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The ionosphere is a region of the ionized Meteorological Driving of Geospace
upper atmosphere whose dynamics are
coupled to both:
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Neutral winds and ExB-drifts - integral parts of Ml coupling (a) ISR Scan @ 10-MAR-1989 00:39 UT
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Neutral winds affect ion ExB drifts in the
ionosphere (e.g., Zhang et al, 2020), which
are directly coupled to magnetospheric
plasma convection, particularly during
so-called SAPS and SAID events.
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The experimental set-up

o Goal
o  We aim to derive E-region neutral wind profiles
per Heinselman and Nicolls 2008
o Measure a “quiet” ionosphere to utilize long
integration

e Beams:
o 3 beams used (similar to IPY mode, removing
the up-looking beam).
o Minimum required to measure vector
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e Codes: %
o Long Pulse (F-region) Zg;m

o  Alternating Code (E-region) =

o  Allows sampling of ion flows at a range of 5 268 1
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Comparison of PFISR Integration Times

e Compared how electron density (N,), electron temperature (T ), ion

temperature (7)), and line-of-sight velocity (V, ,.) changed between integrations

oS

e |nvestigated typical integration times 1, 5, 10, 15, & 20 mins and extended
integration times of 30, 60, 90, & 120 mins

e Compared how error for each parameter changed between integration times
and pulse modes (Alternating Code and Long Pulse)

Do these results confirm our idea of a quiet ionosphere on 07/20/26?



Alternating Codes (E-Region) Integration Times 1 min - 20 min

PFISR E region — 1-minute integration PEISRIE Fes
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Alternating Codes (E-Region) Extended Integration 60 min, 120 min

PFISR E region — 60-minute integration
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(F-Region) Integrations 1 min - 20 min

PFISR F region — 10-minute integration
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Long Pulse (F-Region) Extended Integrations 60 min, 120 min

PFISR F region — 60-minute integration
Beam (az: -154.3°, el: 77.5°)
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Constructed Time Integration

Attempted to complete 60 min and 120 min integration independently by utilizing
the 20 min integrated PFISR Madrigal data:

e 5 out of the 6 available 20 min integration windows were used, the corrupted data point
near the end of the 2nd hour was removed to prevent skewing results

e The pulse mode (AC or LP), beam, and altitude were

all averaged for each integration time

e Error for each averaged parameter was determined

through uncertainty propagation




Averaged Integration for 60 mins

e Alternating Code (E-Region

PFISR E region — Alternating Code — constructed 60-minute averages
Beam azimuth = -154.30°, elevation = 77.50° |
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Averaged Integration for 60 mins

e Long Pulse (F-Region

PFISR F region — Long Pulse — constructed 60-minute averages

Beam azimuth = -154.30°, elevation = 77.50° PFISR F region — Long Pulse

Constructed 60-minute profiles with propagated error bars
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Averaged Integration for 120 mins

PFISR E region — Alternating Code — constructed 120-minute averages

Alternating Code (E-Region

Beam azimuth = -154.30°, elevation = 77.50°
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PFISR E region — Alternating Code
Constructed 120-minute scatter profiles with propagated error bars
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Averaged Integration for 120 mins

e Long Pulse (F-Region

PFISR F region — Long Pulse
Constructed 120-minute scatter profiles with propagated error bars
x1010 Beam azimuth = -154.30°, elevation = 77.50°

PFISR F region — Long Pulse — constructed 120-minute averages
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Comparing plasma density measurements with f pe
.

(2) A more direct approach to
___—» estimating the electron density is
through measurements of the
local plasma frequency, f_pe.
However, this is often
challenging because of the low
signal-to-noise ratio of wave
emissions in the vicinity of f_pe.

F_req‘ axis is Wy Wy F_req. axis is
discontinuous discontinuous
here here

frequency

PL zenith_record_cycle_0 2023-09-19 20:49:26 Tinxt 54 1s inputs, pl 480

~10 kHz @ UHF frequencies —

(1) lon-line method

lon-acoustic i 0.14
. line !
A Te/Ti N 800 0.12
area ~ Ne Fa Al
I ,/_ Langmuir line Langmuir line 555
> e .10 =
= £ 600 i
) = £
g qé‘ 0.08 Z
g Ti/mi @ 400 0.06 @
w
< 0.04
E \/i 200
«“> 0.02




Comparing f_pe and ion line

methods:
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altitude (km)

Comparing with models — F-region Ne
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altitude (km)

Comparing with models — F-region Ne
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e foF2: E-CHAIM and PyIRI (daily F10.7) perform best
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e F1 layer: IRI matches PFISR best
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Comparing with models - Te and Ti
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Thermosphere-lonosphere-Electrodynamics General
Circulation Model (TIEGCM)
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Ne profiles
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SuperDARN comparison and the electric field
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A quiet noon in Alaska
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The electric field
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Magnetic Local Time —_
10 8 6 4 2 75.0 mV/m

East

? 66.25 - West
s

T T T T T T T
22:33 22:42 22:51 23:00 23:09 23:18 23:27
Time (UT)

Relative deviation = (0 mV/im -0 mV/m) /0 mV/Im = 0% (£ « )

=> Perfect accuracy!!
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Altitude (km)

Deriving Neutral Winds

90 min Integration

U north Wind Magnitude
130
& HWM14 -& HWM14
-~ PFISR - PFISR
120 - - -
110 - . :
100 - 1 1
90 - 1 1
80 T T T T T T T T T T T T T T T
-150 -100 -50 0 50 100 150 -150 -100 50 0 50 100 150 -150 -100 50 0 50 100 150

Wwind speed (m/s)

e  This process is combining the LP and AC measurement errors, we need lots of integration to get good measurements

Wind speed (m/s)

Wind speed (m/s)

e If we integrate for the full 2 hours, our neutral wind profiles agree very strongly with HWM14 (Drob et al 2015)
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Comparing with TIEGCM

TIEGCM Dynamics at 65.625°N, -147.500°E

- .o = e TIEGCM also gives
to] " i output of neutral winds
o s + e TIEGCM winds are

o | | | B - . 1 — typically weaker, and

e e e don’t always agree on

- s . direction
] 0 » e Using PFISR to take
2 N . more measurements of E
. - e region profiles can better
I - constrain these models in

N , the future
L —

; : - . ; - -
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Deriving Neutral Wind Velocities (extra slide)

A . T T _1
lon Vios = AV,' + €Jps- Vi = EVA (AEVA i Ze) Vios-
Velocities ~-1
- T'v—1 —1
Y, = (45 A+ %)
Neutral Vios = (A : D)X + €Jos
Velocities A: defines mapping from orthogonal velocity components to the beam’s line of sight
D: contains ion mobility/ion-neutral collision information
_ 1 1 1. 2 2
X = [Epe Epn || Upe Upy U] Upe Upy ”II Upn U ]
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Altitude (km)

Altitude (km)

Neutral wind bonus slide (90 min vs 120 min

90 min Integration

U_east U_north Wind Magnitude
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Long integration times
require constant variables
through the entire time

120 min integration includes
final data points with drops in
ion density etc.

90 min integration time
therefore provides a closer fit
to HWM, as it's constant
through the whole integration
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