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1. Abstract

The plasma environment around Earth is divided into several distinct regions with vastly
different characteristics of the magnetic field. For example, inside the magnetosphere the
magnetic field can reach tens of thousands of nanotesla. In the magnetosheath between
Earth’'s magnetosphere and the bow shock, the magnetic field is lower, but significantly
more turbulent. In the solar wind outside Earth’s magnetic influence, magnetic fields are low
and less fluctuating. Magnetic fields in space have typically been measured with fluxgate
magnetometers on spacecraft. In recent years, various magnetometer types have been
discussed and/or flown, i.e. optically pumped magnetometers or anisotropic
magnetoresistive (AMR) magnetometers. We discuss and compare noise level
performances of diverse magnetometer types and contrast them with the requirements
needed to accurately observe the magnetic field and distinct plasma phenomena therein in
particular regions of space for scientific research.

2. Methods and Data

» Magnetosphere: ioncyclotron waves as found in [1] on 04-07-2007

» Magnetosheath: list provided with [2] of THEMIS data between 24-06-2008 to 28-09-2009

» Solar wind intervals: list by Thilo Glikmann (personal communication) of THEMIS B data
between 12-06-2008 and 13-12-2009

» Magnetometer: standard fluxgate and the AMR magnetometer for the SOSMAG mission
put in a magnetically shielded environment and measured over night

For all the data sets, the following approach was used:

3b. Solar wind data
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3c. Magnetosheath data

PSD of Bx, By, Bz in GSE coordinates in magnetosheath
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PSD of Bx, By, Bz in GSE coordinates in magnetosheath
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5. Discussion and Conclusion

= |oncyclotron waves:
— Waves are clearly visible in frequency band around 0.1 Hz

— Whole spectrum between 10! and 10> pT/vHz with slight downward
slope

= Solar wind:
— Values between 10° and 10° pT/~/Hz descending with higher
frequencies
— Quantiles ranging between 10! and 10* pT/V/Hz

— Space craft's spin frequency of 0.3 Hz and their harmonics clearly
visible in quantiles

* Magnetosheath:

— Values between 10! and 10° pT/vHz, again descending with
frequency
— Space craft's spin frequency visible in quantiles

= Magnetometer:
— Slight downward slope in whole frequency range of about 10! to
10% pT/N/Hz
— Fluxgate: lower noise, measures down to 10! pT/v/Hz at 1 Hz
— AMR: only measures down to 2 - 102 pT/W/Hz at 1 Hz

= Comparison:
— AMR magnetometer can only measure in regions with higher values

of the PSD contiunously above 10! pT/vHz such as ioncyclotron
waves in magnetosphere
— For solar wind and magnetosheath, we need the higher capabilities

* Read in raw data and split it in 5 min long intervals, discard any possible rest
= Calculate the power spectral density (PSD) with a discrete Fourier transform according to
the following formula:

4. Magnetometer: Fluxgate and AMR
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Calculate the 5th, 10th, 25th, 50th, 75th, 90th, and 95th quantile
Plot the PSD of each of the 5 min intervals all in one figure as well as the quantiles in
another

— Think about expected phenomena when picking the magnetometer
— Save money and complication by choosing a magnetometer just
good enough to measure what is there, but not way too precise
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= Future work:

: — Turbulent solar wind
10° — Other regions around earth, e.g. low earth orbit or the magnetotail
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3a. loncyclotron waves in the magnetosphere

Autospectral density function in pT / VHz
Autospectral density function in pT / VHz

10-1 — e ir g e — — Different phenomena within magnetosphere and magnetosheath
g’SD of Bx, By, Bz in GSE coordinates of loncyclotron waves 6PSD of Bx, By, Bz in GSE coordinates of loncyclotron waves Frequency in Hz Frequency in Hz o Other planets and their magnetospheres
10 LS PSD of AMR Magnetometer A Data Quantiles of PSD of AMR Magnetometer A Data _ Compare Other klnds Of magnetometers SUCh as Optlca”y pumped

106 5 10°

= 1 = 10 % o] 2 o] magnetometers
E 104-; E 104_; = =
= = = £ 104
Acknowledgements
g 10°3 g 1073 z 10 z 10 We would like to thank Aris Valavanoglou from the Austrian Academy of
g 104, § 10'4 — Sthquantle  —— 75th Quantile § § Sciences (OeAW) for measurement data of an AMR magnetometer as well as
5 0] 2 100 ] e e T aath e £ 1 § 19| SthQuantle  — 75th Quantlie Thilo GliBmann for providing us with a list of solar wind intervals of Themis B he
<! ] <! g th Quantile th Quantile Q d Q 10th Quantile ~ —— 90th Quantile ) _ _ ‘ _ ] _
2 - 2 ] — sothquantie g 10°; g 10°3 — 25th Quantile 95th Quantile compiled during his master's thesis at our institute.
T T 1 0 T T o < L1 e g T omQuantie e This project is supported by the Federal Ministry of Economic Affairs and
requeneyin e requenayin e ety s 1o ety 1o Climate Actions (BMWK) on the basis of a decision by the German Bundestag.
ANILz
o &
A MEI o
3& 2% Technische References
22 & Universitat [1] M. E. Usanova et al. (2012), THEMIS observations of electromagnetic ion cyclotron _ .
Braunschwei wave occurrence: Dependence on AE, SYMH, and solar wind dynamic pressure, J. Institut fur G I
8 Geophys. Res., 117, A10218, doi: | gﬁ?ﬁt@ﬁe@ #%dche EG U enera ! O ! 4
2] F. Koller et al. (2023). Magnetosheath jet formation influenced by parameters in : ;
<] (2023). Mag J b TU Braunschwelig Physik Assem bly

solar wind structures. Journal of Geophysical Research: Space Physics, 128,
e2023JA0313309.

Sharing is
encouraged

Outstanding Student & PhD
candidate Presentation contest




