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L Radar

High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)

L Radar
LSil:e Parameters

Site Parameters

» Phased array Incoherent Scatter Radar located at Poker Flat,
Alaska

» 65 N, 147 W

» Within the auroral zone (65 M-Lat)
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
Lr
adar

LCapabilities
PFISR
» Beam steering down to 30 °
» Up to 2MW transmit power (500W * 4096 elements)
> 450 MHz
» Volumetric imaging of the ionosphere
» Velocity estimation (plasma AND neutral winds)
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)

L Radar
LE><periment Details

Pulse Mode: MSWinds26, D-region
focus, E- and F-region context

Barker Code
Alternating Code

v

v

v

Long Pulse

v

8/1/1 pulse split, respectively
Beams

» Up: 90 ° elev.

» Up-B: -154.3 ° az., 77.5 ° elev.

» ENE: -34.7 ° az., 66.1 ° elev.

» NNW: 75.0 ° az., 65.6 ° elev.

150°

60°

120°
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
Lr
adar

LExperiment Details

Barker Code: Most Sensitive Mode
> Sidelobe level -22.3 dB
i e S S

» Used to generate uncorrected
electron density profile

Directivity Pattern
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|—Ionosphere

High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)

Section 2

lonosphere

DA
8 /29



High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
LIonosphere

L Context
Neutral atmosphere Atmosphere and ionosphere
» Gravitational equilibrium profile
» Heavy molecules at low TETTET l Nars Hi
altitudes i ) e
» Light Atoms at high A'~‘°°_' ; LR\ ]
altitudes % E \
Solar radiation heating the upper gm ]
atmosphere )
» Neutral ionization
» ion-electron pair creation R R v+
1 10 100 1000 104 108
lonosphere formation | Density (om")
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)

Llonosphere

L Dawn ionosphere

Dawn ionosphere

Continuity equation :

3n,-,e
ot

+V(Uzeni,e) = Pi,e_Li,e
(1)
Chemical equilibrium

Pie—Lie=0 (2)

Dawn = No / Little Pro-
duction

Expect Low electron den-
sity

Electron density profile

height [km]

800

600

;
1

300|

n
S

100
80

50

F1 layer
m

2

E layer EH

=

2

£

10 10" 10° 10" 10" 40" 10"

electron density [m-3]

10 / 29



High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
LIonosphere
L Electron precipitation

Energetic particle coming from the Sun

... MAGNETIC FIEVD

Figure: Magnetosphere-ionosphere coupling
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
LIonosphere

- Electron precipitation

Precipitation

\  Excited state Light (photon)
Charged particle - - .

® “Electron

©2007 Thomson Highor Educaton

Figure: Neutral ionization through collision with energetic particles

Each incident particles carry E eV (few keV)

Each particles create & electron-ion pair (AE =~ 10 eV)
If sufficient incident particles = enhanced electron density
observable
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
Llonosphere
LEIectron precipitation

Precipitation |

Higher energy particles
penetrate further into the
atmosphere

Energy (kev)

Electron  density  peak
altitude descends as char-
acteristic energy increases

This process can be
modeled using electron
transport and ion chem-
istry models




High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
|—Electron precipitation

Precipitation |l

|—Ionosphere
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|—Geomagnetic Conditions

High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)

Section 3

Geomagnetic Conditions
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)

LGeomagnetic Conditions
L Solar Wind

Solar Wind (IMF)

WIND  MFl-Magnetic Fislda Investigation  KO>Key Pararmster

12:00:00 13:0000 14:00:00 15:00:00 1B:00:00
19 tug 13 19 bug 13 19 tug 13 198ug 13 19 8ug 13

TIME FAHGE=2019/8/13 (225) to 2019/8,/13 {225)

17:00:00
19 tug 13

18:00:00
19 tug 13

Plaoes ackneiledgs dota provider, F. Lepping at MASA/GEFS and CDaWel when uslng thees daba,
Key Pararnstar and Surey data (lokels KokAKZ) are prellrminary brawes data.
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)

LGeomagnetic Conditions
L Solar Wind

Solar Wind (Plasma)

WIND SWEsSolar Wind Experiment Kii=Key Parametar

120000 130000 140000 15:00:00 150000 170000 180000
1SAug I3 18R 1S 13 Mg 1SAGI>  13Mg 13 1SAug 1> 19Ag 15

TME RANGE=2015/8/13 (225) to 2019/6/13 {225)

SW Flow speeds vary
in magnitude by

~ 50km/s

Pressure fluctuations
are close to 1nPa
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
LGeomagnetic Conditions
L Models

Ovation Auroral Prediction

alle 2019/08/13 16:00:039

GW

» AA-CGM derived MLTs for
PFISR (16-18 UT): 4.5-6.9
MLT

» Ovation predicts slight
electron flux enhancements
in the local sector

0.00
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
LGeomagnetic Conditions
L Models

