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Axion-like-Particles (ALPs)
ALPs: strong CP problem, string axiverse, etc.

Detection typically relies on ALP couplings:

Strong magnetic fields are especially useful

Magnetars have the strongest magnetic fields

Also lots of data



Helioscope

• fig06

CAST (2017)



Main Idea

Hard X-rays

Heyl/Lai (2006)

Perna et. al. (2012)
Soft X-rays

Radio Waves
Pshirkov/Popov (2007)



ALP Wave Equation

axion mass term mixing term

Euler-Heisenberg term

magnetic field

Raffelt/Stodolsky (1988)

Schwinger (1951), Adler (1971), Heyl/Hernquist (2010)

linearized wave equation

photon wavelength much smaller than magnetar radius



Mixing Angle

Mixing angle:



Impossible?

Raffelt/Stodolsky (1988)



Solution: n-body
general n-body oscillation problem

coefficients



Solution: 2-body



Conversion Probability



Probability Dependences



Parameter Scan



agnostic: just subdominant to neutrino cooling

ALP Production

Sedrakian (2017), Balantekin et. al. (2017),…



ALP Production

Raffelt (1996)

Iwamoto (1984)

modified Urca production

Brinkmann/Turner (1988)



Neutrino Cooling
direct Urca

modified Urca

Cooper pair cooling

Beloborodov (2017)



ALP Production

Beloborodov/Li (2017)



Total Photon Luminosity



Non-thermal Emission

Beloborodov (2012)



SGR 1806-20
1200

Kaspi (2016)

Sunyaev et. al. (2004)



Results



Future 

spectral analysis

polarization signals in hard X-rays

generalized initial states

other signals?

generally, I expect the interface between X-ray astronomy and 
axion physics to be a fruitful area in the future



Plasma Effects

plasma important at 

-



Hard X-Ray Telescope
HXMT (20-250 keV) - 2018



Urca Processes



Neutrino Production

Graham et. al. (2017)



Initial Conditions



Magnetar Spectra

Kuiper et. al. (2004)

Beloborodov (2012)

Harotg et. al. (2008)


