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1) Introduction 2) Background T
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Equatorial Plasma Bubbles (EPBs) are one of the most severe ionospheric phenomena . .
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regarding the creation of amplitude and phase scintillations of radio signals. Generally, EPBs are regions usually in the low latitudes/equator where thell'e |.s a depleted segment of plasma c!en§|ty in the |9nosphere. Iofuthel
EPBs remain close to the magnetic equator, not usually varying more than 15 to 20 They occur most often during the post-sunset (18-24 LT) and post-midnight (0-6 LT) hours, when the E-Region ionosphere is not present - sl of
degrees from it. When EPBs extend into midlatitudes (greater than * 25° Mlat), they (Aa et al., 2020). Gravity waves, enhanced zonal eastward electric fields, neutral wind shear, and nighttime medium-scale traveling d | an
are called Super Equatorial Plasma Bubbles (Super EPBs). However, it is not known ionospheric disturbances (MSTIDs) have been suggested as seeding mechanisms for triggering plasma bubbles, which are thought to be 2 Egluato”a'
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how often this phenomenon occurs or under what solar and geomagnetic activity a result of the generalized Rayleigh-Taylor (R-T) instability (Sultan 1996). The EPB is shown growing over time in Figure 1 . Bubble
conditions cause such an expansion and the scintillations they induce. In this analysis, (Yokoyama et al., 2014). The blue shows the low density, and the yellow shows the high density. A small perturbation can grow | | (Yokoyama
S EliSENes @l ClstEiiel) Eligelilialin Uiy SLENM EIE Sty ¢ lpsr 715 GUsnb el i significantly because of an unstable equilibrium where lighter fluid tends to rise to the top of the heavier fluid. The bubble then " e ™ g el 2k
analyzed using the Swarm satellite constellation, VISTA TEC, GOLD, and OMNI solar g y. . _ J . P ' e
wind data to better understand the nature of Super EPBs. bifurcates into smaller structures called Equatorial Plasma Irregularities.
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* Look for a minimum depth of 40% on either side of a negative ¢ ;v/ N \/L/WLL 0 [Toowems
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e ——————1 - *Using this method, we are looking to see if the trough e N _ | | - | |
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Figure 2: Example of midlatitude trough detection. Top panels shown in Figure 2 ehecdrodn eNSILEs 1o7 v]!armd b fobl 'S ! anB warm B at diffierent focal imes. \5reen

show detection b_etween 17.0 and +40 Mlat. Botto_m panel shows « Next, we calculate the percentage of “bad” N, values based shadea regions are confirmead bubDIes In owarm

full electron density span with trough cutoff (red lines) on the provided flags and continue with passes that have < W /\/\M i) Bubble Detection

5% “bad” data points Mo v L] V. 02N 1 1 7 N Y N I « Swarm B (511 km) passed over Dawn EPBs on 25 September 2023 (Figure 4)

II) Barrel Roll as a Detrending Method SR e PR R et e omEn e R e e Super EPBs can be seen ~0636 LT and ~0735 UT Extending to -34° magnetic latitude at
Detrend N US|ng the methOdS deSCHbed by Prad|pta et mzooo— - ~— A ~— 67.17 6486 634 6224 6091 IME;QEJ!%”' ' 5635 5304 49.57 4648 44.03 about _140 |Ong|tude
al. (2015) and Wan et al (2024) W ws | wm | ds o alm | @m o @u e wms ¢ There is a distinct increase in the electron temperature within the density depletions
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- Data treated as terrain for a barrel to roll over L R e e e T an T e e T T T dw awa . * The presence of the EPBs seen in Swarm B is also seen by DMSP F16 at 830km altitude

« Barrel finds contact points using minimum angular L e around 05 LT (Figure 5)
distance within set radius 5 ] - oo e T T ™ o Swarm AJC also shows the presence of EPBs at the same longitudinal region but at

o 10 barrel Sizes from |argest to Sma”est 80 Seconds (560 E_OOZ:_ 06:18:45 06:23:12 06:26:10 06:28:27 06:30:22 06:?-;'2_:07 06:33:52 06:35:44 06:37:54 06:40:40 06:44:37 earlier Iocal times (around 3 LT)
km_to 640 km) tp 8 seconds (56 km to 64 km) in a “esoq . AE | Figure 4: Swarm B EPBs for 25 September 2023: electron  GOLD emission shows multiple EPBs formed in this region around 22 UT, about 6 hours
bidirectional rolling pattern - e temperature, density, detrended density. Confirmed bubbles before Swarm B detection

« Contact points are used to create an envelope 2 M*Mm shaded in green

. Savitzy-Golay filter applied to data inside envelope sl T i |‘ s .

