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The State of the Art

* Radio aurorae of Jupiter, Saturn | DOY 204 . 240 2004
respond to changes in the solar wind 100 Tl PP P AT T TP
« bKOM (e.g. Barrow+ 1987, { —— multi-channel |
Zarka+ 2021, Collet+ 2025, ... 80 -

* SKR (e.g. Taubenschuss+ 2006,
Kurth+ 2016, Palmerio+ 2021,
Cecconi+ 2022, ...)
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The Need for Better Solar Wind Models

* Solar wind propagation models have DOY 224 - 240, 2004
errors ~ lag times of maximum 100 T Tk P i TP T

correlation efficiency | ____multi-channel
(e.g. Rutala+ 2024) 80 -
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* Many available solar wind

reconstructions at Jupiter, Saturn
ignore ICMEs

—>Difficult to probe different solar
wind, magnetospheric conditions

—>Difficult to back out statistical ; A |
relationships R i
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Outer Heliosphere Solar Wind Propagation:

Major Issues
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ICME Removal From In-Situ Data

e* e Raw Data xXx DONKI ICMEs =GP Prediction 95% ClI

* Solar wind data: OMNI, STEREO-A, 5
STEREO—B 800_: o;mni

» ICME lists: DONKI 00
 Duration of ~4 days from arrival 400 -

* Resulting gaps filled by Gaussian R
. e { stereoa
Process (GP) Regression = =
=
* Nonparametric, Bayesian S
method N
=
* Local and long-term behavior = :
e e . . E’ 800_. stereo b
* Probabilistic ambient solar wind S 1
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Probabilistic Boundary Conditions

« Solar wind
backmapped to 21.5
Rs

* Variable
uncertainty in
boundary
conditions relate
to ICME removal

e Different behavior
across heliolatitudes
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Reconstructing Variations in Heliolatitude

Solar Wind Speed [km/s]
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Backmapped Data ——— 3D GP Prediction
95% Cl 1 95% Cl

* Heliolatitude gaps
filled with GP 200
Regression -

* Independently & 500 7\
jointly fit trends in: 400 W A
 Heliolatitude w0y A
 Heliolongitude
* Time

N stereo a

Heliolatitude [deg.]

« High uncertainty far
from measurements

—>Better
boundaries with
more in-situ
measurements
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Reconstructing Variations in Heliolatitude

Solar Wind Speed [km/s]
250 300 350 400 450 500 550 600

e CMEs from DONKI modeled from
21.5RS boundary

« Assume normally distributed
launch time, speed, size, shape

 Extract the resulting boundary
condition + CMEs at Saturn
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SKR Data Assimilation: Before
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SKR Data Assimilation: After
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* Weights from corr. coef. with 5 z =
SKR W|th|n maximum 15 < 2
hour shift 2 :
Ensemble (n=64) & :

« ~*1 day arrival time errors

e Arrival time moved forward,
now occurs ~10 hours

before spike in LH SKR
power

] Ensemble
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Next steps:

SKR Power, Integrated (100-400 kHz) [W/sr]

Left-hand Polarized

More points of comparison
—>Further model improvement
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