Ovation Auroral Prediction

allbe 2019/08/13 16:00:00 33.1 GW
T8

» AA-CGM derived MLTs for
PFISR (16-18 UT): 4.5-6.9
MLT

» Ovation predicts slight
electron flux enhancements
in the local sector

ergsicmas
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
LGeomagnetic Conditions
L Satellite Orbits

Orbits

Figure: Orbits for selected satellite missions
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
LGeomagnetic Conditions
L Satellite Orbits

Orbits

Figure: Orbits for selected satellite missions
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L Observations

High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)

Section 4

Observations

DA
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
L Observations
LPrecipitation

Precipitation Observations

Azimuth 4.04°, Elevation = 90.0°

11.318 11.318
_ 11116 _ 11.116
B 10914 € 10.914 _
< 107122 < 10712
g 105105 Y 10.510 3
2 10.308 8 2 10.308 8
2 10.106° £ 10.106
< 9004 < 9.904
. 9.702 3 Ehias 9.702
- A 9.500 : 9.500
2000 4000 2000 4000 6000
Time (sec) Time (sec)
Azimuth 4.69 °, Elevation 75.03°, Elevatio
— 2 v _ . - L 101
2 11.318 11.318
_ 11116 _ 11.116
€ 10914 E 10914 _
= 107122 2 10712 %
] 105103 8 10.5103
2 103088 2 10.308
2 10106~ £ 10.106
< 9.904 < 9.904
9.702 e 9.702
9.500 - - 9.500
2000 4000

4000 6000

Time (sec) Time (sec)

Figure: Electron Density Plots
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
L Observations
L Precipitation

Tromsg

Fitted data from Madriga by Tromso UHF radar. €I = 77.78 [deg], Az = 188.16 [deg]
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Figure: lonosphere observation at Tromsg 22 /20



High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)

L Observations

LULF Waves

ULF Waves
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Figure: ULF waves in the PC5 range (~ 1.6mHz/ ~ 10min) modulating
precipitation seen in the Northward facing beam of PFISR.

[m] = =




High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)

L Observations
L ULF Waves

Global ULF Observations

Iqaluit (10A) bosed on 1-

2019-08-
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ULF waves are observed in
ground magnetic response at
MLTs across North America.

Long period PC5 waves are
often the result of pressure
fluctuations in SW

Day side PC5 waves could
be cavity mode resonances
(standing fast mode waves),
or KHI generated TCVs
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
L Observations
LULF Waves

THEMIS

P5 (TH-A) fields and on—boord moments averview

» THEMIS (A,D,E) are
located on the dusk side,
with THE closest towards
noon

» Slight enhancements in
plasma pressure and

electron/ion energy flux
A — i; occur coincidentally with
el : | dayside ULF wave events
EE b i 4 & i (seen in THE)

Figure: THEMIS
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
L Observations
LULF Waves

THEMIS

» THEMIS (A,D,E) are
located on the dusk side,
with THE closest towards
noon

» Slight enhancements in
plasma pressure and
electron/ion energy flux
occur coincidentally with
dayside ULF wave events
(seen in THE)

.
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Figure: THEMIS
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)

L Observations
L ULF Waves

THEMIS

P4 (TH-E) fields and on—boord mements overview
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Figure: THEMIS

THEMIS (A,D,E) are
located on the dusk side,
with THE closest towards
noon

Slight enhancements in
plasma pressure and
electron/ion energy flux
occur coincidentally with
dayside ULF wave events
(seen in THE)
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)
L Observations

LF're(:ipitat:ion energy and flux

Electron Energy and Flux

» Can infer precipitation
characteristics from N

ISR Measured electron density vs. GLOW model Electron density
200

profile inversion (alternating
code, 10min integration,
e field-aligned!)
g“’” » Use a forward model of
T electron transport, ionisation
and recombination.
® > In this case used a simple
e s version of the GLOW model,
Figure: Foward modeled electron with only NOT and O3 ions
density profile. Measured (blue), (abundent in E-region)

Modeled (red). » Best fit parameters: Eg =

11.1 keV, Fg = 6.8 mW/m?
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L Conclusion

High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)

Section 5

Conclusion
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High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)

L Conclusion

Summary

» D/E/F observations of the ionosphere via MSWinds26.v03
mode at PFISR

» Looking for precipitation event

» Found a precipitation event

» Also found ULF wave density modulation!

» Evidence of cavity mode resonance? Magnetopause KHI?

» Inferred precipitation characteristics from electron density
profiles

» Further opportunity for study (Arase, DMSP, Ground Mags)
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L Conclusion

It's Overl

High latitude precipitation observation using PFISR (Poker Flat Incoherent Scatter Radar)

Questions?

DA
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