- Final panel in Figure 3 shows the flipped detrended 0 A s ¢ B | TS I ||/"'| y ||" IR )
data so that the depletions are peaks 7 150000 | ol v};"x 1111 i 'n'l'l!mufh " ,,'| :' Muwgﬂﬂm o & s o

 We apply a 5 second moving average filter and use a g 1000 [ S il PR NP g I L R T AT " : _
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peak finding algorithm to detect the S o | . . | , | | M O IIMM. |\|'\|' MU | NASA
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ili) Detection Criteria S W W o ,, W]}M ‘J \ o solar wind

» For a peak to be considered a bubble, it's halfwidth must oo S el e A ol | . \ \ | data
be at least 3 seconds and the prominence must exceed T Tt o | | \ | . | | I ] m/"*"/\m\’“"" N\ B magnetic
107 ] S — £ L £ field, flow

e The 95" minus 5t percentile of Delta N, during the | ﬂ " | J B speed,
halfwidth of the peak must exceed 5000 cm-3 to distinguish R VPR ,M/\JJ‘V | DY . | \/\ka 522**”"‘ o s N flow
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Figure 3: Example of detection algorithm on 07 February 2023
iv) Traveling lonospheric Disturbances (TIDs) Swarm Satellite A. Pgngls (top to bqtton_1): Calibrate_d glectron _ " m ::9 36; Z.i Zi ) ili) Solar Wind Measurements
. Final check is to distinguish between TIDs and EPBs temperatgre, _magnetlc fle|.d zonal dlrectlop, magnetic field | Figure 6: Swarm A EPBs fqr 25 September 20_23. o . OMSP F16 elect | « GOLD EPB detection occurred after shock arrival of the
. . . . parallel direction, change in electron density, electron density, electron temperature, density, detrended density igure /. eleciron energy, 1on : AN
f . . S ICME and during strong southward IMF pre-midnight
using the 50 Hz magnetic field data provided by Swarm . . N T | lion fl
and detrended/flipped electron density energy, N, T, ion velocity, and vertical ion flux - o -
. Algorithm developed bv Yin et al (2019 allowing PPEF to uplift ionosphere (Figure 8)
90 ped by 2019) Swarm A and DMSP F16 M t - -

« TID should have a fluctuation in the hlgh pass filtered B . : — . ") warm dan easurements o Large IMF fluctuations .and SUdC!en SOUth\.Nar(.j turnlng
field zonal direction of at least + 0.2 nT fluctuation and If a detection meets all criteria, it is considered a Swarm A passed about -11° longitude at 03:30 LT about 3 hours before B before Swarm A detection; possibly resulting in
should not have any fluctuations greater than 0.15 nT in bubble. Figure 3 shows confirmed detections - Evidence of super EPBs close to -30° magnetic latitude overshielding post-midnight
the parallel direction (Yin et al. 2019) (Figure 3) (green circles). A few bubbles were removed (red - First panel in Figure 6 shows no temperature increase for these EPBs . Strong northward B, before DMSP and Swarm B

+ They adapted a magnetic pulse check from Park et al exes) because of bad data, others because they  Figure 7 shows a hemispheric asymmetry in low energy electron precipitation detection; likely resulting in continued overshielding
(2013) were Inside another detection, and one was » No clear ion precipitation of Prompt Penetration Electric Field (PPEF)

. Once we have a confirmed list of TIDs, we can use removed as a TID. Based on Figure 3, it can be - Bubbles shown in the dawn hours around the same location as Swarm B - Disturbance Dynamo Electric Field (DDEF) could have
that to remove any detections that may be TIDs noted that we are removing some bubble events; - Hemispheric asymmetry in electron temperature seen similar to the electron precipitation also played a role in uplifting the ionosphere post-midnight
instead of EPBs however, being more selective ensures we are * Increase in electron temperature within EPBs  Moderate geomagnetic storm with SYM-H minimum of

almost exclusively detecting bubbles. . Low ion velocity and vertical flux, minimal increases during EPBs about -75nT
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P different local times for Swarm B February and ° OverShleldmg and the DDEF may have played a role in the formation and equatorial plasma bubble simulated by three-dimensional high-resolution bubble

seen in Oyama et al (1 988) September 2023 maintaining of the EPBs model. Journal of Geophysical Research.
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