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MODEL OVERVIEW




AlSstorm

Atmospheric lonization
during Substorms
particle ionization
model
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Model overview

AISSTORM

EMPIRICAL MODEL

Long-term flux analysis based on
> 7 Kp levels (Kp 69 combined)
& 3 substorm conditions
> modified APEX 110 km (magnetic)
coordinates
> 18 years (2001-2018)
Separate handling of
> particle specific polar cap precipitation

Mean precipitation
maps adapted to recent
polar satellite data

> best match at high

flux areas

> PC includes GOES
provides: 30min precipi-
tation maps

MONTE-CARLO SIMULATION

PITCH ANGLE INTE-
GRATION

POSTPROCESSING

www.ionization.de
> conversion to user
specific geographic
grid
> interpolation on user
pressure levels
> temporal integration
on user time
resolution
> native plot routine
> data access
provides: data and plots

WEBSITE

Convolution of ionisa-
tion by single incidents
and the energy spec-
trum
Native resolution:
> 30 min
> 67 pressure layers
> horizontal resolution
depends on Kp and
substorm condition:
max: 3.75°lon x 1°lat
min: 15°lon x 2°lat
in mod. APEX 110 km
provides: atmospheric
ionisation for each cell
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Derivation of the global (auroral) particle flux ‘#DLR

« Particle flux measured along track from POES
and Metop satellites

* Needs to be interpolated for global coverage

« Mean precipitation maps are used depending

on:
° Kp

- SML

Scaled by recent measurements in the
dominant precipitation regions T
Maps: Yakovchuk & Wissing, angeo 2019 NyeeuanE

POES mep0P1 counts
2003-02-20, 6-8 UTC




Polar particle flux (polar rain, polar cusp,

Polar particle flux distribution and

its spatial extent

« Determined by similarity of
cumulated particle flux density
distributions

« Leads to determination of
particle precipitation regions
with similar characteristics

« Allows a polar cap description
that within which particle
measurements are
representative of the whole
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Particle channels need to be corrected #DLR

Meped electron channel detect

protons: Protononisatonrate at 0.0005 Pa (appro, 150km) 2001-02-20 00 Proton onsatonrae a 0.0005 Pa (appro. 150km) 2001-02-20 00

 Proton flux threshold to set MEPED
electrons to an error value

Subauroral Crosstalk in
POES/Metop TED proton channels

latitude
latitude

« The POES/Metop TED protons
data is contaminated by high
energy radiation belt electrons

« A preliminary cut of latitude is
suggested in order to reduce the
subauroral contamination (see right
image)

«  Wissing & Yakovchuk, angeo in 50 -0 B 0 B 100 150 450 <00 50 0 50 f0 15
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Fit of the particle spectrum Eom

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

* due to Fermi Il acceleration .

Segmented, up to 5 fits

« Determined iteratively using
the barycentric energy of
every channel

« Every bin is handeled
separately

« ~750 000 spectra per day

range : amount of segments
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Particle interaction with the atmosphere

Numerical model based on

Geant4 (toolkit from CERN)
« Calculates interactions,
production of secondaries and

energy deposition
« for incident particle ensembles at
given energy and angle

« for a given detector:
 E.qg. for typical atmospheric
conditions at different latitudes,
seasons and F10.7 activity

« Gives: energy deposition profile
for a single particle

« Folding of particle spectra and
energy deposition profile gives:
ljonization rate profiles

pressure [Pa]
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MODEL RESULTS




quiet |0n| t|0 es storm DLR

lonisation rate during storm time at geomagnetic pole
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lonization rates during quiet time and a solar proton event

Proton ionisation rate at 1000 Pa (approx. 31km) 2003 250 0:00 Proton ionisation rate at 1000 Pa (approx. 31km) 2003 302 6:00
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Geomagnetic Storm EDLR

Electron ionisation rate at 0.19 Pa (approx. 90km) 2018-08-25 0:00 Electron ionisation rate at 0.19 Pa (approx. 90km) 2018-08-26 6:00
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latitude

Substorms

Electron ionisation rate at 0.19 Pa (approx. 90km) 2014-04-25 21:30
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VERIFICATION AGAINST MEASUREMENTS
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Verification of model chain AlSstorm -> ExoTIC (KIT) by MIPAS/Envisat 4#7
measurements N

Ozone change
during major
event
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« Collaboration with KIT in order to test their exoplanetary climate model with real forcing data from
AlSstorm
« Very convincing agreement with MIPAS/Envisat measurements of the Ozone change during a big

event (upper panel)
* https://doi.org/10.5194/acp-23-12985-2023
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Comparison to MIPAS/Envisat in HEPPA 3 JGR Space Physics @9
LR
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Summary Use Cases f DLR

AlSstorm: lonization rates are used as:
- Derives atmospheric ionization due to « Forcing for different chemistry climate
models

particle precipitation
« Able to reproduce impact from solar proton
events, geomagnetic storms and substorms

* Intercomparison studies with other IR models
« Evaluation of detector, IR, GCM against

L O measurements
* Verification of SPEs very convincing « |ntercomparison with EISCAT, MIPAS/Envisat,
« AISstorm shows increased dynamical SCIAMACHY/Envisat, SOFIE/Aim
fluctuations in phase with substorm activity . Verification of radiation belt impact
than AIMOS and this seems to be in « Forcing of high latitude tidal waves
agreement to observations. « Extreme case scenarios
« Ozone, NOx, HOx simulations
« UV impact

« Deriving origin of radar signals (SAURA radar)
« Validation or falsification of particle detectors
(MEPED electrons, TED protons)
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