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10.0 FIELDS: ELECTRON DRIFT INSTRUMENT (EDI) 

10.1 EDI OVERVIEW 
The Electron Drift Instrument on MMS measures the displacement of a weak beam of test 
electrons that, when emitted in certain directions in the plane perpendicular to the magnetic 
field, return to the spacecraft after one or more gyrations. This displacement (drift step) is 
related to the electric field. Two Gun-Detector Units (GDU) are mounted on opposite sides of 
each spacecraft and face opposite hemispheres. They are controlled via a DPU board (EDI 
Controller) inside the FIELDS Central Electronics Box (CEB). Two measurement techniques are 
used that are run in parallel and complement each other: for small drift steps, the displacement 
is obtained from triangulation of beam directions; for larger drift steps the difference in times-of-
flight of beams that are injected in nearly anti-parallel directions is used to calculate the drift 
step. The time-of-flight measurements also provide the magnetic field strength, thereby enabling 
the determination of the offsets in the spin axis component of the AFG and DFG flux gate 
magnetometers. A by-product of this operating mode (Electric Field Mode) are ambient 
electrons at pitch angle 90 degrees within the energy window of the detectors. These are 
transmitted in telemetry whenever no return beam has been detected within a fixed time 
interval. Due to the data quality categories used on-board these are referred to as “Quality Zero” 
data. In a second operating mode (Ambient Mode) the EDI detectors can be used to sample 
ambient electrons at pitch angles 0, 90 and 180 degrees at high time resolution.   
 
A full description of the design of EDI, its ground calibration and its operational modes can be 
found in the publication: 
 

Torbert, R.B., et al, The Electron Drift Instrument for MMS, Space Sci Rev 
199, 283–305 (2016). https://doi.org/10.1007/s11214-015-0182-7 
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Figure 10-1 EDI Gun-Detector Unit 

 
 

10.1.1 Status of EDI 
Several of the opto-couplers in the high voltage amplifiers in the Gun and Gun-Detector 
Electronics (GDE) continue to experience trends, limiting the life of the instrument and impacting 
available operational choices. This was known already during integration and testing on the 
ground. Continual trending analysis throughout the mission aided in making operational 
decisions that ensured the extension of the opto-coupler life cycle. In addition, a few failures 
occurred due to HV discharges, and in one case the filament of the electron beam generation 
system in the Gun reached its end of life. Table 10-1 provides a summary of the opto-coupler 
trending situation and the component failures and their impact on operations, ordered by 
observatory. 
 
Date Observatory / 

Unit / Hardware 
Element 

Event / 
Failure / 
Trending 

Impacted Mode Operational 
Change 

Jan 
2022 

MMS1 / GDU1 / 
Gun Deflector1 

Optocoupler 
Deterioration 

EFIELD: Loss of beam 
return in azimuthal 
section for large 
deflections from 
symmetry axis 

None; Safe Mode 
entry prevented by 
increasing out-of-
limits persistence   

Nov 
2016 

MMS2 / GDU2 / 
Gun Anode 
Amplifier 

HV discharge EFIELD: GDU2 no 
longer usable 

Continued with 
single-gun EFIELD 
mode 

Feb 
2022 

MMS2 / GDU1 / 
Gun Filament 

End of life EFIELD: GDU1 no 
longer usable 

EFIELD: GDU1 no 
longer usable 
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Jun 
2022 

MMS2 / GDU1 / 
Optics Lower 
Injector 

Optocoupler 
Deterioration 

AMBIENT: future loss of 
geometric factor for 
large polar look 
directions 

Minimize 
continuing 
deterioration by 
avoiding 
perpendicular and 
alternating pitch 
angle sampling  

May 
2017 

MMS3 / GDU1 / 
Gun Cathode 

Optocoupler 
Deterioration 

EFIELD: GDU1 no 
longer usable 

Continued with 
single-gun EFIELD 
mode 

Sep 
2019 

MMS3 / GDU2 / 
Gun Deflection 
System 

Sudden 
deterioration 
after HV 
discharge 

EFIELD: Beam pointing 
accuracy degradation 

Stopped L2 
EFIELD 
production; 
continued L1A 
production for Flux 
Gate spin axis 
offset calibration 
using EDI time-of-
flight 
measurements 

Jan 
2020 

MMS3 / GDU2 / 
Gun Deflector5 

Optocoupler 
Deterioration 

EFIELD: Loss of beam 
return in azimuthal 
section for large 
deflection from 
symmetry axis 

None; Safe Mode 
entry prevented by 
increasing out-of-
limits persistence   

May 
2021 

MMS3 / GDU2 / 
Optics Upper 
Injector 

Optocoupler 
Deterioration 

AMBIENT: loss of 
geometric factor for 
poleward look directions 
(in field aligned and 
alternating pitch angle 
modes) 

Restrict sampling 
to perpendicular 
pitch angles (least 
amount of stress 
on optocoupler) 

Jan 
2022 

MMS3 / GDU1 / 
Optics Upper 
Deflector 

Optocoupler 
Deterioration 

EFIELD: potential loss 
of geometric factor and 
ability to detect signal 
return for poleward look 
directions 

None; Safe Mode 
entry prevented by 
increasing out-of-
limits persistence   

Apr 
2020 

MMS4 / GDU2 / 
Optics Upper 
Deflector 

Optocoupler 
Deterioration 

EFIELD: potential loss 
of geometric factor and 
ability to detect signal 
return for poleward look 
directions 

None; Safe Mode 
entry prevented by 
increasing out-of-
limits persistence   

Sep 
2022 

MMS4 / GDU1 / 
Optics Upper 
Injector 

Optocoupler 
Deterioration 

EFIELD: potential loss 
of geometric factor and 
ability to detect signal 
return for poleward look 
directions 

Decision pending 

Table 10-1 Summary of EDI Instrument Degradation and Operational Impact 
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10.1.2 Mode Scheduling  
In the first years of the mission science operations were restricted to altitudes above 4 Re. Later 
in the mission this limit was reduced to 3Re in order to help with EDP calibration in the inner 
magnetosphere.  EFIELD operations were typically scheduled on the outbound and inbound 
side for several hours (typically 5 hours), except in mission phase 1X where operations were 
reduced to conserve opto-coupler life, and phase 2A where no EFIELD operations were 
scheduled for the same reason.  
 
In the remaining part of the orbit, Ambient Mode was used. Originally one sampling mode, field 
aligned or alternating between field aligned and perpendicular electrons, was used per orbit. 
Starting with phase 3B this was changed to switching between three sampling modes, where 
the first sampling intervals ended at the end of SROI1 and the third interval started at the 
beginning of SROI3. The detector energy was 500eV initially, but was later reduced to 250eV 
due to deteriorating opto-couplers. Table 10-2 summarizes the Ambient Mode Operations over 
the mission. 
 
OBS Mission 

Phase 
From To Sampling 

Mode 
L2 Data Product 

     Field 
Aligned 

Perpendicular Alternating 

1 1A 2015-
09-01 

2016-
01-06 

FA amb   

234 1A 2015-
09-01 

2016-
01-04 

FA amb   

1 1A, 1X 2016-
01-14 

2016-
06-12 

FA amb-
pm2 

  

234 1A, 1X 2016-
01-04 

2016-
06-12 

FA amb-
pm2 

  

1234 1X 2016-
07-29 

2016-
09-12 

ALT   amb-alt-cc 

134 1B 2016-
09-12 

2016-
10-13 

ALT   amb-alt-oc 

2 1B 2016-
09-12 

2016-
10-07 

ALT   amb-alt-oc 

2 1B 2016-
10-09 

2016-
10-09 

ALT   amb-alt-cc 

2 1B 2016-
10-10 

2016-
10-13 

ALT   amb-alt-oc 

1234 1B, 2A 2016-
10-14 

2017-
05-05 

FA amb-
pm2 

  

1234 2B 2017-
05-05 

2017-
05-24 

ALT   amb-alt-oob 

1234 2B, 3A 2017-
06-18 

2017-
11-14 

FA amb-
pm2 

  

1234 3B, 3C 2017-
11-14 

2018-
05-10 

FA / ALT / 
FA 

amb-
pm2 

 amb-alt-oob 

1234 3C, 3D, 
4A 

2018-
05-10 

2019-
02-12 

FA amb-
pm2 
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1234 4B 2019-
02-12 

2019-
03-05 

FA / ALT / 
FA 

amb-
pm2 

 amb-alt-oob 

1234 4B-D, 5A 2019-
03-05 

2019-
10-31 

FA  / ALT / 
90 

amb-
pm2 

amb-perp-ob amb-alt-oob 

1234 5A-C 2019-
10-31 

2020-
05-11 

FA  / ALT / 
90 

amb-
pm2 

amb-perp-ob amb-alt-oob 

123 5C 2020-
05-11 

2020-
06-23 

FA  / ALT / 
90 

amb-
pm2 

amb-perp-ob amb-alt-oob 

1 5D, 6A 2020-
06-23 

2020-
11-02 

FA  / ALT / 
90 

amb-
pm2 

amb-perp-ob amb-alt-oob 

123 6A 2020-
11-02 

2020-
11-24 

FA  / ALT / 
90 

amb-
pm2 

amb-perp-ob amb-alt-oob 

123 6B 2020-
11-24 

2020-
12-08 

FA / 90 / 
90 

amb-
pm2 

amb-perp-ob  

123 6B, 6C 2020-
12-08 

2021-
05-04 

FA / Safe / 
90 

amb-
pm2 

amb-perp-ob  

1 6C-D, 
7A-D 

2021-
05-04 

current 90 / FA / 
90 

amb-
pm2 

amb-perp-ob  

3 6C-D, 
7A-D 

2021-
05-04 

current 90 / 90 / 
90 

 amb-perp-ob  

2 7D 2022-
06-16 

current Safe / 
Safe / FA 

amb-
pm2 

  

Table 10-2 Ambient Mode Sampling Options Summary 

10.2 EDI DATA VOLUME AND TIMING 

10.2.1 Electric Field Mode Time Tags 
Raw (level 0) EDI electric field mode data are organized in data structures that contain electron 
beam firing directions and measured times-of-flight of detected return beams, along with a 
quality indicator, timing information and other measurement settings such as the time-of-flight 
correlator code clock dividers that are needed for the ground analysis, as well as some auxiliary 
information. The raw data structures have the same size and content in burst and survey 
telemetry, although they are organized differently in the level 0 telemetry. 
 
 
The time tags assigned to L2 data are not the centers of the 5 second analysis time intervals, 
but are calculated as the average of the times of all detected return beams that contributed to 
the result. For that reason the EDI L2 electric field data are not spaced regularly in time. 
Moreover, there are times when no adequate data are found in a given 5 second interval, 
resulting in data gaps.  
 
