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State of the art of Swarm mission: Instrument performances, Data Quality and Algorithm evolution
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Abstract:

Swarm mission marked more than a decade in orbit, representing a transformative achievement in our exploration and understanding of Earth's geomagnetic field, the ionosphere, and electric currents. Launched in 2013 by the European Space
Agency (ESA) as a three-satellite constellation, Swarm was initially designed to provide unprecedented insights into Earth’s magnetic field and its interactions with the surrounding space environment. Over the years, the mission has consistently
exceeded its original goals, delivering groundbreaking scientific results and enabling a host of innovative applications that extend far beyond its initial scope.

A defining feature of the Swarm mission is its commitment to continuous improvement. Since its launch, advancements in data processing algorithms have played a vital role in ensuring the mission remains at the cutting edge of scientific
discovery. These updates have not only maintained the exceptional quality of Swarm's measurements but have also allowed the mission to evolve in response to the changing needs of the scientific community.

An overview of the Swarm mission status, highlighting the remarkable performance of its instruments and the ongoing enhancements in data processing algorithm is presented. These refinements have not only strengthened Swarm’s
contributions to our understanding of magnetic fundamental Earth processes but have also supported the development of novel Swarm-based data products and services, further broadening the mission’s impact.

Accelerometer (ACC)

ACC data affected by several types of perturbations.
Data anomalies corrected after sophisticated
processing. Data availability:

» Swarm Alpha (Feb 2014 — Mar 2015)

- Swarm Bravo (Mar 2015)

- Swarm Charlie (Feb 2014 — Dec 2023)

GPSR

Operating nominally on Swarm Alpha, Swarm Bravo
and Swarm Charlie (POD accuracy ~1 cm for kinematic
orbits).

Thermosphere neutral density along track resolution:
10-20 min

Thermal Ion Imager (TII)

Operating nominally on Swarm Alpha, Swarm Bravo and
Swarm Charlie, delivering two-dimensional (angle vs
energy) images of low-energy ion distribution functions, and
can be used to derive the ion drift velocity and temperature
estimates. The TII Face Plate (FP) can also be used to
derive ion density with a cadence of 16Hz.

Star Tracker (STR)
Operating nominally on Swarm Alpha, Swarm Bravo and
Swarm Charlie, delivering high-quality data at 2 Hz rate.

Vector Field Magnetometer (VFM)

Operating nominally on Swarm Alpha, Swarm Bravo
and Swarm Charlie, providing high-quality vector
magnetic measurements at 50 Hz rate.

Absolute Scalar Magnetometer (ASM)
Operating nominally on Swarm Alpha and Swarm Bravo,
delivering high-quality scalar magnetic data at 1 Hz and
250 Hz.

No ASM on Swarm CHARLIE since Nov. 2014

Langmuir Probes (LPs)

Operating on Swarm Alpha, Swarm Bravo and Swarm
Charlie, delivering high-quality estimation of electron density,
temperature and spacecraft potential at 2Hz.

Data Quality: Historical Overview

Across Swarm mission life-time the quality of Level 1B and Level 2 data has been continuously
improved through the implementation of several processing algorithms evolutions and fixes.

Swarm Bravo

Future improvements:
Full mission reprocessed Data using the new L1B v3.25 processor coming soon

(] 2015:
e First dB_Sun correction introduced,

parametrizing the Sun-induced magnetic
disturbance on VFM in terms of a and
angles

e PLASMA data processing transferred
from provisional external processing
(IRF) into operational chain

2018:
e Thermal correction for IBA variation with temperature. STR attitude accuracy > 10 arcsec.
 STR sampling rate from 1 to 2 Hz, improving pointing measurement of ~8 arcsec. (~3 nT in B_NEC)
 Updated dB_Sun including separation between in-flight and pre-flight calibration parameters

2020:

* Improved STR attitude quaternions combination when the Moon is in the CHUs field of view.

* Implementation of 1 Hz processing chain to generate scalar ASM data during 250 Hz burst mode
e C(Calibration parameters for Ne and Te using ISRs measurements

e decoupling of PLASMA processor from MAGNET processor

2021.

 Improvement in LPI interpolation

* GAIA star catalogue upload. Increase of accuracy of star matching between 10 and 25%
e Precise Orbit Determination data used as input for magnetic field processing

* Introduction of dF_Sun for ASM measurement and updated dB_Sun model

Uncorrected, o = 0.89 nT
®  Corrected, c =030 nT

Online resources

Swarm Product Data Hapdbpok

Swarm Data Handbook
page (reachable from
Swarm mission page
under the “Data” menu)

Eu I‘;'J-.[.'JEﬂI'I Space Agency

SEL
Produet Data-Handbook

Detailed description of the products

Quality reports

Since March 2018, the STR instruments are operating as particle detectors
by counting hot pixels in the CHU detectors.

A new Level 1B product, STRXEPF_1B, derived from precise ground-based
processing, will soon be included in the upcoming baseline, providing
proton flux data for particles with energies above 100 MeV.

Energetic Particle Detections measured by SW-A during the geomagnetic storm of May 2024

* New flags to identify artificial spikes in Telec and Nion, related to
Sun position wrt solar panels

 New parameters for Gamma angles (solar panels inclination) to
provide geometrical details related to new flags

- Telec
* artificial spikes|
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Jul 13, 2023

Example of artificial spikes flagged in electron temperature in the upcoming L1BOP v3.25

Direct data access via ESA Swarm dissemination server

-

SWARM

Swarm Data Access

The access and use of Swarm products are regulated by the ESA's Da
Users accessing Swarm products are intrinsically acknowledging and accepting the above.

ta Policy and subject to the acceptance of the specific Terms & Conditions.

European Space Agency C‘- esa

To take into account the variations of the magnetic disturbance field
when the Sun is eclipsed by the Earth, an updated dF_Sun model will be
applied to ASM data. Improved dB_Sun correction also applied to VFM.
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Difference between the current and the new dF_Sun mapped in o and 3 Sun incident angles

New products for ion density and new computation for electron density:
* Current Ne will be renamed Nion, being in fact measured as
ion density at negative voltages (Nion more stable, recommended for
science usage);
* New computation for Nelec, based on ion admittance
 Same approach for errors and flags.
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Example of Nion and Nelec in the upcoming L1BOP v3.25

Upcoming event

15t Swarm Data Quality Workshop &

15t NanoMagSat Symposium
6 - 10 October 2025
Oslo, Norway
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Scan the QR code on QRAS portal f‘/ ' nanomagsat
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Swarm data retrieval and manipulation available for Earth Online 3D visualization tool 5
anyone via the virtual research platforms VirES and VRE = == Ses
= T Check out here! https://swarmdisc.org/dqw-2025/information/#
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Registration open!
Don’t miss it!
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