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Abstract

�‡Comprehensive end-to-end simulations of the Swarm Electric Field Instrument performance characteristics were performed
�‡Largest sources of error are uncertainties in TII transfer functions, gain degradation, spacecraft-to-plasma potential difference, 
spacecraft attitude, and GCRs (excluded for this study)
�‡Instrument performance will be validated using ground-based Incoherent Scatter Radars and detailed ion distribution function 
images

We haveundertakena detailedanalysisof sourcesof error in ion velocity,
ion temperature,and electric field Level1B productsof the SwarmElectric
Field Instruments (EFI). The plasmaion measurementsare derived from
energy-angle distributions that are generated by two orthogonal 2D
electrostatic analyzerson each satellite. The ion bulk flow velocity and
temperatureare related to the distribution momentsby transfer functions
whoseform aredeterminedfrom simulationsof the analyzers. Electricfield
isdeterminedfrom measurementsof ion velocityandmagneticfield.

The main sourcesof error come from uncertainties in the instrument
transfer functions, the sensor-to-plasma potential difference, particle
Poissonnoise,galacticcosmicray event, and detector gain variations. We
discussalso the challengeof calibrating the instruments with the aid of
computersimulations,and the merits and limitations of on-groundand in-
flight calibrationstrategies.

Mission Science Objectives

�{ Core dynamics and geodynamo 
processes

�{ Lithospheric magnetization

�{ 3-D mantle conductivity

�{ Ocean circulation

�{ Magnetospheric and 
ionospheric currents

�{ Magnetic forcing of upper 
atmosphere

3 Satellites

�{ 2 side-by-side at 450 km, 
decaying to 300 km

�{ 1 at 530 km

�{ All polar orbiting

�{ 4 years

�{ 2010+ launch

Simulator Inputs Processor Outputs

Models
(Instrument, orbit, satellite, ...)

Error Sources

Source Electric Field (mV/m) Ion Velocity (m/s) Ion Temperature (%)

Electric field fine structure 0.62 0.42 0.20 8.6 17 1.9 0.47

Minor ions, 530 km 0.59 1.5 0.22 43 13 1.2 8.3

Minor ions, 300 km 0.05 0.32 0.04 12 0.41 0.35 1.3

Attitude errors 0.19 0.12 0.14 1.0 6.5 11 0.0

TII Transfer functions 1.1 4.6 0.7 150 27 0.58 1.8

MCP pulse height noise (exp.) 0.02 0.04 0.02 1.1 0.66 2.2 0.37

50%Gain degradation 1.6 2.9 0.5 75 40 7.5 52

Spacecraftpotential from LP 0.0 0.08 0.0 2.8 0.0 0.0 0.0

Spacecraft potential 
variations

0.02 0.33 0.03 13 0.58 0.0 0.03

Faceplate bias 0.0 0.11 0.0 3.7 0.1 0.0 0.02

Error sources (1-�• errors, worst case model assumptions) Total error
(1-�•��, 20% Gain Depletion Model, no GCR events)

Calibration and Validation Challenges

�‡Laboratory calibrations for the most part will not be 
able to determine calibration parameters accurately 
enough to meet Swarm performance requirements.
�‡Some parameters will be determined from statistical 
properties of flight data.
�‡Other parameters will be determined using a physical 
model of the TII. The model will be validated using 
ISRs and actual ion distribution images.
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