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Abstract

        The Solar Terrestrial Relations Observatory (STEREO) recordings provide an unprecedented
          opportunity to study the evolution of solar energetic particle (SEP) events from different
          observation points in the heliosphere, allowing one to identify the effects of the
          properties of the interplanetary magnetic field (IMF) and solar wind structures on the
          interplanetary transport and acceleration of SEPs. Two catalogues based on STEREO
          recordings, have been compiled as a part of the SEPServer project, a three-year
          collaborative effort of eleven European partners funded under the Seventh Framework
          Programme of the European Union (FP7/SPACE). In particular, two instruments on board
          STEREO have been used to identify all SEP events observed within the descending phase of
          solar cycle 23 and the rising phase of solar cycle 24 from 2007 to 2012, namely: the Low
          Energy Telescope (LET) and the Solar Electron Proton Telescope (SEPT). A scan of
          STEREO/LET protons within the energy range 6–10 MeV has been performed for each of the two
          STEREO spacecraft. We have tracked all enhancements that have been observed above the
          background level of this particular channel and cross-checked with available lists of
          interplanetary coronal mass ejections (ICMEs), stream interaction regions (SIRs), and
          shocks, as well as with the reported events in literature. Furthermore, parallel scanning
          of the STEREO near relativistic electrons has been performed in order to pinpoint the
          presence (or absence) of an electron event in the energy range of 55–85 keV, for all of
          the aforementioned proton events included in our lists. We provide the onset and peak time
          as well as the peak value of all events for both protons and electrons, the relevant solar
          associations in terms of electromagnetic emissions, soft and hard X-rays (SXRs and HXRs).
          Finally, a subset of events with clear recordings at both STEREO spacecraft is presented
          together with the parent solar events of these multispacecraft SEP events.
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1. Introduction
SEPServer is a three year collaborative project funded under the Seventh Framework
        Programme of the European Union1. The implementation of
        this project aimed at the construction of an Internet server, hosting a number of solar
        energetic particle (SEP) and electromagnetic (EM) data sets, as well as state-of-the-art
        analysis methods (Vainio et al. 2013). One of the
        scientific milestones of SEPServer is the compilation, and release to the SEP community, of
        multiple SEP event catalogues based on different spacecraft and instruments, covering a
        broad time range from 1975 to 2012 as well as a variety of radial distances from 0.3 AU to
          ~5 AU in the heliosphere. In
        particular, SEPServer hosts six catalogues of SEP events. The Energetic and Relativistic
        Nuclei and Electron (ERNE) experiment on board the Solar and Heliospheric Observatory (SOHO)
        was used to compile the first SEPServer catalogue. This was based on the systematic scan of
        SOHO/ERNE proton intensities (55–80 MeV, or ~68 MeV) observed from 1996–2012 (Vainio
          et al. 2013). The second SEPServer catalogue utilizes the Kiel Electron Telescope
        (KET) experiment – one of five telescopes of the COsmic ray and Solar Particle INvestigation
        (COSPIN) – on board the Ulysses spacecraft. The Ulysses/KET catalogue is based on the
        systematic scan of proton intensities at 32
            <E<
          125 MeV, with a parallel scanning of the highest energy channel ranging
        from 125
            <E<
          250 MeV, for a time period from 1998–2009 (Heber et al. 2013). For the production of the third and fourth SEPServer
        catalogues the E6 experiment on board both Helios spacecraft (Helios-A & Helios-B)
        was used. The Helios (A or B) catalogues are based on the systematic scan of proton
        intensities at 37 MeV, with a parallel scanning of the integral proton intensities at
          >51
        MeV and electrons at >2 MeV covering a time period from 1975–1982
        (for Helios A) and 1977–1980 (for Helios B; Malandraki et
          al. 2013). This paper presents the fifth and sixth catalogues of SEPServer, based
        on the recordings of the Solar Terrestrial Relations Observatory (STEREO), covering a time
        period from 2007 to 2012. 
The STEREO mission employs two nearly identical space-based observatories, one ahead of
        Earth in its orbit (STEREO-A: STA), the other trailing behind (STEREO-B: STB) aimed at
        providing the first-ever stereoscopic measurements of the Sun (Kaiser et al. 2008). The STEREO mission was set up to explore the causes
        and mechanisms of coronal mass ejections (CMEs) and to discover the mechanisms and sites of
        SEP events (Luhmann et al. 2008). During its
        operational lifetime from the end of 2006, when it was launched, up to the present day, the
        STEREO spacecraft has provided valuable information on the propagation and acceleration of
        SEP events. 
Case studies of SEP events within the STEREO era vary significantly from one to the other,
        since the interpretation applied to explain the recordings at different observing points
        within the heliosphere are fundamentally different. Rouillard et al. (2011) focused on the event of 03 April 2010, demonstrating the
        shock formation and the connection of the observer’s footpoint to the flanks of the shock.
        The angular separation between STA and STB was 135°. The authors convincingly linked the observed delays in
        the onset times and correspondingly the estimated solar release time (SRT) at each observing
        point within the heliosphere to the evolution of the CME-driven shock. Dresing et al. (2012) investigated the event of 17 January 2010. The
        separation between STA and STB was 136°. Although none of the spacecraft (i.e., STA, STB, or L1)
        was magnetically well connected to the flare site, all of them recorded enhancements in the
        counting rate of protons and electrons with significant delays with respect to the flare
        onset. Extensive modeling suggested that cross-field diffusion of the particles can provide
        a reliable explanation for this SEP event. Finally, the analysis of the 07 February 2010 SEP
        event (Wiedenbeck et al. 2013), where the angular
        separation was once again 136°, has shown that the particles undergo types of
        perpendicular transport other than diffusion; for details on this mechanism see Reames (2013) and Tan et
          al. (2013). For the three aforementioned case studies, with the spacecraft (STA,
        STB) at almost the same angular separation, different authors have provided three
        fundamentally different explanations. This highlights the unprecedented opportunity to study
        the evolution of SEP events at different observing points within the heliosphere, utilizing
        the STEREO spacecraft, and the capabilities that emerge from the use of these recordings. 
An important resource in studies of solar energetic particles are the corresponding SEP
        event lists, as they usually provide the event characteristic parameters (year, month, day,
        onset and/or peak time), information on the spacecraft, the species and the energy channels
        used, and possibly reports on the importance of the SEP event (Vainio et al. 2009). A complete description of an SEP event requires
        reports on parameters of the parent solar activity that can be associated with each SEP