The E-Field telemetry bit rates and volume are shown in Table 10-3.  

10.2.2 Ambient Electron Mode Time Tags 
Ambient Electron Mode data are sampled on a regular basis at a rate of 1024 samples per 
second for burst data and 32 samples per second for survey data. The sampling for burst data 
is contiguous. That is, there is no gap between the accumulation windows of subsequent 
samples. In survey the accumulation windows cover only 50% of the time between two 
subsequent samples.  
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Given the regular sampling, the raw telemetry contains only the packet coarse and fine time in 
each packet and the time tags for each sample are constructed on the ground during the 
processing of the L1A data. The time tags identify the centers of the accumulation windows. The 
onboard timing is controlled by the 223 Hz (8,338 MHz) FIELDS Master clock. The frequency 
error of this clock (of the order of 10 ppm) is corrected for on the ground when constructing the 
sample time tags. The residual error on the time tags is 50us. 

10.2.3 EDI Data Volume 
Table 10-3 shows the Survey and Burst data volumes for EDI in E-Field and Ambient Mode. 
 

Telemetry Mode EDI Mode Size 
(bytes) 

Cadence 
(seconds) 

Bit Rate 
(bits per second) 

Survey E-Field 794 4 1588 
Survey Ambient 786 4 1572 
Burst E-Field 5216 1 41728 
Burst Ambient 8746 1 69968 

Table 10-3 EDI Data Volume in Survey and Burst for E-Field and Ambient Mode 

10.3 EDI CALIBRATION AND VALIDATION 

10.3.1 Pre-Flight / On-Ground Calibration 
For successful operation of electric field mode precise knowledge and control of the electron beam firing 
direction of the gun is mandatory, requiring a dedicated ground calibration to determine the deviation of 
the actual deflection characteristics from a modeled behavior individually for each gun. 
 
The EDI detector on the other hand has a fairly wide field of view in order to be able to accommodate the 
aberration of the return beam direction with respect to the firing direction which can be up to several 
degrees depending on electric and magnetic field conditions. In addition, the uniformity requirements on 
the detector over the azimuth angle (translating into sensor anodes) of its look direction are not too 
stringent since the variation of the signal is dominated by the variability of the electric and magnetic 
fields as well as statistical effects in the correlator that is used for electron beam modulation, return beam 
detection and time-of-flight measurement. For that reason, a detector characterization on the ground was 
deemed sufficient.  
 
A more elaborate characterization of the detector for the purpose of Ambient Mode data processing was 
performed in orbit. 
 
A description of the design of EDI and a summary of its pre-flight and ground calibration results 
can be found in the publication: 
 

Torbert, R.B., et al, The Electron Drift Instrument for MMS, Space Sci Rev 
199, 283–305 (2016). https://doi.org/10.1007/s11214-015-0182-7 

10.3.1.1 Electron Guns 
The main purpose of the gun calibration was the determination of two gun deflection voltages (called XD 
and YD) as a function of polar and azimuth angles of the beam firing direction on a fine angular grid. Due 
to the deflection characteristics two grid sizes were used, two degrees for polar angles below 70 degrees, 
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and one degree between 70 and 96 degrees. The azimuthal grid size was one degree. In addition to the 
beam pointing calibration, values of the gun focus voltage and wehnelt voltage were determined, and 
beam profiles were recorded for a subset of the beam pointing directions. While the wehnelt voltage is 
fixed for a given energy and is tuned to achieve maximum output beam current, the focus voltage impacts 
the beam profile and is dependent on the beam pointing directions, although a coarser grid than for the 
beam pointing was sufficient. These calibrations were performed for two energies, 1 keV and 500eV, and 
for two guns also for 250 eV. Since the reference voltages for the gun are generated in the Gun-Detector 
electronics (GDE) a particular gun calibration is always valid for the pair of Gun and GDE that were used 
together in the calibration.  
 
The calibrations were carried out at the Space Research Institute (Institut für Weltraumforschung) in 
Graz, Austria, using a dedicated vacuum chamber. Stepper motors were used to orient the gun with 
respect to a position sensitive detector. An iterative approach was used to determine the XD and YD 
deflection voltages that pointed the beam’s center (as defined by peak emission) on the detector. The 
requirement for beam pointing accuracy is 1 degree, with a goal of a residual error below 0.1 degrees for 
the deviation of the calculated location of the beam current peak on the detector from the reference point.  
 
Figure 10-2 shows the residual angular error at 500eV energy as a polar color map for Gun SN 4 in GDU 
SN 9 which is installed as GDU2 on MMS4 500eV energy. Figure 10-3 shows the residual error at 1 keV 
for the same Gun. Except for isolated small regions near the center (symmetry axis) the goal of 0.1 
degrees residual error is met for both energies. 

 
Figure 10-2 Gun SN 4 Residual Beam Pointing Error at 500 eV 
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Figure 10-3 Gun SN 4 Residual Beam Pointing Error at 1 keV 

10.3.1.2 Detectors 

10.3.1.2.1 Sensor Tests 
The sensor subunit of each GDU with its micro-channel plates (MCP), HV supply, custom pre-amplifiers 
and subsequent processing electronics went through a standalone testing sequence that was tightly 
interwoven with the sensor assembly. The test steps consisted of preamplifier threshold trimming, pre-
amplifier delay variation measurement, a thermal test and electrical tests prior to and after board coating 
and a final vacuum test where MCP gain uniformity as well as aliveness of the signal path for each of the 
32 azimuthal channels were demonstrated by rotating the sensor slowly by 360 degrees around its 
symmetry axis while illuminating the MCP input face with a fine pencil electron beam, and the MCP 
operating voltage was determined 
 
The subsequent figures are from Sensor SN 8 which is integrated in GDU SN9 on MMS4. 
 
Figure 10-4 shows the measured preamplifier signal delay variation as a function of input pulse height. 
The test was performed using test pulses and only for only two of the 32 amplifiers, channels 7 and 27. 
Channel 27 is special in that there is a calibration spoke near its anode which leads to increased 
capacitance for this channel, resulting in a slightly larger signal delay through the pre-amplifier. The 
minimum delay (for large input pulse height) was approximately 20 ns. The largest delay at 1.2 x 
threshold was 60 ns for channel 27, leading to a variation of 40 ns which is well below the 60 ns specified 
in the sensor requirements. 
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Figure 10-4 EDI Sensor SN8 Preamplifier Delay Measurements 

Figure 10-5 shows the result of the roll test of Sensor SN8. Due to the fine electron beam used and the 
fine grained azimuthal steps of the 360 degree roll the gaps between anodes were resolved, as indicated 
by the periodic dips of the count rate. The worst-case change in count rate over all channels was 
approximately 10%, well below the required 25%, for the operational MCP high voltage of 2400 volts.  
 

 
Figure 10-5 EDI Sensor SN8 Roll Test Results at 2400V and 2600V 
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10.3.1.2.2 Optics Modeling 
The large number of electrodes in the electrostatic optics of the detector section of the EDI GDUs results 
in a large parameter space for the operation of the detector. The commercial “Lorentz” software suite was 
used to perform extensive simulations of the optics in order to determine appropriate sets of voltages to 
achieve the desired response to the incoming electron beam. Driving factors were finding suitable 
tradeoffs between signal-to-noise ratio and angular acceptance window width.  
 
The Lorentz software provided both the electric field solution as well as the calculation of electron 
trajectories taking the physical structure of the optics into account. For any given look direction thousands 
of trajectories were calculated and the positions of those which would hit the micro-channel plates were 
recorded. The input trajectories were varied over input angle and location so that all possible successful 
trajectories over the full range of angles and source locations were bounded by the simulation. With the 
simulation results maps of input angle versus Sensor anode number were built for a given look direction. 
 
Figure 10-6 shows a comparison of between simulated and measured response for three optics look 
directions (polar angle) of 30, 60 and 90 degrees. There is good agreement regarding the shape and extent 
of the response. The agreement provided verification that the simulation is accurate and could be used 
with confidence for developing lookup tables for the electrode voltages of the optics. 

 

 
Figure 10-6 Comparison of Simulated Response (top row) and Measured Response (bottom row) of 
the EDI Optics for Three Look Directions [The vertical axis shows the anode pad number of the 
counts received by that pad and the horizontal axis shows the angular range relative to the 
symmetry axis of the GDU] 

10.3.1.2.3 Detector Characterization 
Characterizations of the detectors were performed on all flight GDUs during component level testing. The 
electron source for these characterizations was a broad beam generated using a UV backlit thin plate with 
chrome coating. The plate was biased negatively at the desired voltage (energy) and photoelectrons 
emanating from the plate were accelerated towards a grid at ground potential between the plate and the 
GDU. The GDU was mounted on a manipulation table that allowed the rotation of the GDU 360 degrees 
around its symmetry axis and pitching the GDU towards/away from the beam so that incident angles 
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between 0 and 110 degrees relative to the symmetry axis could be achieved. Figure 10-7 illustrates the 
test setup. 

 
Figure 10-7 EDI GDU Detector Characterization Test Setup 

The characterization performed consisted of roll tests around the symmetry axis for selected combinations 
of optics look-angles and associated pitch angles. These tests demonstrated the desired degree of 
uniformity of the integrated detector system and established the dependency of the effective beam area on 
polar angle for monodirectional and monoenergetic beams. Another set of tests was run to demonstrate 
and characterize the polar acceptance. In these tests the GDU was pitched for a number of look directions, 
from 0 to 110 degrees at fixed roll angle and fixed optics look direction (that is, fixed optics electrode 
voltages). In addition to these tests, adequate rejection of UV light was demonstrated. All tests were 
performed at 500 eV and 1 keV beam energy and included variations of the beam energy by 10% relative 
to the energy setting of the detector. 
 
Figure 10-8 illustrates the result of a roll test at 500eV energy for pitch angle zero and a optics look 
direction of 90 degrees. This combination of instrument pitch angle and optics look angle results in the 
beam entering the optics along the center of polar acceptance window for the configured look direction. 
The beam is focused onto a narrow azimuthal range and the variation in count rates for roll angles that 
map the peak response to a single anode is well below the desired goal of 50%. 
 
