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Enhance Polar Outflow Probe (ePOP)
29 September 2013 Launch

325 km x 1500 km Orbit 80° Inclination

RRI
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ePOP Instruments Support lonospheric Irregularity and Propagation Studies



http://mertensiana.phys.ucalgary.ca/CER.html
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ePOP and High Power HF Waves

ePOP Instruments Provide Unique Data for Understanding High Power HF
Wave Interactions

— Waves

* RRI
— HF Wave Decay Products
— HF Scattering
— Low Frequency Transmissions
— CER and GAP Detection of Radio Scintillations and TEC Changes

* MGF Measures ULF Magnetic Wave Generation
— Plasma Heating and Energization
* |IRM Gives lon Energization and Composition Change
» SEI Gives Electron Energization and Flow
* NMS Gives Neutral Composition and Enhanced Flow
— Optical Emissions

* FAI
— Artificial Aurora
— Glow Plasma Discharge Layers

e ePOP Experiments
— VHF, UHF and L-Band Radio Scintillations (CER)
— HF Wave Scatter from Field Aligned Irregularities (RRI)
— VLF Generation by Modulated HF Waves (RRI)
— Stimulated Electrostatic and Electromagnetic Emissions (RRI)
— Artificial lonization/Field Aligned Irregularities (FAI, RRI, CER, GAP)




ePOP Orbit and Groundtrack

» e-POP GAP
: April 22, 2014
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HF Twisted Beam

Objectives

— Open Artificial Propagation Path
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Formed Layer Lasting 5 Minutes
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SEE Characteristics Indicate Physical Processes
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Sample ePOP Passes

* HF Heating Experiments

— O-mode, F-Region Heating
e April 16,2014
e April 17,2014
e April 18,2014

 VLF Experiments

— Rob Moore Mode
— Several Examples

 HF Scattering
— O-Mode Pump + Probe Wave
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April 16, 2014 04:40:00 TO 05:01:00 UT

RiverviewX0 16 Apr 2014 04:42:44
SEE Spectrum | |

 Frequency Chosen to
Generate Specific SEE

Feature
— However, ePOP-RRI
Frequency Must be

Programmed Several days
Before Pass

e Two Bands Possible

* Looking for:

— VHF/UHF/L-Band
Scintillations (CER, GAP)
e TEC Modification
— Coupling to VLF (RRI)
— HF Effects (RRI)
* Propagation Studies
* In-situ SEE
— Energetic Particles (IRM, SEl)
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April 16, 2014 04:40:00 TO 05:01:00 UT

Twisted Beam,
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Input B Freq {MHz)

Input & Frag (MHz)

April 16, 2014 04:40:00 TO 05:01:00 UT

e-POP RRI
April 16,2014
Orbit #2734

Inputs: Channel 1-11, Channel 2 - @1, Channel 3 - I3, Channel £ - Q3
Dipole Mode, GAINT High, GAIMZ High, GAINI Medium, GAINS Medium
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April 16, 2014 Start: 2014-04-16 04:49:23 UTC

2014-04-15 19:49:23 AST

& § Satellite: CASSIOPE (South to North, West to East)
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April 17, 2014 04:40:00 TO 04:59:30 UT

5.66 MHz, Full Power CW  MZ Closet Approach

04:49:21.0
— 6.33° of Magnetic Zenith
— 5.49° of Vertical
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April 17, 2014 04:40:00 TO 04:59:30 UT
RiverviewX0 17 Apr 2014 04:39:35
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April 17, 2014 04:40:00 TO 04:59:30 UT

e-POP RRI
April 17, 2014

e ePOP at 875 km to 1074 km

Inputs: Channel 1 - 11, Channel 2 - Q1, Channel 3 - 13, Channel 4 - Q3
Dipole Mode, GAIN1 High, GAIN2 High, GAIN3 Medium, GAIN4 Medium
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5.66 MHz, Full Power CW
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April 18, 2014 04:35:00 TO 04:55:00 UT

RiverviewX0 18 Apr 2014
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April 18, 2014, HAARP 04:35:00 TO 04:55:00 UT

e-POP RRI
April 18, 2014

Inputs: Channel 1 - [1, Channel 2 - Q1, Channel 3 - 13, Channel 4 - Q3
Dipole Mode, GAINT High, GAIN2 High, GAIN3 Medium, GAIN4 Medium
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April 22, 2014, VLF Experiments

Morth

e VLF Mode Chosen with Pre-Pass Test

e 3.25MHz
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April 22, 2014, VLF Experiments
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“April 22, 2014
VLF Experiment
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Inputs: Channel 1 - 11, Channal 2 - Q1, Channel 3 - 13, Channel 4 - Q3
Dipole Mode, GAINT High, GAINZ High, GAIN3 High, GAIN4 High

_043839_0000F_8624.hD to



e-POP RRI
April 23, 2014

Inputs: Channel 1 - [1, Channel 2 - Q1, Channel 3 - 13, Channel 4 -

Dipole Mode, GAINT High, GAIN2 High, GAINS High, GAIN4 High
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Other VLF Samples

e-POP RRI
April 28, 2014

Inputs: Channel 1 - I1, Channel 2 - @1, Channel 3 - 13, Channel 4 - Q3
Dipole Mode, GAIN1 High, GAINZ High, GAINS High, GAIN4 High
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. HF Scmtlllatlon and Scatter Experlment
— 9.5 MHz Probe Wave with Low Power
— HF Modification with High Power
— ePOP RRI Records Probe and Pump

e Expected Effects

— Strong Amplitude Variations of Probe
Through Modified Region

— Doppler Shifted Scatter of Probe from
Modified Region

e Science Objectives

— Scattering by Field Aligned
Irregularities

— Scattering by Artificial lonization

Probe Wave: 9 5 MHz 2 p) kW 16

5-aB Gain




Down Shifted Maxima

(DIVI 1,2)

— Associated with
Generation of Field

Aligned Irregularities
(FAI)

— FAIl = Scattering

April 28, 2014

HF Scatter Experiment, SEE
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DM2 DM1



April 28, 2014, HF Scatter
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April 28, 2014
HF Scatter

Start: 2014-04-28 04:21:03 UTC
2014-04-27 19:21:03 AST

Satellite: CASSIOPE (South to North, West to East)
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e-POP RRI
A April 28, 2014

Inputs: Channel 1 - [1, Channel 2 - @1, Channel 3 - 13, Channel 4 - Q3
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April 28, 2014
HF Scatter

Main array (174 dipoles) :
— 5.66 MHz,

— O-mode,

— CW, full power

— 10 deg off-zenith, 180 deg
azimuth

2x3 sub array centered in
main array (6 dipoles) :

— 9.5 MHz,

— O-mode,

— CW, full power

— Vertical beam
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