        event, the solar source associated with an SEP event identified by the active region number
        and the coordinates of the flare on the solar disk, and observational data accompanying the
        source activity (i.e., SXR, HXR bursts in different energy ranges, solar radio emissions,
        radio bursts; Papaioannou et al. 2013). For L1, based
        on different spacecraft and different energy channels several comprehensive lists have
        already been published (Laurenza et al. 2009; Cane et al. 2010; Vainio
          et al. 2013) whereas others are being maintained at specific websites2. Given the fact that STEREO recordings have been
        available for only a few years, most efforts have focused on the multispacecraft aspect. As
        a result, either only a handful of STEREO SEP event lists have been published or specific
        case studies of SEP events have been presented in the literature. Recently, Lario et al. (2013) presented a comprehensive study of
        simultaneous measurements of SEP events by two or more of the spacecraft located near 1 AU
        during the rising phase of solar cycle 24. The authors determined the longitudinal
        dependence of peak intensities measured in the prompt component of SEP events. They have
        also presented a table of 35 multispacecraft SEP events, i.e., events that have been
        recorded on board STA, STB, and near-Earth spacecraft such as ACE, SOHO, and GOES, with a
        clear signature in protons (25–53 MeV and 15–40 MeV) as well in electrons (71–112 keV and
        0.7–3.0 MeV). In a similar study, Dresing et al.
          (2013), setting the criterion of a minimum longitudinal separation angle of
          80° between the
        source active region at the Sun and the magnetic footpoint of one spacecraft observing the
        event (i.e., STA, STB, ACE), reported on 19 widespread electron events (65–105 keV) that
        were observed by at least two spacecraft in the years from 2009 to 2012. Furthermore, Mewaldt et al. (2013), presented a survey of STEREO SEP
        data identifying 22 SEP events at both STA and STB that satisfied the NOAA criterion of
          ≥10 protons/(cm2 sr – s) with kinetic energy
          ≥10 MeV. The authors combined
        proton data from 10–100 MeV. Twenty SEP events satisfied this criterion at multiple
        spacecraft (i.e., STA, STB, and GOES), and one to three spacecraft identified a total of 44
        separate events during a period of ≈3 years (July 2010 through May 2013). All of the aforementioned studies
        provide very important statistical information and are a vital part of SEP event research,
        but at the same time are limited and do not constitute a complete survey based on STEREO
        recordings. 
In this paper we present an attempt to compile a complete survey of SEP events for both
        STEREO spacecraft (STA & STB) observed within the descending phase of solar cycle 23
        and the rising phase of solar cycle 24 from 2007 to 2012. We also perform time-shifting
        analysis (TSA; Malandraki et al. 2012; Vainio et al. 2013; Papaioannou et al. 2014) for the first arriving particles in order to establish
        accurate SRT for each event. Finally we link each SEP event with observational data
        accompanying the source activity (solar radio emissions, radio bursts, soft X-rays, and hard
        X-ray bursts – when possible – in different energy ranges). 
2. Instrumentation and data description
2.1. Low energy telescope (LET)
For our study we use low energy proton data within the energy range 6–10 MeV recorded by
          the Low Energy Telescope (LET) (Mewaldt et al.
          2008), a part of the In-situ Measurements for Particles and CME Transients (IMPACT)
          suite (Luhman et al. 2008), flying on board both STEREO spacecraft. The LET measures low
          energy protons from 1.8 MeV to 10 MeV, He in the range of 4–10 MeV/nuc, and heavier ions
          at several energies. The detectors of the LET instrument comprise two fans with viewing
          directions each spanning 133° of longitude in the ecliptic and ±15–20° of latitude out of the ecliptic
            (Mewaldt et al. 2008), providing accurate
          directional information and sectored rates covering 16 different viewing directions,
          accumulated with a one-minute cadence raising from 1.8–12 Mev/nuc, depending on the
          species (Leske et al. 2013). Details about the LET
          data can be found in Mewaldt et al. (2008) and in
          the online repositories3. 
2.2. Solar electron proton telescope (SEPT)
We have also used near relativistic electron recordings at 55–85 keV from the Solar
          Electron Proton Telescope (SEPT) (Müller-Mellin et al.
            2008) which also belongs to the IMPACT suite of the STEREO spacecraft. The SEPT
          instrument consists of two dual, double-ended magnet/foil solid state detector particle
          telescopes that separate and measure electrons in the energy range 20–400 keV and protons
          from 60–7000 keV, while providing anisotropy information through the use of several fields
          of view, in particular 52° and 52.8° view cones in four directions. Two SEPT units (NS:
          north-south direction, E: ecliptic) are located on each STEREO spacecraft: SEPT-E looking
          in the ecliptic plane along the nominal direction of the IMF 45° west with respect to the
          spacecraft-Sun line both towards and away from the Sun, and SEPT-NS looking vertical to
          the ecliptic plane towards north and south. The maximum temporal resolution of the data is
          1 min and the nominal geometric factor is 5.1 cm2 sr. Details about the SEPT data can be found in Müller-Mellin et al. (2008) and in the online
            repositories4. 
3. Compilation of the STEREO catalogues
3.1. SEP event selection
3.1.1. Selection
First we made a survey of the 10 min averaged low energy proton intensities within the
            energy range 6–10 MeV from the LET instrument from 2007 to 2012. We spotted all
            enhancements above the quiet-time background level of LET which was determined as
              ≈2 × 10-5 cm-2 sr-1 s-1 MeV-1. That means that all of the
            intensities that were above the aforementioned threshold were listed as possible
            candidates of SEP events. We applied no other intensity threshold restriction (e.g., the
            criterion of the intensity exceeding at least one order of magnitude above the
            background intensity during the SEP event) so that we could make sure that even the
            smallest SEP events would be identified and included in these catalogues. Furthermore,
            in case of successive enhancements we manually determined the start and end time of each
            event and their characteristics were calculated separately. The meticulous scanning and
            this careful hand-picked procedure for the identification of the possible SEP events led
            to the inclusion of all candidate SEP events while excluding none. In Fig. 1 we present an illustration of the methodology that we
            applied for the survey of the LET data that led to the identification of the possible
            candidates for the SEP events. One-day averaged intensities (in cm-2 sr-1 s-1 MeV-1) of 6–10 MeV protons
            recorded at LET as a function of time from 2007 to the end of 2012 are presented in both
            panels. We have chosen to show one-day averaged data in order to demonstrate the time
            length of the whole survey (i.e., 2007 to 2012) in one figure. The quiet-time background
            level is presented in both panels with a straight line, red in the case of STA (bottom
            panel) and blue in the case of STB (upper panel). 

