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A brief study on Ionosphere monitoring over Manaus (-3 0 5' 34'', -60 0 2' 24'') with GNSS data in the magnetically calm period in solar cycle # 25.

Introduction

Manaus (-3 0 5' 34''; -60 0 2' 24''), an intermediate point between the geographic and magnetic equators, is intrinsically important in the scope of ionospheric investigation in the equatorial region of the Brazilian sector, where several interesting phenomena occur in the upper atmosphere in the generation of large-scale ionospheric irregularities that at this latitude are the plasma bubbles, better understood in [START_REF] Kelley | The Earth´s Ionosphere Plasma Physics and Eletrodynamics[END_REF] and [START_REF] Lima | Study of the Propagation of Gravity Waves in the Equatorial Ionosphere[END_REF][START_REF] Lima | Observations of MSTIDs/GWs at the F2 layer heights in the near equatorial region[END_REF]. The Amazon is located in a region of maximum in the global distribution of occurrence of plasma bubbles (large-scale ionospheric irregularities), that is, in Brazil, there are more bubbles than in any other region of the planet [START_REF] Bolzan | Seasonal-longitudinal variability of equatorial plasma bubbles[END_REF]. The Sun has an 11-year cycle, in which half is magnetically disturbed and half magnetically calm; we are currently going through the calm period moving towards disturbed cycle # 25 since the terrestrial ionosphere is strongly influenced by the 11-year solar cycle, (https://swpc.noaa.gov). This ionospheric survey over Manaus, AM, is being carried out by ULBRA institutions (Fig. 1), in partnership with UNIVAP (São José dos Campos -SP | Brazil) and is composed of an ionospheric GPS network. It is in integration with the LISN (Low-latitude Ionosphere Sensor Network) project in order to provide scintillation (S4) and TEC maps over Manaus in real-time. Research data will be available in digital formats for researchers on the network, at http://lisn.igp.gob.pe/stations/status.php, and also in physical form (Handbook), in a FAPEAM publication, available at Geoscience students and researchers (Space Climate) with Ionospheric GPS data in the equatorial region, at: https://www.researchgate.net/publication/350640220_Ob servacao_da_Ionosfera_sobre_Manaus_2011-2012_GPS. An Ionospheric GNSS (Experimental), GPS type, with an Arduino platform for monitoring S4 on the target (Manaus-AM|Brazil) is currently under development.

Methodology

The site 

Instrumentation.

The Y. Sahai Laboratory has 2 ionospheric acquisition instruments (GNSS) (Fig. 2 and Tab. 1) (NovAtel and Septentrio) in partnership with the UNIVAP network (LISN), another phase of adaptation and data acquisition from UNESP (Presidente Prudente -SP / Brazil). For Total Electronic Content (TEC) and S4 (Flicker data) acquisition. 

Method

The use of instrumentation using GNSS for monitoring the upper atmosphere is possible from the error associated with the refraction of the signal sent from the satellite, which when passing through the ionospheric plasma is inversely proportional to the square of the frequency and directly proportional to the total content of electrons ( TEC -Total Electron Content), along the path traveled by the GNSS signal in the ionosphere and also by the variation of amplitude and phase of the signal by the scintillation effect (S4). The TEC varies in time and space and is influenced by several variables, such as: solar cycle, time of year, time of day, geographic location, geomagnetic activity, among others, its effect on the GNSS system is of delay, while the flickering, ie S4, can cause loss (stuttering) and positioning degradation. The TEC, presented in TEC units (TECU), where 1 TECU corresponds to 1x10 16 electrons/m² (Eq. 1 and Fig. 3 from the right) and the S4, (Eq.2 and Fig. 3 from the left), are the main parameters that describe the effect of the ionosphere on the GNSS signal.

The research is based on the monitoring of the solar cycle # 25, in the equatorial region, through GNSS data (NovAtel -NOV GSV4004B -Septentrio PolaRX5s GNSS). This is performed with the aid of TEC (Total Electron Content) and S4 scintillation graphic analysis, which show the variation in the intensity of free electrons per area in the terrestrial ionosphere and the recombination with photon emission, respectively. The number of electrons along the length of the path is referred to as the total electron count and is defined by the expression:

Where ne is the electron density. 

Results and Discussion

Data from the GNSS-Arduino system (LABION -Y. SAHAI), in hourly intervals, can be viewed at https://thingspeak.com/channels/1744159. at the point (-3 0 5' 34''; -60 0 2' 24''), that is, over the city of Manaus -Amazonas | Brazil. (Fig. 6). Fig. 6: Shows the graphs of S4 (on a scale of 0 to 1) plus Maximum Satellite Number, Elevation, Azimuth and S4 over target (-3 0 5' 34''; -60 0 2' 24''), on two different days and times.

Solar Cycle # 25 is still in the growth phase of turbulent events, in the year 2022 the events of solar storms (Dst Index -Disturbances Storm Time) with an index close to -100 nT (one in January, three in February, and three in March) (Fig. 7). We observed slight growth in Cycle #25. These days of strong dst (disturbance storm time) favor ionospheric irregularities, mainly in the formation of ionospheric plasma bubbles in the equatorial region, also visible in the Morlet Wavelet Transform, within the reliability cone (95%) according to [START_REF] Bolzan | Seasonal-longitudinal variability of equatorial plasma bubbles[END_REF]. 

Conclusion

The data and information acquired with the GNSS system in the Central Amazon, provides knowledge about the behavior of the ionospheric plasma in the region. However, continuous monitoring is responsible for understanding seasonal anomalies in the Sun's 11year solar cycle over the target.

Fig. 1 :

 1 Fig. 1: Ionosphere Laboratory -Yogeshwar Sahai (Ulbra Manaus Campus. Lat. -3.1087; Long. -59.9751).

Fig. 2 :

 2 Fig. 2: Instrumentation (left), receiver and antenna (NovAtel -NOV GSV4004B -Antenna NOV702rev.4). On the right. Septentrio PolaRX5s GNSS receiver and antenna. (Source: UNIVAP-UNESP).

Fig. 3 :

 3 Fig. 3: TEC and S4 graphs in the ionosphere over Manaus (AM | Brazil). TEC (left) the detail in the figure reports irregularities in the Plasma Bubble type ionosphere. S4 (right) being (1) flickering irregularities and (2) maximum elevation of collected information. (Source: LISN).In[START_REF] Muella | Morphology and dynamics of small-scale ionospheric irregularities and ionospheric GPS imaging[END_REF] scintillation, which is a variation in the amplitude and phase of a radio wave, when it crosses irregularities in the ionosphere, that is, leaves the GNSS

Fig. 5 :

 5 Fig. 5: GNSS system with Arduino developed at the Y. Sahai Laboratory (CEULM/ULBRA2022).

Fig. 7 :

 7 Fig. 7: Dst Panel for the months of January, February, March, and April 2022, with DST Index Profile (Disturbance Storm Time) and Morlet Wavelet Transform. Source: WDC for Geomagnetism -Kyoto, 2022).
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 89 Fig. 8: Values of the TEC and S4 indexes for the cities of Brasília and Manaus for the 20th of March 2022. (Source: GNSSPlanning).

Table 1 -

 1 Station data in Manaus -AM. (Source: LISN; UNESP)
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