Figure 10-9 shows the result of a UV sensitivity test that demonstrates excellent UV rejection. The optics 
energy was 500 eV and the look angle was 90 degrees. At most one count was seen in any pitch angle / 
sensor anode bin within in the accumulation time window of 125 ms.  
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Figure 10-8 GDU SN9 Roll Test at 500 eV for Pitch Angle 0 (GDU Symmetry Axis Vertically, 
Perpendicular to the Beam) and Optics Look Direction 90 Degrees 

 
Figure 10-9 GDU SN9 UV Sensitivity Test at 500 eV [Counts per 125 ms as a function of pitch angle 
and anode number for a fixed roll angle of 25 degrees and an optics look direction of 90 degrees] 

10.3.2 In-Flight Calibration 

10.3.2.1 Electric Field Mode 
For Electric Field Mode the crucial calibration is that of beam firing direction vs deflection 
voltages, as it impacts both the ability to fire the beam accurately in the plane perpendicular to B 
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and the ability to perform triangulation in the ground analysis. On the engineering model GDU it 
was demonstrated that the calibration remains valid after subjection the gun to a vibration test. 
In-orbit calibration of the gun was therefore not needed. The rate of return beams seen by each 
GDU during the commissioning phase was considered adequate to perform successful ground 
analysis. Also, in-orbit calibration would have required excessive amounts of run time in a 
diagnostic version of electric field mode where small voltage offsets are added on top of the 
calibrated values to determine if this results in a better rate of beam return detections. As 
several of the EDI high voltage opto-couplers were known to be limiting the useful life of the 
instrument it was decided not to pursue this diagnostic mode.  

10.3.2.2 Ambient Electron Mode 
Ambient Mode calibration consists of three steps: flat-fielding the detector response, relative 
adjustment between the two GDUs on each observatory and conversion to fluxes. 
 
For the purpose of determining the instrument correction function that flat-fields the detectors’ 
response as a function of look direction, a special diagnostic “Detector Characterization” has 
been run at the beginning of the outbound operations (4Re) every other orbit between 
September 2016 and April 2017, and then once every 7 orbits until November 2020.  Each 
detector characterization steps the optics look direction from 0 (along the symmetry axis) to 101 
degrees. Near the pole more fine grained stepping is used as the instrument’s response 
function exhibits a higher change per degree in that region. For each look direction setting a 
special Sensor test mode is run. This mode samples counts from all 32 anodes in eight steps of 
four contiguous and simultaneously sampled anodes and sends the counts down in a special 
telemetry packet. The sampling time is set slightly below 125 ms so that a complete sampling of 
all 32 anodes is completed in slightly under one second. The mode is run repeatedly for each 
optics look angle setting. The total duration of one complete detector characterization is 
approximately 12 minutes. In the analysis the obtained data are filtered to eliminate effects of 
natural time variation and pitch angle dependency of fluxes. The result of a detector 
characterization is a map of anode-to-anode variations in count rates that are due to the 
instrument’s response. Results from several detector characterizations have been combined to 
get a good average and remove uncertainties from residuals in undesired effects (e.g. pitch 
angle dependency of fluxes). Figure 10-10 shows the derived azimuthal correction factors for 
GDU1 (SN 3) on MMS1 from the seven executions of the detector characterization that have 
been merged to arrive at a single averaged azimuthal correction map.  
 



670-MMS-Proj-Plan-CMAD 
MMS Overview – Revision 4 
 

This document is continually updated as new information becomes available.  Downlink 
the latest version before use: http://doi.org/10.48322/VSHD-SV21. 

10-15 

 
Figure 10-10 Azimuthal Correction Factors for MMS1 GDU1 (SN3) for the Seven Detector 
Characterizations that were Used to Arrive at an Average Azimuthal Correction Map [The colors 
in each panel separate data from different optics looks angles] 

The second part of the flat-fielding concerns the polar correction (dependency on optics look 
direction). This correction has been initially derived from short time intervals of Ambient Mode 
data during the commissioning phase. Improvements to the map have been made by using the 
data from the above detector characterizations as well as comparisons with L2 DES fluxes. 
Figure 10-11 shows the resulting polar flat-fielding function which is generic and is applied to all 
GDUs. 
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Figure 10-11 Polar Correction for EDI Ambient Mode Data [The red trace shows the original 
version (V1) derived from EDI burst data during a quiet interval during the commissioning phase. 
The green trace is the improved correction derived from in-flight detector characterization data. 
The blue trace (V3) is a slight correction for small polar angle values derived by comparing EDI 
data with L2 DES fluxes] 

Relative counts levels of the two GDUs are determined from daily Ambient Mode data 
separately for field-aligned and perpendicular samples and by removing data from times of high 
variability of the count rates.   
 
The absolute calibration factors for the conversion to fluxes are determined from comparison 
with FPI DES L2 data. 

10.3.3 Validation 
EDI Electric field data are validated by their usage in the cross-calibration of the EDP electric 
field data. They serve as a baseline to establish and remove offsets in the EDP data. 
 
EDI Ambient Mode data are validated by their cross-calibration with DES fluxes using DES 
energy bins closest to the EDI Detector energy setting. 
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10.4 EDI ELECTRIC FIELD MEASUREMENT ALGORITHM 
DESCRIPTIONS 

10.4.1 Theoretical Basis 
The basic concept of determining the displacement (“drift step”) of a test beam of electrons after 
one or more gyrations in the ambient magnetic field from triangulation of firing directions and 
from time-of-flight differences is described in section 3 of  
 

Torbert, R.B., et al, The Electron Drift Instrument for MMS, Space Sci Rev 
199, 283–305 (2016). https://doi.org/10.1007/s11214-015-0182-7 

 
To find the beam directions that will hit the detector, EDI sweeps each beam in the plane perpendicular to 
B at a fixed angular rate of 0.22°/ms until a signal has been acquired by the detector. Once signal has 
been acquired, the beams are swept back and forth to stay on target. Beam detection is not determined 
from the changes in the count-rates directly, but from the square of the beam counts divided by the 
background counts from ambient electrons, i.e., from the square of the instantaneous signal-to-noise-ratio, 
SNR2. This quantity is computed from data provided by the correlator in the Gun-Detector Electronics 
that also generates the coding pattern imposed on the outgoing beams. If the squared signal-to-noise ratio 
exceeds a threshold, this is taken as evidence that the beam is returning to the detector. The thresholds for 
SNR2 are chosen dependent on background fluxes. They represent a compromise between getting false 
hits (induced by strong variations in background electron fluxes) and missing true beam hits. The basic 
software loop that controls EDI operations is executed every 2 ms. As the times when the beams hit their 
detectors are neither synchronized with the telemetry nor equidistant, EDI data have no fixed time-
resolution. Data are reported in telemetry slots. In Survey, using the standard packing mode 0, there are 
eight telemetry slots per second and GDU. The last beam detected during the previous slot will be 
reported in the current slot. If no beam has been detected the data quality will be set to zero. In Burst 
telemetry there are 128 slots per second and GDU. The data in each slot consists of information regarding 
the beam firing directions (stored in the form of analytic gun deflection voltages), times-of-flight (if 
successfully measured), quality indicators, time stamps of the beam hits, and some auxiliary correlator-
related information. 

10.4.2 Error Analysis and Known Features in the Dataset 
Triangulation errors are determined from the radial and azimuthal extent of the 95% confidence 
level iso-contour of the 2-dimensional cost function, and are propagated from the 2-dimensional 
drift step in the gyro-plane to the 3-dimensional drift velocity and electric field vectors in the 
target coordinate systems. 
 
Time-of-flight method errors on the drift step magnitude are computed using the student’s t-test 
which measures the significance of a difference of means. The errors are reported at the 95% 
confidence level. The azimuthal error is determined from the spread of the firing directions. 
Propagation of the errors to the 3-dimensional drift velocity and electric field vectors is done in 
the same way as for the triangulation analysis. 

10.4.3 EDI Quality Flags 
There are no quality flags in the L2 E-Field data products. For data derived from triangulation 
analysis the reduced c2 value is available in the L2 data set in case filtering of the data is 
desired.  
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10.5 EDI AMBIENT ELECTRON MEASUREMENT ALGORITHM 
DESCRIPTIONS 

10.5.1 Theoretical Basis 
EDI Ambient Electron Mode has the capability to sample at either 90 degrees pitch angle or at 
0/180 degrees (field aligned), or to alternate between 90 degrees and field aligned with 
selectable dwell times. The choices for energy are 250eV, 500eV and 1keV. The two EDI Gun-
Detector Units are mounted on opposite sides of the spacecraft and their detectors are facing 
opposite hemispheres. At any given time their look directions are set to look strictly into opposite 
directions. So, when sampling field aligned data, while one detector is looking along B the other 
is looking anti-parallel to B (corresponding to pitch angles of 180 and 0 degrees, respectively). 
The detectors switch roles approximately every half spin of the spacecraft as the tip of the 
magnetic field vector spins outside the field of view of one detector and into the field of view of 
the other detector. 
 
The look direction of the detector is defined by a polar angle with respect to the symmetry axis 
of the detector, and an azimuth angle. The polar angle is set by applying the correct voltages to 
the electrodes in the upper section of the EDI optics. The azimuth angle impacts the selection of 
four contiguous (out of 32) anodes of the sensor. There is a variety of configuration options 
regarding the detailed anode selection with regard to the nominal pitch angle. To make the 
choice apparent to the L2 end user in an easy way, the chosen option together with the sampled 
pitch angles impacts the name of the L2 data product. This is outlined in detail in the following 
subsections. 

10.5.1.1 Ambient Mode Raw Telemetry 

10.5.1.1.1 Survey Telemetry 
Survey telemetry reports a single channel per GDU. Sampled data are from non-contiguous 
time intervals. There are 32 samples per second, so samples are spaced by 31.25 ms. Each 
sample is accumulated over half of the sample spacing, or 15.625 ms. The associated time tags 
identify the center of each sampling interval. 
 
The single channel per GDU can be either a combination (sum) of two adjacent anodes, or a 
data from one anode. This is controlled independently for field aligned and perpendicular 
sampling. The details are given in a table further below. 
 
Look directions are reported at the same rate as the count rate channels. The azimuth angle 
reported in L1A telemetry (mmsX_edi_amb_phi)  can be turned into the respective anode 
numbers for GDU1 and GDU2 for the purpose of applying a relative calibration, as outlined in a 
table further below. Note, however, that as a function of spacecraft rotation and magnetic field 
orientation, the anode used for the sampling may have actually changed during the sampling 
interval. 

10.5.1.1.2 Burst Telemetry 
Burst telemetry reports four channels (numbered 1 through  4) per GDU from four contiguous 
anodes with one ms time resolution (1024 samples per second), using continuous sampling. 
The counts in the reported channels are compressed in the L0 data, using a lossy compression 
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(errors in the reconstruction of the uncompressed counts are below one sigma). The L1A data 
stores the de-compressed counts data. 
 
Look directions are reported at one eighth of the count channels rate (one set of look directions 
every 7.8125 ms). For the determination of anode numbers the azimuth of the look direction 
(mmsX_edi_amb_phi) must be expanded to match the time resolution of the counts channels. A 
cross-reference between reported azimuth and the anode number for each counts channel as a 
function of the mode configuration is given in a table further below. 

