Evidence for small-scale plasma Irregularities at mid-latitudes:
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Introduction Scintillation Imaging

Signals from global navigation systems are commonly used diagnostic for ionospheric plasma I (@) SwarmA: 2017-09-08 02-40:00 - SwarmA: 2017-09-08 03:55:00 S rmA: 2017-00-08 05-45:00 -
dynamics. In particular, high frequency fluctuations (scintillation) of received amplitude, and 2017-00-08 03:25:00 L 2017-09 08 06:30:00
phase are a handy diagnostic for small-scale (~100m to ~km) size irregularities. Dedicated ':'_2:: """""""""""""""""""""""""""""""""""""""""

scintillation receivers are utilized for such purposes, however, they are predominantly = )

operated at low and high latitudes. Our goal iIs to survey the mid-latitudes with D_::j

scintillation occurrence with high-rate geodetic receivers. We define mid-latitudes as the | | | | L N DN || SRRt | e AR | R
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We present the first large-scale Global Positioning System (GPS) scintillation imaging Figure 3: (a) Dst index for the time period of interest. (b) Map of the  ENESSEEEEGEG— I | | T LN SR VAR, | ] et | S NP

GPS receivers. Overall 423 receivers, ~320 of them are located at mid-
latitudes (red dots). Others are at low and high latitude (white dots).

We present detailed observations of mid-
latitude GPS scintillation for the green-
shaded time frame in Figure 3. Statistics of
scintillation strength and occurrence as a
function of magnetic latitude are presented
for 2 days (grey-shaded area)
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product, leveraging the UNAVCO geodetic GPS receivers. While dealing with large verity of
hardware, we introduce the receiver and time dependent processing, together with modified
scintillation indices. Spatial distribution of the receivers enable the first comprehensive study
of the mid-latitude 1onosphere, with ~400 receivers the North American sector. We find that
the mid-latitudes host storm-time small-scale irregularities, which are independently validated
Qy In-situ electron density measurements by the SWARM spacecraft. J

Bl

______________
------------
---------------
"""""""""""""""""

<R S B - L I | I —— B T S (R
________________

SwarmC: 2017-09-08 02:30:00 -- SwarmC: 2017-09-08 04:10:00 -- SwarmC: 2017-09-08 05:45:00 --
2017-09-08 03:30:00 2017-09-08 05:00:00 2017-09-08 06:35:00

‘/./’ 7 \ ’},, E.

7’