            
            	[image: thumbnail]	Fig. 1
                LET proton intensity at the STA and STB spacecraft from 2007 to the end of 2012
                  (daily averaged), as a function of time. Top panel presents the
                  scanning in LET 6–10 MeV protons recorded by STB, while the bottom panel
                  presents the same survey at STA measurements. See text for details. This
                  figure was created at SEPServer http://server.sepserver.eu.

              



          3.1.2. Solar origin of the events
Given the fact that STEREO was launched at the end of 2006 and that the declining phase
            of solar cycle 23 was extended up to 2008, within at least the first year of the survey
            we had performed (that is from 2007 to 2008), a significant number of enhancements could
            have been related to corotating interaction regions (CIRs) and/or stream interaction
            regions (SIRs; Gómez-Herrero et al. 2011a). In
            order to explore this possibility, we turned at first to the available literature. At
            the time of our study and since the STEREO spacecraft first operated within the extended
            minimum of solar cycle 23, a number of published works were targeted for the
            identification of CIRs recorded by a combination of the available spacecraft armada
            operating at 1 AU (Leske et al. 2008, 2009; Mason et al.
              2009; Gómez-Herrero et al. 2011a).
            Furthermore, single case studies, such as the 18 August 2010 event (Gómez-Herrero et al. 2011b; Leske et al. 2011) and the May 2007 SEP events (Bucík et al. 2009), allowed us to apply a first round of clearing up
            to the initial sample of enhancements. The results of this literature survey were used
            as a first estimate for the presence or absence of a CIR enhancement in our tabulated
            candidate sample of enhancements. 
Furthermore, the Space Physics Center at the University of California (UCLA) maintains
            catalogues of SIRs identified by STEREO recordings5. Hence, we have also cross correlated our initial sample of enhancements to
            the identified intervals that SIRs were observed at both STEREO spacecraft. This check
            was applied to the whole sample of the possible SEP event candidates, that is from 2007
            to 2012. An example of the CIR effect that was recorded at the lowest energy LET proton
            channel (1.8–3.6 MeV) at both STEREO spacecraft in August 2008 is presented in Fig.
              2. The yellow lines indicate the boundaries of
            the CIR at each respective spacecraft. The CIR pattern and the corresponding delay are
            clearly illustrated: STB enters the CIR and while the CIR follows the corotation
            pattern, a few days later STA also encounters it. In this time period, the separation
            angle between STA and STB was ≈65° and therefore the CIR needed almost 4.5 days in order
            to cover the distance between both spacecraft. This is consistent with the expected
            corotation time between two points located at heliolongitudes ΦA and ΦB with heliocentric distances
              rA and rB. It can be
            estimated by [image: equation](1)where
              Ω is the sidereal angular
            velocity of the Sun, and uSW is the solar wind speed (assumed
            to be radial). The effect of the differential solar rotation can be neglected and
              Ω is assumed to be
            independent of the heliographic latitude (for details see Gómez-Herrero et al. 2011a). 
Moreover, we made cross correlations to available lists of shocks6 in order to spot if the recorded enhancements, which were tabulated
            in our catalogues as possible SEP events, were shock related enhancements. This was also
            an important step towards the compilation of the catalogues since this kind of
            enhancements may be dominant during the decay phase of SEP events, especially when
            multiple events take place in sequence (Desai et al.
              2003). In addition, we made use of STEREO solar wind data from the Plasma and
            Suprathermal Ion Composition (PLASTIC; Galvin et al.
              2008) to identify possible interplanetary (IP) shocks that had been missed by
            the aforementioned list and energetic storm particle (ESP) events. 
With the aim of identifying the solar origin of the candidate enhancements that we had
            initially identified, we made a parallel scanning of high time resolution 1 min, 5 min,
            and 10 min near relativistic electron recordings from SEPT within the energy range of
            55–85 keV. Our goal was to identify which of the candidate enhancements that we had
            tabulated as possible SEP events also presented an electron signature in SEPT, because
            the ratio of protons-to-electrons varies in CIRs with electron events being rare and
            proton events relatively common (Richardson
            2004). Figures 3 and 4 present the parallel scanning of protons and electrons at STA and