10.5.1.1.3 Flip Flags 
The flight software maintains the detector look directions in its basic processing cycle every 2ms 
such that the polar angle of the optics and the sensor anode numbers best match the selected 
pitch angles in accordance with the mode configuration options. Owing to spacecraft rotation 
and directional magnetic field variation, the direction to be maintained can slide out of the field 
of view of the detector. This happens typically every half spin, and the two detectors swap their 
roles. As this occurs when the polar angle reaches 90 degrees (“horizon”), this kind of swap 
impacts only the azimuth angle (and thus the sensor anode selection), while the polar angle 
remains close to 90 degrees for each detector. 
 
When Ambient Mode is configured to alternate between field aligned and perpendicular 
sampling, there is, in addition, a rapid switch of look directions each time the dwell time for the 
current pitch angle expires. This change in look direction impacts the polar angle and thus 
causes a slew of high voltages on some of the electrodes in the upper section of the optics. The 
response time of the HV amplifiers is of the order of 2 ms. Each time this kind of switch takes 
place, there is therefore a transitional period during which the sampled counts represent neither 
perpendicular nor field aligned data. 
 
Both the horizon flips and the field aligned/perpendicular flips are indicated via flip flags (L1A 
variable mmsX_edi_flip) in L1A telemetry. The flip flags should be used to eliminate transitional 
burst data in alternating mode. Details are given further below.  
 
The dwell times in alternating modes are restricted to values that ensure that the look direction 
switches between field aligned and perpendicular sampling fall into the non-data taking periods 
of the non-contiguous sampling of the survey data. 

10.5.1.1.4 Anode Selection / Placemat 
Two options exist for the selection of sensor anodes. They are referred to as centered and one-
sided placement. These options can be selected separately for field aligned and perpendicular 
data. 
In the case of centered placement, the number of the four contiguous anodes are chosen such 
that their combined center (the gap between the inner two anodes) is the best match for the 
current pitch angle. 
In the case of one-sided placement, the anode numbers are chosen such that the center of the 
lowest numbered of the four anodes is the best match for the current pitch angle.  
 
For one-sided perpendicular sampling there is an additional option that impacts only the burst 
telemetry channels 2, 3, and 4: 
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• either place the other three anodes (burst channels 2,3,4) such that they sample towards 
lower pitch angles in both GDUs 

• or let the anodes in GDU1 sample towards lower pitch angles (90º and lower) and the 
anodes in GDU2 sample towards higher pitch angles (90º and higher) 

10.5.1.2 L1A Variable Relation to L2 Data Product 
Names 

This section describes the L1A variables that impact the L2 data product names. 
 
mmsX_edi_amb_pitchmode -- This L1A variable indicates which pitch angles have been 
sampled. 
 

• 0: Field aligned sampling only (pitch angles 0º/180º) 
 

• 1 or 3: Alternating between field aligned (pitch angles 0º/180º) and perpendicular (pitch 
angle  90º) sampling. In this case the L1A variable “mmsN_edi_amb_dwell” indicates 
the  amount of time spent sampling data in between switches between field aligned 
and  perpendicular directions. The number is given in units of 1/512 seconds. 

 
• 2: Perpendicular sampling only (pitch angle 90º only) 

 
mmsX_edi_amb_pacmo -- This L1A variable impacts, for field aligned sampling: 

• the anode selection (centered vs one-sided) 
• the number of anodes that are summed in the channel reported in survey telemetry:  

o two anodes for centered 
o one anode in the case of one-sided anode placement 

 
mmsX_edi_amb_perp_onesided -- This L1A variable impacts, for perpendicular sampling: 

• the anode selection (centered vs one-sided) 
• the number of anodes that are summed in the channel reported in survey telemetry: 

o two anodes for centered 
o one anode in the case of one-sided anode placement 

 
mmsX_edi_amb_perp_bidirectional -- This L1A variable impacts only burst data for 
perpendicular sampling. It indicates whether both GDUs sample pitch angle 90º and lower 
(“mono-directional”), or whether GDU1 and GDU2, respectively, sample pitch angle 90º and 
lower / higher (“bidirectional”). 
 
Table 10-4 summarizes how the discussed L1A variables are related to the L2 data product 
names.  
 

L2 Data 
Product Name 

L1A Variable   
mmsX_edi_amb_... 

Sampled Pitch 
Angles 

...pitchmode ...pacmo ...perp_onesided ...perp_bidirectional 
amb 0 1 N/A N/A 0 / 180 
amb-pm2 0 2 N/A N/A 0 / 180 
amb-alt-oc 1 o 3 2 0 N/A 0 / 180 and 90 
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amb-alt-cc 1 or 3 1 0 N/A 0 / 180 and 90 
amb-alt-oom 1 or 3 2 1 0 0 / 180 and 90 
amb-alt-oob 1 or 3 2 1 1 0 / 180 and 90 
amb-perp-ob 2 2 1 1 90 

Table 10-4 EDI Ambient Mode L2 Data Product Names 

Table 10-5 below summarizes the anode placement and pitch angle 90º sampling direction for 
each L2 data product. 
 

L2 Data 
Product Name 

Anode Placement 
for PA 0º/180º 

Anode Placement 
for PA 90º 

Pitch angle 90º sampling direction 

amb centered N/A N/A 
amb-pm2 one-sided N/A N/A 
amb-alt-oc one-sided centered N/A 
amb-alt-cc centered centered N/A 
amb-alt-oom one-sided one-sided mono-directional 
amb-alt-oob one-sided one-sided bi-directional 
amb-perp-ob N/A one-sided bi-directional 

Table 10-5 Sensor Anode Placement for EDI L2 Ambient Mode Data Products 

10.5.1.3 Anode Placement Details 
For the purpose of identifying the anodes used for each survey and burst data channel, it is best 
to turn the L1A azimuth angle mmsX_edi_amb_phi into a reference anode number N that 
serves as a basis for identifying the per-channel anode numbers dependent on the mode 
configuration details: 
 

N =  round( mmsX_edi_amb_phi / 11.25) 
 
The table below shows how the per-channel anode numbers can be derived from the reference 
anode number N for each L2 data product. The per-channel anode numbers can be used as 
indices into the 2D relative calibration tables for each GDU. 
 

L2 Data 
Product 

Pitch 
Angle 

Anode 
Placement 

Survey Burst 
GDU1 GDU2 GDU1 GDU2 

ch1 ch2 ch3 ch4 ch1 ch2 ch3 ch4 
amb 
amb-alt-cc 
amb-alt-oc 

0/180 
0/180/90 

90 

 
centered 

 
N – 1, N 

 
15 – N, 16 - N 

 
N - 2 

 
N - 1 

 
N 

 
N + 1 

 
14 - N 

 
15 - N 

 
16 - N 

 
17 - N 

amb-pm2 
amb-alt-oc 
amb-alt-oom 

0/180 
0/180 

0/180/90 

 
one-sided 

 
N 

 
15 - N 

 
N 

 
N + 1 

 
N + 2 

 
N + 3 

 
15 - N 

 
16 - N 

 
17 - N 

 
18 - N 

amb-alt-oob 0/180/90 one-sided N 15 - N N N + 1 N + 2 N + 3 15 - N 14 - N 13 - N 12 - N 
amb-perp-ob 90 one-sided N 15 - N N N + 1 N + 2 N + 3 15 - N 14 - N 13 - N 12 - N 

Table 10-6 Sensor Anode Numbers per Channel for Each EDI L2 Ambient Mode Data Product 
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10.5.1.4 Calculation of Azimuth Angles for Data 
Channels 

For the calculation of particle trajectories in the L2 data, the per-channel anode numbers from 
the above table need to be turned into azimuth angles. Table 10-7 provides the necessary 
formulas. Note that GDU2 angles are given in GDU2 coordinates. 
 
N = reference anode number, derived from L1A telemetry variable mmsX_edi_amb_phi 
A = per-channel anode number, as given in Table 10-7 
 

Telemetry Anode Placement GDU1 GDU2 
Burst any φ = (A + 0.5) * 11.25° φ = (A + 0.5) * 11.25° 
Survey centered φ = N * 11.25° φ = (16 - N) * 11.25° 
Survey one-sided φ = (N + 0.5) * 11.25° φ = (15.5 - N) * 11.25° 

Table 10-7 Relation of Sensor Anode Numbers to Azimuth Angles of EDI Detector Look Direction 

10.5.1.5 Flip Flag Summary 
Table 10-8 summarizes how flip flags are handled, depending on L2 data product and telemetry. 
 

L2 Data Product 
Name 

Survey Burst 

amb ignored ignored 
amb-pm2 ignored ignored 
amb-alt-oc ignored insert fill data for the pair of flagged data points (fluxes) 

and the data point immediately following 
amb-alt-cc ignored insert fill data for the pair of flagged data points (fluxes) 

and the data point immediately following 
amb-alt-oom ignored insert fill data for the pair of flagged data points (fluxes) 

and the data point immediately following 
amb-alt-oob ignored insert fill data for the pair of flagged data points (fluxes) 

and the data point immediately following 
amb-perp-ob ignored ignore 

Table 10-8 EDI Ambient Mode Flip Flag Handling 

10.5.2 Error Analysis and Known features in the Dataset 
The error analysis of the EDI ambient electron data takes into account the statistical variation of 
the raw counts, properly propagated through the sensor deadtime correction as well as 
uncertainties from the three calibration steps.  

10.5.2.1 Dead Time Correction 
The dead time correction is given by 
 

C  =  R ∙ tA   /  (  tA – R ∙ tD ) 
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with the following abbreviations: 
 C dead time corrected counts 
 R raw counts 
 tA the accumulation time (1/1024 sec for burst, 1/64 sec for survey) 
 tD the sensor dead time (200ns) 
 
The error propagation from raw to dead time corrected counts is 
 

errC  =  errR  ∙  [ tA   /  (  tA – R ∙ tD ) ] 2  
 
where the one-sigma error sqrt(R) is used for errR. 

10.5.2.2 Calculation of Ambient Electron Flux Errors 
The calculation of absolute fluxes is given by the formula 
 

F  =  C ∙ R ∙ A 
 
where 
 F    is the absolute flux 
 C    is the dead time corrected counts 
 R    is the relative calibration (a function of detector look angles) 
 A    is the absolute calibration factor 
 
The error in the absolute flux is calculated according to  

 
errF = F ∙  SQRT [  (errC  / C) 2 + (errR  / R) 2 + (errA  / A) 2  ] 

 
The error errC for the dead time corrected counts is given in section 3.4.1. The second term errR 

/R is ignored at the moment, as the information on the relative calibration is still being improved, 
especially for small polar look angles where the relative calibration R factor is largest. For the third 
term errA /A, we assume a factor of 0.2 (20% error), based on the general level of agreement in 
comparisons between DES burst Quicklook data and EDI ambient burst data. 

