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What does it mean?- the profile around the
F2 layer peak is not parabolic but rather has a

IRl often shows a parabolic electron
density profile around the F2 layer peak.
ISR measurements, on the other hand,
often suggest the electron density
remains ~constant for few kms at the

peak.

Motivation

flat nose shape.

Let’s investigate!!
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Experiment Design

What is the appropriate time window for sampling?

Alaska Noon at 22:00 UT and ~14:00 LT- Our time window was between 23:00 UT to
01:00 UT.

We also need good results (high resolution and high sampling rate)
* High resolution: Long pulse or Alternating pulse- AC (4 beams, 2 frequencies)

7/

% High sampling rate: How many beams in a minute? -> Vertical beam sampling rate
faster. What is the integration time for each record? -> 30 minutes

Any other data sets? (we have Digisonde data in our time window)
Thanks to David Themens!!

Komal



How many pulses are being integrated Iin
30 minutes for vertical beam?

4 beams - 6 beam in a cycle 11me
Change frequencies every other pulse:

Beam cycle: Vertical, upB, Vertical, Northwest, Vertical, East
2 Frequencies 449.6 MHz 449.3 MHz 300 KHz apart Range
(32 codes in the alternating code cycle)

AC - 32 : 3276*2 = 384 pulses/cycle
Vertical = 384/2 = 192 pulses
Other beams = 64 pulses Coded Pulse Experiments

Komal

Ipp =5 ms
384*5ms =1.92 s
1.92s * 4 = 7.6 ms_for each record

i
N \ ‘s\\ e

Vertical 192*4 = 768 pulses / 7.6 s
Other beams 64*4 = 256 pulses /7.6 s
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1 3
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apa1vovy =ao(aosy + a1s,_; + azs; 5 + a3sh 3)x

30 minutes*(60 second/minute)/7.6s = total records t+2)x

t+1
a1(aos,, 1 + as;t 1y 32Sh 2 + ass, 5

t+3

Total Vertical beam = 236 * 768 = 181 248 pulses E {a0a1v0v } =E {sts**1} + a0a,E {Sh 2 hHl }

Other beams = 236 * 256 = 60 416 pulses
(Those are the number of cycles “K” that we use for the
ISR probability or “error statistics” equation)
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R. H. Varney (SRI) Radar Statistics July, 2020



Long pulse vs Alternating code pulse (vertical beam)
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Fitted data with large fitting errors may
result from a variety of reasons.

Height in km
> ©
o o

K2
S
o

120

100 F T ’ - )

80 : ‘ : ' ‘
1 1.5 2 2.5 3
Electron density(Ne) x10™



2020-07-25T00:00 2020—-07-25T00 +0.00 day
O Earth @ Mars O Mercury @ Venus 4@ OSIRIS—RExE ParkerSP M Stereo_A

Solar activity and IMF directions

Ecliptic Plunea 9 _

2089021 LAT = 5.33°
T 22
‘

----- Solar wind ~500km/s
2020-07-25T00:00 2020—-07-25T00 +0.00 day
730 <50 E180 NSD o° S0 O Earth @ Mars O Mercury @ Venus @ 0SIRIS—RExE ParkerSP B Stereo_A
RZ N (cm™) I T IMF polarity Current sheath 3D IMF line o o
0 10 20 30 40 50 60 I T e —— 2089021 2EAT = 533 NOO  LON = O W180

ENUL-2.7 lowres—2233—adb1 WSA V2.2 GONG—-2233

18

IMF polarity is negative

sa0 E180 yap
Heba Ve (km/s) I T — MF Bl GlirEsRt SHene 3D IMF line
200 550 900 1250 1600 — I — e

ENUL-2.7 lowres—2233—a4b1 WSA_ V2.2 GONG—-2233

590



What is the IMF and Bz condition in our time window?

Kp reaches +2 on 28 July at 01 am in the morning
And ap shows 9 ¢« while Dst is -38 nT on 02:30

Plot of Kp index from 2020-07-26 to 2020-07-29
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HmF2 peak from Digisonde in the time window
Notice the wiggles (possibly TIDs but we need error bar)
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Why the wiggles in AC code results?

Fitted data with large fitting errors may result from a variety of reasons

, for example, the inapplicability of the theoretical model to the actual scatter physics,
inappropriately determined or specified ion compositions, or low signal-to-noise ratios.
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Teddy

lon Composition: For Alternating code, Vertical Beam

Electron density profile for the First interval (hour = 23, minute=16)
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Electron density profile for the First interval (hour = 23, minute=16)
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Poker Flat ISR - Alaska - UT 00:16:11 Elevation angle: 90.00 Azimuth angle: 14.04

Time evolution of NeF2 (Vertical beam)

Poker Flat ISR - Alaska - UT 23:16:02 Elevation angle: 90.00 Azimuth angle: 14.04
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Changes over the two hours
Notice the shape of NeF2-peak!!

Comparison of Elecron Density between 1st and last interval of 2 hours Comparison of lon Temprature between 1st and last interval of 2 hours
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v_up = vel *x np.sin(d2rxelm)
v_e = (vel * np.cos(d2rxelm))*np.sin(d2r*azm)

Vertical Velocity

v_n = (velxnp.cos(d2rxelm))*np.cos(d2rxazm)
alt = rag * np.sin(d2rxelm)

Poker Flat Digisonde Vertical Drift

2020-07-28 15:16 LT 2020-07-28 15:46 LT
350 n 350 = 20 ! ! 2020 July 28 to 29
— ! ! Glat 65.1? Glon 212.6°
300 S ——ppi— 300 ﬁ-—- 1 i
— = 30 4 IISR Qata !
§ 250 g 250 | Region
g 200 A f'; 200
< 150 i < 150 3 T:
100 4 100 : 5;
storm —40 20 0 20 2 40 -20 0 20 0 >
Vip(m.s™) Vyp(m.s™)
: ; 201 : |
- 2020~07-‘2r'8 16:16 LT 50 2020-07-28 16:46 LT : l belOW F2 peak
0 aa— e 200 : E‘ 30 3 | almost upward
- S e - r— e i i
£ 250 £ 250 e —— !
; _%— ; 12:00 13;00 14:’00 ]5;00 16;00 17:00 18:‘00 19:'00 20:00 21:’00 22:00
S 200 : S 200 " Local Time (LT = UT - 8 hours )
< 150 ! < 150 : Temporal variation of vertical derived from Ionosonde
100 ' 100 : (d(hmF2)/dt) with the ISR data region window
T T _ _
Vip(m. s7) Vip(m. s72) * First two intervals: downward (above) & upward
Altitudinal variation of vertical velocity (V,,) derived from ISR (below) = increase the peak (parabolic)
in four different LT (LT=UT-8, vertical beam elm=90°) * Last two intervals: disturbing and different gradient

- constant variation along altitude



Horizontal Velocity
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Summary

We see a variability in the shape of the F2 peak. We first see a parabolic shape but over the
span of two hours, the peak recedes to a flat (constant) shape.

The electron density from alternating code experiment is consistent with the results derived
from lonosonde below F2 peak.

Due to the ambiguity between the Te/Ti and mi, the ion composition must be modelled.
When our models misbehave, the errors associated can propagate through to other
parameters such as electron density.

The vertical velocity below and above F2 peak height has significant impact on the electron
density (gradient) at F2 peak, which has been confirmed by ISR and lonosonde.

In order to clarify the dynamics process of electron density at F2 peak, more investigation
(eg., gravity waves and TIDs) are needed.
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