger rate 

calculations extremely uncertain 

Lisa will see these objects for 5 
years prior to merger

R ⇠ 3� 10Gpc�3 yr�1
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Rates for IMBH mergers with  
stellar mass objects
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Sensitivity of SKA
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Two Messengers can be Combined for Robust Signal
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Difficult to set robust limits due to the uncertainty in the NS properties, magnetic field etc. 

If many are found, utilising NS population properties will allow for a more robust constraint
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Conclusions

1. Axions and axion like particles are primary candidates for both dark matter and 
BSM physics 

2. Astrophysical searches are useful way to constrain and potentially detect axions
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