10.5.3 EDI Quality Flags 
Currently there are no quality flags in the L2 Ambient Electron data sets. It is planned to add a 
flip flag that indicates times during which the detectors were in a transitional state due to rapid 
changes of look directions. 

10.6 EDI DATA PRODUCTION ALGORITHM DESCRIPTIONS 
The following Level 2 EDI data products are being generated. 
 
Electric Field Data  --  This is the primary data product generated from data collected in electric 
field mode. The science data generated are drift velocity and electric field data in various 
coordinate systems. They are derived from triangulation and/or time-of-flight analysis. Where 
both methods are applicable, their results will be combined using a weighting approach based 
on their relative errors. 
 
Quality-Zero Data  --  These data are a by-product generated from data collected in  electric 
field mode. Whenever no return beam is found in a particular time slot by the flight software, the 
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data to be reported will be flagged with the lowest quality level (quality zero). The ground 
processing generates a separate data product from these counts data.  
 
Ambient Electron Data  --  The raw counts data collected in ambient mode are going through a 
three step calibration for conversion to fluxes. The first step performs a dead time correction of 
the raw counts and applies a flat-fielding calibration that removes the instrument response 
dependency on look direction (optics polar angle and sensor anode pad number). The second 
step brings the flat-fielded counts from the GDUs to the same level. The third step is a 
multiplication with a factor to convert from relative, dead time corrected counts to fluxes. 

10.6.1 E-Field Data Processing 
Generation of L2 Electric Field Mode data is a three step process as illustrated in Figure 10-12. 
In the first step L1A files are generated from L0 raw telemetry. Aside from extraction of data this 
involves a conversion of the analytic voltages that represent the gun firing direction in the L0 
data to the azimuth and polar angles of a spherical coordinate system that has its Z axis along 
the GDU symmetry axis pointing outward in the spacecraft spin plane and the X axis along the 
negative spacecraft body Z axis. In addition, since the return beam hits are asynchronous in 
nature to any onboard clock, separate time tags in TT2000 format are calculated for every 
individual beam based on the timing information in the L0 files. Raw times-of-flight in digital units 
are converted to micro-seconds. 
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Figure 10-12 EDI Electric Field Mode Data Processing Flow 

In the second step the L1A data are processed to level L2-Pre. Data are preselected by quality 
and are sent through a process that attempts to determine the number of gyrations for each 
beam based on its time-of-flight and the gyro time derived from DFG L2Pre magnetic field data. 
The resulting data set is analyzed with both the triangulation and time of flight method as 
outlined further below. For the purpose of the analysis the data are grouped into five-second 
time intervals. For each analysis interval an average magnetic field vector is calculated for the 
definition of a gyro plane, that is, the plane perpendicular to the magnetic field. Beam firing 
directions are then represented as clock angles in that plane with respect to a reference 
direction which is chosen to be closest to the line towards the sun. 

10.6.1.1 Triangulation Analysis 
The triangulation analysis procedure determines the drift step by searching for the target-point 
that minimizes an appropriate ‘cost-function’. The cost-function is constructed, for each grid-
point in the plane, by adding up the (squared) angle-deviations of all beams in a chosen time 
interval from the direction to that grid-point. Each beam contribution to the cost-function is 
normalized by the (squared) error in the firing directions, which is a function of beam pointing 
direction and varies between 1° and 4°, using an analytic model for the beam profile as a 
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function of the polar angle of the gun firing direction. The grid-point with the smallest value of 
the cost-function is taken as the target. If a beam has been identified as a multi-runner of order 
N by the preceding runner order analysis, it is associated with a grid-point at N times the radial 
distance. When identification of the order from the runner order analysis is ambiguous, the 
respective beams are treated as single-runners. This assumption works well in most cases, as, 
compared the EDI implementation on ESA’s Cluster project, the design of the correlator and the 
choice of code frequencies makes the occurrence of multi-runners much less likely. To speed 
up the search, the procedure uses a coarse grid to identify a restricted range in which the final 
search is performed with a much finer grid. The electron trajectories are approximated by circles 
whose radius is based on the magnetic field strength. 
 
The analysis fails if the drift step and/or the magnetic field significantly vary within the chosen 
time interval (5 seconds). Such cases can be identified by the variance in the magnetic field, by 
the quality of the fit (as measured by its reduced c2), and by the errors in the computed drift 
step.  
 
Using the DFG L2pre magnetic field data, the drift steps can be converted to drift velocities and 
electric field data.  
 
Errors are determined from the radial and azimuthal extent of the 95% confidence level iso-
contour of the 2-dimensional cost function and are propagated from the 2-dimensional drift step 
in the gyro-plane to the 3-dimensional drift velocity and electric field vectors in the target 
coordinate systems. 
 
In addition to the drift step, drift velocity and electric field vectors and their respective errors, 
various processing parameters such as the number of beams involved in the analysis and the 
reduced c2 are stored in the resulting L2pre data files for the purpose of reducing the L2pre data 
set to L2 data as described in section 3.2.3. 

10.6.1.2 Time-of-Flight Analysis 
Deduction of the drift step (and the drift velocity) from analysis of the difference in the times-of-
flight of the two beams is, in principle, straightforward. If the drift step is large enough such that 
the firing directions become nearly parallel, the beams in the analysis interval can be grouped 
into two nearly oppositely directed sets. The set with the larger times-of-flight then must contain 
the beams directed towards the target, the other set those directed away from the target. This 
assignment settles the drift direction, and the drift magnitude is then computed from the 
magnitude of the difference in the times-of-flight.  
 
This simple scheme would require stable conditions (i.e., non-varying gyro time and times-of-
flight) over the analysis interval. Since this is not always the case, especially in the 
magnetosheath, the analysis makes use of the gyro time determined from the DFG L2pre data 
and interpolated to the times of the EDI beam hits. The differences between the measured 
times-of-flight and the interpolated gyro times are calculated separately for the two sets of 
beams. For each set the average difference from the gyro time is calculated and the two 
averages are then combined. This way any fixed magnitude offset in the gyro-time that might 
result from a residual error in the magnetic field calibration will cancel out. The set with the 
larger average identifies the direction towards the target. Multiplication of half the time-of-flight 
difference (the combination of the two averages as described above) with the electron velocity 
yields the drift step magnitude. 
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Calculation of drift velocities and electric fields is done in the same fashion as for the 
triangulation analysis. 
 
The error on the drift step magnitude is computed using the student’s t-test which measures the 
significance of a difference of means. The error is reported at the 95% confidence level. The 
azimuthal error is determined from the spread of the firing directions. Propagation of the errors 
to the 3-dimensional drift velocity and electric field vectors is done in the same way as for the 
triangulation analysis. 

10.6.1.3 Filtering of L2 Pre Data 
In the final step the L2Pre data are filtered using various quantities stored in the L2pre files.  For 
triangulation, the filter criteria are: 
 

(1) Reduced c2 below 10000 
(2) At least three beams in the analysis interval 
(3) Beam spread is greater than 15 degrees 
(4) Drift step magnitude is less than 3 times the triangulation baseline 
(5) Product of triangulation baseline [m], number of beams and B magnitude [nT] is 
greater than 5000 
(6) Electric Field error is less than 1 mV/m 
(7) Electric Field error is larger than 0.1 mV/m 
(8) The relative error of the electric field magnitude less than 1 (100%) 

 
Filter (5) was not present originally. It was added in October 2016 to remove bad data in 
variable fields. 
 
For the time-of-flight analysis the filter criteria are: 
 

(1) Drift step magnitude greater than 1 meter 
(2) Electric field error less than 1 mV/m 
(3) Relative error of electric field magnitude less than 1 (100%) 

10.6.1.4 File Structure L2 EFIELD Data 
For the L2 electric field data product, survey and burst files contain the same quantities with 
only the telemetry identifier (<tlm>) being different (<tlm> = srvy  or  <tlm> = brst). 
Filenames: 
 mms<N>_edi_srvy_l2_efield_<yyyymmdd>_v<x.y.z>.cdf 
 mms<N>_edi_brst_l2_efield_<yyyymmddhhmmss>_v<x.y.z>.cdf 
 
Important note: The drift velocities and electric field quantities in the L2 EDI electric field data 
files are not corrected for spacecraft velocities. They are given in the moving spacecraft frame 
of reference. That is, “gse” and “gsm” in the variable names refer only to coordinate systems, 
not frames of reference. 
 
Name Description Type Units 
mms<N>_edi_vdrift_dsl_<tlm>_l2 Drift velocity vector in 

DSL coordinates 
FLOAT km/s 

mms<N>_edi_vdrift_gse_<tlm>_l2 Drift velocity vector in 
GSE coordinates 

FLOAT km/s 
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mms<N>_edi_vdrift_gsm_<tlm>_l2 Drift velocity vector in 
GSM coordinates 

FLOAT km/s 

mms<N>_edi_e_dsl_<tlm>_l2 Electric field vector in 
DSL coordinates 

FLOAT mV/m 

mms<N>_edi_e_gse_<tlm>_l2 Electric field vector in 
GSE coordinates 

FLOAT mV/m 

mms<N>_edi_e_gsm_<tlm>_l2 Electric field vector in 
GSM coordinates 

FLOAT mV/m 

mms<N>_edi_tri_weight_<tlm>_l2 Weight of triangulation 
method when merging 
results from triangulation 
and time-of-flight 
analyses 

INT2 percent 

Support Data 
Epoch Time tags TT2000 ns 
mms<N>_edi_t_delta_minus_<tlm>_l2 Time between start of 

analysis interval and 
time tag 

FLOAT ns 

mms<N>_edi_t_delta_plus_<tlm>_l2 Time between time tag 
and end of analysis 
interval 

FLOAT ns 

mms<N>_edi_tri_rchisq_<tlm>_l2 Reduced Chi-Squared 
from triangulation 
analysis 

FLOAT none 

mms<N>_edi_v_dsl_delta_minus_<tlm>_l2 Drift velocity negative 
error 

FLOAT km/s 

mms<N>_edi_v_dsl_delta_plus_<tlm>_l2 Drift velocity positive 
error 

FLOAT km/s 

mms<N>_edi_v_gse_delta_minus_<tlm>_l2 Drift velocity negative 
error 

FLOAT km/s 

mms<N>_edi_ v_gse_delta_plus_<tlm>_l2 Drift velocity positive 
error 

FLOAT km/s 

mms<N>_edi_v_gsm_delta_minus_<tlm>_l2 Drift velocity negative 
error 

FLOAT km/s 

mms<N>_edi_v_gsm_delta_plus_<tlm>_l2 Drift velocity positive 
error 

FLOAT km/s 

mms<N>_edi_e_dsl_delta_minus_<tlm>_l2 E-field negative error FLOAT mV/m 
mms<N>_edi_e_dsl_delta_plus_<tlm>_l2 E-field positive error FLOAT mV/m 
mms<N>_edi_e_gse_delta_minus_<tlm>_l2 E-field negative error FLOAT mV/m 
mms<N>_edi_ e_gse_delta_plus_<tlm>_l2 E-field positive error FLOAT mV/m 
mms<N>_edi_e_gsm_delta_minus_<tlm>_l2 E-field negative error FLOAT mV/m 
mms<N>_edi_e_gsm_delta_plus_<tlm>_l2 E-field positive error FLOAT mV/m 