IVI PR y ”:’f”,. .5ECu « o2an i 3 ., C : './; \
et h O d O I O gy Sead \ ¢ THE STRRIS LN Uy RIS B | || e g | e <t Oy S
The receiver limitations prevent us from use = +{(q) —re RN RPEEA 2 L 2 07 SENERAR iR | | G 1\ s N R < (SRR Nt
of conventional phase (c,), and amplitude @ * 3 ¥ { VL. YT Ly e b ) NerrEEs |
(S,) scintillation indices. Nevertheless, we G .
choose to define their proxy indices 6 and ”;j SRV VAV/EE VAR [ T PANTR AR AN @S s T AW e BRSO EERETRs
SNR,, respectively. We utilize Total Electron e — s IR XU T S et e < | a0 00 0 0 S
Content (TEC) as an indicator for phase = rqn——— 7 | | S« | W ' s P A0 435 450 475 500 515 580 535 b0 . 0 50
fluctuations, and Signal to Noise Ratio (SNR) o P 2 JEEE ‘‘‘‘‘‘ r -t - """"" R : __;,__:’_:j':_"; ,,,,,, log10 (Ni) [/cm?3] TEC [TECU]
as a Ssubstitute for amplitude. The new (u'j 0.00 - N T ON /,,;';‘ ’g‘ ISR ' Figure 6: Snapshots ofSV\_/ARMAandCsateIIi_te measurement_s of plas_madensity (Ni), density irregularities, and elec_trontemperatu_re. Each__
- - / B snapshot shows one satellite pass along magnetic-north foot point of trajectory. Background are GPSTEC maps. Locations of strong irregularities
definitions follow the standard morphology: OI; —0.05 - are highlighted with red (phase scintillation) and blue (amplitude scintillation) circles. Equatorial bubbles
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SNR4 = < SNRZ> — < SNR >2 Gooof M| validate maps of GPS scintillation. Figure 6 % | | \
=, 0015 1 W e/ SR (o presents 3 passes of A, and C satellites that = Mid-latitude
The indices are defined as a standard oo o o R BN o - traversed the American sector. Satellite path is | scintillation
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(1) Polynomial de-trending (ATEC). (2) represent instances of scintillation events. "~V LR e R Y LI 7 fllterec_i electron denS|ty. - % .. Al
High-pass filtering, 6t order Butterworth We find a _great spatiotemporal agreement S i ""HH“,-V
filter, 0.1 Hz (STEC). (3) Moving standard 01 " L s Pt SR g between locations of, SWARM and GPS measu- 2 - I}‘
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All receivers have a temporal resolution of g 015{ :1: . L e - N Y L T ﬁgureS 6-7 (a time-series plOt from Figure 63.) Figure 7:Time-series plot of electron density and de-trended
1 Hz, therefore, the artificial cutoff at 0.1 ~|. ;. ws| 1R UL DA e s, NN ARt N T \_ e e e e e e/
Hz is a band-pass filter for irregularities at| oo |- *‘wincmmmmmms | oo | <5 S mmast fo T 2 S B N P e, At
temporal scales between 2 — 10 seconds. R - A , A b, S , EER Y =
HOV\{eV?r, there IS lqherent Space-tlme Fioure 2 Histogram of a median standard deviations for TEC and | | || 09/08T04 ,'" L _____________ ,,,,,,, 1Y 00108706 ,"' C O n C I u S I O n S
ambiguity due to non-stationary plasma. SNR encompassing ~420 receivers for 3 days in September 2017. " e — | " !
Figure 4: Hourly snapshots of scintillation strength and occurrence during the September 7-8 storm. Red pluses mark the phase/TEC scintillation, * First ever large-scale picture/observations of mid-latitude GPS scintillation is presented,
A use of large verity of hardware comes at a cost of in general larger receiver varaince, use of while blue crosses are amplitude/SNR scintillation. utilizing the UNAVCO high-rate geodetic receivers.
proxy indices, and additional processing routines to mitigate outliers. In order to mitigate J P 00/07/2017 F LD & 00/07/2017 | | oojos2017 : mam | 09/08/2017 + Receiver and time-dependent signal processing is introduced, as well as modified
receiver-time-dependent background noise, we define a scintillation event as: o | 3 Ll | iy scintillation indices. Due to a large spread in receiver variance, the signal processing
A continuous time period when a scintillation index exceeds a value E = 2 - 67gc , where %’ T oo 3 o ol :- .‘ framework is receiver, and time dependent.
orec 1S @ median value of the scintillation index for a receiver per day. Same for the 2. 7‘° . g BETER » Observations taken during the 7-8 September 2017 geomagnetic storm show first the
SNR,. An event extraction is demonstrated in Figure 1c, where red dashed line a value of E, s | ¢ o i ;_f first large spread scintillation at mid-latitudes (Figure 4)! Phase scintillation dominates
and green samples were determent as scintillation events. 2 j”' : o el SN in the earlier phase, while amplitude in the later phase of the storm. Occurrence statistics
Large spread in receiver hardware performance is demonstrated in Figure 2, where a AN L | 8 P in Figure 5 demonstrate that there are mid-latitude sources of amplitude scintillation.
distribution of median values of ogcand SNR4 Is evaluated for 420 recelvers, In three g G e e e e me ™ | In-situ measurements by the SWARM satellites show existence of kilometer-scale plasma
consecutive days. Median OTEC s 0.12 TECU/S’ which iIs an order of magnitUde Iarger from Figure 5: Statisz;fscof strength vs. occurrence rate of scint4illation per magnetic Iatitudeﬁri. Statistics is from all receivers (~320£)1 for a time irregularities, co-located with regions of strong GPS scintillation, providing an
scintillation recelvers. / !’e”"d odiawhnale day, together covering the gray-sfiaded time-fange from the Figure 5. // \__independent validation of physical implications of the measured scintillation occurrence. /

CEDAR Workshop 2019, June 16-21, Santa Fe, New Mexico. Sebastijan Mrak, 8 Saint Mary’s Street, Boston, MA 02215-2421, USA. smrak@bu.edu



mailto:smrak@bu.edu

