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The electromagnetic weight loss of axion stars

arXiv: 2302.10100 | Liina Chung-Jukko* et al.
*liina.jukko@kcl.ac.uk

Axion star
(Seidel & Suen, 1991)

An axion star is a self-gravitating compact
object with a finite mass, composed of the
axion, a particle dark matter candidate. It is a
solution of the Einstein-Klein-Gordon equations
with a time-periodic metric, in contrast to boson
and Proca stars, which have a static metric. In
this work, the axion real scalar field is coupled to
the electromagnetic field strength tensor.

Theory

The system of the coupled real scalar 𝜙 and electromagnetism 𝐹𝜇𝜈 is solved using
numerical relativity on GRChombo1. We consider compact axion stars, with
masses scaling as ∼ Τ𝑚𝑃𝑙

2 𝑚 , where 𝑚 is the scalar field mass. The initial
conditions for the axion star are obtained from previous numerical work2, and the
electromagnetic radiation is set as a plane wave with subdominant energy to the
star, modelling an EM seed from ambient radiation.

KEY QUESTION
What happens when a stable axion star 
interacts with ambient electromagnetic 

radiation in full general relativity?

It has been demonstrated that parametric resonance can generate photons from
axion stars without the need for an external magnetic field3, which is often used in
axion direct detection experiments. The basic idea behind parametric resonance
is that the oscillating axion star solution provides a driving force to excite photons
from the EM field. In this work, parametric resonance creating photons from axion
stars is observed for the first time in full general relativity.

1K. Clough, P. Figueras, H. Finkel, M. Kunesch, E. A. Lim, and S. Tunyasuvunakool, GRChombo : Numerical Relativity with Adaptive Mesh Refinement, Class. Quant. Grav. 32, 245011 (2015), 
arXiv:1503.03436
2T. Helfer, E. A. Lim, M. A. G. Garcia, and M. A. Amin, Gravitational Wave Emission from Collisions of Compact Scalar Solitons, Phys. Rev. D 99, 044046 (2019), arXiv:1802.06733
3D. G. Levkov, A. G. Panin, and I. I. Tkachev, Radio-emission of axion stars, Phys. Rev. D 102, 023501 (2020), arXiv:2004.05179
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When axion stars go on an 
electromagnetic diet,

they lose a lot of mass....

Results
In our simulations, the axion star emits a strong burst of electromagnetic radiation
for axion-photon couplings 𝑔𝑎𝛾 larger than a critical value. This emission carries
away energy from the star, resulting in a much lighter and less compact remnant,
illustrated in the figures above. The timescale for the emission to start (t0) and for
the duration of the burst (τ) are quantized through a fit to the total electromagnetic
energy in our simulation box. Sampling these timescales for several coupling
values, the existence of a critical value becomes clear (see figures below).

Why does the star decay?
We postulate that the decay is due to
parametric resonance, which
explains why the star doesn't decay
immediately: it first needs to drive
energy into the EM field through its
oscillations. This is further confirmed
through the power spectrum of the
emitted radiation, which peaks at the
characteristic frequency of the star,
indicating that it is the inherent
oscillations of the scalar field that are
behind the decay mechanism.

Critical coupling
Simulations were run for different axion star
masses to confirm the existence of the critical
coupling 𝑔𝑎𝛾𝑐𝑟𝑖𝑡 , below which the characteristic
frequency scale of the star does not match the
parametric resonance band set by the axion-
photon coupling, and hence the star stays stable.
Our results restrict the existence of compact
axion stars, as the decay process for these stars
(above the critical coupling) is estimated to
happen within seconds assuming only the
Cosmic Microwave Background photons.

Liina Chung-Jukko

King’s College London

The electromagnetic 
weight loss of axion stars
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PhD	Student	
1/10/2020	-	30/09/2024	

	
I	 studied	 the	 bachelor	 in	 physics	 at	 the	 University	 of	 Valencia	 and	 then	 the	 master's	 degree	 in	
Advanced	Physics	 in	the	specialty	of	Theoretical	Physics	at	the	same	place.	 I	did	my	master	thesis	on	
"Neutrino	 non-standard	 interactions"	 in	 the	 group	 of	 Astroparticles	 and	 High	 Energy	 Physics	 of	 the	
Instituto	de	Física	Corpuscular	(IFIC,	joint	institute	between	CSIC	and	the	UV).	After	a	two-month	stay	
at	the	Johannes	Gutenberg-Universität	Mainz	(Germany),	I	was	employed	for	a	year	in	the	same	group	
at	IFIC	working	on	theoretical	neutrino	physics.	
With	the	FPI-Severo	Ochoa	grant	 I	came	to	the	 IAC	to	carry	out	my	PhD	 in	the	Astroparticles	Theory	
group,	 supervised	 by	 Dr.	 Jorge	 Martín	 Camalich.	 My	 thesis	 consists	 on	 studying	 extensions	 of	 the	
standard	model	of	particle	physics	and	its	phenomenology	derived	from	particle	 laboratories	such	as	
CERN	and	bridge	it	to	their	possible	astrophysical	and	cosmological	implications.	For	example,	we	will	
study	the	impact	of	potential	new	light	particles	such	as	the	axion	or	sterile	neutrinos	in	star	evolution	
or	possible	effects	of	dark	matter	clusters	between	sources	of	radio	and	microwave	emission	and	the	
Earth,	 which	 can	 give	 us	 information	 about	 the	 properties	 of	 the	 particles	 that	 constitute	 the	 dark	
matter.	All	this	with	the	support	of	the	observations	of	our	colleagues	from	the	IAC.	
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Reliable and resource preserving emulation 
for Bayesian model inference
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01.06.2023  
Sven Günther
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The Takeaway

● combination of Gaussian processes and PCA allow for 
efficient, fast, flexible and accurate emulators

● accuracy estimate allows for reliable performance

● speed-up of ~10 for MCMC of LCDM+Planck, possibly more 
for computationally more expensive models!

● paper and full code (+MontePython) release in preparation

● test current code as easy to use cobaya plugin:
github.com/svenguenther/cobaya

RWTH Aachen University

Reliable and resource 
preserving emulation for 

Bayesian model inference
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The origin of ANITA-IV 
events from the synergies 

with IceCube 

IceCube and the origin 
of the ANITA-IV events

Toni Bertólez-Martínez, Carlos A. Argüelles, Ivan Esteban, Jacobo 

Lopez-Pavon, Ivan Martinez-Soler, Jordi Salvado

arXiV 2305.03746

Thanks! 
Find me around, in the poster or in the arXiV: 2305.03746
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Real Scalar Phase Transitions: Bubble 
Nucleation, Nonperturbatively

Anna Kormu (she/her)

Third EuCAPT Annual Symposium

1.6.2023

University of Helsinki & Helsinki Institute of Physics

Universe at 100GeV V

ϕ
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with Oliver Gould & David Weir

True vacuum

False vacuum

Real Scalar Phase Transitions: Bubble 
Nucleation, Nonperturbatively

• Allows us to calibrate the uncertainty in phase 
transition parameters when obtained from 
perturbative results

• Accurate computations of the nucleation rate are 
crucial for calculating e.g. the GW power 
spectrum

One-bubble 
takeaway

There can be large 
uncertainties in nucleation 
rates calculated from the 

bounce action


