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Abstract 

A new study of the capabilities of the so called GNSS Solar Flare Activity Indicator 

(GSFLAI) is presented. Instead of analysing Solar flares (for which GSFLAI provides a 

proxy of the solar EUV flux rate), this project is focused on far stellar flares, thus it may be 

said that GNSS Stellar Flare Activity Indicator (hereinafter G*FLAI or equivalently GSFLAI) 

is born here. The results are supported by the comparison of GSFLAI with direct 

observations provided by GBM and BAT instruments on board Fermi[7] and Swift[18] 

satellites respectively. Moreover, the performance on stellar flares detection of an optimal 

detection algorithm called SISTED (Sunlit Ionosphere Sudden TEC Enhancement 

Detector[8]), which shares the same physical fundamentals as GSFLAI, is also presented. 

A total of four stellar flares coming from different sources have been studied, where GSFLAI 

and SISTED time evolution during the day when the event was detected are shown in 

graphics and three tables. Moreover, some parameters of interest are also shown for 

previous and later days of each of these flares. Finally it is reported at least two cases in 

which a peak in SISTED happens close to a reported stellar flare 
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Resum 

Es presenta un nou estudi del potencial de la coneguda GNSS Solar Flare Activity Indicator 

(GSFLAI). En comptes d’analitzar fulguracions solars, aquest projecte es centra en 

fulguracions provinents d’estrelles llunyanes, per tant es pot dir que el GNSS Stellar Flare 

Activity Indicator (d’aquí endavant G*SFLAI o equivalentment GSFLAI) neix aquí. Els 

resultats estan recolzats per la comparació de GSFLAI amb observacions directes 

obtingudes pels instruments GBM i BAT a bord dels satèl·lits Fermi[7] i Swift[18] 

respectivament. A més a més, també es presenta el rendiment en la detecció d’estrelles 

llunyanes d’un algoritme òptim de detecció conegut com SISTED (Sunlit Ionosphere 

Sudden TEC Enhancement Detector[8]), el qual comparteix els mateixos fonaments físics 

que GSFLAI. S’han estudiat un total de quatre fulguracions estel·lars provinents de 

diferents fonts, de les quals es mostren gràfiques dels resultats obtinguts amb GSFLAI I 

SISTED pel dia en que es va detectar cada fulguració i també tres taules. A més a més, 

també es mostren alguns paràmetres d’interés pels dies previs i posteriors a cada 

fulguració. Finalment es reporten dos pics en SISTED compatibles amb una detecció de 

fulguració estel.lar.  
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Resumen 

Se presenta un nuevo estudio del potencial del conocido GNSS Solar Flare Activity 

Indicator (GSFLAI). En vez de analizar fulguraciones solares, este proyecto se centra en 

fulguraciones provenientes de estrellas lejanas, por lo tanto se puede decir que el GNSS 

Stellar Flare Activity Indicator (de aquí en adelante G*SFLAI o equivalentemente GSFLAI) 

nace aquí. Los resultados están apoyados por la comparación de GSFLAI con 

observaciones obtenidas por los instrumentos GBM y BAT a bordo de los satélites Fermi[7] 

y Swift[18] respectivamente. Además, también se presenta el rendimiento en la detección 

de estrellas lejanas de un óptimo algoritmo de detección llamado SISTED (Sunlit 

Ionosphere Sudden TEC Enhancement Detector[8]), el cual comparte los mismos 

fundamentos físicos que GSFLAI. Se han estudiado un total de cuatro fulguraciones 

estelares provenientes de diferentes fuentes, de las cuales se muestran gráficas de los 

resultados obtenidos con GSFLAI y SISTED para el día en que se detectó cada fulguración 

y también tres tablas. Además, también se muestran algunos parámetros de interés para 

los días anteriores y posteriores a cada fulguración. Se concluye con dos de los casos, en 

el que un pico en SISTED es detectado muy próximo a la fulguración estelar. 
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1. Introduction 

 

A first introduction of the project is detailed below; the main objectives, the requirements 

and specifications, the methodology carried out during the work plan at the beginning of 

the project and finally, a list of deviations of the initial work plan.  

 

1.1. Statement of purpose 

 

The project is carried out at Mathematics Department in ETSETB, UPC – Campus Nord, 

Jordi Girona street, 1-3. 

The purpose of this project is to develop a first study on the feasibility of stellar flares 

detection by means of the potentially associated overionization of the ionosphere detected 

with global GPS measurements. 

The project main goals are: 

 To understand how a near-far stellar burst detection space mission, such as 

NASA’s Fermi and Swift satellites, works; its objective, relevant parameters 

(ephemerides …), accessible data, software tools for these data, etc.  

 To understand which impacts have a stellar flare on the Earth’s ionosphere. 

 To understand GNSS Stellar Flare Activity Indicator (GSFLAI) and Sunlit 

Ionosphere Sudden TEC Enhancement Detector (SISTED) measurements and 

techniques. 

