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Mission Overview

F3  Small satellite, 125 cm x 180 cm

CASSIOPE/e-POP/Swarm-Echo

September 29,2013

CSA, Government of Canada, MDA, ESA, University of Alaska Fairbanks

325 x 1500 km, 81° inclination, non-sun-synchronous

3-axis stabilized until 2021, then spin-stabilized (6 min period)

DASP 2024 — Ten Years of CASSIOPE — Andrew Howarth — howarth@phys.ucalgary.ca

VW



Science Payload
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Highlights from the last 10 years ©

Radio Science — SuperDARN

Auroral Dynamics | M-I-T Coupling

Radio Science — Citizen Science - Radio Science — HF Propagation

Thermospheric Density Plasma Structure

Radio Science — VLF Wave Amplification
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Radio Science SuperDARN
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Burrell, A. G., S. E. Milan, G. W. Perry, T. K. Yeoman, and M. Lester (2015), Automatically determining the origin direction
and propagation mode of high-frequency radar backscatter, Radio Sci.,50, 1225-1245,d0i:10.1002/2015RS005808
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Radio Science  SuperDARN v,
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Burrell, A. G., S. E. Milan, G. W. Perry, T. K. Yeoman, and M. Lester (2015), Automatically determining the origin direction
and propagation mode of high-frequency radar backscatter, Radio Sci.,50, 1225-1245,d0i:10.1002/2015RS005808



Radio Science SuperDARN
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Radio Science SuperDARN

> Modeling SuperDARN signals
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Perry, G. W., Ruzic, K. D., Sterne, K., Howarth, A. D., & Yau, A. W. (2022). Modeling and validating a SuperDARN radar's
Poynting flux profile. Radio Science, 57, €2021RS007323. https://doi.org/10.1029/2021RS007323
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Burrell, A. G., S. E. Milan, G. W. Perry, T. K. Yeoman, and M. Lester (2015), Automatically determining the origin direction
and propagation mode of high-frequency radar backscatter, Radio Sci.,50, 1225-1245,d0i:10.1002/2015RS005808




Radio Science SuperDARN ¥

g Modeling SuperDARN signals

2015-04-05
RRI — Channel A

06 August, 2017 18:10:14 - 18:14:11 UT Saskatoon SuperDARN

l.
There are over 400 passes

where RR| and SuperDARN

were operating together
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Perry, G. W., Ruzic, K. D., Sterne, K., Howarth, A. D., & Yau, A. W. (2022). Modeling and validating a SuperDARN radar's
Poynting flux profile. Radio Science, 57, €2021RS007323. https://doi.org/10.1029/2021RS007323

Burrell, A. G., S. E. Milan, G. W. Perry, T. K. Yeoman, and M. Lester (2015), Automatically determining the origin direction
and propagation mode of high-frequency radar backscatter, Radio Sci.,50, 1225-1245,d0i:10.1002/2015RS005808
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Radio Science  HF Propagation <,

e NRCan HF transmitter at Ottawa

e CW and BPSK Modulation

* Over 50 coordinated passes

* Characteristics of wave propagation

* Faraday rotation
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' Millstone Hill Digisonde
* Polarization | 18 Apri
5 pri
20 April
. / 21 April
* O-mode vs X-mode propagation 22 Apri
Closest Approach TX
Reversal Point of Faraday Rotation (v)

Magnetic Longitude (degrees)

Danskin, D. W., Hussey, G. C., Gillies, R. G., James, H. G., Fairbairn, D. T., & Yau, A. W. (2018). Polarization characteristics
inferred from the Radio Receiver Instrument on the enhanced Polar Outflow Probe. Journal of Geophysical Research: Space
Physics, 123, 1648-1662.
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Radio Science  HF Propagation v,

e NRCan HF transmitter at Ottawa

e CW and BPSK Modulation

T

* Over 50 coordinated passes

* Characteristics of wave propagation

* Faraday rotation
* Polarization

* O-mode vs X-mode propagation

Danskin, D. W., Hussey, G. C., Gillies, R. G., James, H. G., Fairbairn, D. T., & Yau, A. W. (2018). Polarization characteristics
inferred from the Radio Receiver Instrument on the enhanced Polar Outflow Probe. Journal of Geophysical Research: Space
Physics, 123, 1648-1662.

