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In combination with balance equation → electron density:

𝑛𝑒 = −
1

𝑞 ∗ 𝐴
∗

𝑘𝐵𝑇𝑒
2𝜋 ∗ 𝑚𝑒

1
2

∗ ൭1 + ቇ
𝑞 𝑉𝑆𝐶
𝑘𝐵𝑇𝑒

−1

ቂ𝐼𝑝ℎ𝑜𝑡 − 𝐼𝐴𝑆𝑃𝑂𝐶]

OUTLOOK & SUMMARY

 Potential calibration possible when ASPOC on

 Eq. Spectrum:

 smaller scales (kinetic range) → steeper slope

 Taylor hypothesis holds, however spatial lag is not in the same 
direction as sampling direction

 Longer time series necessary for higher order analysis (e.g.
kurtosis), comparison to other time intervals in the
magnetosheath

 Comparison of s/c potential fluctuations with magnetic field
fluctuations to be done

MULTI-SCALE ANALYSIS OF COMPRESSIVE 

FLUCTUATIONS IN THE EARTH'S MAGNETOSHEATH
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For this analysis, MMS EDP spacecraft potential data was
calibrated in intervals where ASPOC was operating and used to
derive electron densities as comparison to FPI plasma density
measurements.

Moreover, statistical turbulence analysis was performed comparing
methods using one or multiple spacecraft measurements.

INTRODUCTION

The chosen time interval is part of the MMS Solar Wind Turbulence
Campaign (2019-02-26/13:00:00 to 2019-02-26/17:00:00) and hence the
4 s/c were aligned, instead of their nominal tetrahedron constellation.
In this time period inter-spacecraft distances range from at least 100
km to almost 1000 km.
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For the studies, fast mode data from following instruments was used:
EDP (Vsc), FPI (Te, ne) and ASPOC (IASPOC)

ASPOC instrument was ON for the whole time interval

STATISTICAL TURBULENCE ANALYSIS

 Spin-tone removed s/c potential data from 2019-02-26/14:30 - 15:40

Computation of Vsc increments (single s/c):

𝛿𝑉𝑠𝑐
𝜏 𝑡 = 𝑉𝑠𝑐 𝑡 + 𝜏 − 𝑉𝑠𝑐 𝑡

→ 𝜆 = 𝑣𝑖𝑜𝑛𝜏 (Taylor hypothesis)    

 Computation of Vsc increments (multi s/c):

𝛿𝑉𝑠𝑐
𝑎𝑏 𝑡 = 𝑉𝑠𝑐

𝑎 𝑡 − 𝐵𝑠𝑐
𝑏 𝑡

 Structure function of order p:

𝐷 𝑝 𝜏 = 𝛿𝑉𝑠𝑐
𝜏 𝑡 𝑝

The following plot shows the Equivalent Spectrum 𝐷2𝜆 for the grey
part of the time interval in the overview plot on the left. The x-axis
represents the effective wave number 𝑘∗ = 1/𝜆 . Filled symbols
represent multi-s/c and the black line single s/c (MMS1) time –ag
analysis. Similar work has been done e. g. in Chhibber et al. 2018 [1]
for magnetic field measurements.

POTENTIAL CALIBRATION

Simplified current balance equation with ASPOC ON:

𝐼𝑒 + 𝐼𝐴𝑆𝑃𝑂𝐶 + 𝐼𝑝ℎ𝑜𝑡 = 0

Thermal electron current collected by spacecraft:

𝐼𝑒 = −
𝐴 ∗ 𝑞

2𝑚𝑒𝜋
∗ 𝑛𝑒 ∗ 𝑘𝐵𝑇𝑒 ቆ1 + ቇ

𝑞 𝑉𝑆𝐶
𝑘𝐵𝑇𝑒

Photoelectron currents away from spacecraft modeled with 2 exp.
terms:

𝐼𝑝ℎ𝑜𝑡 = 𝐼0 ∗ exp −
𝑉𝑆𝐶
𝑉0

+ 𝐼1 ∗ exp −
𝑉𝑆𝐶
𝑉1

@ https://lasp.colorado.edu/mms/sdc/public/plots/

Ion gyroradius 𝛒𝐢 = 𝟗𝟔 𝐤𝐦
Ion inertial length 𝐝𝐢 = 𝟑𝟗 𝐤𝐦
Ion bulk velocity 𝐯𝐢𝐨𝐧 = 𝟏𝟓𝟏 𝐤𝐦/𝐬
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