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» Despite the frequent presence of CMEs and the observed electron onsets
delays we find good correlations of ¢=0.8 (8iow) and ¢=0.79 (Snign) for

both parts of the double power law spectra

N

W/

OF TURKU

N. Dresing

e » However, a careful choice of the correct in-situ [ 8=(07420.11) 7+ (0.040.38) ~ ;
o , ) , 3 7E C:0.50+0.19 / E
% EZ(ZC‘ spectral index is requ1red f’ 8 = (0.83£0.11) y + (-0.24+0.58) P
&/ X 6F C:0.80+0.08 / /@ 3
€ g g O
[}'0/; » We find an improved correlation for events with T sf
. . S ]
S significant anisotropy S ,
s &7 E
5 > :
8 Af &7 5
° b g T E
2 [/ .
~ A s ¥ '5
Hard X-Ra)/S Which part of the in-situ spectrum 11;34 e
should be used for correlation? photon spectral index y
/ o - J i 1
< : )_ ;'” T LS LARL T T T ”;'VI
RHESSI spacecraft A STEREO = . g
e . 1 spacecraft £ | 5= (1.04+0.19) vy 4 (-0.16+0.66) /
Yes: 0.90 EM [109 cm?): 4.0+0.2 w —— /e
10°F T [MK]: 21.940.2 - 104} % 6F C:0.79+0.09 / o~
¥ 4.120.1 2 /_g\?f
:'; — o 55_ s S
2 r ~ % § ; . ..~‘/ /
5 = a F
P We analyze 17 31 c 4F Qé;/% 7 +
5 10 = RN
§ " €| common events for |=——— = gor & 1| A
2 , § 2t £
0 b amermalt _spectral correlations | 7 e I
—— photon power-law fit ’ 7/
6 7 8 910 photonenezr%y[keV] 30 40 50 60 , 1 2 3 4 5 6
T photon spectral index vy
Energy (MeV)
ey, UNIVERSITY



N. Dresing!7, A. Warmuth?, E Effenberger3,4, K.-L. Klein5,
S. Mussetb, L. Gleseneré, M. Bruedern?

1 Department of Physics and Astronomy, University of Turku, Finland
2 Leibniz-Institut fiir Astrophysik Potsdam (AIP), Potsdam, Germany
3 Institut fiir Theoretische Physik, IV, Ruhr-Universitit Bochum, 44780 Bochum, Germany
4 Bay Area Environmental Research Institute, CA, USA
5 LESIA — Observatoire de Paris, Univ. PSL, CNRS, Sorbonne Univ., Univ. de Paris, Meudon, France
6 University of Minnesota, Minneapolis, MN, USA
7 IEAP, University of Kiel, Germany

EGUzsemby 2021

vEGU21: Gather Online | 19-30 April 2021



OUTLINE

» Motivation and data selection

» Potential modifications of the in-situ spectrum and the choice
of the correct spectral part for comparison

» Correlation of photon and in-situ electron spectra

» Discussion & Summary
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MOTIVATION AND DATA SELECTION

Hard X-Ray (HXR) flares are produced by energetic electrons
that produce bremsstrahlung when precipitating onto the
solar surface

Flares are therefore signatures of energetic particle
acceleration

Hard X-Ray (HXR) spectrum
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MOTIVATION AND DATA SELECTION

Hard X-Ray (HXR) flares are produced by energetic electrons
that produce bremsstrahlung when precipitating onto the
solar surface

Flares are therefore signatures of energetic particle
acceleration

Part of this accelerated population can be injected into

Hard X-Ray (HXR) spectrum interplanetary space and can be measured as a Solar

observed by RHESSI , ,
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e - 0.90 EM[10“ cm™]: 4.010.2
10*F i T[M[K]:21.910.2 -

| | 1 | |
6 7 8 910 20 30 40 50 60
photon energy [keV]

‘Yij’fé UNIVERSITY

7

N

5 oFTurku N Dresing

W2



MOTIVATION AND DATA SELECTION

SEP events observed in-situ are a combination of
acceleration, injection, and transport processes which are
often hard to disentangle.

However, the energy spectrum of impulsive electron events is
believed to carry the imprint of the flare acceleration process
characterized by the HXR spectrum.
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MOTIVATION AND DATA SELECTION

SEP events observed in-situ are a combination of
acceleration, injection, and transport processes which are
often hard to disentangle.

However, the energy spectrum of impulsive electron events is
believed to carry the imprint of the flare acceleration process
characterized by the HXR spectrum.
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MOTIVATION AND DATA SELECTION

We aim to compare the flare HXR spectra with in-situ near-
relativistic electron spectra which are assumed to represent
the same accelerated electron population

However, near-relativistic electron spectra
reveal often a double power law shape
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THE CHOICE OF THE CORRECT SPECTRAL PART OF THE IN-SITU SPECTRUM
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There are at least two potential transport-related processes that can cause
spectral transitions:

- . .
1) The generation of Langmuir turbulence by a few keV electrons (which Which part of the in-situ
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There are at least two potential transport-related processes that can cause
spectral transitions:

1) The generation of Langmuir turbulence by a few keV electrons (which
results into type III radio bursts). This causes a depression of the low
energy part of the spectrum.

