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Motivation

* lonization rates are typically based on
space-born particle measurements

= always mixes spatial and temporal
variations

= Auroral particles in AlSstorm are
measured by TED on POES/Metop:

= rarely used detector, may have inherent
unknown issues

= \erification of ionization rates itself
problematic:

= always affords model chain: ionization
model + climate model (+ retrieval method
for measurements)

= EISCAT available for single locations only,
no global coverage

» SUSSI

Special Sensor Ultraviolet Spectrographic
Imager

measures 2D UV emissions from aurora
only valid for a limited altitude range

does not mix spatial and temporal
variations

allows construction of ionization models
which be compared to "conventional”
ionization models



Introduction: AlSstorm

Has been introduced in a
[AlSsTorw | talk yesterday.

> auroral precipitation in MLT vs. lat.
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Introduction: AlSstorm

[ AISSTORM |

EMPIRICAL MODEL POSTPROCESSING
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Introduction: AlSstorm

100GeV-Proton

[ AISSTORM |

SCALING

Space Weather Space Clim., 2023)
> auroral precipitation in MLT vs. lat.
(Yakovehuk, O.S. and Wissing, 1.

Annales Geophysicae, 2019)

EMPIRICAL MODEL POSTPROCESSING
Long-term flux analysis based on = [Mean : d
> 7 Kp levels (Kp 6-9 combined) | maps adapted to recent | > conversion to user
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Native resolution:
> 30 min
& 67 pressure layers
> horizontal resolution
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provides: atmospheric
ionisation [or each cell
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Introduction: SSUSI model

Scan Mirror

11 6
‘Along Track Motion
148 km/22 sec
1384

10 Km x 10 Km resolution

124.8° Cross Track Scan
156 pixels
(horizon fo horizon) >

SSUSI

Auroral energy input based on Special Sensor
Ultraviolet Spectrographic Imager

Defense Meteorological Satellite Program
(DMSP) satellites (850 km)

nadir auroral images, 5 UV channels, 10x10
km ground pixels

auroral electron energy (2-20 keV) and energy
flux [mMW m-2]

= SSUSI model (Bender et al., 2021)

3.6° geomagnetic latitude x 2-h magnetic local
time (MLT) grid, 5 km altitude grid

transformed into ionization rates using (Fang
et al., 2010) — IR profiles from 90 to 150 km

model: log g ~ Kp + PC + Ap + log F10.7 +
const.






Comparison of spatial auroral pattern

AlSstorm 2.1 (top) vs. SSUSI (bottom) 115km 2010 doy 1 AlSstorm 2.1 (top) vs. SSUSI (bottom) 115km 2010 doy 3
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= altitude selection 115 km (auroral ionization rate maximum in AlSstorm)

= |atitudinal and MLT distribution very similar

= guantification: central aurora varies between perfect match and factor 10 difference
= SSUSI shows significantly more ionization rate in polar and subauroral latitudes




Comparison of spatial auroral pattern - long term

= dynamical range in

AISstoIr;'r':I 2.1I Stop) vs. ??USI ({bott‘omg 1"1“5I‘(m ZO}HOWIIMLT 1.0 x 1010 AlSstorm seems to be
—eo T 1 | N\ ‘ ! 22 x 107 higher (vertical pattern
g bl “ | Balbh' e b 1.0x10° needed)
- ] 32x10° = at high activity rather
~80 kit | | 10x10° similar, growing
P 11001 A ‘ B AN A 32x107 ¢ differences for low
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32x106 § . .
Loxies & * latitudes of main
g sax105 5 aurora agree very well
8 1.0x10° = cap in AlSstorm just
32x104 partly filled
1.0 x 10*

100 150 200 250 300 350
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latitude

latitude

Comparison of spatial auroral pattern - long term

AlSstorm 2.1 (top) vs. SSUSI (bottom) 115km 2010 11MLT

W TN
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= similar picture for other MLTs

1.0 x10%°
3.2x10°
1.0x10°
3.2x108
1.0x 108
3.2x107
1.0x 107
3.2x106
1.0 x 108

32x10°

1.0x10°
32x10*
1.0x 104

ion pair production [m~3s71]

latitude

latitude

AlSstorm 2.1 (top) vs. SSUSI (bottom) 115km 2010 23MLT
T

50

100

150 200
doy of 2010

250

300

350

1.0 x 101
3.2x10%°
1.0 x 1010
3.2x10°
1.0 x 10°
3.2x10°
1.0 x 108
3.2x107
1.0 x 107
3.2x10°
1.0 x 10°
3.2x10°
1.0 x 10°
3.2x10*
1.0 x 10*

ion pair production [m=3s71]






Comparison of vertical auroral pattern

20100405

. wi 2ot = SSUSI (data/model) ionization
T ] rate peaks are mostly at

100 km (between 15-19 MLT
mostly at 105 km)

SsUS! data
== 55USI model
Alsstorm

altitude (km]

= AlSstorm ionization rate peaks
are mostly at 110 km (between
9-13 MLT at about 100 km,

BIHINE: Y typically MLT minimum

L Nz precipitation)

altitude (km)

= steeper slope of AlSstorm
ionization rate above peak

= factor 5 between SSUSI data
and SSUSI model

altitude [km]




Other studies

monoenergetic: Fang et al.

Fang et al. 2010 by pyGPI KaeEpIer et al.

? 2/multi-stream: Fang et al.

? EPMC Monte-Carlo: Xu et al.

Geant4: (PLANETOCOSMICS) Mironova et al.

Geant4: Vasilyev et al. (2

Geant4: Wissing und Kallenrode

2009

peak ionization altitude

- e . 1010 keV
" . y | |m20 kev
L o -/ |@30 keV
i . |

i o |

[ hd n ! |

95 100 105

altitude (km)

= There seem to be a systematic difference between Fang et al. 2010 and Geant4

based models.