            STB. Figure 3 refers to STA. The top panel presents
            the one-day averaged intensities (in cm-2 sr-1 s-1 MeV-1) of SEPT electrons within the energy range 65–75
            keV, whereas the bottom panel presents the one–day averaged intensities (in
              cm-2 sr-1 s-1 MeV-1) of LET protons 6–10 MeV, as a function of time from
            2007 to the end of 2012. The red line in the bottom panel underlines the quiet time
            background of LET. Figure 4 is similar to Fig.
              3 but for STB measurements. 

            
            	[image: thumbnail]	Fig. 2
                A CIR associated particle increase recorded by both STA and STB. The yellow lines
                  and the corresponding shaded areas demonstrate the extent of the CIR at both
                  spacecraft. See text for details.

              



          
            
            	[image: thumbnail]	Fig. 3
                LET and SEPT measurements of the STA spacecraft from 2007 to the end of 2012
                  (daily averaged). Top panel presents the scanning in SEPT data in
                  the 65–75 keV electrons, while the bottom panel presents the
                  relevant survey of the LET 6–10 MeV protons. See text for details. This figure was
                  created at SEPServer http://server.sepserver.eu

              



          
            
            	[image: thumbnail]	Fig. 4
                Same notion as in Fig. 3. STB measurements.

              



          
            
            	[image: thumbnail]	Fig. 5
                An illustration of the effect of an ICME on the SEP profile of the 2012 July 23
                  event. The shaded blue area indicates the ICME boundaries. See text for
                  details.

              



          In addition, we also scanned the recordings of high energy protons observed by the High
            Energy Telescope (HET) from 40 MeV to 100 MeV (von
              Rosenvinge et al. 2008) in order to identify which of the events in our
            catalogues extend to high energies and thus in terms of space weather effects which are
            the most relevant ones (Vainio et al. 2013). 
Another cross correlation to the available lists of ICMEs was applied7 with the aim of identifying the IP conditions within
            which the SEP events evolved. An example of a rather irregular ICME and its
            corresponding effect on the time profile of the SEP event of 2012 July 23 recorded by
            LET protons from 6–10 MeV on board STA is presented in Fig. 5. We illustrate the intensity of the LET protons (in
              cm-2 sr-1 s-1 MeV-1) as a function of time. This is event 107 of our STA
            catalogue (see Table 1). The blue shaded area
            defines the boundaries of the ICME reported both in the UCLA catalogue (see the relevant
            URL above) and in Russell et al. (2013). We
            should also note that in the preparatory phase of the compilation of the STEREO
            catalogues we considered the automated SEP event identification system based on LET
              recordings8; however, we tend to believe that
            because of its automatic procedure, several events were either missed or mislabeled as
            events. 
3.2. Time-shifting analysis
For the first arriving particles it is possible to perform TSA (Malandraki et al. 2012; Vainio et al.
            2013). SEPT records electrons within the energy range of 20–400 keV (see Sect.
            2.2). In our analysis we used electrons ranging
          from 55–85 keV. The corresponding mean velocity for such near relativistic electrons would
          be 0.47c. The
          length of the Parker spiral L can be computed based on the solar wind speed
            uSW during the event as follows (Vainio et al. 2013; Papaioannou et al. 2014): we assume that the spiral length, L, traveled by the
          particles is the spiral from the center of the Sun to the spacecraft location
            (R ≈ 1 AU)
          minus the spiral from the center of the Sun to its edge (i.e., the distance equal to 1
          solar radius [image: equation])
          according to [image: equation](2)where
              [image: equation](3)and
            α =
              uSW/Ω, given that Ω corresponds to the equatorial sidereal
          rotation period (i.e., 2π/Ω =
            24.47d). We used the uSW measured by the STEREO/PLASTIC
          instrument Galvin et al. (2008) for each event in
          our lists9. 
For the first arriving particles we assume scatter-free propagation and we calculate the
          expected release time of the near relativistic electrons, trelease, adding
          8.33 min for comparison with EM observations (e.g., radio burst), as
              [image: equation](4)Preforming
          TSA provides an estimate of the latest possible release time of relativistic electrons
          from the Sun that is consistent with the determined onset time at each STEREO spacecraft.
          Therefore, it should be noted that TSA is a rough approximation and only provides a first
          insight on the propagation of the particles within the limitations of the assumption made.
        