2) Pitch-angle scattering which is stronger at higher energies (2100 keV).
This causes a ‘loss’ of high energy electrons in the peak spectrum.
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There are at least two potential transport-related processes that can cause
spectral transitions:

1) The generation of Langmuir turbulence by a few keV electrons (which
results into type III radio bursts). This causes a depression of the low
energy part of the spectrum.

2) Pitch-angle scattering which is stronger at higher energies (2100 keV).
This causes a ‘loss’ of high energy electrons in the peak spectrum.

[t is therefore possible that two different kinds of spectral breaks exist.
These were not yet clearly resolved in a single spacecraft measurement
and could also overlap.

However, the mean position of the spectral breaks found by Krucker et al.
(2009) Ep=60 keV and those found by Dresing et al. (2020) Ex=120 keV
differ significantly and are both in agreement with one each of the two
potential processes.
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THE CHOICE OF THE CORRECT SPECTRAL PART OF THE IN-SITU SPECTRUM

There are at least two potential transport-related processes that can cause
spectral transitions:

1) The generation of Langmuir turbulence by a few keV electrons (which
results into type III radio bursts). This causes a depression of the low
energy part of the spectrum.

2) Pitch-angle scattering which is stronger at higher energies (=100 keV).

This causes a ‘loss’ of high energy electrons in the peak spectrum.

[t is therefore possible that two different kinds of spectral breaks exist.
These were not yet clearly resolved in a single spacecraft measurement
and could also overlap.

However, the mean position of the spectral breaks found by Krucker et al.
(2009) Ep=60 keV and those found by Dresing et al. (2020) Ex=120 keV
differ significantly and are both in agreement with one eachof the two
potential processes.
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Strauss et al. (2020) therefore suggest
to use the spectral range between

~50-100 keV as it might be least
modified by transport effects
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Using RHESSI HXR flare observations and STEREO/SEPT near-
relativistic electron observations between 2007 and 2018 we find 17
common events which allow for a spectral comparison

HXR GOES flare E,

peak time class  location Y o1 &2 [keV]  s/c
00:31:24 B5.1 SO5SW61 32+009 3010 38+06 79 A
00:31:24 B5.1  SO5We6l 32+009 2710 36+09 107 B
05:16:09 B6.8 SO5SW64 41+026 3603 - - B
05:16:09 B6.8 SO5SW6e4 41+026 32+06 39+13 98 A
04:56:10 C7.2 S28W47 27+004 20+0.1 30+02 122 B
03:12:24 C6.2 N22E0O0 34+0.10 24+0.2 - - B

= 03:53:41 C1.0 S21E02 37+006 36%=03 - - B
= 08:01:54 C1.5 S23W01 39+008 29+03 45+05 118 B
— 04:36:44 B7.8 S34E21 43+0.11 16x17 34+10 69 B
3 17:04:34 (C9.1 SISE41 41+005 29+06 51+23 195 B
=3 00:51:58 C1.5 N2IE20 49+053 44+04 64+20 87 B
Q 00:27:54 C3.0 N20E26 34+003 27+04 40+09 110 B
< 00:26:14 C1.8 NI3ER9 49+0.10 48=+05 - - B
03:21:58 C27 NI3E67T 44+003 29+02 49+06 106 B
12:36:00 C3.4 NISE64 37+003 24+03 49+06 9 B
02:12:24 (C26 NI7TE5S6 43+009 28+06 37+04 90 B
07:14:44 (C54 NI6EIl 43+0.14 36+x03 55+07 104 B
16:26:14 (C3.3 SI2E81 59+020 3.1+07 40+07 101 B
17:05:04 C88 SI9E90 35+005 2605 4014 90 B

-
Strauss et al. (2020) therefore suggest
to use the spectral range between

~50-100 keV as it might be least
modified by transport effects
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Unfortunately, many spectral breaks of
our sample are lying in the suggested
range making a choice between the two
spectral indices difficult.
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CORRELATING HXR AND IN-SITU ELECTRON SPECTRAL INDICES  srrrrmrrmer—
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THE ROLE OF THE ANISOTROPY

When only using those events with medium to
high anisotropies we find that the correlations
improve
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DISCUSSION & SUMMARY

We find a clear correlation between the flare HXR and the in-situ
electron spectra

Our correlation coefficients are similar to the those by Krucker et al. (2007)
using Wind/3DP observations for events that did show no significant delays
between flare and expected electron onset.

However, our events do show such delays and our value pairs align rather
along the thin-target solution
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DISCUSSION & SUMMARY

We find a clear correlation between the flare HXR and the in-situ
electron spectra

Our correlation coefficients are similar to the those by Krucker et al. (2007)
using Wind/3DP observations for events that did show no significant delays
between flare and expected electron onset.

However, our events do show such delays and our value pairs align rather
along the thin-target solution
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DISCUSSION & SUMMARY EKrucker et al. (2007)

-

Petrosian 2016 suggested that the delayed events of the Krucker et al.
(2007) study experienced a further acceleration possibly connected to
CMEs, that caused the delay as well as the hardening of the electron
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The improved correlations of our anisotropic event sample suggest that pitch-angle
scattering can lead to a vanishing imprint of the acceleration.

Because also poor pitch-angle coverage can lead to apparently small anisotropies, it is
important to take this into account when connecting in-situ electron observations with HXR

of the tlare.

We have also shown that the correct
choice of the spectral index in near-
relativistic broken-power-law events is
important and often not straightforward

This study is about to be submitted to A&A
as Dresing et al. (2021)
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