 

1.2. Requirements and specifications 

 

 To provide the procedure of the study of a specific space mission; where to get 

the data collected from the satellite detectors involved in the mission and how 

to manage and process these data. 

 In the best case, to provide a first conclusion on the goals of this project: the 

feasibility of detecting stellar flares. If this is not possible due to the challenging 

nature of the problem, and the limited time in the framework of this project, at 

least providing a first study of the stellar flares detection by means of the 

overionization of the Earth’s ionosphere detected with global GPS 

measurements is foreseen.  
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1.3. Methods and procedures 

 

This project arises from a previous research with positive results about detection of 

Solar flares by means of the overionization of the Earth’s ionosphere detected with 

global GPS measurements1. One of the co-authors of this project which is actually my 

project supervisor, Manuel Hernádez-Pajares, explained me the great results of the 

project and said me that it existed the possibility of starting a new project developing 

the same study with stellar –other distant stars apart from the Sun– flares. As I am also 

a passionate of astronomy and a telecommunication student, I thought this was the 

perfect project for me, even knowing its challenging purposes. So, it could be said that 

this project starts from the scratch, from the point of view of the stellar flares beyond 

the Sun. 

 

In this project, the GSFLAI and SISTED softwares, which were developed previously, 

are used to analyze stellar flares. 

 

This project is performed in the framework of the Mathematics Department of ETSETB, 

UPC, specifically in the framework of Ionosphere & Navigation based on Satellites & 

Terrestrial systems (IonSAT) where my project supervisors are involved in. 

 

As described in the first paragraph, the initial ideas where provided by the supervisors. 
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1.4. Work plan 

 

An initial work plan of the project is described below. 

1.4.1. Work packages 

 

 Work Package 1: 

 Start: 29/02/2016, End: 11/04/2016 

 Short description: Reading papers about near-far stellar burst detection space 
missions. 

 No Internal Tasks  

-   No Deliverables  

 

 Work Package 2: 

 Start: 04/04/2016, End: 11/04/2016 

 Short description: Look for the best ten stellar bursts registered where some 
characteristics may be satisfied by the star and the day of the burst 

 Internal Task 1: Excel table with best ten stellar flares to study. 

-   Deliverables: Yes     Date: Week 04/04/2016 - 11/04/2016 

 

 Work Package 3: 

 Start:11/04/2016, End: -  

 Short description: Searching data collected from the satellites involved in the 
interested missions for each one of the top ten stellar bursts found. 

 No Internal Tasks 

-   No Deliverables 

 

 Work Package 4: 

 Start: 01/05/2016, End: -  

 Short description: Analyze the data got from the interested space missions 
involved in the field of the study for each one of the top ten stellar bursts found. 

 No Internal Tasks 

-   No Deliverables  

1.4.2. Milestones 

 

WP# Task# Short title Milestone / deliverable Date (week) 

2 1 Best ten stellar flares to study Excel table 04/04/2016 
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1.4.3. Gantt diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.4.4. Meeting and communication plan 

 

Meeting Date 

Project Proposal and WorkPlan approval  26/02/2016 

Critical Review (midterm) 06/05/2016 

Final Review        - 

Project meetings (doubts, monitoring, next 

steps…)  

Fortnightly 

 

  

29-02-16 20-03-16 09-04-16 29-04-16 19-05-16 08-06-16 28-06-16 18-07-16 07-08-16

WP1

WP2

WP3

WP4

Gantt Diagram

Fig. 1: Gantt diagram. 
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1.5. Work plan deviations 

 

During the following months after the work plan creation, some deviations of the initial 

procedure and methodology have been appearing. These deviations are explained below. 

1.5.1. Incidences 

 

There was a main incidence that happened during the development of this project and 

others not such relevant related with that first one: 

 

 The most relevant incidence happened when downloading data from any space 

mission, mainly Fermi and Swift satellites, and visualizing it. These data are 

almost all in FITS format files, which can be only opened with specific tools, so 

I had to spend some not planned time looking for a software which made me 

able to open and visualize these files correctly. Other problems appeared when 

I finally found a tool (see section 3.3) that made me able to open these type of 

files; the data of some events was so huge that when I wanted to sort some 

parameters the tool   crashed every time and I had to install a Linux OS (Ubuntu) 

alongside Windows 10 that was already installed on my computer to be able to 

sort such data files. 
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Fig. 2: FV plotting tool showing the energy of the Top2 event in MeV in function of the time of the day of 
interest (17th June 2013) in Fermi seconds (calculated as the seconds since 1st January 2001[1]) from the 

data collected by the Fermi GBM. The six most energetic peaks are marked during this day. 

 

 

Table 1: FV tool showing a table with the data of different parameters that Fermi GBM collects from any 
detected burst. The first column shows the time in Fermi seconds and the second one shows the energy in 

MeV of the event. The rest of the parameters are irrelevant for our purposes. 
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As it will be explained on chapter 3. Methodology and project development this tool finally 

became useless due to the data shown from FV was not consistent with the information 

provided by papers and it could not be interpreted. 

