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re impulsive, unpredictable
S that release large amounts of energy at
surface.

esult of magnetic reconnection in
na, which leads to both direct
plasma and the acceleration of
high energies.
‘ ray flux from the Sun can
veral orders of magnitude.

s are closely associated with coronal
ctions (CMEs), where plasma is
d into space.

emission throughout the EM
 radio waves to white light, UV, X-
ay wavelengths.
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helioviewer.org

SDO AIA 171 (2011-06-07 05:30:00 - 08:29:48 UTC)

Helioviewer.org

This movie was produced by Helioviewer.org. See the original at https://api.helioviewer.org/?action=playMovie&id=hzqN5&format=mp4&hq=true or download a high-quality version from https://api.helioviewer.org/?action=downloadMovie&id=hzqN5&format=mp4&hq=true.

The Sun as seen through SDO AIA 171 from 2011 to 06 to 07 05:30:00  to  08:29:48 UTC.


The solar activity cycle

The Sun follows an 11-year activity cycle. We are currently in the rising phase of Cycle 25.
Activity is predicted to peak in 2025 - 2026.

The Solar Cycle

—— Monthly SSHM
s Smoothed monthly SSN
e Predicted monthly SSM
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We have constant X-ray flux monitoring of the Sun via the GOES/XRS instruments. GOES is

Solar flux monitoring

located in geostationary orbit and has a continuous view of the Sun. The GOES flux is

traditionally used to cIaSS|fy the magnitude of solar flares, e.qg. ‘M5’ or 'X2'. Sometimes we refer

to the ‘GOES

GOES X-Ray Flux (1-minute data)

Source: NOAA/SWPC
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¢ Solar flares exhibit rapid

~ evolution and fine time-
structure. A ‘typical’ solar flare
IS often divided into two
phases, an impulsive phase,
and a decay phase.

Most significant particle
- acceleration, and therefore
hard X-ray and gamma-ray
emission occurs during the
Impulsive phase, which may
last ~10-30 minutes.

his is followed by a gradual
\ ;5 ase that is dominated by

Impulsive phase 6-12 keV

12—-25 keV
25-50 keV
50-100 keV
100-300 keV
300-800 keV

Counts/s

00:40 00:50
Start Time (23—Jul—02 00:15:00)

RHESSI temporal profile of the X5-class 2002 July 23 solar flare between 6 kel ==
800 keV. The ‘impulsive phase’ lasts approximately 20 minutes for this large
Jilelg |



ding these tells us about the flare plasma
re, and the amount of nonthermal energy

nigh energies, ions and neutrals also become
nt, producing a number of emission lines.

Countscm?2s' keV™’

thermal

Shih et al. 2009
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Quasi-periodic pulsations (QPPs) in
flare emission

Adapted from: Clarke et al. 2021
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Directivity of solar flare X-rays

of solar flare X-ray emission is unknown. In other words, how
peamed is non-thermal electron emission? Historically we have only had Earth-based
measurements.

Now, we can use the fact that Solar Orbiter/STIX is outside of the Sun-Earth line. Combined
Ith X-ray sensitive spacecraft at Eart | e W €S in the X-ray spactrum to




Solar flare high energy gamma-ray
emission

* Fermi/LAT has shown that larger flares sometimes produce > 30 MeV gamma-ray
emission, which can last much longer than the flare impulsive phase (e.g. Ajello et al. 2014,

Pesce-Rollins et al. 2015).
* The nature and spatial _ ~ maamen  Ajello etal. 2014 awmosousn

location of this long-duration * Protons (100 MeV)

gamma-ray emission is still

unclear.

GOES X-ray [W m™?]
GOES average proton flux
cm~* 5! sr!

* It may be related to shocks i | |
occurring in CMEs associated ol | | olmMehmue
with these flares. ' '

+ Praton index, LLE
= ® Proton index, Likelinood
—p—

Most likely not co-spatial
with impulsive phase HXR
emission.
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