3.3. Solar associations
Given the SRT that has been calculated using Eq. (4), an attempt has been made to
          identify the associated solar events using SXR, HXR, and radio data. It is expected that
          the EM emissions related to SEPs detected at the spacecraft occur in the early phase of
          the solar event, when the high-energy particles are accelerated close to the Sun. In
          general, a time interval of several hours near the SRT inferred from the SEP measurements,
          especially energetic electrons, has been examined in the search for relevant EM data. Type
          III bursts at decameter wavelengths (frequencies <30 MHz) are a
          typical radio counterpart of SEP events; Cane et al.
            (2010). Relevant observations are provided by the WAVES spectrograph aboard
          STEREO (Bougeret et al. 2008). The identification of
          a SXR burst may give another indication of the time interval where potentially relevant EM
          emission might occur in association with a given SEP event, but since there is no SXR
          monitor aboard the STEREO spacecraft, this criterion may fail simply because the emission,
          which comes from the low corona, may be occulted when observed by Earth-orbiting
          spacecraft (e.g., GOES satellites). 
The time intervals of relevant EM observations were chosen for each SEP event and each
          instrument by visual inspection of quick look plots, starting with the STEREO/WAVES
            plots10, including some time for background
          identification before the event onset. There is some subjectivity in the delimitation of
          an interesting interval. 

          
          	[image: thumbnail]	Fig. 6
              Corrected RHESSI count rate light curve of the 2011 August 10 solar flare for the
                6–12 keV (in pink) energy channel. Generated with the RHESSI software.

            



        For the identification of the associated solar event in SXR and HXR the Ramaty High
          Energy Solar Spectrographic Imager (RHESSI) spacecraft (Lin et al. 2002) was used. It is a solar-dedicated X-ray and gamma-ray
          observatory, which consists of an imager made of nine rotating modulation collimators
          (nine pairs of grids) in front of a spectrometer with nine cooled germanium detectors. The
          energy range for observations is 3 keV to 17 MeV. RHESSI provides light curves, spectra,
          and images with an angular resolution depending on the energy (down to 2.3′′ at 100 keV). RHESSI data for
          long duration solar events, such as the ones usually associated with SEP events, are
          complex both because of the observational technique (in particular the modulation of the
          signal by the pairs of grids as the spacecraft rotates so as to build images) and to the
          orbit (interruptions of solar observations due to eclipses and passages through the SAA
          for certain orbits). The count rate modulations due to the spacecraft spinning and the
          modification of the count rates due to the change of the attenuator states (to reduce
          pulse pile up in the case of large counting rates) are corrected using standard RHESSI
          procedures (corrected count rates from the observing summary files). Time intervals where
          the spacecraft was in the Earth’s shadow or in the South Atlantic Anomaly have been
          removed from the data. For each SEP event registered either at STA and/or STB, a corrected
          count rate light curve is delivered, with 4 s time resolution. Figure 6 shows, as an example, the light curve of the parent solar activity on
          2011 August 10 that could be associated with the SEP event registered at STA on the same
          day. We note that time periods of night, passage through SAA, and change of attenuators
          are not included on the plot. 

          
          	[image: thumbnail]	Fig. 7
              RHESSI image of the 2011 August 10 solar flare in the energy range 6–12 keV.

            