Table 10-9 L2 E-FIELD Data 

10.6.2 Quality-Zero Data 
The lowest quality level in the raw (and in the L1A) electric field data (quality zero) signals that 
no return beam was detected during a given time slot. Counts accumulated in these time slot 
are considered a proxy for the ambient electron flux at the energy of the detector. In regions 
with high variability of the magnetic/electric fields, very low magnetic fields, or high ambient 
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electron fluxes at the energy of the detector, EDI will have difficulty identifying the return beams 
(if there are any). Consequently, in those regions there will be a higher rate of quality-zero data. 
Care must be taken in general when interpreting these data. First, they are uncalibrated raw 
counts. Second, even though they did not pass the detection threshold for the squared signal-
to-noise ratio, some of the counts samples can represent a mix of beam and background 
electrons. The data can be useful as boundary markers, or for detecting anisotropies in the 90 
degree pitch angle data. 
 
The processing extracts the counts data (one ms accumulation time base) and the gun firing 
directions. From the latter the associated detector look directions are deduced and the particle 
motion directions are calculated. Particle motion directions are specified in the form of azimuth 
and polar angle in the respective coordinate system (GSE, GSM) using the following 
convention: 
 

• Polar angle = acos( z / magnitude ) 
• Azimuth angle = atan( y / x ) 

 
Since the counts are unmodified raw counts, no error is specified as it is straightforward for the 
user to calculate the one-sigma error (square root of the counts). The uncertainty in the particle 
motion direction is given as a single constant angular error number that is derived from the 
characteristic FWHM of the optics’ polar acceptance and the half width of the sensor’s azimuthal 
field of view. 
 

 
Figure 10-13 EDI Quality-Zero Data Processing 

10.6.2.1 File Structure L2 Quality-Zero Data 
For the L2 quality zero data product, survey and burst files contain the same quantities with only 
the telemetry identifier being different (<tlm> = srvy  or  <tlm> = brst) 
 
File Names: 
 mms<N>_edi_srvy_q0_l2_<yyyymmdd>_v<x.y.z>.cdf 
 mms<N>_ edi_brst_q0_l2_<yyyymddhhmmss>_v<x.y.z>.cdf 
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Name Description Type Units 
mms<N>_edi_counts_gdu1_<tlm>_l2 Raw counts measured 

by the detector in 
GDU1; accumulation 
time is 1/1024 seconds 

UINT2 counts 

mms<N>_edi_counts_gdu2_<tlm>_l2 Raw counts measured 
by the detector in 
GDU2; accumulation 
time is 1/1024 seconds 

UINT2 counts 

mms<N>_edi_traj_gse_gdu1_<tlm>_l2 Direction of particle 
motion for GDU1 
electrons in GSE 

FLOAT degrees 

mms<N>_edi_traj_gse_gdu2_<tlm>_l2 Direction of particle 
motion for GDU2 
electrons in GSE 

FLOAT degrees 

mms<N>_edi_traj_gsm_gdu1_<tlm>_l2 Direction of particle 
motion for GDU1 
electrons in GSM 

FLOAT degrees 

mms<N>_edi_traj_gsm_gdu2_<tlm>_l2 Direction of particle 
motion for GDU2 
electrons in GSM 

FLOAT degrees 

Support Data 
epoch_gdu1 Time tags for GDU1 

counts, trajectories and 
detector energy 

TT2000 ns 

epoch_gdu2 Time tags for GDU2 
counts, trajectories and 
detector energy 

TT2000 ns 

epoch_timetag Time tags for optics 
state variable 

TT2000 ns 

mms<N>_edi_optics_state_<tlm> _l2 Optics State UINT2 none 
mms<N>_edi_energy_gdu1_<tlm>_l2 GDU1 detector energy UINT2 eV 
mms<N>_edi_energy_gdu2_<tlm>_l2 GDU2 detector energy UINT2 eV 

Table 10-10 L2 Quality-Zero Data 

10.6.3 Ambient Mode Data 
Ambient Mode data processing of Level 2 data and Quicklook (QL) data is illustrated in Figure 
10-14. The initial common step is the generation of L1A data from the raw L0 data. In this step 
data are extracted, time tags in TT2000 format are added to each record, and for burst data the 
compressed counts data are decompressed. 
 
For the QuickLook Data, the counts data are corrected for dead time effects, the instrument 
response function that removes the geometric factor dependency on the look direction is applied 
(flat-fielding) and the counts from the GDUs are brought to the same level (relative calibration). 
 
For the L2 ambient data, the absolute calibration factor is applied in addition, and an error for 
the resulting fluxes is calculated that takes into account various error terms as outlined in 
section 10.5.2.2. Particle motion directions are calculated and given in GSE and DBCS 
coordinates. As in the case of the quality zero data the uncertainty in these directions is 
specified as a single angle. 
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The order of steps for the calculation of fluxes in the ambient data processing is: 
 

1. Dead time correction – for survey data where the telemetry channels contain the 
summed counts of two adjacent anodes (data products amb, amb-alt-cc and the 
perpendicular data of amb-alt-oc) the assumption is made that both anodes contribute 
evenly. The raw counts must be divided by two, then the deadtime correction is 
performed, and the result is then multiplied by a factor of 2 

2. Relative calibration (flat-fielding) 
3. Application of Inter-GDU adjustment factor 
4. Conversion to fluxes – the absolute calibration factors stored in the L2 calibration files 

are for burst data. That is, they are valid for accumulation times of 1 ms and single 
anodes. For survey data the following adjustments are made: 

a. One-sided anode placement (single anode): division of the absolute calibration 
factor by 16 to account for the longer accumulation time of survey data, This 
applies to data products amb-pm2, amb-alt-oom, amb-alt-oob, amb-perp-ob and 
the field aligned data in amb-alt-oc 

b. Centered anode placement: division of the absolute calibration factor by 32 to 
account for the longer accumulation time of survey data and the fact that data 
from two anodes have been combined. This applies to data products amb, amb-
alt-cc and the perpendicular data of amb-alt-oc 
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Figure 10-14 EDI Ambient Mode Data Processing Flow 

10.6.3.1 File Structure L2 AMBIENT Field Aligned 
Mode Data 

10.6.3.1.1 Survey 
File Names: 
 mms<N>_edi_srvy_l2_amb_<yyyymmdd>_v<x.y.z>.cdf 
 mms<N>_edi_srvy_l2_amb-pm2_<yyyymmdd>_v<x.y.z>.cdf 
 
Name Description Type Units 
mms<N>_edi_flux1_0_srvy_l2 Electron flux along pitch 

angle 0 
FLOAT cm-2 s-

1sr-1 
mms<N>_edi_flux1_180_srvy_l2 Electron flux along pitch 

angle 180 
FLOAT cm-2 s-

1sr-1 
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mms<N>_edi_traj1_dbcs_0_srvy_l2 Direction of particle 
motion for pitch angle 0 
electrons in DBCS, 
given as in spherical 
coordinates. First 
component:  azimuth 
(in DBCS xy plane), 
second component:  
polar angle (with 
respect to DBCS z) 

FLOAT degrees 

mms<N>_edi_traj1_dbcs_180_srvy_l2 Direction of particle 
motion for pitch angle 
180 electrons in DBCS 

FLOAT degrees 

mms<N>_edi_traj1_gse_0_srvy_l2 Direction of particle 
motion for pitch angle 0 
electrons in GSE 

FLOAT degrees 

mms<N>_edi_traj1_gse_180_srvy_l2 Direction of particle 
motion for pitch angle 
180 electrons in GSE 

FLOAT Degrees 

Support data 
Epoch Time tags for fluxes, 

trajectories, GDU 
numbers, flux errors 
and flip indicator 

TT_2000 ns 

epoch_timetag Time tags for optics 
state and GDU 
energies 

TT_2000 ns 

mms<N>_edi_flip_0_180_srvy_l2 Indicator for rapid 
detector look direction 
changes 

UINT1 none 

mms<N>_edi_optics_state_srvy_l2 EDI detector optics 
state 

UINT1 none 

mms<N>_edi_energy_gdu1_srvy_l2 EDI GDU1 energy UINT2 eV 
mms<N>_edi_energy_gdu2_srvy_l2 EDI GDU2 energy UINT2 eV 
mms<N>_edi_gdu_0_srvy_l2 GDU number for pitch 

angle 0 data 
UINT1 none 

mms<N>_edi_gdu_180_srvy_l2 GDU number for pitch 
angle 180 data 

UINT1 none 

mms<N>_edi_flux1_0_delta_srvy_l2 Error for pitch angle 0 
flux 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_flux1_180_delta_srvy_l2 Error for pitch angle 
180 flux 

FLOAT cm-2 s-
1sr-1 

Table 10-11 L2 Ambient Field Aligned Mode Survey Data 

10.6.3.1.2 Burst 
File Names: 
 mms<N>_edi_brst_l2_amb_<yyyymmddhhmmss>_v<x.y.z>.cdf 
 mms<N>_edi_brst_l2_amb-pm2_<yyyymmddhhmmss>_v<x.y.z>.cdf 
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Name Description Type Units 
mms<N>_edi_flux1_0_brst_l2 
mms<N>_edi_flux2_0_brst_l2 
mms<N>_edi_flux3_0_brst_l2 
mms<N>_edi_flux4_0_brst_l2 

Electron flux in four 
separate directional 
channels close to pitch 
angle 0 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_flux1_180_brst_l2 
mms<N>_edi_flux2_180_brst_l2 
mms<N>_edi_flux3_180_brst_l2 
mms<N>_edi_flux4_180_brst_l2 

Electron flux in four 
separate directional 
channels close to pitch 
angle 180 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_traj1_dbcs_0_brst_l2 
mms<N>_edi_traj2_dbcs_0_brst_l2 
mms<N>_edi_traj3_dbcs_0_brst_l2 
mms<N>_edi_traj4_dbcs_0_brst_l2 

