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Purpose

Study of solar system plasma turbulence through a
widely known and well established collection of
analysis methods, starting from simple and
progressing to increasing degree of complexity

Systematic study
catalog of power spectral densities (PSD)

catalog of Probabilty Density Functions (PDF)

Statistical study

Technique and methodology

AUTOMATIC ANALYSIS

Analyzed data

Research Institute in Astrophysics and Planetology, Toulouse, France

Unique set of measurements from Venus Express (VEX), which is one of the core missions of the FP7-STORM project, Solar system plasma Turbulence:
Observations, inteRmittency and Multifractals. VEX is first ESA mission to Venus. The probe orbits Venus once a day in a quasi-polar and eccentrically orbit: between
250 and 66000km from pericenter to apocenter. The data we analyze in the present study were recorded in the time period 2007 - 2009 (STORM data base - D3MINSW).

All results (daily power spectra and probability density functions in the time interval 2007-2008) and analyzed data are available on STORM project site:
http://www.storm-fp7.eu/

The data are available at:

* ESA's Planetary Science Archive ESA-PSA (http://www.rssd.esa.int/)
e French Automated Data Base Analysis (AMDA) (http://amda.cdpp.eu)

Relevant instruments for our analysis:
« ASPERA (Analyser of Space Plasma and Energetic Atoms): electron and ion spectra, their moments (density, temperature, velocity) (Barabash et al., 2007)
« VEX-MAG (Venus Express Magnetometer): magnetic field and position of the spacecraft (Zhang et al., 2006)

Systematic Study

For all time intervals which passed the selection criteria for the time period 2007-20009:

P Compute PSDs using a fixed segment length (~35 min), 90% overlap between segments and Hanning window as input parameters for
Welch algorithm. We evaluate 4 configurations: data with gaps (<30s) or interpolated data (either not-normalized or normalized)

Catalog of PSD or PDF (for one year) is obtained after a single run of the code

We estimate the spectral index through a Summary plot of VEX-PSD: 2007-2008-2009
Scripting done in Python: modular programming language (possibility to add different modules) least_squares linear fit in log-log scale 10° ; 10° ;
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small data-gaps still populate the data files and we need
to deal with uneven spacing of the measurements

 Time series shorter than 1h
 Time series with less than 92% data coverage
» Visible non-stationary time series

Selection of the magnetic data (ASCII files from ESA-PSA)

Although we analyze calibrated data at 1 Hz resolution, What to do?

ASPERA time interval: 2007-08-04 16:00:30--19:00:29 ASPERA time interval: 2007-08-19 07:00:40--23:59:59 Grouped in Sets: 2007: 152 SlOW SW
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P> Compute PDFs for the original time series, normalized, with data coverage higher than 92%

Time Series Summary:

VEX-MAG time interval: 2007-08-04 16:00:592--19:00:27 VEX-MAG time interval: 2007-08-19 07:00:40--23:59:58
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Theoretical aspects on methodology
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Fourier coefficients. For a time series: y(n)=y , . .

One common method to estimate the power | |Construct incremental measure of turbulent . 5 ° ’ AB 5 ’ TR T T L
spectral density is through Discrete Fourier | |fluctuations based on differences over a range
Transform (using Fast Fourier Transform | |of scales 1=jd, &=time resolution of the
algorithm). PSD is proportional to the squared | | measurements:
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Statistical study Summary and Conclusions
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