Indirect Searches for Axion Dark Matter
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Axions Codan fleocn,

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 oy Khec.
Galanetal. 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 Crtar Khlee
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X-ray Searches of Neutron Stars

o]l

Dessert et al. 2019
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Recently Reported Excess
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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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Neutron Stars for Axion Searches



Neutron stars
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Mapping the Phase Space from Infinity to Close By Cntar Klec,
/é
/ § |s the phase space completely isotropic or completely radial?
v

Q(T) — PSD is compressed in space by a factor of 100
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Axion-Photon Conversion Codan Ko
Adler et al. 2008
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Similar to light shining through a
wall calculations, but the inverse
process

Calculated using the plane wave
and WKB approximatons
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Radial Approximation
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Chlcen Wwa

Going to the full PSD

centre

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

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

3.  Compute luminosity at conversion radius and
sum up overall signal

Thomas D. P. Edwards | IPMU 2020 | 1906.05800, 1912.08815 18



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

Signal

100

o0

y |km]

10800

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

-0()

0
r |km|

o0

100

_107

10°
10
103
107

< 10!

Radiated Power, dP /d2 |W sr“l]

19


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

s

H

Time Variation Cran K
! 1014 = | | | | | | | | | | | | | | | | | | | |
' : — Radial PSD ] — Radial PSD 1 | — Radial PSD ]
= 102 — Isotropic PSD 3§ ¢ — Isotropic PSD § — Isotropic PSD =
% 10121 _ i _
~ : 3
o T T T T ST E
CAM e | N - 3 B :
S OUOETEEES TR
8 =
= 107F 3 41 E 3
'C% : mq = 0.5 e _ mq = 7.0 ue me = 12.5 peV
8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ] ] ] ] ]
0% /2 T 3m/2 2T /2 T 3m/2 2r 0 /2 T 3 /2 2T
Instantaneous phase, wt Instantaneous phase, wt Instantaneous phase, wt
'_o' 40 | | | | | | | | | | | | | | | | | | | | | | | |
5| 6, =18° 1| 6, =54° 1| 6, =90° 11 F12.50
| 30+ 1 1 F . 7.00 %
N =
S 0 17 1T 1 FH2.70 s
oo 20 1T 1r . : =
= . ‘.qil‘l‘ﬂ'l':':-: ----------- 120 %
T 10 1T T : S
<104 11 L . 07T
&\ ""“i ““00::‘.‘ 9
T T 1t Pt __}_\\ { P T 1 B0.50 5
& 0 e —— _,“‘ ’’’’’’’’’ . t_:.‘..’ ............
g 0.20
0 10 20 30 40 50 60 70 80 900 10 20 30 40 50 60 7O & 900 10 20 30 40 5HO0 60 70 S0 90
0 °] 0 [°] 0 °]
Thomas D. P. Edwards | IPMU 2020 | 1906.05800, 1912.08815 20


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

.
Sensitivity of a Radio Telescope e Klew

SEFD
\/QBa Tobs

Smin —

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
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Sensitivity Plot
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These lines are considering the same NS J0806.4-4123 but
assume different observations
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Axion Miniclusters Crtor Khecs,

Buschmann et al. 2019

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 10-10°> more dense at
formation
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Survival Probability and the Goldilocks zone oy Khec.
0.8 -
AMCs in the centre of 0.6+ - At large galactocentric
the galaxy or high % radii, the AMCs have
ellipticity will be <, no interactions and
disrupted by stars 0.4F i therefore remain intact
0.2F -
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There is a Goldilocks zone where there is a significant
rate of encounters today

Thomas D. P. Edwards | IPMU 2020 | 1906.05800, 1912.08815 24



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

Multi-Messenger Signals of Axion Dark Matter
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Multi-Messenger Astrophysics is Here Crtan Koo
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Multi-Messenger Signal of QCD Axion

Gravitational Wave Strain
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Radio Amplitude
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Restricted Axion Mass Range
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1904.12803

m > 10" "eV
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Intermediate Mass Black Holes and DM Spikes
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9906391,0501625, 1904.12803
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Structure of the Mini-Spike Cokor fhece
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Dynamical Friction
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Dynamical Friction in a Binary System Ol Fheas
Time
L
4
GWs 8 10? -
3
= 100
i)
ERURE
A
S
1() 2 101 100
' Frequency, f [Hz|

The smaller partner will
reach merger faster thanin 1408.353
a vacuum inspiral = Change
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Dephasing of the GW Signal Chlan fHeem
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Gravitational Waves Constrain the Slope of the Density Profile Créan Koo

Time to merger

3 days 10 days 30 days 100 days 1 year 4 years
1024 - : : : : ,
E - a="T7/3

ek

-
N
)

Effect on GW small
towards the end of the
inspiral

Mg pe™)

h/[/
ek
-
DN
)

Tight constraints at

: : : larger radii

. A
- J

—
-
)
p—d
/
/

DM Density, pp

-

-
N
S

3 A 5 6 7 8 10 12 14
Radius, r [10_9 pc]

Thomas D. P. Edwards | IPMU 2020 | 1906.05800, 1912.08815 34



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

Radio Counterpart
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Phase Space Density close to the IMBH Crtan fled
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LLISA Rates

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 P yr*
N

Rates for IMBH mergers with
stellar mass objects
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Sensitivity of SKA Colecr, Kobeans
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Axion Mass, m, [eV]

Upper cut off - conversion
to photons must happen
outside of the NS
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Two Messengers can be Combined for Robust Signal Crle, [Foem
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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 Coar fhec.

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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