!
l
N\Nageea’
o . &~

.~ W
STEREQ : —

5 -

" P r

<+ _
R,
’ &F Thons 0%

‘.

Statistical Study of Solar Energetic Electron Spectra

with STEREO/SEPT

Nina Dresing!, Patrick Kiihl!, Frederic Eftenberger4, Rail Gomez-

Herrero?, Bernd Heber!, Andreas Klassenl,
Alexander Kollhoff!l, Du Toit Strauss3

1 IEAP, University of Kiel, Germany
2 Space Research Group, University of Alcala, Spain
3 North-West University, Potchefstroom, South Africa
4 GFZ Potsdam, Germany

36th ICRC, July 24 - Aug 1 2019, Madison USA



Solar Energetic Particle (SEP) Events
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Solar Energetic Particle (SEP) Events
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Previous Work on Electron Spectra

X-ray spectrum [photons s cm™ keV™']
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Correlation between in-situ Electrons and X-ray Emitting Electrons

Krucker et al. (2007): 132 impulsive electron events observed by Wind /
3DP compared to RHESSI/HXR spectra
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Correlation between in-situ Electrons and X-ray Emitting Electrons

Krucker et al. (2007): 132 impulsive electron events observed by Wind /
3DP compared to RHESSI/HXR spectra
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Correlation between in-situ Electrons and X-ray Emitting Electrons

Krucker et al. (2007): 132 impulsive electron events observed by Wind /
3DP compared to RHESSI/HXR spectra

Delayed events: suggest the presence of an additional acceleration process
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Statistical Study of Electron Events with STEREO/SEPT




Using STEREO/SEPT observations 2007-2018

e We focus on near-relativistic electrons (STEREO/SEPT)

* 15 energy channels, 45-400 keV, four viewing directions
e 7 years of STEREO A+B data (12 years of STEREO A data)
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Using STEREO/SEPT Observations

e We focus on near-relativistic electrons (STEREO/SEPT)

* 15 energy channels, 45-400 keV, four viewing directions

e 7 years of STEREO A+B data (12 years of STEREO A data)
o All electron events observed with SEPT aboard STEREO A&B (925
events)

http://www2.physik.uni-kiel.de/stereo/downloads/

sept electron events.pdf
& — .ump — 55-85 keV electron events

| m-mr sic 10 min av. .
2007 1] A] 023 2007401.23‘ 18: sa. 4. 19:25| 2.1BE+02 Link
1| B| 023 20070122 1854 4 19:45| 2.6TE+02 Link
2l Al 024] 20070124 01205 1 01:35 4.51E+02 Link
2l B| 024] 20070124 0106 1 01:25] 3.45E+02 Link
3] Al 024] 20070124 0550 1 0505 7.81E+02 Link
3l Bl 024] 20070124 0545 1 05:25| 7.13E+02 Link
al Al 139] 20070519 1350 4 18:05| 7.2BE+02 Link
al B/ 139 20070519 1354 4 18:45| 7.1BE+02 Lnk
5 A ldgj 20070520 0630 30 10:25| S.56E+02 the decay phase of previous event Link
5| B| 140 20070520 0700 &0 11:30| 3.60E+02 the decay phase of previous event Link
6 Al 142 20070522 1545 10 19:45 1.09E+02 |Insuie ICME Link
6 B| 142 20070522 1605 10 17:15 6.81E+01 |Insde ICME Link
71 Al 143 20070523 08:22 1 11:25| 8.97E+02 |Omset during ICME. Decay durng CIR (lon contamination) Link
7| B| 143 20070523 0812 1 13:15| E.63E+02 }0n=u during ICME . Decay during CIR fon contamination) Link
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http://www2.physik.uni-kiel.de/stereo/downloads/sept_electron_events.pdf
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Solar Energetic Electron Spectra

_ STEREO A SEPT sun onset: 2009-11-03 03:57:00
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e All SEPT electron events in the list: 925
e Sufficient statistics / significant
increase above background:

= 810 events selected
* Pre-event background subtracted

Intensity ((cm?ssrMeV)?)

50:00 _00.00 _ 04:00 _ 08:00  12:00 _ 16:00
Time (UT)

: | S top panel:
- h= 2428008 || —Sioue
e Spectrum at maximum (to account for Y2=-2.8740.11 || mememm

— 85.0-105.0 keV
105.0-125.0 keV
4| — 125.0-145.0 keV
— 145.0-165.0 keV
— 165.0-195.0 keV
— 195.0-225.0 keV
—— 225.0-255.0 keV
— 255.0-295.0 keV
295.0-335.0 keV
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Solar Energetic Electron Spectra | — sezmon
: i — 06;=-3.4510.04
o En= 0.124 MeV
e Only one third shows impulsive rise times c
 Impulsive: Time from onset to maximum t < 30min  { |
e Break point limits due to SEPT binning: ~70-300 keV ¢
All events Impulsive events :
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e E>150 keV e E>150 keV 2 - - e

13 E<150 keV E<150 keV Energy (MeV)



Distribution of spectral

indices at 70 keV
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Rise Time of the Events
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Rise Time of the Events
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Gradual rise

Rise Time and Spectral Index
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Rise Time and Spectral Index
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e The softer the spectrum, the smaller
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Rise Time and Spectral Index
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Rise Time and Spectral Index 000 " [ 70, alevents ||
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Presence of MeV Electrons (STEREO/HET)

Correlation between spectral index and rise
time + presence of MeV electrons suggests:

A temporally extended injection involving
another (or an ongoing) acceleration process

[spectral index at 70 keV, rise times and peak
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Rise Time and Spectral Index (+ MeV Electrons & 60-100 MeV Protons)

Correlation between the
presence of 60-100 MeV
protons and MeV electrons

This suggest a common
acceleration process (or a
common ingredient) of

60-100 MeV protons and
MeV electrons
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Rise Time and Spectral Index (+ MeV Electrons & Type IT)

ISubsample: associated to
>25 MeV proton events
Richardson et al. (2014)

No clear difference
between events with /
without type II burst

However, the largest SEPT
peak intensities are
observed on the ‘type Il
side’
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Summar Yy All events Impulsive events

o Statistical study of near-

relativistic electron spectra ' v ‘

observed over 11 years o036
with STEREO/SEPT | | .
o 766 events = Nomimpusiv = o Sk B R ECISD ke

E<150 keV E<150 keV

Dresing et al. (2019), in preparation

e Rise times show a solar cycle effect

* Only one third of the events show impulsive rise times

e Correlation between spectral index, rise time, and presence of MeV
electrons suggests a different acceleration process to be present for
the gradual hard-spectra events

25 Dresing et al., University of Kiel, Germany