Particle motion 
directions for the four 
channels close to pitch 
angle 0 in DBCS 

FLOAT degrees 

mms<N>_edi_traj1_dbcs_180_brst_l2 
mms<N>_edi_traj2_dbcs_180_brst_l2 
mms<N>_edi_traj3_dbcs_180_brst_l2 
mms<N>_edi_traj4_dbcs_180_brst_l2 

Particle motion 
directions for the four 
channels close to pitch 
angle 180 in DBCS 

FLOAT degrees 

mms<N>_edi_traj1_gse_0_brst_l2 
mms<N>_edi_traj2_gse_0_brst_l2 
mms<N>_edi_traj3_gse_0_brst_l2 
mms<N>_edi_traj4_gse_0_brst_l2 

Particle motion 
directions for the four 
channels close to pitch 
angle 0 in GSE 

FLOAT degrees 

mms<N>_edi_traj1_gse_180_brst_l2 
mms<N>_edi_traj2_gse_180_brst_l2 
mms<N>_edi_traj3_gse_180_brst_l2 
mms<N>_edi_traj4_gse_180_brst_l2 

Particle motion 
directions for the four 
channels close to pitch 
angle 180 in GSE 

FLOAT degrees 

Support data 
Epoch Time tags for fluxes, 

trajectories, GDU 
numbers, flux errors 
and flip indicator 

TT_2000 ns 

epoch_timetag Time tags for optics 
state and GDU energies 

TT_2000 ns 

mms<N>_edi_flip_0_180_brst_l2 Indicator for rapid 
detector look direction 
changes 

UINT1 none 

mms<N>_edi_optics_state_brst_l2 EDI detector optics 
state 

UINT1 none 

mms<N>_edi_energy_gdu1_brst_l2 EDI GDU1 energy UINT2 eV 
mms<N>_edi_energy_gdu2_brst_l2 EDI GDU2 energy UINT2 eV 
mms<N>_edi_gdu_0_brst_l2 GDU number for pitch 

angle 0 data 
UINT1 none 

mms<N>_edi_gdu_180_brst_l2 GDU number for pitch 
angle 180 data 

UINT1 none 

mms<N>_edi_flux1_0_delta_brst_l2 
mms<N>_edi_flux2_0_delta_brst_l2 
mms<N>_edi_flux3_0_delta_brst_l2 
mms<N>_edi_flux4_0_delta_brst_l2 

Errors for pitch angle 0 
flux channels 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_flux1_180_delta_brst_l2 
mms<N>_edi_flux2_180_delta_brst_l2 
mms<N>_edi_flux3_180_delta_brst_l2 

Errors for pitch angle 
180 flux channels 

FLOAT cm-2 s-
1sr-1 
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mms<N>_edi_flux4_180_delta_brst_l2 
Table 10-12 L2 Ambient Field Aligned Burst Data 

10.6.3.2 File Structure L2 AMBIENT Alternating Pitch 
Angle Mode Data 

10.6.3.2.1 Survey 
File Names: 
 mms<N>_edi_srvy_l2_amb-alt-cc_<yyyymmdd>_v<x.y.z>.cdf 
 mms<N>_edi_srvy_l2_amb-alt-oc_<yyyymmdd>_v<x.y.z>.cdf 
 mms<N>_edi_srvy_l2_amb-alt-oob_<yyyymmdd>_v<x.y.z>.cdf 
 
Name Description Type Units 
mms<N>_edi_flux1_0_srvy_l2 Electron flux along 

pitch angle 0 
FLOAT cm-2 s-

1sr-1 
mms<N>_edi_flux1_90_gdu1_srvy_l2 Electron flux for pitch 

angle 90, measured by 
GDU1 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_flux1_90_gdu2_srvy_l2 Electron flux for pitch 
angle 90, measured by 
GDU2 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_flux1_180_srvy_l2 Electron flux along 
pitch angle 180 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_traj1_dbcs_0_srvy_l2 Direction of particle 
motion for pitch angle 
0 electrons in DBCS, 
given as in spherical 
coordinates. First 
component:  azimuth 
(in DBCS xy plane), 
second component:  
polar angle (with 
respect to DBCS z) 

FLOAT degrees 

mms<N>_edi_traj1_dbcs_90_gdu1_srvy_l2 Direction of GDU1 
particle motion for 
pitch angle 90 
electrons in DBCS 

FLOAT degrees 

mms<N>_edi_traj1_dbcs_90_gdu2_srvy_l2 Direction of GDU2 
particle motion for 
pitch angle 90 
electrons in DBCS 

FLOAT degrees 

mms<N>_edi_traj1_dbcs_180_srvy_l2 Direction of particle 
motion for pitch angle 
180 electrons in DBCS 

FLOAT degrees 

mms<N>_edi_traj1_gse_0_srvy_l2 Direction of particle 
motion for pitch angle 
0 electrons in GSE 

FLOAT degrees 

mms<N>_edi_traj1_gse_90_gdu1_srvy_l2 Direction of GDU1 
particle motion for 

FLOAT degrees 
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pitch angle 90 
electrons in GSE 

mms<N>_edi_traj1_gse_90_gdu2_srvy_l2 Direction of GDU2 
particle motion for 
pitch angle 90 
electrons in GSE 

FLOAT degrees 

mms<N>_edi_traj1_gse_180_srvy_l2 Direction of particle 
motion for pitch angle 
180 electrons in GSE 

FLOAT degrees 

Support Data 
Epoch_0_180 Time tags for pitch 

angle 0 and 180 
fluxes, associated 
trajectories, GDU 
numbers, flux errors 
and flip indicators 

TT_2000 ns 

Epoch_90 Time tags for GDU1 
and GDU2 pitch angle 
90 fluxes, associated 
trajectories, flux errors 
and flip indicators 

TT_2000 ns 

epoch_timetag Time tags for optics 
state, GDU energies 
and dwell time 

TT_2000 ns 

mms<N>_edi_flip_0_180_srvy_l2 Indicator for rapid 
detector look direction 
changes 

UINT1 none 

mms<N>_edi_flip_90_srvy_l2 Indicator for rapid 
detector look direction 
changes 

UINT1 none 

mms<N>_edi_optics_state_srvy_l2 EDI detector optics 
state 

UINT1 none 

mms<N>_edi_dwell_srvy_l2 Dwell time setting for 
sampling field aligned 
and perpendicular 
pitch angle data 

FLOAT s 

mms<N>_edi_energy_gdu1_srvy_l2 EDI GDU1 energy UINT2 eV 
mms<N>_edi_energy_gdu2_srvy_l2 EDI GDU2 energy UINT2 eV 
mms<N>_edi_gdu_0_srvy_l2 GDU number for pitch 

angle 0 data 
UINT1 none 

mms<N>_edi_gdu_180_srvy_l2 GDU number for pitch 
angle 180 data 

UINT1 none 

mms<N>_edi_flux1_0_delta_srvy_l2 Error for pitch angle 0 
flux 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_flux1_90_delta_gdu1_ srvy_l2 Error for GDU1 pitch 
angle 90 flux 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_flux1_90_delta_gdu2 _srvy_l2 Error for GDU2 pitch 
angle 90 flux 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_flux1_180_delta_srvy_l2 Error for pitch angle 
180 flux 

FLOAT cm-2 s-
1sr-1 
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Table 10-13 L2 Ambient Alternating Pitch Angle Mode Survey Data 

10.6.3.2.2 Burst 
File Names: 
 mms<N>_edi_brst_l2_amb-alt-cc_<yyyymmddhhmmss>_v<x.y.z>.cdf 
 mms<N>_edi_brst_l2_amb-alt-oc_<yyyymmddhhmmss>_v<x.y.z>.cdf 
 mms<N>_edi_brst_l2_amb-alt-oob_<yyyymmddhhmmss>_v<x.y.z>.cdf 
 
Name Description Type Units 
mms<N>_edi_flux1_0_brst_l2 
mms<N>_edi_flux2_0_brst_l2 
mms<N>_edi_flux3_0_brst_l2 
mms<N>_edi_flux4_0_brst_l2 

Electron flux in four 
separate directional 
channels close to pitch 
angle 0 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_flux1_90_gdu1_brst_l2 
mms<N>_edi_flux2_90_gdu1_brst_l2 
mms<N>_edi_flux3_90_gdu1_brst_l2 
mms<N>_edi_flux4_90_gdu1_brst_l2 

Electron flux in four 
separate directional 
channels close to pitch 
angle 90, measured by 
GDU1 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_flux1_90_gdu2_brst_l2 
mms<N>_edi_flux2_90_gdu2_brst_l2 
mms<N>_edi_flux3_90_gdu2_brst_l2 
mms<N>_edi_flux4_90_gdu2_brst_l2 

Electron flux in four 
separate directional 
channels close to pitch 
angle 90, measured by 
GDU2 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_flux1_180_brst_l2 
mms<N>_edi_flux2_180_brst_l2 
mms<N>_edi_flux3_180_brst_l2 
mms<N>_edi_flux4_180_brst_l2 

Electron flux in four 
separate directional 
channels close to pitch 
angle 180 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_traj1_dbcs_0_brst_l2 
mms<N>_edi_traj2_dbcs_0_brst_l2 
mms<N>_edi_traj3_dbcs_0_brst_l2 
mms<N>_edi_traj4_dbcs_0_brst_l2 

Particle motion 
directions for the four 
channels close to pitch 
angle 0 in DBCS 

FLOAT degrees 

mms<N>_edi_traj1_dbcs_90_gdu1_brst_l2 
mms<N>_edi_traj2_dbcs_90_gdu1_brst_l2 
mms<N>_edi_traj3_dbcs_90_gdu1_brst_l2 
mms<N>_edi_traj4_dbcs_90_gdu1_brst_l2 

Particle motion 
directions for the four 
channels close to pitch 
angle 90 in DBCS, 
measured by GDU1 

FLOAT degrees 

mms<N>_edi_traj1_dbcs_90_gdu2_brst_l2 
mms<N>_edi_traj2_dbcs_90_gdu2_brst_l2 
mms<N>_edi_traj3_dbcs_90_gdu2_brst_l2 
mms<N>_edi_traj4_dbcs_90_gdu2_brst_l2 

Particle motion 
directions for the four 
channels close to pitch 
angle 90 in DBCS, 
measured by GDU2 

FLOAT degrees 

mms<N>_edi_traj1_dbcs_180_brst_l2 
mms<N>_edi_traj2_dbcs_180_brst_l2 
mms<N>_edi_traj3_dbcs_180_brst_l2 
mms<N>_edi_traj4_dbcs_180_brst_l2 

Particle motion 
directions for the four 
channels close to pitch 
angle 180 in DBCS 