 

1.5.2. Updated work packages 

 

Regarding the work packages proposed in the work plan there had been very few changes 

and unexpected time plans. In particular the WP2 it was expected to last one week and 

finally lasted almost three weeks. WP3 and WP4 consisted on searching and analyzing 

data from specific space missions for each one of the top ten stellar flares found, and I 

finally had to focus only in the top three stellar flares of the best ten. Few days from now, I 

started focusing on another stellar flares different from the top ten that had a strong impact 

in the Earth’s ionosphere and could contribute on potential great results to this project. 

The new work packages added and the initial work packages changes are described 

below: 

 

 Work Package 1: 

 Start: 29/02/2016, End: 11/04/2016 

 Short description: Reading papers about near-far stellar burst detection space 
missions. 

 No Internal Tasks  

-   No Deliverables  

 

 Work Package 2: 

 Start: 04/04/2016, End: 24/04/2016 

 Short description: Look for the best ten stellar bursts registered where some 
characteristics may be satisfied by the star and the day of the burst 

 Internal Task 1: Excel table with best ten stellar flares to study. 

-   Deliverables: Yes     Date: 24/04/2016  
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 Work Package 3: 

 Start:11/04/2016, End: -  

 Short description: Searching data collected from the satellites involved in the 
interested missions for each one of the top ten stellar bursts found. 

 No Internal Tasks 

-   No Deliverables 

 

 Work Package 4: 

 Start: 13/04/2016, End: 14/04/2016  

 Short description: Looking for a software tool capable to correctly open and 
visualize FITS format files. 

 No Internal Tasks 

    -   No Deliverables  

 

 Work Package 5: 

 Start: 18/04/2016, End: 28/04/2016 

 Short description: Installing OS Linux – Ubuntu alongside Windows 10 on my 
laptop. 

 No Internal Tasks 

-   No Deliverables  

 

 Work Package 6: 

 Start: 18/04/2016, End: -  

 Short description: Analyze the data got from the interested space missions 
involved in the field of the study for each one of the top ten stellar bursts found. 

 No Internal Tasks 

-   No Deliverables  

 

1.5.3. Updated milestones 

 

There are the same milestones as defined in the work plan. 
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1.5.4. Updated Gantt diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.5.5. Updated meeting and communication plan 

 

There is the same communication plan with the project advisors as defined in the 

work plan. 

 

  

WP1

WP2

WP3

WP4

WP5

WP6

29-02-16 20-03-16 09-04-16 29-04-16 19-05-16 08-06-16 28-06-16 18-07-16 07-08-16

Updated Gantt Diagram

Fig. 3: Updated Gantt diagram. 
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2. Review of literature 

In order to make the results and conclusions of this project more comprehensive, a couple 

of areas must be introduced before. These two topics, described below, are “GPS and 

ionospheric sounding” and “Solar and stellar flares impact on ionosphere”. 

  

2.1. Introduction to GPS and ionospheric sounding 

 

The GPS constellation of 31 Medium Earth Orbiting (MEO) satellites, providing ranging 

signals at two L-band frequencies, has become one of the most successful tools to 

determine the distribution of free electrons in the ionosphere[12]. Indeed, GPS, and in 

general the multifrequency GNSS, provide an unprecedented high spatial and temporal 

resolution in the measurements of the number of free electrons per volume unit. 

 

2.2. Introduction to Solar and faraway stellar flares impact on ionosphere 

 

Solar flares are sudden enhanced electromagnetic emissions, which are often associated 

with explosive events on the Sun’s surface releasing huge amounts of magnetic energy 

and charged energetic particles. In particular, they are characterized by the emission of 

radiation across the whole electromagnetic spectrum, especially in X-rays and Extreme 

Ultraviolet (EUV) band. The radiation in these bands is geo-effective in generating extra 

photoelectrons in Earth’s ionosphere, but affected differently by the locations of flares on 

the solar disk. X-rays are generally optically thin in the solar atmosphere, therefore are 

almost unaffected by flare locations. However, EUV bands are often optically thick in the 

solar atmosphere and the absorption of optically thick emissions is greater on the limb, due 

to the longer path lengths. Therefore, limb flares have less enhancement of EUV and thus 

are less geo-effective than centre flares. 
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The study which this project is based on presented a new GNSS Solar Flare Activity 

Indicator (GSFLAI), given by the gradient of the ionospheric Vertical Total Electron Content 

(VTEC) rate, in terms of the Solar-Zenithal Angle (SZA or ), measured from a global 

network of dual-frequency GPS receivers pointing the detector to the Sun [11]. It is highly 

correlated with the EUV photons flux rate at the 26–34 nm spectral band, as it has been 

mentioned before, is geo-effective in the ionization of the mono-atomic oxygen in the 

Earth’s atmosphere. The results obtained had been supported by the comparison of 

GSFLAI with direct EUV observations provided by SEM instrument of SOHO spacecraft. 

