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Axion-like particles
[cf. Francesc’s talk]
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Classical ALP-photon mixing
IN a magnetised plasma

Schrodinger-like equation
for relativistic ALPs




The photon disappearance channel
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Galaxy clusters are ideal axion-photon converters

Largest gravitational bound objects (~100s kpc).
Magnetised (uQ).
Long coherence lengths (~kpc).

Luminous sources (AGNSs, quasars).

Unsuppressed conversion ratios:
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Precision spectra

andra observation
of NGC 1275 0.01
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Amplitude of hypothetical
[ ] oscillations must be <2.5%.



Strongest limits by an order of magnitude
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Context
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XMM-Newton
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Magnetic field models

Status: standard practice

z | kpc]

Status: “state-of-the-art”



Gar (GeV™H)

How robust are these limits?

= Reynolds+ 2020, N = 500
—— 1: Cell-based, N = 200

-« 4: GRF, N—200 '
=== 5. GRF, Large Scale, N = 2()0
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Dedicated MHD simulations: time-evolution

= 35/4.0 Bz/Brms
— 1.0
0.5
0.0
-0.5
L° = (200 kpc)*
#lattice points = 512°
periodic bc, external forcing —1.0

Dynamo-enhanced, -
turbulent magnetic field [Carenza et al.]



GRF v MHD

(same power spectrum) Red: \B\ > 3B
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Heavy-tailed MHD distributions
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Analytic GRF prediction for m, > wp; :
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Skewness & kurtosis:
GRF: MHD:
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Conversion ratio Result generalises for arbitrary ALP mass



Non-Gaussianity

Two possible sources:

Mask large coherence lengths I\/Iask high peaks
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Non-Gaussianity

lypical predictions essentially set by average:

(Prona)) = L4 By(n) ) = 22 Pup ()

Same for MHD and GRF

Heavy talls come from larger-than-Gaussian higher-order correlations, i.e.
<P’7a(77a)2> ) <P*ya (77a)3> ) <P7a(77a)4> etc.

Larger conversion from MHD
— suggest existing limits conservative



Quantum ALP-processes
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ALPs that don’t couple to photons at tree-level still o | :
acquire an effective coupling from loops: q
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Two applications

Decay and cooling bound

ALP dark matter decay from SN1987A
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Conclusions

Astrophysical probes can be very sensitive to ALPs.

MHD models will be the next state-of-the-art for ALP-photon conversion.

MHD structure suggests new observables.

Quantum processes can dominate — and have drastic conseqguences.