FLOAT degrees 

mms<N>_edi_traj1_gse_0_brst_l2 
mms<N>_edi_traj2_gse_0_brst_l2 
mms<N>_edi_traj3_gse_0_brst_l2 
mms<N>_edi_traj4_gse_0_brst_l2 

Particle motion 
directions for the four 
channels close to pitch 
angle 0 in GSE 

FLOAT degrees 
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mms<N>_edi_traj1_gse_90_gdu1_brst_l2 
mms<N>_edi_traj2_gse_90_gdu1_brst_l2 
mms<N>_edi_traj3_gse_90_gdu1_brst_l2 
mms<N>_edi_traj4_gse_90_gdu1_brst_l2 

Particle motion 
directions for the four 
channels close to pitch 
angle 90 in GSE, 
measured by GDU1 

FLOAT degrees 

mms<N>_edi_traj1_gse_90_gdu2_brst_l2 
mms<N>_edi_traj2_gse_90_gdu2_brst_l2 
mms<N>_edi_traj3_gse_90_gdu2_brst_l2 
mms<N>_edi_traj4_gse_90_gdu2_brst_l2 

Particle motion 
directions for the four 
channels close to pitch 
angle 90 in GSE, 
measured by GDU2 

FLOAT degrees 

mms<N>_edi_traj1_gse_180_brst_l2 
mms<N>_edi_traj2_gse_180_brst_l2 
mms<N>_edi_traj3_gse_180_brst_l2 
mms<N>_edi_traj4_gse_180_brst_l2 

Particle motion 
directions for the four 
channels close to pitch 
angle 180 in GSE 

FLOAT degrees 

Support Data 
Epoch_0_180 Time tags for pitch 

angle 0 and 180 
fluxes, associated 
trajectories, GDU 
numbers, flux errors 
and flip indicators 

TT_2000 ns 

Epoch_90 Time tags for GDU1 
and GDU2 pitch angle 
90 fluxes, associated 
trajectories, flux errors 
and flip indicators 

TT_2000 ns 

epoch_timetag Time tags for optics 
state, GDU energies 
and dwell time 

TT_2000 ns 

mms<N>_edi_flip_0_180_brst_l2 Indicator for rapid 
detector look direction 
changes 

UINT1 none 

mms<N>_edi_flip_90_brst_l2 Indicator for rapid 
detector look direction 
changes 

UINT1 none 

mms<N>_edi_optics_state_brst_l2 EDI detector optics 
state 

UINT1 none 

mms<N>_edi_dwell_brst_l2 Dwell time setting for 
sampling field aligned 
and perpendicular 
pitch angle data 

FLOAT s 

mms<N>_edi_energy_gdu1_brst_l2 EDI GDU1 energy UINT2 eV 
mms<N>_edi_energy_gdu2_brst_l2 EDI GDU2 energy UINT2 eV 
mms<N>_edi_gdu_0_brst_l2 GDU number for pitch 

angle 0 data 
UINT1 none 

mms<N>_edi_gdu_180_brst_l2 GDU number for pitch 
angle 180 data 

UINT1 none 

mms<N>_edi_flux1_0_delta_brst_l2 
mms<N>_edi_flux2_0_delta_brst_l2 
mms<N>_edi_flux3_0_delta_brst_l2 

Errors for pitch angle 0 
flux channels 

FLOAT cm-2 s-
1sr-1 
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mms<N>_edi_flux4_0_delta_brst_l2 
mms<N>_edi_flux1_90_delta_gdu1_brst_l2 
mms<N>_edi_flux2_90_delta_gdu1_brst_l2 
mms<N>_edi_flux3_90_delta_gdu1_brst_l2 
mms<N>_edi_flux4_90_delta_gdu1_brst_l2 

Errors for GDU1 pitch 
angle 90 flux channels 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_flux1_90_delta_gdu2_brst_l2 
mms<N>_edi_flux2_90_delta_gdu2_brst_l2 
mms<N>_edi_flux3_90_delta_gdu2_brst_l2 
mms<N>_edi_flux4_90_delta_gdu2_brst_l2 

Errors for GDU2 pitch 
angle 90 flux channels 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_flux1_180_delta_brst_l2 
mms<N>_edi_flux2_180_delta_brst_l2 
mms<N>_edi_flux3_180_delta_brst_l2 
mms<N>_edi_flux4_180_delta_brst_l2 

Errors for pitch angle 
180 flux channels 

FLOAT cm-2 s-
1sr-1 

Table 10-14 L2 Ambient Alternating Pitch Angle Mode Burst Data 

10.6.3.3 File Structure L2 AMBIENT Perpendicular 
Mode Data 

10.6.3.3.1 Survey 
File Names: 
 mms<N>_edi_srvy_l2_amb-perp-ob_<yyyymmdd>_v<x.y.z>.cdf 
 
Name Description Type Units 
mms<N>_edi_flux1_90_gdu1_srvy_l2 Electron flux for pitch 

angle 90, measured by 
GDU1 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_flux1_90_gdu2_srvy_l2 Electron flux for pitch 
angle 90, measured by 
GDU2 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_traj1_dbcs_90_gdu1_srvy_l2 Direction of GDU1 
particle motion for 
pitch angle 90 
electrons in DBCS 

FLOAT degrees 

mms<N>_edi_traj1_dbcs_90_gdu2_srvy_l2 Direction of GDU2 
particle motion for 
pitch angle 90 
electrons in DBCS 

FLOAT degrees 

mms<N>_edi_traj1_gse_90_gdu1_srvy_l2 Direction of GDU1 
particle motion for 
pitch angle 90 
electrons in GSE 

FLOAT degrees 

mms<N>_edi_traj1_gse_90_gdu2_srvy_l2 Direction of GDU2 
particle motion for 
pitch angle 90 
electrons in GSE 

FLOAT degrees 

Support Data 
Epoch Time tags for fluxes, 

associated trajectories 
and flux errors 

TT_2000 ns 
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epoch_timetag Time tags for optics 
state and GDU 
energies 

TT_2000 ns 

mms<N>_edi_optics_state_srvy_l2 EDI detector optics 
state 

UINT1 none 

mms<N>_edi_energy_gdu1_srvy_l2 EDI GDU1 energy UINT2 eV 
mms<N>_edi_energy_gdu2_srvy_l2 EDI GDU2 energy UINT2 eV 
mms<N>_edi_flux1_90_delta_gdu1_ srvy_l2 Error for GDU1 pitch 

angle 90 flux 
FLOAT cm-2 s-

1sr-1 
mms<N>_edi_flux1_90_delta_gdu2 _srvy_l2 Error for GDU2 pitch 

angle 90 flux 
FLOAT cm-2 s-

1sr-1 
Table 10-15 L2 Ambient Perpendicular Mode Survey Data 

10.6.3.3.2 Burst 
File Names: 
 mms<N>_edi_brst_l2_amb-perp-ob_<yyyymmddhhmmss>_v<x.y.z>.cdf 
 
Name Description Type Units 
mms<N>_edi_flux1_90_gdu1_brst_l2 
mms<N>_edi_flux2_90_gdu1_brst_l2 
mms<N>_edi_flux3_90_gdu1_brst_l2 
mms<N>_edi_flux4_90_gdu1_brst_l2 

Electron flux in four 
separate directional 
channels close to pitch 
angle 90, measured by 
GDU1 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_flux1_90_gdu2_brst_l2 
mms<N>_edi_flux2_90_gdu2_brst_l2 
mms<N>_edi_flux3_90_gdu2_brst_l2 
mms<N>_edi_flux4_90_gdu2_brst_l2 

Electron flux in four 
separate directional 
channels close to pitch 
angle 90, measured by 
GDU2 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_traj1_dbcs_90_gdu1_brst_l2 
mms<N>_edi_traj2_dbcs_90_gdu1_brst_l2 
mms<N>_edi_traj3_dbcs_90_gdu1_brst_l2 
mms<N>_edi_traj4_dbcs_90_gdu1_brst_l2 

Particle motion 
directions for the four 
channels close to pitch 
angle 90 in DBCS, 
measured by GDU1 

FLOAT degrees 

mms<N>_edi_traj1_dbcs_90_gdu2_brst_l2 
mms<N>_edi_traj2_dbcs_90_gdu2_brst_l2 
mms<N>_edi_traj3_dbcs_90_gdu2_brst_l2 
mms<N>_edi_traj4_dbcs_90_gdu2_brst_l2 

Particle motion 
directions for the four 
channels close to pitch 
angle 90 in DBCS, 
measured by GDU2 

FLOAT degrees 

mms<N>_edi_traj1_gse_90_gdu1_brst_l2 
mms<N>_edi_traj2_gse_90_gdu1_brst_l2 
mms<N>_edi_traj3_gse_90_gdu1_brst_l2 
mms<N>_edi_traj4_gse_90_gdu1_brst_l2 

Particle motion 
directions for the four 
channels close to pitch 
angle 90 in GSE, 
measured by GDU1 

FLOAT degrees 

mms<N>_edi_traj1_gse_90_gdu2_brst_l2 
mms<N>_edi_traj2_gse_90_gdu2_brst_l2 
mms<N>_edi_traj3_gse_90_gdu2_brst_l2 
mms<N>_edi_traj4_gse_90_gdu2_brst_l2 

Particle motion 
directions for the four 
channels close to pitch 
angle 90 in GSE, 
measured by GDU2 

FLOAT degrees 

Support data 
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Epoch Time tags for fluxes, 
associated trajectories 
and flux errors 

TT_2000 ns 

epoch_timetag Time tags for optics 
state and GDU 
energies 

TT_2000 ns 

mms<N>_edi_optics_state_brst_l2 EDI detector optics 
state 

UINT1 none 

mms<N>_edi_energy_gdu1_brst_l2 EDI GDU1 energy UINT2 eV 
mms<N>_edi_energy_gdu2_brst_l2 EDI GDU2 energy UINT2 eV 
mms<N>_edi_flux1_90_delta_gdu1_brst_l2 
mms<N>_edi_flux2_90_delta_gdu1_brst_l2 
mms<N>_edi_flux3_90_delta_gdu1_brst_l2 
mms<N>_edi_flux4_90_delta_gdu1_brst_l2 

Errors for GDU1 pitch 
angle 90 flux channels 

FLOAT cm-2 s-
1sr-1 

mms<N>_edi_flux1_90_delta_gdu2_brst_l2 
mms<N>_edi_flux2_90_delta_gdu2_brst_l2 
mms<N>_edi_flux3_90_delta_gdu2_brst_l2 
mms<N>_edi_flux4_90_delta_gdu2_brst_l2 

Errors for GDU2 pitch 
angle 90 flux channels 

FLOAT cm-2 s-
1sr-1 

Table 10-16 L2 Ambient Perpendicular Mode Burst Data 
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