        Moreover, images for selected times and selected energy bands are provided for most
          events. The selection of images is defined based on a preliminary scientific analysis of
          each event. Figure 7 shows an image of the 2011
          August 10 solar flare, integrated over a 5 min period for the 6–12 keV energy range.
          Detectors 3–9 were used and the image was processed by means of the Clean algorithm (see
          more details about the imaging technique and algorithms in Hurford et al. 2002). The yellow line marks the limb of the Sun. 
It must be noted that this solar flare was registered by STA but not by STB because the
          parent source was located in the western solar hemisphere as viewed from the Earth, with
          STA looking at that hemisphere, whereas STB was connected to the eastern solar hemisphere,
          as can be seen in Fig. 8. This figure shows the
          position of each STEREO (STA in red and STB in blue) at the moment of the solar flare with
          respect to the Earth’s position (in green). This kind of information (position of the
          spacecraft as well as position of the solar source) is also included in the catalogue for
          each SEP event so the user can quickly assess the scenario. 
4. Multispacecraft events
In the canonical two-class SEP event paradigm, particles accelerated during impulsive-flare
        associated SEP events are characterized by a small spatial scale of the source and thus
        typically lead to a modest angular spread of energetic particles. On the contrary, the
        broadest angular spreads observed in large SEP events are commonly interpreted in terms of
        extended acceleration in a CME shock that intercepts IMF lines connecting to the observer
          (Heras et al. 1995; Rouillard et al. 2011). In the absence of CME-driven shocks, the longitudinal
        spread of the particles has been attributed either to the lateral transport in the corona or
        in the IP medium (Dresing et al. 2012). Therefore,
        multi-spacecraft observations of SEP events within the STEREO era, enables further
        investigations of these cases and allows more general conclusions to be reached based on a
        statistical treatment of these events. To this end, comprehensive and up-to-date catalogues
        of SEP events greatly facilitate such studies. 

        
        	[image: thumbnail]	Fig. 8
            Location of the two spacecraft at the moment of the parent activity.

          



      
        
        	[image: thumbnail]	Fig. 9
            Averaged proton intensities at STA (top panel), SOHO (middle
                panel), and STB (bottom panel) as a function of time from
              2010 to 2012. See text for details. 

          



      After the extended solar minimum of solar cycle 23, a significant increase in SEP activity
        starting late in 2009 was observed. From 2009 to 2012, several events were detected
        simultaneously by both LET telescopes on board the two STEREO spacecraft when their
        longitudinal separation ranged from ≈88° to >268°. A subset of these events also presented a clear
        signature at SOHO. In Fig. 9 we present the one–day
        averaged intensities of STA LET protons from 6–10 MeV (top panel), SOHO/ERNE protons from
        8.1–10 MeV (middle panel), and STB LET protons from 6–10 MeV (bottom panel) in
          cm-2 sr-1 s-1 MeV-1 as a function of time, from 2010 to 2012. As an
        indicative example and with the intention to illustrate the simultaneous detection of an
        event in several observation points within the heliosphere, in Fig. 10 we present the series of multispacecraft events that were recorded
        from both electrons (bottom panel) at ACE/EPAM 45–62 keV (black line), STA/SEPT 55–65 keV
        (red line), and STB/SEPT 55–65 keV (blue line) and from protons (top panel) at SOHO/ERNE
        8.1–10 MeV (black line), STA/LET 6–10 MeV (red line), and STB LET 6–10 MeV (blue line) from
        2012 March 04–14. The SEP time profiles are organized with respect to the longitude of the
        observer (Cane et al. 1988). The spacecraft that is
        connected to the west part of the solar source at every time exhibits a faster rise compared
        to the other two. For example STB is well connected at the beginning of the 2012 March
        period. 

        
        	[image: thumbnail]	Fig. 10
            The series of multispacecraft SEP events of 2012 March 04–14. Top panel
              illustrates protons from STA/LET, SOHO/ERNE, and STB/LET whereas the
                bottom panel refers to electron recordings from STA/SEPT, ACE/EPAM,
              and STB/SEPT. See text for details. This figure was created at SEPServer http://server.sepserver.eu.

          



      
        
        	[image: thumbnail]	Fig. 11
            A snapshot of the actual online layout of the SEPServer STEREO catalogues.

          



      In this section, we present a survey of multispacecraft observations SEP events that
        constitutes a subset of the SEPServer STEREO catalogues. This subset of SEP events presented
        clear recordings at both STEREO spacecraft, i.e., STA and STB at LET protons 6–10 MeV and
        SEPT electrons 55–85 keV measurements. With the aim of facilitating further exploitation of
        the SEPServer STEREO catalogues we tabulate the multipoint in-situ observations at 1 AU
        utilizing the already reported associations to the relevant solar phenomena from Bucík et al. (2009); Lario
          et al. (2013) and Dresing et al. (2013). All
        of this information is summarized in Table 5. 

        Table 1

            Solar energetic particle events recorded onboard STA from 2007–2012.

          

      
        Table 2

            Solar energetic particle events recorded onboard STB from 2007–2012.

          

      
        Table 3

            STA solar associated observations.

          

      
        Table 4

            STB Solar associated observations.

