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Introduction

The three Swarm satellites measure the magnetic field of the Earth,
up to 250 Hz during burst-mode campaigns. The detections in the
Extremely Low Frequency (ELF) band of electromagnetic waves,
called whistlers, caused by lightning strikes can help to sound the
ionosphere below Low Earth Orbit (LEO).

Absolute Scalar Magnetometer (ASM)

* Sessions of burst mode [4] (1 week per
month per sat.) since 2019

* ELF band (10 Hz to 120 Hz)

* OnAlpha (~450 km) and Bravo (~500 km)

* 50 000+ detections of whistler

* Varying local time (1h every 10 days)

Objectives :

« Extract knowledge on the ionosphere from whistlers in ELF

« Improve on the climatological predictions of the lonosphere
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Figure 1: One of the three satellites of the Swarm mission and its instrumentation

Whistlers

A lightning strike generates a wide-band impulse that propagates in
the Earth-lonosphere waveguide. The ELF components can travel
for thousands of kilometers.

Total Root Electron Content

1. Propagation hypotheses:

TREC extraction from whistlers

The group delay T of whistlers is directly related to the TREC along
the ray-path. T is difficult to measure since we don’t know the time

* Extremely Low Frequency (ELF) propagation of emission of the wave.

* Plasma: neutral, cold, collision-less, 1D, e-and O*

Some of the power leaks into the ionosphere forming whistler
waves. They propagate upward following the Earth magnetic field.

Their ELF components are detected by the ASM onboard the

* Quasi-Longitudinal propagation [3] above O* gyro-frequency

1. Dual frequency approach

Instead we measure the time lag AT between the arrivals of two
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4. Total Root Electron Content (TREC)
The group delay of the whistler is proportional to the TREC:

TREC(S) = [ VN,(s)ds

If we know the parameters y.. and b, we can estimate the TREC
from the observed AT.

2. Forward modelling with ray-tracing

We estimate the ray-path S and the parameters yi. and b, with ray-

tracing [7]. It models the propagation in the environments provided
by the following:

¥ : wave normal angle
« lonosphere: International Reference lonosphere (IRI) 2016 [2]

« Magnetic field: 13" International Geomagnetic Reference Field [1]
The ray-path S is computed from the results of ray-tracing runs at
both f; and f> . We can now also give an estimation of yi. and b,

3. TREC extraction (fig.3)
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Figure 3: Diagram of the TREC extraction method from the whistler detected by Swarm. Comparison with the IRI and the
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Figure 5: Result of the TREC extraction method on the selected events above the i Ab: : TREC with the method. O

Conclusions

The TREC is a new, valuable, measurement of the ionization state of the ionosphere. The method presented
in this poster allows for a good recovery of the TREC. The values obtained on examples chosen for
validation are consistent with the values derived from ionosondes soundings. Furthermore they bring
improvements over the climatological values obtained from IRI.

: TREC from the climatologic IRl and from the ionosondes and LP observations
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