On the solar radio burst event that occurred on August 28, 2022, and its impact on GNSS
signals measured by distributed scintillation monitors in the American sector

Isaac Wright', F. S. Rodrigues’, J. Gomez Soécolal, A. O. Moraes?, J. F. G. Monico?, J. Sojka*, L. Scherliess?, D. Layne>, |. Paulino®, R. A. Buriti®, C. G. M. Brum/’, P. Terra’,
K. Deshpande?, P. R. Vaggu?, P. J. Erickson?, N. A. Frissell'?, J. Makela™, and D. Scipion'?

1. The University of Texas at Dallas, Richardson, TX, USA 2. Institute of Aeronautics and Space, Sdo José dos Campos, SP, Brazil 3. Universidade Estadual Paulista — UNESP, Presidente Prudente, SP, Brazil 4. Utah State University, Logan, UT, USA 5. Deep Space Exploration Society, Colorado Springs, CO, USA 6. Federal University of Campina Grande, Campina Grande, PB, Brazil
7. Arecibo Observatory, University of Central Florida, PR, USA 8. Embry-Riddle Aeronautical University, Daytona Beach, FL, USA 9. MIT Haystack Observatory, Westford, MA, USA 10. The University of Scranton, Scranton, PA, USA 11. University of lllinois Urbana-Champaign, Urbana, IL, USA 12. Instituto Geofisico del Peru, Radio Observatorio de Jicamarca, Lima, Peru

contact: igw180000@utdallas.edu
4. INITIAL OBSERVATIONS IN DALLAS

1. KEY POINTS 7. CONFIRMING SOLAR SOURCE OF NOISE

= \We report on a Solar Radio Burst (SRB) that " Sudden increase  .op >4 afl satelites R /Mo GFS SVIDOL> - = |f the source of the C/No decrease were an SRB, the depth of the
occurred on August 28, 2022, between in S, between 081 5 decrease would necessarily depend on local solar zenith angle
approximately 17:45 UT and 18:20 UT. :J 7T:45 and :sézo_th - V”""“"’““"\TW’V‘"ww\V due to the anisotropy of the antenna gain.
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The SRB was detected from simultaneous S, 14 S N S 5 | — ausustar, 2022 = A vertical equivalent C/No, C/NoZ, can be determined as a function
increases measured by a network of low-cost a rapid decrease In R et e o — August 28, 2022 . .

Global Navigation and Satellite Systems (GNSS) the carrier to noise ™ S of zenith angle, 6, and gain, g (Carrano et al., 2009).
based ionospheric TEC and scintillation monitors. rai'(? (C/ NtO) |aSt'|r_\$ . > T(b2) 2 o) = (/e g0 [emoy ] -1 Equation 2: C/No Cd/N90
. ~ minutes on | N 4 0 — 0) {1+ — > represent the o during
= Sudden C/No fadings were measured of up to and L2 frequencies 3°° i  &(0) | (C/No) J the SRB and on a quiet day,
8 dB-Hz on L1 (~ 1.6 GHz) and 12 dB-Hz on L2 ? 04 ... - ‘ respectively.
(~ 1.2 GHz). ] I(.QI@C/NO upto8dB 1 o i e e g Bl el 30 T 0 2 Vertical Equivalent AC/No L1 GPS 15
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dB-Hz for L1 and of 13 dB-Hz for L2 for GNSS 12dB (b2) o TEC GP;TSVID15 i
receivers located under the sub-solar point. . Figure 2: Measurements of GPS SVID 15 from _ " -4

" TEC perturbations ¢ scintpi in Dallas. S, and C/NO for L1 (a1, b1) ° N .
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were not observed ;44| 2 signals (a2, b2). Phase TEC estimated

in the vicinity of the  from L1 and L2 phase measurements (c). - | -
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= Early theoretical work predicted that SRBs having

sufficiently large strength at L-band frequencies h a3 syt ~- | USFLOSIGNGLONSW USCOSSGINIONISSN BRPSIZISIOOM USPRISSNGSSON  USPR ISASTN sesiaw = The calculations show that the depth of C/No fade is consistent
and wi’Eh Right Hand Cir.cular Pplarization (RHCP) o ‘ Y | 2 ol el o s with the local solar zenith angle.

CO.UId impact GNSS by Increasing the background = \We estimate maximum fadings of 9 dB-Hz for L1 and of 13 dB-
noise (Klobuchar et al., 1999). gm o nmnen | sogemasy  sagsssen © D DT D Hz for L2 for a receiver located under the subsolar point.