          

      5. Summary of results
Using the methodology that has been furnished in Sect. 3.1, we have identified a total of 130 SEP events for STA (see Table 1) and 108 SEP events for STB (see Table 2). It is noteworthy that the number of events per year
        for each spacecraft doubled in 2012 when the solar cycle 24 seems to have its actual peak. 
In Table 1 we present the SEP events that were
        recorded at STA. Column 1 gives the number of the event with the first one starting at 0,
        Cols. 2, and 3, the onset and peak time of the SEP event at LET 6–10 MeV protons, Col. 4
        presents the peak value of the SEP event at LET 6–10 MeV protons (in cm-2 sr-1 s-1 MeV-1), Cols. 5–7 provide the same
        quantities for SEPT 55–85 keV electrons. The same notation applies to Table 2 for the events recorded by STB. Furthermore, those
        events that are interpreted as multispacecraft ones, that is events that have been recorded
        on both LET instruments at STA and STB are summarized in Table 5. 
Table 5 presents the date of the event in Col. 2,
        the related active region (AR) of the parent solar flare as well as the flare site in Cols.
        3 and 4, the Type III burst identified in the quick look plots of Wind/WAVES in Col. 5,
        SWAVESA in Col. 6 and SWAVESB in Col. 7. In Col. 8 the time intervals of Type II bursts
        observed by one or several of the spectrographs are listed. The onset time was read from the
        quick look plots, the end times are mostly from the listing provided by http://ssed.gsfc.nasa.gov/waves/data_products.html. Finally, Col. 9 presents
        the relevant CME as it was observed by STEREO coronographs11. Information on the associated flares is mostly quoted from literature,
        especially from the papers by Bucík et al. (2009);
          Lario et al. (2013) and Dresing et al. (2013). The relevant CMEs have been
        identified by the SEPServer consortium. 

        Table 5

            Multispacecraft Sep. events reported in SEPServer STEREO catalogues and related solar
              data.

          

      Table 3 presents the relevant solar associations for
        the SEP events of STA: the event number (Col. 1), starting with 0 in accordance with Table
          1, the start and end time where an associated solar
        radio emission has been searched for (Cols. 2 and 3), and the onset time and type of the
        decametric radio burst, Type III or Type II, as identified in the STA/WAVES quick look
        plots. In some events the “o” within parentheses indicates that the high-frequency part of
        this radio emission was occulted, suggesting that the parent active region was behind the
        limb as seen by STA. Colums 5 and 6 list the time interval where RHESSI data have been
        inspected for X-ray emission. Column 7 gives the coordinates of the main X-ray source
        projected onto the solar disk, measured in arc seconds with respect to the disk center as
        viewed from Earth. It should be noted that the identification of the possible apparent solar
        source includes several ambiguities and thus this information should be treated as an
        indication for the user of the SEPServer STEREO catalogues and not as a final identification
        of the source. Similar notation applies to Table 4,
        which presents the relevant solar associations for the SEP events of STB. 
Since the first scanning and the backbone of this survey was low energy protons (LET: 6–10
        MeV protons), the parallel scanning of NR electrons (SEPT: 55–85 keV) gave rise to another
        result: almost 85% of the events in our catalogues also present an electron signature.
        Furthermore, a smaller group of events that constitutes 30% of our total sample of 238
        events present signatures in HET energies (40–100 MeV) and thus can be considered as the
        most space weather relevant events in the sample. Finally, the majority of the events from
        2007 to 2011 present a related Type III radio burst (see Tables 3 and 4 for reference). 
6. Online access to the catalogues
The STEREO catalogues are one of the major results of the SEPServer project (Vainio et al. 2013)12. The user of SEPServer has direct access to the information presented in Tables
          1–4 in both
        textual and graphical form. Furthermore, both catalogues provide the user with onset, peak
        time, and peak value of the proton and the electron event together with complementary
        figures, position plots denoting the separation of STEREO spacecraft with respect to the
        Sun-Earth line, spectrograms of EM emissions from all available data sets provided by
        SEPServer, HXR images, and figures of the apparent solar source (when available) from
        RHESSI. For all the events the user is able to retrieve the results of TSA in text form as
        well as for the multispacecraft events comparative figures of the event in both spacecraft. 
SEPServer aims at facilitating easy access through the catalogues to the underlying
        database of SEP data and related EM observations. To this end a novel feature that allows
        the user to have a direct link to the central SEPServer database for further exploitation
        and scientific analysis per event has been implemented. This direct link is accessed through
        the event number in the first column of the catalogue, and it leads the user to the central
        SEPServer database where the epoch range has been set according to the start and end times
        that define that specific SEP event. From this point on, the user can choose to make plots
        (including multipanel plots) based on the available SEPServer datasets and thus investigate
        further this specific SEP event. 

        
        	[image: thumbnail]	Fig. 12
            SEP event of 2011 November 03. Time profile of the SEP event intensity (in
                cm-2 sr-1 s-1 MeV-1), from 2011 November 03–10. Top
                panel: SEPT electron recordings in three energy ranges (55–65 keV/black
              line, 65–75 keV/blue line, and 75–85 keV/red line). Bottom panel: LET
              proton measurements ranging from 1.8 MeV to 10 MeV in two energy ranges (1.8–3.6
              MeV/black line, 4.0–6.0 MeV/red line, 6.0–10 MeV/blue line). This figure was created
              at SEPServer http://server.sepserver.eu

          



      
        
        	[image: thumbnail]	Fig. 13
            Solar associated data (wind/waves spectrogram denoting a Type III burst according to
              the calculated SRT and complementary SXRs from GOES) for the event of 2011 November
              03.

