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Obijectives:

e Gain a better understanding of ISR pulse types and integration
times.

e Estimate neutral wind velocities in D region and lower E region.
o Hoping to observe Sporadic E or PMSE to aid in calculations !!!
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Background




PMSE: Polar Mesosphere Summer Echoes

PMSEs are strong radar echoes that occur in the polar mesosphere region during the summer

Observations PMSEs can be observed using ISR in the lower regions of the ionosphere (D/E
region)

Noctilucent clouds (NLC) large, visual PMSEs
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Figure 1. (a) The PMSE radar echoes associated with polar ice clouds and (b)optical image consisting of NLC Sapkota et al 4



How are PMSEs Formed?

> 85 km:
temperature - Turbulent
- Small Particles
- ice number density e ™Fast decay of plasma
PMSEs are structures of on: meteor smak,

sodium bicarbonate ,
cluster ions , oise 7

small ice particles that form
in the mesosphere when the
mesosphere temperature is
below the freezing point of
water vapor and the area X - Less turbulent
experiences disturbances. - Larger parlicles

- Slower decay of

irregularities
lidar backscatter ratio

ater vapor redistribution
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Rapp and Thomas, JASTP, 2006

Nicolls et al.



Neutral Winds and lon Velocities @

Neutral Winds the movement of neutral particles, Topeide
driven by collisions

600

lon Velocities the movement of ionized particles,

driven by ExB drift P

= F2 Layer
Primary Driving Force at any altitude depends on the Z o
dominating species . e

E Region

D Region

. 5
Density: 10° 10°
Electrons/cm”

T. F. Tascione et al.



Experiment Setup:

® 62823
64037

4°
Beams 657 i

e Six beams chosen to maximize signal quality.
e Placement chosen to maximize the area measured.

Codes

e Long pulse (F-Region)
e Alternating code (E-Region)
e Barker Code (D-Region)
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Experiment setup: long pulse electron density

Beam ID: 64037 | Az: 20.5°, El: 76.0° Beam ID: 64469 | Az: 9 2 El: 59.5°
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Electron density profile plotted from 80-150 km on July 22, 2025, 17-19 UT.
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Experiment setup. alternating code
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Experiment setup: barker code electron density
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Bright localized enhancements below 90 km indicate the presence of Polar Mesospheric Summer Echoes (PMSE)
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Experiment setup: integration time comparisons

1 min integration time
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Barker Code Signal-to-Noise Ratio
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Doppler [m/s]

Doppler Spectra — Straight up (90°)

Beam: 64016, el=90.0°, az
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Doppler Spectra — North-West direction
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Doppler Spectra — East direction

~ 15 m/s away from East direction
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Doppler Spectra — North-East direction
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Fitting Vector Velocities

Use longest integration time (20 min)
Neglect variation in lat and lon, and vertical velocity
Quantile bin by altitude

Find least-squares solution to linear system

Nicollsetal. 54



Observations: Vector Velocities (from alternating codes)

N vel, 2025-07-22 17:01:21 N vel, 2025-07-22 17:41:31 N vel, 2025-07-22 18:21:39
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Observations: Vector Velocities (from Long Pulse)

N vel, 2025-07-22 17:01:21 N vel, 2025-07-22 17:41:31 N vel, 2025-07-22 18:21:39

E vel, 2025-07-22 17:01:21 E vel, 2025-07-22 17:41:31 E vel, 2025-07-22 18:21:39




Time-integrated Velocity Estimates

N vel, entire run integrated N vel, entire run integrated
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Estimating velocity from Barker Code Power Spectra

Easily detectable E-region, but far too hot!

Time-integrated spectra, arbitrary power units
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Power, arbitrary

Estimating velocity from Barker Code Power Spectra

- “Chi by eye” - fitter sometimes showed high confidence for poor fits, so we
filtered inputs by height of largest spike above noise floor

Power, arbitrary

Doppler velocity, m/s Doppler velocity, m/s
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Velocities at ~80 km

Flow velocities at 82 km Flow velocities at 80 km

Barker
Spectra:

17:30 17:45 18:00 18:15 18:30 18:45
Time, UT 2025-jul-22
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2025-jul-22




Comparison with HWM14

N vel, entire run integrated E vel, entire run integrated

HWM, 17 UT

HWM, 19 UT
— from LP
—— from Barker, 18 UT
—— from Barker, 19 UT

HWM, 17 UT

HWM, 19 UT
— from LP
—— from Barker, 18 UT
—— from Barker, 19 UT

Good agreement at low (neutral dominated) altitudes




Final Comparison of Velocities at ~80km

Visual observation of the electron density plots: Eastward Velocity
Doppler estimated velocity: Eastward
Spectra estimated velocity: Eastward
HWM14 estimated velocity: Eastward
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Conclusion

Using Barker code ( D-region), bright localized electron density enhancements below 90 km were observed.
These enhancements are consistent with PMSE (Polar Mesospheric Summer Echoes), which are known to appear in this
altitude range during summer.

Using the reflectivity equation derived in Nicholls et al. the reflectivity is calculated from the electron density measurements to
give a true measure/view of the PMSEs

AC-derived vector velocities were too noisy to be useful

LP-derived vector velocities were more reliable but have a higher minimum altitude

Barker spectra-derived vector velocities provided a reliable single-altitude data point

At low altitudes, flow data were consistent with HWM14 and qualitatively consistent with visible proper motion
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