IS Radar Data Examples:
Basic and Derived Parameters

P. J. Erickson
MIT Haystack Observatory

Topics covered:

- Basic measured plasma parameters

- Derived plasma and neutral parameters

- Range vs. altitude: Pointing considerations
- Altitude profiles vs. 2D altitude/time profiles
» Science examples using ISR data



Basic IS Radar Measured Parameters (lon Line)

lon-acoustic resonance
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lon Line Spectral Example as a Function of Altitude

Millstone Hill vertical direction
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Fitted Example: lonospheric Parameter Altitude Profile

Millstone Hill Vertical Profile 2013-04-17T16:00:32
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Fitted Example: lonospheric Parameter Uncertainties
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Range vs Altitude

(From Bill Rideout’s “Black Box” talk)

The nature of ISR measurements

Each measurement /, : . .
has a range The beam width at a given altitude

resolution and the range resolution give the
spatial resolution

All ranges are measured at the same time;
but multiple pulses need: time resolution

Log Electron Density (m~-3) versus Altitude
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Fitted Example: Steerable Antenna Range Profile

600 Millstone Hill Steerable Profile 2013-04-17T16:04:41.500000
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Fitted Example: Steerable Antenna Altitude Profile

SAME DATA as previous slide
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Basic IS Radar Measured Parameters (lon Line)
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Basic IS Radar Measured Parameters (lon Line)

Millstone Hill Vertical

Zenith - F region - Te (K)
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Basic IS Radar Measured Parameters (lon Line)

Millstone Hill Vertical

Zenith - F region - Ti (K)
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Basic IS Radar Measured Parameters (lon Line)

Millstone Hill Vertical
Zenith - F region - Vo (m/s)
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Basic IS Radar Measured Parameters (lon Line)

Millstone Hill Vertical
Millstone Hill 2013-04-17
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lon Composition Fractions
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1.5 2.0
Ratio

2020-03-06T05:00:00 UTC |lon composition (which

lons allowed at what
altitude) can be set by
priors from e.g.

_— modeling

Good assumptions can
be also made - e.g. O+
IS the only ion species
near the F2 region

Allows Ti measurement
through resolution of
Ti/mi ratio ambiguity
inherent in ion-acoustic
resonance

Fraction of each ion
can be fit in most 2-ion
cases (occasionally 3-
ions at Arecibo)



lon Composition Fractions
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The Topside lonosphere at Arecibo, March 17-18, 1994
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Arecibo:

Topside fractions of O+,
He+, H+ can be
measured: high enough
SNR (excellent statistics)
through the F region
lonosphere and into the
topside ionosphere

Gonzalez and Sulzer 1996
doi:10.1029/96GL02212



Derived Parameters

With the basic parameters as a function of space and time,
one can go farther: apply constraint and physics to produce
additional ionospheric and plasma physics parameters.

We’ll call those Derived parameters because they are not
produced from the basic incoherent scatter radar
observables we’ve just covered.

IS Radar Workshop
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Derived Parameters: Vector lon Velocities, Neutral Winds
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https://doi.org/10.1029/2007RS003805

Derived Parameters: Neutral Temperatures
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https://doi.org/10.1029/98JA01919

PFISR Multi-beam Measurements of Auroral lonization
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PFISR Naturally Enhanced lon-Acoustic Lines
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Polar Cap Response to Non-Saturated Potential Drop
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Equatorial spread F simultaneous with vertical drifts

(a) 02-Apr-2004 SNR+1 [dB]
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Extreme High-Altitude Equatorial Electron Density
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Jicamarca
4 transmitters (6 MW peak) @ 50 MHz

Electron density to L=2!
(~6,000 km altitude)

Possible to 10,000 km in daytime

(2500 km threads through Arecibo field of
view @ 400 km altitude)

Larger system would be able to perhaps
see plasmapause from the ground
(connections to SED plume)

Hysell, D. L., Milla, M. A., and Woodman, R. F. (2017), High-altitude
incoherent-scatter measurements at Jicamarca, J. Geophys. Res.
Space Physics, 122, 2292— 2299, doi:10.1002/2016JA023569.
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