= Since then, only a few cases (<10) where an SRB 2 Figure 4: L1 S, for

has impacted GNSS signals have been reported. 3 ° each station in the 8. MAIN FINDINGS

AT - — 1z 16 20 network (a1-13)
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measurements of a low-cost network of ionospheric scintillation and
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associated with an X6.5 flare which was responsible al TEC sensors.

for significant GNSS failures (Carrano et al., 2009). - | ol sl el = C/No fadings were measured of up to 8 dB-Hz on L1 and 12
ST SO e : S Rl dB-Hz on L2.
—— N I . SN = Maximal C/No fadings were estimated at 9 dB-Hz for L1 and 13

3. EXPERIMENTAL SETUP O ongitude Y e s s e e dB-Hz for L2 J
o Figure 3: Locations of ScintPi monitors i D . I(:;I/?\jure o VISIin I_f1 * This finding exemplifies the usefulness of the low-cost
= We maintain a volunteer network of low-cost on August 28, 2022, and labels T T T T O measurements for _ 9 mp _ _ _
GNSS-based ionospheric TEC and scintillation corresponding to subplots on the right. ur ur ur each station in network monitors for studies beyond those typlcally associated with

(a1-13)
= Concurrent enhancement in S, to ~0.5 between 17:45 and 18:20 UT for all stations rules

out typical ionospheric sources of scintillation. Further investigation showed that the S,
enhancement was due to a sudden decrease (>5dB) in the C/No in all visible satellites.

ionospheric irregularities and scintillation

= This event was identified because of the monitoring of S, which
requires high-rate measurements and is not provided by many
other midlatitude GNSS networks.

2 2 : :
7] S, = \/ <I ><I_>2<I ) , 6. STRONG SOLAR ACTIVITY FROM AR 3088 = These observations occurred when many other instruments

monitors (ScintPi).

7/ that are typically used to study this event were not making
measurements (e.g., EOVSA, RSTN).

= Since the perturbation in C/No was observed in every satellite and in multiple stations, we

Equation 1: S,index as a investigated reported solar events as a possible explanation of activity.

function of signal intensity /.

REFERENCES ACKNOWLEDGEMENTS

Brackets indicate ensemble o GOES 17 X-Ray Flux « Bastian TS, Benz AO, Gary DE. 1998. Radio Work at UTD was supported by the National
i _ . . . “ = MO6.7 flare at 16:19 UT and a emission from solar flares. Annu Rev Astron Science Foundation (NSF) Award AGS-2122639
Figure 1: ScintPi 3.0 averaging. : M6.7 M8.6 S 424 and by the NSF’s GRFP Grant No. 2136516. The

Lot ] M4.8 M4.7 : Astrophys 36: 131-188. . . . -
' M4.6 M3.3 M2S & M4 .6 flare at 18:32 UT . C cS Brid 4 CT G KM. 2009 Jicamarca Radio Observatory is a facility of the
- Th t b d : | ﬂ: th h |f : M1 2M1'1|v|1,8 M1.4 | -~ Mo X arrano , bl gVYOO , GIoves - g Instituto Geofisico del Peru operated with
€ moni er age ase é)r[]gcomn?etl;ma Ofl- e'ﬁ € g 1) ‘ g = SRB at 1415 MHz of Impacts of solar radio bursts on GPS. Radio Sci. support from the NSF AGS-2213849 through
components and are use our lab In researc s \ c . 44: RSO0A25. Cornell University. JFGM would like to thank
and Fe)dUCational effOrtS (Sc')c)(;la and ROdri ues B o (3% 230,000 SOIar Flux UnItS - Gomez Socola J, Rodrigues FS. 2022. ScintPi 2.0 support to INCT through grants CNPq
g : X o _ _ _ . . . 465648/2014-2, CAPES (23038.000776/2017-
2022 s 0 (SFU) from 17:13 - 19:59 UT and 3.0: GNSS-based monitors of ionospheric 54) and FAPESP (2017/50115-0). IP would like
). 107 | ' | ME with i scintillation. Earth Planet Space to thank support from the Conselho Nacional de
* Multi-constellation and high_rate measurements (up f T otr0sm | A = Halo C with linear Speed » Klobuchar J, et al. 1999. Potential solar radio burst Desenvolvimento  Cientifico e  Tecnoldgico
I I I I o a0 08-27 12 08-28 00 08-28 12 08-29 00 08-29 12 08-30 00 Of 1232 km/S at 16 1 2 UT effects on GPS. GPS Solut (30606.3/2020-4) and Fundagéo,de Amparo a
to 20 HZ) enable ScintPi to calculate 84 indices o . Wright IG, et al. 2023. Detection of a solar radio Pesquisa do Estado da Paraiba (Demanda

Universal). CGMB and PT would like to thank the
support from NSF Award AGS-2221770.

which are used to identify scintillation. ScintPi 3.0

] _ burst on 28 August 2022 and its effect on GNSS
can also provide total electron content (TEC). Figure 6: GOES-17 X-Ray flux from August 27 to 29, 2022
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