https://doi,arg/10.1002/2017JA024731



Radio Science  HF Propagation <,

e NRCan HF transmitter at Ottawa

- - gPOP orbit
. — O-mode ray paths
e CW and BPSK Modulation X-mode ray paths

* Over 50 coordinated passes

* Characteristics of wave propagation
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* Faraday rotation
* Polarization

* O-mode vs X-mode propagation

Latitude (°)

Pandey, K., Eyiguler, E. C. K., Gillies, R. G., Hussey, G. C., Danskin, D. W., & Yau, A. W. (2022). Polarization characteristics
of a single mode radio wave traversing through the ionosphere: A unique observation from the RRI on ePOP/SWARM-E.
Journal of Geophysical Research: Space Physics, 127, e2022JA030684. https://doi.org/10.1029/2022JA030684
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Radio Science VLF Wave Amplification @

Magnetic Field Lines Thorough
e-POP and Cygnus Orbits at
Burn End Timet=0s

il

Cygnus Orbit

Exhaust Trail

Transmitter
Earth’s Surface

Bernhardt, P. A., Bougas, W. C., Griffin, M. K., Watson, C., Langley, R. B., Howarth, A. D., et al. (2021). Strong amplification of
ELF/VLF signals in space using neutral gas injections from a satellite rocket engine. Radio Science, 56, e2020RS007207.
https://doi.org/10.1029/2020RS007207
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Radio Science VLF Wave Amplification @
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Bernhardt, P. A., Bougas, W. C., Griffin, M. K., Watson, C., Langley, R. B., Howarth, A. D., et al. (2021). Strong amplification of
ELF/VLF signals in space using neutral gas injections from a satellite rocket engine. Radio Science, 56, e2020RS007207.
https://doi.org/10.1029/2020RS007207
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Radio Science VLF Wave Amplification @
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Bernhardt, P. A., Bougas, W. C., Griffin, M. K., Watson, C., Langley, R. B., Howarth, A. D., et al. (2021). Strong amplification of
ELF/VLF signals in space using neutral gas injections from a satellite rocket engine. Radio Science, 56, e2020RS007207.
https://doi.org/10.1029/2020RS007207
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VLF Wave Ambplification

Radio Science

Magnetic Field Lines Thorough

e-POP and Cygnus Orbits at
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Bernhardt, P. A., Bougas, W. C., Griffin, M. K., Watson, C., Langley, R. B., Howarth, A. D., et al. (2021). Strong amplification of
ELF/VLF signals in space using neutral gas injections from a satellite rocket engine. Radio Science, 56, e2020RS007207.

https://doi.org/10.1029/2020RS007207




Structure
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Lamarche L. J., Varney, R. H., & Siefring, C. L. (2020). Analysis of plasma irregularities on a range of scintillation-scales using the
Resolute Bay Incoherent Scatter Radars. Journal of Geophysical Research: Space Physics, 125, e2019JA027112.
https://doi.org/10.1029/2019JA027112




Structure

2017-11-21

CASSIOPE : 18:53
alt = 707 km :
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Lamarche L. J., Varney, R. H., & Siefring, C. L. (2020). Analysis of plasma irregularities on a range of scintillation-scales using the
Resolute Bay Incoherent Scatter Radars. Journal of Geophysical Research: Space Physics, 125, e2019JA027112.
https://doi.org/10.1029/2019JA027112
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350 km Altitude
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Standard Deviations

Background Density

Calabia, A., & Jin, S. (2021). Thermospheric mass density disturbances due to magnetospheric forcing from 2014-2020

