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Qutline

Background to ionospheric convection.
® Experimental design and radar parameters.
e Our measured data and solar activity.

® Four comparison events and discussion.

Summary.




Background

4

magnetopause

IMF and Earth’s magnetosphere
create plasma convection.

lonospheric convection is

confined to higher latitudes.
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F-region plasma flows

anti-sunward over polar caps.

Credit: High-latitude plasma convection (gfz-potsdam.de)



https://www.gfz-potsdam.de/en/section/geomagnetism/topics/ionosphere-and-upper-atmosphere/high-latitude-plasma-convection/

Experimental Outline

® Goal: Measure F-region ion velocity

and compare across seasons and

geomagnetic activity level.

® Other events include high and low
activity.

® Find correlation between ion

velocity and geomagnetic activity.

Comparison Event

Date

High activity, summer

June 29th, 2013

High activity, winter

November 14th, 2012

Low activity, summer

June 20th, 2020

Low activity, winter

February 21st, 2015




Radar Parameters

Experimental Parameter Parameter Type

Pulse Type

Uncoded long pulse

Number of Frequencies Tri-frequency

Number of Samples 330 us pulse, 20 us
samples

Beam Setup 34 beam measurements

Date and Time 07/21/2021, 3:00-5:00 UT




Data from July 21st, 2021

Vector Velocities from Long Pulses on 2021-07-21
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Velocity vectors accross magnetic lattitudes over time

F region convection measurements made with
the aforementioned custom beam pattern
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Vector Velocities from Long Pulses on 2020-06-20
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ctive Summer Event - June 29th 2013

Vector Velocities from Long Pulses on 2013-06-29
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Quiet Winter Event - Feb 21st 2015

Vector Velocities from Long Pulses on 2015-02-21
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14th Nov, 2012
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Active Winter Event - Nov 14th 2012

Vector Velocities from Long Pulses on 2012-11-14
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Vector Velocities from Long Pulses on 2021-07-21
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Discussion: Current vs. Quiet Summer

Error (m/s)

e Our event has slightly higher AE than the June 2020 event
e Ourcurrent event is on par with what is expected for this season and geomagnetic conditions

Vector Velocities from Long Pulses on 2020-06-20
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Vector Velocity East
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Vector Velocities from Long Pulses on 2020-06-20
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Discussion - Quiet Summer vs. Active Summer

Convection is stronger during geomagnetically active periods, which results in stronger plasma flow

Vector Velocities from Long Pulses on 2013-06-29
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Discussion: Quiet Winter vs. Active Winter

Vector Velocities from Long Pulses on 2012-11-14

Vector Velocities from Long Pulses on 2015-02-21
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® Again, convection is stronger during the geomagnetically active period, which results in stronger winds

Velocity East Error

03:45  04:00 0415 0430  04:45  05.00
ut

400

Error (m/

200

100

0

14/Nov/2012 05:00-05:02 UT

1500
67.75
I I 1000 1000
67.50
500
500
o 67.25¢ e 8 2 z
$ b 3 £
2 ] £
56700 0 3 3 67.00 0 z
= = o s
8 8 b 2
66.75 | f -s00
-500
66,50 |
1000
-1000 66.25
66.25
66,99 _ = = ~1500 %6900 0315 0330 0345 0400 0415 0430 04:45 0500 °°° 0300 0315  03:30
00 03:15 03:30 03:45 04:00 04:15 04:30 04:45 05:00 03:00 03:15 03:30 03:45 04:00 04:15 04:30 04:45 05:00 ur
ur ut
g 21/Feb/2015 03:00-03:02 UT | é 21/Feb/2015 04:00-04:02 UT ? g 21/Feb/2015 05:00-05:02 UT 1 H 14/Nov/2012 04:00-04:02 UT A\
3 fs 7| 3 fas | 3 BCE ]
. 5| B 7 sl § g
g I e |§ §
E oo mse |8 v s 8 | 1000w/ 8 11000 w/a
B -4 E|"/ E
8 12 L 8
< |5 s s
g A g g |/
£ EH 3 /
8 ‘ g ] -
] | 1
H 1 i il
B g B B
£
i 1 i ]
it ] i i
il W50 0| g e 4
|8 & e
2| Mo 2| Mo 3 3
2 2 2 o 1 2 ERY 2 2 o 1 2 32 2

o RS, TUEY USROS O LD COMDCT W-50 ST FOR VRO,




Discussion: Quiet Summer vs Quiet Winter

e Winter event actually has substorm with AE ~400nT
e Towards end of substorm (after 0400UT), convection maps look similar

Vector Velocities from Long Pulses on 2020-06-20 Vector Velocities from Long Pulses on 2015-02-21
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Vector Velocity East
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Vector Velocities from Long Pulses on 2013-06-29
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Discussion: Active Summer vs. Active Winter

® AE and SYM-H were similar, but B_z was slightly stronger in the winter event
e Convection and corresponding plasma flow are slightly stronger in the winter event

Vector Velocities from Long Pulses on 2012-11-14
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Summary and Conclusions

Measured F-region ion velocities using a 34 beam, uncoded long pulse
experiment

e Data from July 21st, 2021 showed weak westward winds, as expected for a
quiet time event

e Comparison showed that quiet events showed weaker winds than active
events

® Further comparison showed that there is not much variation in wind
magnitude across seasons, though this conclusion might change with a larger
data set

® Our data has proven that the ionospheric convection, and subsequent plasma

flow, is heavily dependent upon solar activity
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Thank you!
Questions?




