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The DSX Mission

Launch 25 June 2019 _
Currently in extended mission (to May 2021) o il ‘ " Teoazeas
6000 x 12000 km orbit, 42.2° inclination, 5.3 hour pejj_.od

Primary experiment. Wave Particle Interactions (W: Ix)

= Transmit and measure waves and precipitating particlés to understand VLF
direct injection performance and diagnose effects -'

Secondary Experiment: Space Weather (SWx)

= Measure distributions of protons and electrons to map'the MEO environment
and diagnose the environment for WPIx experiments

Secondary Experiment. Space Effects (SFx)

= Advance our understanding of on-orbit degradation and directly measure
changes due to MEO radiation environment
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DSX Satellite
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- Transmitter & tuning unit
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E-field transmit and receive

antenna % DC vector magnetometer

Three experimental payloads
« Wave-Particle Interactions (WPIx)

— VLF transmitter & receivers (Stanford,
UMass/Lowell, NASA/Goddard)

— Loss cone imager (BU)
— Vector magnetometer (UCLA)

« Space Weather (SWx)
— LEESA (AFRL)
— CEASE (ATA/AFRL)
— LIPS (PSI)
— HIPS (PSI)
— HEPS (ATA)
« Space Environmental Effects (SFx)
— NASA Space Environment Testbed
— AFRL radiometer effects experiment
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Data Collection Events

Boomerang -

Ground_Conjunction -

Satellite_Conjunction @0 ® @8 &

DSX High-Power Tx and/or Burst Rx Data Collection Events
Total Hours ~ 321

Resonance_Discovery UMEOINNDRD & ¢ & © ® oaw om

Oct 2019

Jan 2020 Apr 2020 Jul 2020 Oct 2020
uT

® Boomerang — high-power transmission of
pulses then listen for reflection off the
bottom of the magnetosphere.

® Ground Conjunction — coordinated

observations of ground based transmitters
or passes over lightning intense regions.

® Satellite Conjunction — high-power

transmissions coordinated with other
satellite wave and particle detectors.

« Arase — waves
Van Allen Probe A — waves
Cassiope — waves
VLF & Particle Mapper (VPM) — waves
Firebird 4 - particles

® Resonance Discovery —transmissions to

establish optimal transmitter circuit
parameters and frequencies

* Receivers, particle detectors and low-power sounding always in low date rate survey mode

* High-power transmit and burst data collection events limited to ~30 min/orbit (or less)
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Listening to VLF |
Broad Band Receiver (BBR)

* Survey mode 20201003 11:25:22 UT e Burst mode 20200730 23:55:32 UT

£, DO20 TR 202/ TIGGH VY EY_OLLLYS, 't0.= 4020-Oct-00 NGB 11c, ch 2.0E[0.9].2 By, qurtab QL njn 2020100 o . DSX_20213002502_20213005502_TPK_01_L1.h5, t0 = 2020-Jul-30 23:55:32, df=100.0Hz, ENBW=1.98, hop=5.0ms (50% ovlp, 6000px), span=30s, p.2(61 dB adc counts
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One DSX orbit (5.27 hrs) 30 seconds

DSX detects a wide range of VLF waves from natural and man-made VLF sources
- Data from relatively high-inclination MEO compliments equatorial measurements (e.g. Van Allen Probes, Arase)
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Boomerang Detection

Ray-tracing at 3.0 kHz DSX data

Rays reflectih'g within 100 km of DSX

*3.0kHz - E electric field *20201005 22:20:20 UTC

3.5

Frequency (kHz)

0 1 2 3 4 5 6 T 8 9 10 11 12 13 14

Time (sec) Stanford

Initial pulses

at DSX Reflected pulses

detected at DSX

3 kHz typ=0

AFRL

» Successful detection of pulses reflecting off the bottom of the magnetosphere
= Repeatable — seen on many data collection events

+ Time-of-flight, intensity and frequency dispersion data will provide quantitative validation of
propagation and wave injection models

