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Introduction

o Axions: AXIONS

e a favourable dark matter
candidate

o a solution to the strong
CP problem F

e can convert into photons >/ 1
in high magnetic fields
(a — f}/) Ref: The compelling case for axions as our dark matter

by Ethan Siegel
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Introduction

@ Neutron stars:

e core collapse remnants of
high-mass stars

o B-fields ranging
1010 — 10 G

o M~1 My, R=10km
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Introduction
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https://github.com/cajohare/AxionLimits

Aim: Implement population analysis to detect resonant signals:
better than single-star analysis? Pros and cons? J
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Modelling the axion-photon conversion signal

PsrPopPy: a Python package to simulate neutron stars in the
galaxy (Bates et al. 2013)

Results from PsrPopPy

Galactic Center neutron star survey

Conclusions and Summary
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Axion-photon conversion signal

@ Goldreich - Julian charge density,

— —

2Q - B 1
ngy(r,0,¢) = 225770 where Bo o< .
e r
@ Plasma frequency,
w2 . 47raEM|nGJ| (1)
P Mme ’ Leroy et al. 2019

Resonance
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Axion-photon conversion signal

e Conversion probability, P, o< ggw\80|2.

@ Luminosity of axion-photon conversion signal,
L= /d3k/df,;~ VaPawpa (2)

@ Absorptive effects,

BOQ3 1/3
e Cyclotron resonance, L — L x e™ " where 7 ( -
a
o Photon reconversion [stars-with—Psr—0-1]
@ Brightness temperature,
A2 L(x;, B, P;)
T ~ Ma =00 pns(xi, Bi, P 3
2kg X(; Tamanr st B P G)
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PsrPopPy

0l OO BIEX

PsrPopPy: An open-source package for pulsar population
simulations
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PsrPopPy
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Results from PsrPopPy

— my=1GHz (~ 4.1 peV)

@ Impact of absorptive effects:

8ayy =101 GeV~!

(Pay)>0.1 excision
and e~* suppression
- (Pay)>0.1 excision .
10-3- but no e~* suppression
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Results from PsrPopPy

Af
— m, =1 GHz (~ 4.1 peV) — ~ 1073
f(ma)

> gayy = 10711 GeV !

@ Dispersion due to relative motion of stars:

Tave
1072+ —1 | L
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Results from PsrPopPy

— my; =1 GHz — gayy = — DM density profile -
(~ 4.1 peV) 10~ Gev? NFW

@ Dependence on a star’s spatial position:

0.001 T [uK]
Opix = 3.7°
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Results from PsrPopPy

@ Constraints on gay:
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Radiometer equation: T, = ——, 8ayy,constr = ?,'Lga’y'y
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Galactic Center

@ Flux NFW boosted
@ Home to Magnetars
@ Simulate a neutron

star population
similar to PsrPopPy.
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Results from Galactic Center

|Garr| [Gev1]

f[GHz]
4 5 6 7 8

1071 4
1072 4
1071
107" 4

: DFSZ
107 4 This work

E = Noc=20 (T =5 x 1075 yr W Nic = 10° (N, = 3% 107 !

&= Ngc=10° (T, =3 x 10~ yr1) &% GC Magnetar

1071 T T T

15 20 25 30 35

mg [peV]

Utkarsh Bhura

cyan:Foster et al 2022

Realizations emitting F > 0 [Per-cent]

— my=4—8 GHz (~ 16 to
33 peV)
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Conclusion

o Future,

> Galactic centre census
> Axion miniclusters

80;29-59.2 W

Left: The Green Bank telescope. Right: The Fan Mountain telescope.
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WHRTSITHEIEXRIANATION
FORIDARK{MATTER?]

@ PsrPopPy

> Signal weakens with m,

> Signal is Doppler shifted

> Resonance signals are
stronger near Galactic
center

@ The Galactic center

> Highly magnetic neutron
stars (Magnetars)
> NFW boosted flux

@ arxiv:2407.19028
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