The VTEC parameter (V) computed by the detector can be approximated by the Chapman 

model, predicting a dependence on the SZA[19] as follows: 

 

 

 

Where a(t) is the enhanced ionization gradient for time t. 

 

 

 

 

 

 

 

 

 

 

 

  
Fig. 4: Solar-Zenithal Angle illustration. 
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In summary, and due to the fact that X, Gamma and especially EUV radiation are 

responsible for the ionization process in the Earth’s ionosphere, the study has shown how 

the proposed technique takes advantage of this, in order to complement the conventional 

measurements from space. In this way, solar flares can be indirectly, but precisely 

monitored by measuring the electron content enhancement through dual-frequency 

measurements from a global GPS network. 

 

The fact that the VTEC dependence on the proportionality of the enhanced ionization of 

the Earth’s ionosphere and the cosine of the SZA follows a physic first principle is the main 

reason that made possible this project could take place, because the procedure of that 

study and the present project is the same and the main differences are the following: 

 I would be studying faraway stellar flares, such as Gamma-Ray Bursts (GRBs), 

Soft Gamma Repeaters (SGRs), Anomalous X-Ray Pulsars (AXPs) and so on, 

instead of Solar flares. 

 Stellar bursts would be in higher spectrum bands such as X-rays and Gamma-rays 

because of the huge magnetic fields on these kind of stars. This means that the 

great majority of instruments on board the satellites destined to study this kind of 

bursts collect the information in X and Gamma bands instead of EUV bands. This 

would suppose a significant problem because the EUV band is the most geo-

effective in the ionization of the mono-atomic oxygen present in the Earth’s 

ionosphere and that is a parameter which the GSFLAI performance depends on. 

 It would be a challenging study because of the lack of information on this kind of 

stars and their activity in relation with the information obtained from the Sun and 

its flares. 

 The flares impact on the Earth’s ionosphere would be much lower owing to the 

huge distances between these stars and the Earth’s ionosphere and that, together 

with the high energetic band emissions (X-rays and Gamma rays), would impinge 

on the sensitivity of the detector.   
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Gamma Ray Bursts are flashes of gamma rays associated with extremely energetic 

explosions that have been observed in distant galaxies. They are the 

brightest electromagnetic events known to occur in the universe. Most observed GRBs are 

believed to consist of a narrow beam of intense radiation released during a supernova or 

hypernova as a rapidly rotating, high-mass star collapse to form a neutron star, quark star, 

or black hole[9].  

 

In this project, neutron stars were the most studied type of star, concretely magnetars, 

which are a kind of neutron star with an extremely powerful magnetic field, which its decay 

powers the emission of high-energy electromagnetic radiation, particularly X-

rays and Gamma rays. The great majority of magnetars emit large bursts of Gamma 

rays and X-rays at irregular intervals, called Soft Gamma Repeaters (SGR), and these kind 

of stars have been our principal source of study.  

https://en.wikipedia.org/wiki/Gamma_ray
https://en.wikipedia.org/wiki/Galaxy
https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/Universe
https://en.wikipedia.org/wiki/Supernova
https://en.wikipedia.org/wiki/Hypernova
https://en.wikipedia.org/wiki/Star
https://en.wikipedia.org/wiki/Neutron_star
https://en.wikipedia.org/wiki/Quark_star
https://en.wikipedia.org/wiki/Black_hole
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Photon_energy
https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/Gamma_ray
https://en.wikipedia.org/wiki/Gamma-ray
https://en.wikipedia.org/wiki/Gamma-ray
https://en.wikipedia.org/wiki/X-ray
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3. Methodology and project development 

 

All the relevant learning methods and procedures are described in this chapter. Since the 

very beginning, it was well known that this project was much more challenging than 

common projects. It covers a very specific field of study with an important initial lack of 

information about it. Thus, a lot of time was spent in analysing by some ways which they 

finally had no relevant repercussion to the project. However, all the lanes that have been 

taken are explained below.  

 

3.1. Acquaint yourself with the environment of this project 

 

First, I had to read the paper published by my project supervisors about GSFLAI 

measurement of EUV photons flux rate during strong and mid solar flares to understand 

what I will be doing during the following months. After that, when I had an idea of what I 

would be working on, I started reading many papers about GRB detections with different 

satellites in order to know which was the methodology to study a GRB, which impacts had 

in the Earth’s atmosphere, and in particular, the Earth’s ionosphere, and finally the most 

relevant data to be analysed. 
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3.2. Selected GRBs and similar events 

 

A top ten GRBs selection was made in order to focus on the most propitious events to be 

studied. This selection was made according to some different parameters described below: 

 The angular distance between two objects, as observed from a location different 

from either of these objects, is the size of the angle between the two directions 

originating from the observer and pointing towards these two objects. In the context 

of this project, one point is the Sun and the second one is the star which emitted 

the selected GRB. 