THE AIR FORCE RESEARCH LABORATORY
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Arase Conjunction—4 Sep 2019

« JAXA’s Arase satellite is in
GTO designed to study the
radiation belts

£LIUUUV

] 20000
* Arase includes a VLF

receiver
15000

» Occasional magnetic field line
conjunctions, even less
frequent spatial conjunctions

10000

» Spatial+magnetic conjunction
occurred on 4 Sep 2019

» ~440 km spatial

» ~220 km magnetic field

line separation DSX ARASE 2019-Sep-04 05:55:00
AFRL

Model results: Blue = direct VLF rays from DSX
® DSX Red = VLF rays after reflecting off the bottom of the magnetosphere
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Arase Detection

« DSX transmission pattern included
pulses of decreasing frequency
followed by a longer pulse at
resonance

» These patterns were identified in the
Arase data

* Arase detected the DSX signal near
time of shortest distance to the same
magnetic field line—but not at the time
of shortest spatial separation

* This conforms to models indicating the

wave power is focused along the
magnetic field

DSX resonance
discovery
waveform

ARASE data 20190904

Close-range bistatic measurement provides

opportunity to evaluate injection and propagation

models in “simple” geometry (i.e. no reflection)
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DSX SWx and WPIx Particle Instruments

particle energies 10 eV 100 eV 1 keV 10 keV 100 keV 1 MeV 10 MeV 100 MeV 1GeV

HEPS s _ LEESA: Low Energy ElectroStatic Analyzer

LIPS: Low Energy Imaging Particle Spectrometer [

LCI e—— S—
HST SWx: Space HIPS: High Energy Imaging Particle Spectrometer = I ——
Weather HEPS: High Energy Proton Spectrometer
= 5 Experiment CEASE: Compact Environment Anomaly SEnsor |NIEININILINIEEE
o WPIx: Wave I
et Particle electrons
'ﬁ% Interactions LCI FSH: Loss Cone Imager, Fixed Sensor Head = protons
CEASE LEESA HIPS Experiment LCI HST: Loss Cone Imager, High Sensitivity Telescope | R ions
LIPS
« LEESA is an electrostatic analyzer for electrons . « CEASE | includes a particle telescope and two AVA
and ions with 5 angular zones and flexible survey " dosimeters, providing 9 electron channels from >0.13 to N
modes among up to 256 energies from 10s of eV >3.5 MeV and 12 proton channels from >16 to >79 MeV “*~”
to 30 keV « HEPS is a particle telescope with 22 proton channels =
* LIPS has 8 imaging scintillator pixels detecting _ g from 20 to 440 MeV, 15-25° field of view AVA N
electrons and protons from 60 keV to >2 MeV HDI &« LCIFSH has three pixelated telescopes for 18 look C#D>CS P
* HIPS is a particle telescopes with 8 pixels directions observing electrons from 50 to 700 keV

observing 9 proton channels from 14 to 300 MeV ISI  LCI HST is a particle telescope with electron channels
and 5+ electron channels from 1.1 to 12 MeV A from 100 to 500 keV C#O>C-S P
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Climatology from DSX Space Weather Payloads

DSX/CEASE electron fluxes
>1.51 MeV #/cm2 s sr

day of year 2019/2020

THE AIR FORCE RESEARCH LABORATORY

« CEASE monitoring

shows dynamics of
outer electron belt
following end of Van
Allen Probes mission

L EESA data show
effects of high power
transmissions on
local plasma, results
under analysis

Calibration still
underway for LIPS,
HEPS, LEESA
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Summary

DSX has been successfully gathering wave and particle data in MEO since Aug 2019
» Mission extended to 31 May 2021
« Data will be available to the public through NASA/SPDC after mission conclusion

The first successful space-to-space VLF transmission was accomplished in a
coordinated DSX-Arase experiment 4 Sep 2019

« Experiments with transmissions to Arase will continue through the end of mission

DSX has repeatedly observed reflected VLF signals in boomerang DCEs

Particle observations in MEO compliment radiation belt observations from Van Allen
Probes and Arase
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