PROBING University

AXION-LIKE PARTICLES

WITH

X-RAY ASTRONOMY

M.C. DAVID MARSH
STOCKHOLM UNIVERSITY

MITP VIRTUAL WORKSHOP "SHOOT FOR THE STARS, AIM FOR THE AXIONS" 7/11, 2022



Stockholm

Cambridge

Main collaborators

Pierluca Carenza Ramkishor Sharma Axel Brandenburg Eike Muller

Wi

James Matthews Julia Sisk-Reynes Chritoher Reynolds Helen Russell



Motivation

The Standard Model (SM) of particle physics is

AXions are among our for what can lie beyond the SM.

Astrophysics can be to axions:
we already reach into well-motivated territory where axions may live.

It’s conceivable that we will see mounting evidence for ALPs from astrophysics:
may provide



Outline

1. What | didn’t know that | didn't know about axion-photon conversion

2. Where we are, and where we are going, with X-ray constraints on ALPs



Classical ALP-photon mixing
IN a magnetised plasma

Classical field theory:
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Perturbative formalism

Small amplitude oscillations motivate perturbative solutions.
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Useful?

Yes!

Conceptually: what really matters for axion-photon conversion

Computationally: the first F in FFT stands for fast



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

Luminous sources (AGNs, quasars).
Largest gravitational bound objects (~Mpc).
Magnetised (uQ).

Long coherence lengths (~kpc).

Unsuppressed conversion ratios:

Fra ~ O (%) . (10—?%&/)2




—
S
O,

—L
O,
(o)}

dN/dE[cm?s'keV']

X-ray searches for ALPs

Improvements over past decade:
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5. ML techniques explored



Precision spectra
Diffraction grating spectroscopy using Chandra

0.01 0.175
(Y\Randra observation 015t
of NGC 1275 |
0.125}
0l E 0.1}
| g |
0.05
¢ 0.025:~
10 N
1 2 5 (()).85 | 0.9 0.95 1 1.05 1.1

data/model

Energy (keV)

Amplitude of hypothetical oscillations must be <5%
[ | (cf. quasar H-1821: <2.5%).



Strongest limits by an order of magnitude
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Perturbative formalism: applicability
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Plasma density of the intracluster medium (ICM)

The ICM is turbulent: Kolmogorov-like spectrum of fluctuations, moderate-to-high
Reynolds number

Status: ALP searches so far only used smooth analytic

model from de-projection.
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Modelling the magnetic field

One dimensional cell models

Status: standard practice for ALP
searches (& Faraday RM studies)




Magnetic field Smooth v Regular Amplitude
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Gaussian random fields
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GRF v cell-models
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Structure and phases

|Bi(77a)|2

[Maron, Goldreich] Is ALP-photon conversion independent of MHD structure?



Dedicated MHD simulations: time-evolution
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Dynamo-enhanced, -
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GRF v MHD

(same power spectrum) Red: |B|> 3B




Statistics at fixed energy

Want: statistical properties from ensemble of trajectories

Analytic probability distribution for GRF using ergodic theorem:

(BB () = 0% = 1) | 22 (5= B ) i S|
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Holds for arbitrary masses, polarisations
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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:

(Pralna)) = 22 Buna)P) = 22 Pi(na)

Same for MHD and GRF

Heavy talls come from larger-than-Gaussian higher-order correlations, i.e.
<P’Ya(77a)2> ) <P’YCL (na)3> ) <Pfya(77a)4> etc.

Larger conversion from MHD
— suggest existing limits conservative



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.

Observational prospects good: next-generation missions will be more sensitive;
make new ways to constrain ALPs possible.