This value indicates how the GSFLAI results measured from this GRB will be 

affected by the solar radiation (noise), being this effect maximum when the angular 

distance is 0º (the Sun  and the star are aligned), and this effect minimum when the 

angular distance is 180º (the Sun and the star radiation should not be detected 

simultaneously).  

So I looked for GRBs with an angular distance greater than 130º, being this value 

enough to prevent a too high noise produced by the solar radiation.  

 
 
 

 

 

 

 

 

 

Fig. 5: A 180º angular distance between the Sun and the GRB star. 

  

Sun GRB Earth 
180º 

Observing point 

https://en.wikipedia.org/wiki/Angle
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Fig. 6: A 0º angular distance between the Sun and the GRB star (one eclipses the other). 

 

 The geomagnetic activity index, which is an excellent indicator of disturbances in 

the Earth’s magnetic field, which might contribute on increasing the noise of the 

GSFLAI results. Thus, it is preferable to avoid high Kp indices if some stellar activity 

was detected, because it would be impossible to determine where it came from, or 

from the GRB star or from the Sun. 

 

 The event date, which is crucial to ensure a good GSFLAI performance. The more 

recent the stellar flare is, the better GSFLAI performance will be due to the number 

of base stations deployed. A part from this, depending on the number of base 

stations, if there are enough, GSFLAI will be able to perform at a 1s rate sampling. 

On the contrary, only a 30s sampled data from GSFLAI will be possible, which is 

not a desired performance due to peaks masking caused by noise. This will also be 

the case for SISTED. 

  

GRB Earth Sun 0º 

Observing point 
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Top 
10 
(#) 

Source Name 
Angular 
Distance 

(º)[2] 

Geomagnetic 
Activity 

Index, Kp[10] 
Event Date 

RA[4] 
(decimal) 

Declination[4] 
(decimal) 

1 SGR J1822.3−1606[17] 163.8 2 14 July 2011 275.576 -16.074 

2 SGR J1550-5418[3] 143.8 1 17 June 2013 237.725 -54.307 

3 PSR J1846-0258[15] 150.9 1.5 27 July 2006 281.604 -2.975 

4 SGR 1627–41[5] 152.8 3 28 May 2008 248.97 -47.59 

5 Swift J1834.9-0846[6] 143.3 2 7 August 2011 280.46 -8.76 

6 XTE J1810-197[20] 146 2 19 May 2004 272.463 -19.731 

7 PSR J1846-0258[15] 141.3 1.5 31 May 2006 281.604 -2.975 

8 SGR J1745-2900[13] 126.4 2 25 April 2013 266.417 -29 

9 AXP 1E 1841–045[14] 121.9 2 6 May 2010 280.33 -4.936 

10 XTE J1810-197[20] 114 2 19 April 2004 272.463 -19.731 

Table 2: List of the best ten GRBs to be studied depending on some different parameters. 

 

3.3. Directly measured data analysis from satellites and GSFLAI launching with 

FV tool 

 

Once the table of the best ten GRBs selected to be studied was made, we first focused on 

the best three ones (SGR J1822.3-1606, SGR J1550-5418, PSR J1846-0258) because we 

probably would obtain the best results from them. Later on, we only focused on SGR J1550-

5418 as this event was the most recent one and it could be studied with better condition 

(1s sampling rate instead of 30s sampling rate).   

Then the data searching and downloading was carried out from the different satellites 

(Fermi, Swift, XMM-Newton…) which observed these events, the great majority from NASA 

missions. I had to use a file viewer tool called FV (Fits Viewer) to be able to read and 

analyse these data. 

In parallel, my supervisors MHP and AGR, who conceived and developed from scratch the 

GSFLAI and SISTED softwares respectively, had been launching these detection 

algorithms to the selected GRBs pointing the detector towards the source of each event 

(right ascension and declination coordinates) on the event’s day in order to compare the 

results obtained with the directly measured data from the satellites of these GRBs.  
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3.4. GSFLAI and SISTED launching to GRBs with effects on the Earth’s 

ionosphere.  

 

Once we have downloaded the data files from Fermi and Swift satellites and we could 

analyse them, we realized that this kind of study was not fruitful. The data of these files 

was supposed to show the measurements of the detected flares by the GBM and the BAT 

instruments on board Fermi and Swift satellites respectively, as it was mentioned on the 

different papers from where I found the SGR J1550-5418 event information. The point is 

that the registered time of the energy peaks shown in these files did not match to the time 

mentioned in the paper[3] (03:49:49.605 Coordinated Universal Time -UTC- versus 

09:52:30.276 UTC; times extracted from the downloaded file from NASA Fermi satellite 

and directly extracted from the paper of the event, respectively) and that not only occurred 

with SGR J1550-5418, but with SGR J1822.3-1606 and PSR J1846-0258 too.    

