Arecibo ISR PI: Mike Sulzer

ISR School, 26 July 2014
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Scientific Motivations

* Nightside ionosphere highly depleted
* Sudden EUYV irradiance

— Photoionisation

— Altitude effects as Earth’s shadow “moves down”

* Timescales of the dawn dynamics?
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Pointing Configuration

e Time: 5:00 to 7:30 (AST)

* Llnefeed at Zeﬂlth Lines of sight configuration
600 : ; ! ; -
— Better accuracy | | - | Linefeed
; - |—Gregorian
. . 500 R eevee g P
* Gregorian looking east
400 “““““““ D R

— 15° angle with linefeed

— Expected to “see” sunrise eatlier

Altitude (km)
W
o
o

— Enables to estimate spatial ool
extension of phenomena
1] A A S A ———
* Experiments: MRACF and - |
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Common Pulse
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RX Three Small Targets
RX Single Big Target
RX Two Medium Targets

26 July 2014

ISR Summer School — Arecibo



* Power Limitation For Receiving
* Requirement For Duty Cycle

* Long Pulse

* Bad Resolution

Both Good Resolution & Enough Duty Cycler?
Barker Code
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5-digit Barker Code
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Targets

Targets are Clearly Recognizable!
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v

Shortage:
No frequency information! Neither Spectrum

Only provides limited parameters.
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One way to improve:

Multi-Pulse

TX TX Targets

A
v

IPP =t
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Total Recetving After ACF
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to

Provides frequency information
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time(h)

Barker code
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height(km)

regorian vs Linefeed

Gregorian Electron Density Linefeed Electron Density
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height{km)
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Sunrise!

mracfinefeed mracf Electron Temperature(Te) feedline mracf lon Velocity
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Linefeed Electron Density
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Layers!

time(h)

25

ISR Summer School — Arecibo

26 July 2014



height{km}

Gregorian vs Linefeed

Gregorian Electron Density
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Ionogram confirms it is a sporadic E layer
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Sporadic K

* Smaller “clouds” of unusually ionised atmospheric gas in the
lower E region (located at altitudes of approx. 90 to 160 km)

* Sporadic E activity peaks in the summer time in both
hemispheres (@ right time, right place!)
* Neutral winds provide an essential source of free energy that

both sets up the layers and drives them unstable (wind shear

theory)
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Sporadic E formation by vertical perturbations in a
horizontal wind shear flow

UK, VK,WK (m/s)

Height (km)
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UK VKWK (m/s)

Height (km)
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Sporadic E multilayer formation (cont.)
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Vortical uplift shown in ISR velocity measurement
(Courtesy from Group 5)

Arecibo July 23, 2014
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Where do

sporadic |

Y, layer 1ons come from?
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Electron Temperature (Te)

Gregorian
600 3000
= 3
£ 400 1800 p
200 + 600
Linefeed
600 3000
= 3
£ 400 1800 s

* The increase in the electron temperature is related to magnetic aspects, which is

why this increases with the arrival of sunset

Delay between the start of temperature increase due to the orientation of the

antennas
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Ion Temperature (11)

Gregorian
600 1800
€ 400 1200%
200 600
Linefeed
600 1800
£ 400 1200%
200 600

* The increase in the 1on temperature is due to collisions with neutral particles which
have a different distribution for different altitudes of the atmosphere for this

reason it is different from the eletrons
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Barker-Code Electron Density Data
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Resolution:
e Time: 2 min

e Altitude: 2 km
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26 July 2014

Peak Altitudes Evolution

Altitude of electron density peaks

400

300r ¥ R

€

<

o 250f _

©

2

< 200t _
100-....'...'.....'.;.'.....'...'......;...............’.................?.........”.. 7

* F - Linefeed

* F - Gregorian
E/Es - Linefeed

* E/Es - Gregorian

09:00

09:30 10:00 10:30 11:00
Time (UT)

ISR Summer School — Arecibo

39



Detection of Photoionisation
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Detection of Photoionisation
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£ 500t
~ 400+
© 300r
£ 200+
=< 100¢

09:

£ 500t
< 400¢
S 300¢
2 200f

ne(z,t+ 6t) — ne(z,t)
ot

ONe

W(Z, t) =~

Electron density gradient, Gregorian

00 09:30 10:00 10:30 11:5v
Time (UT)

Electron density gradient, Lircreed

Z 100

09:00 09:30 10:00 10:30 11:00

26 July 2014

Time (UT)

ISR Summer School — Arecibo

41



Lower lonosphere Appearance

26 July 2014
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Delays Between Lines of Sight

lonisation delay between Gregorian and Linefeed
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Delays Between Lines of Sight

lonisation delay between Gregorian and Linefeed
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Linefeed Electron Density (Barker)
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Range (km)

Range (km)
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How?

Range Aliasing?
Scatter from Sidelobes?

* One Sidelobe?
* Two Sidelobes?

What?

Satellite?
hsat = ¢ X Tipp /2 + hsignal &~ 1000km

Meteor?

Ocean Scatter (boat)?
Airplane?

E-Region Instability?

I - B
e E-Region

T
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Summary and Perspectives

* Sunrise observation along two lines of sight
— Tonisation due to EUV irradiance observed
— Delays quite consistent with predictions

* Presence of a stable sporadic E layer
— Formation? Study of the neutral winds

* Interesting feature around 5:35 AST

— Some ideas for interpretation

— Consider where B perp. to side lobe @ E region

26 July 2014 ISR Summer School — Arecibo
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Thank you for your attention!

Questions?



