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Strong-cr and Axions
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PQ M eChanism Peccei & Quinn (1977)
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« Potential dynamically relaxes
ﬂ axion to CP conserving value.

¢ Plenitude of “axion-like” particles are predicted in string theory with couplings to the SM.
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Light Shining through Walls
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Executive Summary
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Observation of a Rapidly Pulsating Radio Source
by
A. HEWISH
S. J. BELL Unusual signals from pulsating radio sources have been recorded at
J. D. H. PILKINGTON the Mullard Radio Astronomy Observatory. The radiation seems to
P. F. SCOTT come from local objects within the galacy, and may be associated
R. A. COLLINS with oscillations of white dwarf or neutron stars.

Mullard Radio Astronomy Observatory,
Cavendish Laboratory,
University of Cambridge

Rotating Neutron Stars

Large magnetic fields = Extremely stable periods  Neutron star
(108G - 10'° G) |P/P| ~ 10719 Hz GM, /R,; ~ 0.2

Credi: “ V ‘
Michael Kramer ‘l‘ Pulsars are excellent laboratories for tests of new physics E
;L ]
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Force-Free Magnetosphere
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Charges flow freely AD E-B 0
along magnetic field lines:
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Constructing the Magnetosphere




Magnetosphere Dynamics

Open Field

“ Co-rotation not sustained for
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Magnetosphere Dynamics

g Polar Ca;F

bl ~n»  synchrotron photon
AN~ CR photon
* pair creation

2 generation number

neutron star

Figure from Timokhin & Harding (2018)

ﬁ Particle acceleration is
responsible for high-energy {

and radio emission.
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2D PIC Simulations [arXiv:2108.11702]
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Axion Spectrum from Simulations
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Gap-Sourced Axion Population

log(p,/Pum,e)

; | dp ~ elkx
(O+m7) alx) = jx) = - g, E-Bx) = { -5 = |J( W k)| k) = J X (e
— 10 —11
. (m 107" eV, g,, =107 GeV"™ j =0 0= a2
| Orders of magnitude Beamlng

u denser than DM near NS!

Z [km]

lution Limit

Simulation Re:

100
% ’
14 80
70 -
12 60
¥
A A v </ \ 50
v A, A 7/ Y
10 A - 40
kS 30
(r, z)/rpc = (6.7, 6.7) | :
8 (21, = (9.4, 0) n 20 -
(.21, = (0, 9.4) £ ol
=
6 0

50 100 150 200
v, (MHz) r [km]



Executive Summary

—




Executive Summary

—

Hook et al. (2018), Safdi et al. (2019), Leroy et al. (2019),
Battye et al. (2020), Fortin & Sinha (2018, 2019, 2021), Witte et al. (2021)



Axion-Photon Conversion
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Pulsar Plasma .ooooui

v Pulsar magnetosphere gives
| the photon a spatially-varying
mass

NS
Surface




Neutron Star Targets: Magnificent Seven
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. Magnificent Seven

. : 13 _ 1014 Vs - "
4 High magnetic fields (10" - 10 G). Minimum detectable

frequency =~ 70 MHz (FAST),

[ Very nearby to Earth (120-500 pc). ~ 50 MHz (SKA1-Low)

¥ Undetected pulsed radio emission

| (510 pJy).
\ o y
Pulsar Bs (1013 G) P (sec) Distance (pc)
RX J0420.0-5022 1.0 3.45 ~ 345
RX J0720.4-3125 2.4 8.39 360299
RX J0806.4-4123 2.5 11.37 240157
IRXS J1308.8+2127 3.4 10.31 76 — 380
RX J1605.3+3249 ~7.4 3.39 <410
RX J1856.5-3754 1.5 7.06 123 £13
IRXS J2143.0+0654 2.0 9.43 2 250




Neutron Star Targets: Magnetars
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| Magnetars

4 Very high magnetic fields ( > 1014 G).

[X] Very nearby to Earth (120-500 pc).

[ Undetected pulsed radio emission
(< mJdy).

7] Gap formation?
\_
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| . . — .
| crucial to understanding e*e™ production

Reason for absence of radio emission

and axion production!




Noise and Backgrounds
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Noise and Backgrounds
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Sensitivity
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Conclusions & Future Directions
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- Axions are efficiently produced in particle acceleration gaps
(E-B #0) in pulsar magnetospheres.

- Axions can resonantly convert to photons in the pulsar
magnetosphere = broadband radio signals.

< Dedicated observation with FAST or SKA sensitive to g, orders
of magnitude lower than astrophysical constraints.

= More sophisticated axion conversion computation including
ray-tracing, plasma effects, signal time-dependence.

¢ Axion production in additional magnetosphere gaps (slot gap,
outer gap, current sheet), other astrophysical settings (BHs?).

¢ Understand gap dynamics and pair production in magnetars.
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