This unclear point bring us to mostly rely on the information included in published papers 

to carry on the study. Finally we started selecting GRBs which had some kind of effect on 

the Earth’s ionosphere at EUV band and launching GSFLAI and SISTED detection 

algorithms, pointing to their coordinates, in order to see any evidence of detection in their 

results.  

Finally, three tables of each stellar flare were made, showing some relevant parameters of 

the GSFLAI results from the three days before the event, the day of the event and the three 

days after. Plots zoomed to the surroundings of the exact hour of the event’s day are also 

shown in order to look for some important peaks that could evidence a possible detection. 
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4. First results applying GSFLAI and SISTED detection 
algorithms 

 

The first stellar flares studied were the best three candidates of the Table 2; SGR J1822.3-

1606, SGR J1550-5418 and PSR J1846-0258. Thus, we first launched GSFLAI at a 30s 

sampling rate to these three sources pointing the detector towards their respective 

coordinates, not only for the day when the events occurred, but three days before and three 

days after of each one of them. 

 

SGR J1822.3−1606 

The results of GSFLAI from the first source we selected to be studied, SGR J1822.3-1606, 

are presented below. 

  

 

Fig. 7: GSFLAI in TECUs in function of the GPS time in hours of the day of SGR J1822.3-1606 burst (14th 
July 2011) at 30s sampling rate. 
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The event was triggered by the Gamma-Ray Burst Monitor (GBM) on board Fermi satellite 

at 12:47:54.38 UTC[17] on 14th July 2011. In the image above there is no a significant peak 

at this time, and there are more relevant peaks at other times during the whole day. 

The three previous and the three following days of the day when the flare was detected 

were also analysed with no positive result.  

 

Table 3: Previous and subsequent days analysed for SGR J1822.3−1606 stellar flare on 14th July 2011. 

 

Apart from the high level of noise, there were also significant peaks during the whole day 

with similar intensity than those obtained the day of the SGR J1822.3-1606 flare. Such a 

result did not prove any possible detection because the origin of those peaks were 

unknown. It could be originated by cosmic noise, or even by solar activity, it could also 

really be a real detection of the SGR J1822.3-1606 flare, but there is no evidence of its 

origins, so we rejected a possible detection of this flare. 
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SGR J1550-5418 

After analysing the SGR 1822.3-606 flare, GSFLAI was launched for the second source 

selected to be studied, SGR J1550-5418. Next, the results are shown. 

 

Fig. 8: GSFLAI in TECUs in function of the GPS time in hours of the day of SGR J1550-5418 burst (17th June 
2013) at 30s sampling rate. 

 

The event was observed by the Gamma-Ray Burst Monitor (GBM) on board Fermi satellite 

at 09:52:30.48 UTC[3] on 17th June 2013, which was also detected by the Swift satellite. As 

it is shown before, in the image above there is no a significant peak at this time, and there 

are more relevant peaks at other times during the whole day. 
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As in the previous source analysis, the three previous and the three days after of SGR 

J1550-5418 flare were also analysed, but with the same negative results.  

 

Table 4: Previous and subsequent days analysed for SGR J1550-5418 stellar flare on 17th June 2013. 

 

The days around 17th June 2013 did not provide us any evidence of a successful detection 

because there was also a lot of peaks as in the event’s day, thus it is not possible to confirm 

a detection of this flare due to the unclear origin of all these peaks. 
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PSR J1846-0258 

The third stellar flare analysed was that coming from PSR J1846-0258 on 27th July 2006. 

The results of GSFLAI are shown below. 

 

Fig. 9: GSFLAI in TECUs in function of the GPS time in hours of the day of PSR J1846-0258 burst (27th July 
2006) at 30s sampling rate. 

 

The exact GRB time was not informed anywhere and we could not make a comparison 

with the GSFLAI results, however we insist on looking for any peak during the whole day 

and comparing this result with the previous and later three days of the event’s day. The 

results obtained, as expected, were quite identical than last two stellar bursts and we could 

not confirm any detection again. 
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Table 5: Previous and subsequent days analysed for PSR J1846-0258 stellar flare on 27th July 2006. 

 

Observing the results above, we noticed the resolution was not enough at a 30s sampling 

rate because of the important presence of noise, so this made it very low reliable to analyse 

and to compare with direct measurements from Fermi and Swift satellites. This drawback, 

together with the fact that there were a lot of similar peaks both in the day of the stellar flare 

than in those days before and after not knowing the origin of all of them, made us to look 

for another way to carry on studying stellar flares, so we finally decided not spending more 

time studying through this type of analysis. However, later on we realized that the second 

best candidate (SGR J1550-5418) could be sampled at 1s sampling rate, improving the 

performance of GSFLAI and avoiding excessive noise, because it was the most recent 

event (June 2013), and this means that more base stations were deployed at this time and 

high accuracy data could be obtained. We spent an important part of the time on studying 

this event. 
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SGR J1550-5418 

Results from GSFLAI pointing again to SGR J1550-5418 on 17th June 2013 are shown 

below, but this time launching GSFLAI at a 1s sampling rate instead of at a 30s sampling 

rate. 