= But all models use different atmospheric parameters.




Peak ionization altitudes of 10 keV e~ using Geant

= atmospheric

Peak ionization altitude of isotropic 10.0 keV e~

108 4 parameters from
N - ° 3 HAMMONIA
079 . . o ) long-term runs
106 { * . . = solar activity
e . : (F10.7 flux):

altitude [km]

= solmin: 68 sfu,
104 4

solar months = solmax:
103  activity e Jan 235 sfu
«  solmin ® Apr
e solmed Jul
102 4 L J solmax Oct - SO|med: mean
-60 -80 60 80 .
latitude [°N] - 4 |at|tUdeS
* 4 seasons

— altitude: 102-108 km (except for northern summer: 104-108 km)
= note: altitude defined by half level height of bin, bin size ~2.5-3.5km




Peak ionization altitudes of 10 keV e~ using Geant & Fang

Peak ionization altitude of isotropic 10.0 keV e~

108 1

e

solar ®
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80

" same
atmospheric
parameters

v Fang et al. 2010

= jonization peak
clearly (one bin)
below



Peak ionization altitudes of 100 keV e~ using Geant & Fang

Peak ionization altitude of isotropic 100.0 keV e~ = same for 100 keV
solar Y Fang et al. 2010

activity L .
851 «  solmin ' = |onization peak
¢ solmed : clearly (one bin)

Y @ solmax : .: above

=

84
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X )
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c0@ 00
0@
-00

latitude [°N]



Geant vs. Fang for typical auroral energies

Peak e~ ionization altitude for different atmospheric conditions L] |0ni2ati0n rate peak fOI’ Fang iSZ
Note: maximum altitude difference equals +one bin
= at lower altitudes for energies
140 - below 15 keV
= at similar altitudes for energies
15-30keV
120
£ s = at higher altitude for energies
2 P 3 above 30 keV
2 100 T
s g = note: Geant has different
% . options, but Planetocosmics
L seems to be similar to our
m Geant # settings.
60 T MMM Fang et al. 2010
N N RS S I S NS NS
NS

incident energy




Geant vs. Fang for typical auroral energies

SSUSI data
Peak e~ ionization altitude for different atmospheric conditions -==* SSUSI model
Note: maximum altitude difference equals +one bin AlSStorm
150
140 A 140
E 130
=
120 8 1204
g S z
2 = 110 1 \
3 ? S
2 100 Y 100 4 Y
© h g 004
80 <+ 80 e T T T
Method MLT 9
I Geant .
60| N Fang et al. 2010 = explains steeper slope of
NN 2 Sy s A s AlSstorm rates
N & N ¢ & ~ \ & &
AR O LSRR . . .
R AR IR = (just) partly explains different
incident energy peak altitude of combined

spectrum




Other reasons for the different peak heights?

Spectrum Fit northern Polar Cap: 2006 doy 320 10-12h

P - Peak ionization altitude of isotropic 19.95262315 keV e~
1012} " 1 e . Wyt o
e * « solmin
99 . e solmed ° -
— L o solmax .
S 00 oK
> £ method
% g 9] - . Geant
) L 2 ® ¥ Fang
' ©
£ 10%F %
= months
>3< @ Jan
= L 95 o Apr
% 3 range : amount of segments Jc‘;‘t
£ 10 e 150eV-500MeV : 5 ol pn — -
& == == == 150eV-500MeV : 3 ’ e 1w
100l mmmmm 150eV-500MeV : 1
= no particle channel at 20 keV

O e = TED band 14 (6.503-9.457 keV)
— mepOe1-e2 (30-100 keV)

= translates into altitude gap 96—108 km
= MLT difference: TED band 14 elevated at night. mepOe1-e2 peaks at 6 MLT.




Comparison to EISCAT (ionization, not rates)

FEISCAT CP1 Occurrence Distribution
—— 7

Bésinger et al. (Fig. 7 in
2004)

= SSUSI (data/model)
ionization rate peaks
are:

X mostly at 100 km

(v') between 15-19 MLT
mostly at 105 km
(higher altitude,
probably p™)

= AlSstorm ionization
rate peaks are

v' mostly at 110 km

(v') between 9-13 MLT at
Time (decimal UT) about 100 km (lower
altitude)
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latitude

latitude

Quantitative comparison of peak ionization rates

AlSstorm 2.1 (top) vs. SSUSI (bottom) peak 2010 doy 1
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AlSstorm 2.1 (top) vs. SSUSI (bottom) peak 2010 doy 3
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= As ionization altitudes differ, we compare the peak ionization independent from

altitude.

ion pair production [m=3s71]



AlSstorm 2.1 (top) vs. SSUSI (bottom) peak ionization 2010 llMlL;)r

latitude

latitude

Quantitative comparison of peak ionization rates - long term
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AlSstorm 2.1 (top) vs. SSUSI (bottom) peak ionization 2010 23ML;)I'
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Comparison of spatial auroral pattern - long term

AlSstorm 2.1 (top) vs. SSUSI (bottom) 115km 2010 11MLT
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Summary

= |atitudinal and MLT distribution similar
= SSUSI shows more ionization in polar and subauroral latitudes
= dynamical range of AlSstorm seems to be larger
= vertical:
= peak altitudes and slopes differ

= slope and part of the altitude differences can be attributed to energy deposition algorithm but
not all

= energy gap between TED and MEPED may be an issue
= AlISstorm ionization altitude agrees better to EISCAT

= both data sets qualitatively show altitude variations with MLT that are covered by EISCAT

= peak auroral ionization rates independent of altitude agree mostly between
AlSstorm and SSUSI



Thank you for listening!
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