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Axion-Photon Conversion




Axion-Photon Conversion
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Axion-Photon Conversion

If fields propagating along a given direction
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Resonant Conversion
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The Sun’s Layers
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Nuclear Random-walk radiative energy transport processes
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Photosphere
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Axions from the Solar Core
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Axion Flux at Earth
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Solar composition from Bahcall, Pinsonneault, Phys.Rev.Lett. 92 (2004) 121301



The Solar Atmosphere

1 000 000 °C C(Corona

10 000 °C Upper Chromosphere

4 000 °C Lower Chromosphere
6 000 °C Photosphere




Solar Cycles

SIDC Monthly Sunspot Number [12 month Runmng Average]
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Quiet Sun’s Magnetic Field
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Fig. 16 Schematic, simplified structure of the lower quiet Sun atmosphere (dimensions not to scale): The solid lines represent magnetic field lines that form the magnetic



Our Model of Quiet Sun’s Atmosphere

Perpendicular magnetic field Plasma frequency
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Sunspots
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The magnetic field above a sunspot can reach thousands of Gauss! i |
Munoz-Jaramillo et al., Nat Astron 3, 205-211 (2019)



Conversion of Axion Dark
Matter




Conversion of Axion DM: whole Sun
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Absorption

- Gyro-resonance absorption for W = ns) B n <4 () B = —
* Free-free absorption

’

Electron density n, [cm™

107 10% 107 1010 104

B | T T | T T | | IIIIII| | | IIIIII| | | IIIIII| | | IIIIII| | T T
— w, [eV]
10_4 = — Q. [eV] =
: —CCIIIIZIZZZ-=o--=- E 10°
1g=5 fomooooooooozeERd _ _
E <3N} - <)
B - \:\ 1
i SINS ] )
—6 \ S N\ —
1070 ¢ NS : < 10!
C \\\ - &)
C AN ] =
107 NS\ 5
- WS — : !
i 3 > = 0 quiet:Sun
i \\\z\ B 10 - !
1075 RN = =
: DN NE corona transition | chromo— -
- Photosphere Chromo- Corona AN region - sphere
B ~ i !
10—9 L1l Ll | |||||S||Il)he|r|elllllll Ll L1 11l L1 111 10_1 o , , o | | | , Loy a ]
1070 107 10~ 1073 1072 101 10V 101 107 10~ 107

h |Ro) Mg [eV]

Optical depth 7

107!



Observational Prospects with SKA
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Sunspots are seen as point sources, even
after broadening due to scattering off
inhomogeneities

The whole Sun is not a point source

Account for degradation in sensitivity due to C o1
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Conversion of Solar Axions



NuUSTAR as an Helioscope
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NUSTAR as an Helioscope

Observed the center of the solar disk for 23,000
seconds during solar minimum in 2020

Signal region 7 < 0.1 R
Background region 0.15Ro» < r < 0.3Rx

Remove wedges containing X-ray bright points
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Axion Flux at Earth
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Solar composition from Bahcall, Pinsonneault, Phys.Rev.Lett. 92 (2004) 121301



Conversion of Ultra-relativistic Axions

In the limit £/ > w,
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Our Model of Quiet Sun’s Atmosphere

Perpendicular magnetic field Plasma frequency
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Magnetic Field

Photosphere (Rempel, 2014 Apd 789 132)
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Conversion Probability
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NuUSTAR as an Helloscope
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