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|. Motivation
RHESSI Hard X-ray Observation of the Quiet Sun

ll. Possible Emission Mechanism

Synchrotron Emission by Cosmic Ray Electrons

lll. Transport of Cosmic Ray Electrons from 1 AU
whwre they are Observed to the Sun

Effects of B Field Convergence, Scattering by
Turbulence and Energy Loss
V. Electron Spectral Evolution to the Sun and

Disk Emission RHESS| 2021



RHESSI and Other Hard X-ray Observation of the Quiet Sun
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|. Thermal and Non-thermal (thick-target Bremsstrahlung)

Limits on Temperature and Emission Measure OR Spectral Index
and Low Energy cut off

1. Axions

Limits on Axion-Photon Coupling Constant and B field

lll. Synchrotron Emission by Cosmic-Ray Electrons

For production of 7-700 keV photons need 700 to 1000 GeV
Electrons in B=70 Gauss

RHESSI 2021



|. Thermal and Non-thermal (thick-target Bremsstrahlung)

Limits on Temperature and Emission Measure OR Spectral Index
and Low Energy cut off

1. Axions

Limits on Axion-Photon Coupling Constant and B field

lll. Synchrotron Emission by Cosmic-Ray Electrons

For production of 7-700 keV photons need 700 to 1000 GeV

Electrons in B=10 Gauss
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Geometry of Flux Calculation
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CRe Observed at 1 AU and Broken Power Law Fit
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Strong diffusion T ~ 72/,
Weak diffusion Tesc ~ Taross R = Tesc/ Ter = TCT‘/ Tse T 21 + In n(Tsc/ Tcr)
Converging B-field Toce X Toc

Combined equation (For isotropic injection)
Simulation Results (F. Effenberger & VP, 2018, ApJ, 868, L28)

Isotropic Injection Beam Injection Pancake Injection

102

[
o
—

TESC / TC ross

100

X %
® om0
102 10! 100 10! 102 102 1071 100 101! 102 102 101 10° 10! 102

TSCITCFUSS TSC/TCFOSS TSCITCFOSS




Synchrotron and Inverse Compton Losses
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Magnetic Field Structure
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Synchrotron and Inverse Compton Losses
dy
dr

Magnetic Field Structure
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Relativistic Electrons with Lorentz Factor > 2000

Scattered by Alfven Waves and Fast Mode Waves ryadko & VP 1997
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. [~ — Observation trace of magnetic fied spectral matrix
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dvy/dr|css = R(r,v)dy/dr
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. Synchrotron emission by Cosmic Ray Electrons (CRes) in 10 Gauss B field can
produce hard X-rays on the Sun

. We Fit the CRe spectrum Observed at 1 AU by a double broken power law model
with breaks at 10 and 1000 GeV.

. We then calculate the spectral evolution to the Sun considering the effects of B
field convergence, scattering by turbulence and energy losses.

. This requires the characteristics of the turbulence and structure of the B field.

. We use recent results from PSP and their extrapolation to the Sun and obtain the
spectral evolution for several models.

. These can be used to more accurate expected hard X-ray spectra which when
compared with observations can constrain the model parameters.

. Preliminary results are promising.
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