 

Fig. 10: GSFLAI in TECUs in function of the GPS time in hours of the day of SGR J1550-5418 burst (17th 
June 2013) at 1s sampling rate. 

 

As expected, the results from GSFLAI were more accurate thanks to the high resolution 

sampling at 1s instead of 30s, as the three results before, avoiding an important noise level 

and being able to detect peaks close together (thirty times more samples than before). 

We first thought about contrasting GSFLAI results with the data obtained by the Fermi GBM 

and the Swift BAT instruments[7] using FV tool, but as explained in chapter 3.3 Directly 

measured data analysis from satellites and GSFLAI launching, the data provided by these 

files was not consistent with the paper[3]. Thus, we decided to directly compare the results 

obtained from GSFLAI with the exact hour of detection provided by the paper to ensure if 

there was an evidence of detection. 
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Table 6: List of detected stellar flares from known sources showing some parameters of interest[3]. SGR 

J1550-5418 burst marked in red. 

 

Observing the table above, the last row shows the detection of SGR J1550-5418 flare of 

17th June 2013. The fifth column of the respective row shows the start time, T90 Start (UT), 

of that flare in Universal Time (UT), which started at 09:52:30.276 UT. 

At this moment, it was the time to take a look at the GSFLAI results to search for 

coincidences. A great result would have been a single noted peak around 09:52:30.276 UT 

and no one else to evidence a very possible detection, but lots of distinguished peaks all 

along that day where showed in the GSFLAI results, and there was not a single noted one 

around this time.  

This result confirmed the very challenging nature of the problem and we had to reconsider 

how to carry on analysing stellar flares. 

After puzzling over how to proceed on next steps to study GSFLAI detections we decided 

to continue, instead of with the best ten flares table, with reported burst detections with a 

relevant effect on the Earth’s ionosphere and then check if around the exact time of the 

event said in the respective paper appeared a peak on the GSFLAI and now also SISTED 

results. 
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GRB030329 

On 29th March 2003 at 11:37:14.67 UTC, GRB030329 triggered all three instruments on 

board the High Energy Transient Explorer (HETE-II) and lasted for more than 25 seconds 

causing an important impact to the Earth’s ionosphere[16]. 

For the first time, we thought about launching SISTED pointing towards this source at a 1s 

sampling rate and the results obtained were quite curious. The following graphic shows the 

SISTED results. 

 

 

 

Fig. 11: SISTED results for GRB030329 burst (29th Mars 2003) at 1s sampling rate. Plotting impact 
parameters in % in function of the GPS time in hours. 

 

At first sight there is not an evidence of detection with SISTED to this event around the 

41200 seconds marker in the figure (which corresponds to approximately 11:37:14.67 UTC, 

the hour of the burst). 
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Nevertheless, we zoomed this plot narrowing the time span around the exact time when 

the flare was detected. 

 
 

 
 
 

Fig. 12: SISTED results zoomed to the seconds around the GRB030329 burst. 
 
 

If we observe the figure above we rapidly notice there is a peak approximately in 41805 

seconds which correspond to 11:36:45 UTC and the burst was triggered at 11:37:14.67 

UTC (41834.67 seconds).  

Since there is no clarification to this time, if it was the start time, the maximum activity 

moment or the end time of the burst, and taking into account it lasted more than 25 seconds 

and the time lapse between the peak detected from SISTED (11:36:45 UTC) and the 

reported burst time from HETE-II (11:37:14.67 UTC) was almost 30s, we could not obviate 

this result. Thus, it could be a successful detection by SISTED, so we analysed it deeper.  

This result is important, but it does not evidence a detection because this peak could be 

produced by other causes than GRB030329 flare, such as solar activity or cosmic rays. It 

is logical to think about this because many more peaks can be observed in the SISTED 

results along the whole day, even greater than that one at 41834.67 seconds, as it occurred 

with the first three stellar flares studied. 
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Thus, we first ensured that the results from SISTED were reliable by looking the 

Ionospheric Pierce Point (IPPs) distribution at the time of the burst to ascertain if there was 

a considerable number of base stations collecting data from the event with no presence of 

noise from Sun activity. The substellar point at the time of the burst was at the Pacific 

Ocean and the IPPs in the sunlit region were at West North America to East Asia.  

 

Fig. 13: IPPs distribution at the time of the GRB030329 burst. 

 

There were a total of 31 illuminated IPPs out of 38 (81.5%) during the burst in the range of 

0º < SZA < 70º, that were detecting overionization potentially caused by GRB030329 flare. 