CASSIOPE
precise prhitss Jousnal of-Geophysical Research; Space Physics, 126, €2021JA029540.
https://doi.org/10.1029/2021JA029540




Auroral Dynamics Alfven Resonator

Augpst 28,2014 MLT: 0200 Altitude: 1086 km
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Wu, J., Knudsen, D. J., Shen, Y., & Gillies, D. M. (2021). e-POP observations of Suprathermal electron bursts in the
ionospheric Alfvén resonator. Journal of Geophysical Research: Space Physics, 126, €2020JA028005.
https://doi.org/10.1029/2020JA028005
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Miles, D. M., Mann, I. R., Pakhotin, I. P., Burchill, J. K., Howarth, A. D., Knudsen, D. J., ... Yau, A. W. (2018). Alfvénic
Wu, J., Knudsen, D. J., Shen, Y., & Gillies, D. M. (2021). e-POP observations of Suprathermal electron bursts in the dynamics and fine structuring of discrete auroral arcs: Swarm and e-POP observations. Geophysical Research Letters, 45.
ionospheric Alfvén resonator. Journal of Geophysical Research: Space Physics, 126, 2020JA028005. https://doi.org/10.1002/2017GL076051
https://doi.org/10.1029/2020JA028005
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Chorus wave propagation from
the magnetosphere to the
ionosphere to the ground

Waves guided by density crests
Important for relativistic electron

precipitation from the radiation
belts

Example Chorus Burst in Waveform
e-POP (350 km altltude) (L=5.6 Rp) VAP B
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Shen, Y., Chen, L., Zhang, X.-J., Artemyev, A., Angelopoulos, V., Cully, C. M., et al. (2021). Conjugate observation of
magnetospheric chorus propagating to the ionosphere by ducting. Geophysical Research Letters, 48, e2021GL095933.
https://doi.org/10.1029/2021GL095933
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Data Fllterlng

Date/Time

Geophysical parameters
. Kp
 FI0.7
* Etc.

Spacecraft constraints
* Position
* Attitude
* Instruments on
L = o

Planned experiments
* SuperDARN

* Swarm
Conjunctions
* Etc.

phys.ucalgary.ca

a eDEX (e-POP Data E:xp]orer) CAS‘ﬂE @

e g

Output Product Selection Date Constraints

Output Product Selection

Choose which e-POP products will be returned in the results:

al Constraints onstraints

CASSIOPE: |
e-POP:

CER:

FAI:

GAP: | Quicklc
IRM:

MGF:

NMS:

RRI:

SEL:

esa Data Handbook APl Documentation
Itz

Planned Experiment Constraints

Selected Output Products

<No Output Products Selected>

Constraints

<No Constraints Selected>

Query Builder

su




Data Flltering

Example: RRI quicklook plots when Kp > 5, southern hemisphere, altitude > 500 km
eDEX (e-POP Data Explorer) cmss.ﬁs ceSa

APl Documentation

Output Pre i )a ints i ints ; ints lannec iment ints Query Builder Results

Results

Constraints

1.67MB ID Field Operator Value
1.07M8 ‘Geophysical Parameters'.'Kp*10'
1.75MB h

‘Spacecraft Position”.’Geographic Latitude (deg)’

‘Spacecraft Position".Altitude (km)'

< H<N<N<N<N<N<N< NN N

Query

TAND 2 AND 3

Fetched data volume: 26.61MB
Uncheck All
Fetch Results...

Delivery Email Address =~ emai ss

Download Results...

https://edex.phys.ucalgary.ca




Data Flltering

Example: RRI quicklook plots when Kp > 5, southern hemisphere, altitude > 500 km
eDEX (e-POP Data Explorer) cmss.ﬁs ceSa
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e-POP Data Custom Quicklook
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e-POP Data Custom Quicklook
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e-POP Data Resources
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Andrew Howarth

(

howarth@phys.ucalgary.ca

http://epop.phys.ucalgary.ca
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Radio Science Citizen Science
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