Regarding the explanation before, now it is more probable that this peak could be related 

to the GRB030329 flare, it is not decisive, but it is a good beginning.    
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SGR J1550-5418 

We had already ran GSFLAI for this flare at 09:52:30.276 UT on 17th June 2013, but later 

on, because of the possible detection obtained by SISTED for GRB030329 stellar flare, we 

thought about running SISTED for it too and zooming the results to the exact hour of 

detection, like we did in GRB030329 flare, looking for a nearby peak. 

 

 

As shown in the plot above there is a significant peak around 9.93 hours (09:55:48 UT), 

where 30 out of 36 IPPs (83.3%) were detecting overionization in the zenith closest zone 

(0º < SZA < 40º). Thus, SISTED detected a peak 3 minutes after the exact detection time 

of the flare.  

In conclusion, at first sight from the results obtained by GSFLAI and SISTED we do not see 

any peak which can be considered as a possible detection of a stellar flare for any of the 

four analysed ones, because there are lots of peaks during the whole day when each stellar 

flare occurred and there are more peaks even greater on the days before and after. Then, 

that is why graphics were zoomed around the hour when the stellar flare was detected.  

 

 

Fig. 14: SISTED results for SGR J1550-5418 zoomed around the exact flare detection time 09:52:30.276 UT 
(17th June 2013). 
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Thus, it was when we realized that in two out of the four studied stellar flares there was a 

peak very close to the exact hour of detection, that it could mean a successful detection, 

but as it was mentioned above in this project, it is difficult to assure the origin of this peak. 

That is why in the future many stellar flares should be studied looking for more peaks 

around the exact time of detection in order to make an average probability of successful 

detection.  
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5. Budget 

This is not a project where a prototype is designed, thus it can only be included an 

estimation of the hours that have been dedicated to this thesis and a cost evaluation 

considering as a junior engineer. 

 

 

Weekly hours:             15 hours 

Weeks: 25 weeks 

Total hours:                   375 hours 

Junior engineer cost per hour:         9 €/hour 

Project estimation cost                   3375 €  

 

GSFLAI and SISTED software have been used in this project, run by the advisor and co-

advisor (with a similar budget cost than the one estimated by the candidate), but since UPC 

is the owner, it has not supposed any license cost.  
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6. Conclusions and future development 

 

After some months working on the stellar flare analysis there is no clear evidence to prove 

that GSFLAI or SISTED software detection are able to successfully detect any stellar flare 

coming from the most energetic stars known in the universe, called magnetars. However, 

in two cases a significant time co-location between stellar flares and SISTED peak is 

remarkable, suggesting studying more cases in future. 

Four stellar flares has been studied in this project, those from SGR 1822.3-1606, SGR 

J1550-5418, PSR J1846-0258 and GRB030329 on 14th July 2011, 17th June 2013, 27th 

July 2006 and 29th March 2003 respectively, and only in two out of these four stellar flares 

there could be a possible detection since a peak, close to the exact hour of detection, 

appears on the GSFLAI and SISTED results. 

These two peaks do not demonstrate a detection by GSFLAI or SISTED algorithms, but do 

not discard it neither. The fact that there are lots of peaks during the whole day of the event 

and not only this one close to the exact hour, and there are also many peaks the days 

before and after the event, even greater than that one detected close to the hour of the 

stellar flare, does not prove that these two peaks correspond to a stellar flare detection (on 

the other hand we are not sure of the comprehensive character of the available spacecraft-

based measurements).  Even there were only these two peaks and not one else, the origin 

of these peaks is unknown; they could be cosmic rays, solar activity or they even could be 

really a stellar flare.  

Thus, as the first of many next steps on this project are left, many more stellar flares should 

be studied in order to provide a kind of a probability of detection, based on the number of 

the stellar flares studied and the number of peaks found around the exact hour of the stellar 

flare detection. If this probability was close to one, what it means that in almost all the 

studied stellar flares a peak around the exact hour of detection appears in the GSFLAI or 

SISTED results, it could be considered that both detection algorithms based on GPS are 

able to detect stellar flares. And in the other way around, if this probability was close to 

zero, it could not be affirmed that these two detection algorithms are able to detect stellar 

flares, at least by the moment.  
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8. Glossary 

BAT   Burst Alert Telescope 

EUV   Extreme Ultraviolet 

FV  Fits Viewer 

GBM  Gamma-Ray Burst Monitor 

GNSS   Global Navigation Satellite System 

GPS   Global Positioning System 

GRB   Gamma Ray Burst 

GSFLAI   GNSS Stellar Flare Activity Indicator 

HETE  High Energy Transient Explorer 

IPP  Ionospheric Pierce Point 

MEO  Medium Earth Orbit 

NASA   National Aeronautics and Space Administration 

SGR   Soft Gamma Repeater 

SZA  Solar-Zenithal Angle 

UT  Universal Time 

UTC  Coordinated Universal Time  

VTEC   Vertical Total Electron Content 