          



      In Fig. 12 we present an example of the items that
        would be made available through the STEREO catalogues at SEPServer portal. In the top panel
        we demonstrate the recordings of the SEP event of 2011 November 03 at LET measurements from
        1.8 MeV to 10 MeV and in the bottom panel the corresponding recordings from SEPT electrons
        within the energy range 55–105 keV. Moreover, in Fig. 13 we present the associated solar events. A clear correspondence of the estimated
        SRT with a Type III radio burst observed by the WAVES experiment aboard WIND is identified.
        The user of the online catalogues may be led to the following conclusion with respect to the
        event of 2011 November 03: the SEP event is not related to the SXR burst shown in the bottom
        panel on the left part of Fig. 13 at the beginning of
        the plot. The fact that there is no conspicuous SXR burst with the inferred electron release
        and the Type III burst seen by Wind/WAVES suggests the parent event is behind the Sun as
        seen from the Earth, but not too far, because the Type III bursts are clearly visible. This
        corresponds to the first level of information that the user of SEPServer will have access
        to. 
7. Conclusions
We have performed a systematic scanning of STEREO LET recordings within the energy range
        6–10 MeV from 2007 to 2012. A total of 130 SEP events were identified in the measurements of
        STA and 108 in STB, leading to comprehensive catalogues of SEP events. 
We performed TSA for near relativistic electrons (55–85 keV) in order to infer the release
        time of electrons and to identify the relevant Type III radio burst which denotes the escape
        of particles into the IP space. Based on parallel scanning of ARTEMIS, NDA, Wind/WAVES, and
        SWAVES data on STA and STB we have tabulated the associated solar events in Tables 3 and 4.
        Furthermore, in the same tables we present associations with SXRs and HXR count-rates as
        well as RHESSI HXR images showing the apparent solar source (when available). 
Moreover, the identified multispacecraft events included in the SEPServer STEREO catalogues
        are presented at Table 5. This includes the
        identification of the parent solar event as this was reported already in the literature
        together with the relevant information derived by the STEREO CME catalogue and the
        identified SWAVES type II bursts. 
The results of our analysis can be freely utilized in future studies. In addition to the
        tabulated information presented in this paper, our website13 offers access to a variety of information related to the events. One should
        also note that through the catalogues the user of SEPServer has direct access to the
        underlying database in order to facilitate further exploitation of our results. The
        extension of the SEPServer STEREO catalogues is a natural continuation of the current work
        and updates will be posted at the online repository in due time. 

    
1 
          http://sepserver.eu
        


2  E.g., http://www.swpc.noaa.gov/ and http://server.sepserver.eu


3 http://www.srl.caltech.edu/STEREO/Level1/LET_public.html and http://server.sepserver.eu


4 http://www2.physik.uni-kiel.de/STEREO/index.php?doc=data and http://server.sepserver.eu


5 
          http://www-ssc.igpp.ucla.edu/~jlan/STEREO/Level3/STEREO_Level3_SIR.pdf
        


6  Again from UCLA at http://www-ssc.igpp.ucla.edu/~jlan/STEREO/Level3/STEREO_Level3_Shock.pdf


7  Again from UCLA at http://www-ssc.igpp.ucla.edu/~jlan/STEREO/Level3/STEREO_Level3_ICMEs.pdf


8  Available at http://www.srl.caltech.edu/STEREO/DATA/LET/Public/EventList/LETEventList.txt


9  Available at http://aten.igpp.ucla.edu/forms/stereo/level2_plasma_and_magnetic_field.html


10  Provided by http://secchirh.obspm.fr/index.php


11  Available at http://cor1.gsfc.nasa.gov/catalog/


12  Available at http://server.sepserver.eu


13 
          http://server.sepserver.eu
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                LET proton intensity at the STA and STB spacecraft from 2007 to the end of 2012
                  (daily averaged), as a function of time. Top panel presents the
                  scanning in LET 6–10 MeV protons recorded by STB, while the bottom panel
                  presents the same survey at STA measurements. See text for details. This
                  figure was created at SEPServer http://server.sepserver.eu.
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                A CIR associated particle increase recorded by both STA and STB. The yellow lines
                  and the corresponding shaded areas demonstrate the extent of the CIR at both
                  spacecraft. See text for details.
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                LET and SEPT measurements of the STA spacecraft from 2007 to the end of 2012
                  (daily averaged). Top panel presents the scanning in SEPT data in
                  the 65–75 keV electrons, while the bottom panel presents the
                  relevant survey of the LET 6–10 MeV protons. See text for details. This figure was
                  created at SEPServer http://server.sepserver.eu
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                Same notion as in Fig. 3. STB measurements.

              In the text



	[image: thumbnail]	Fig. 5
                An illustration of the effect of an ICME on the SEP profile of the 2012 July 23
                  event. The shaded blue area indicates the ICME boundaries. See text for
                  details.
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              Corrected RHESSI count rate light curve of the 2011 August 10 solar flare for the
                6–12 keV (in pink) energy channel. Generated with the RHESSI software.
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              RHESSI image of the 2011 August 10 solar flare in the energy range 6–12 keV.
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            Location of the two spacecraft at the moment of the parent activity.
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            Averaged proton intensities at STA (top panel), SOHO (middle
                panel), and STB (bottom panel) as a function of time from
              2010 to 2012. See text for details. 
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            The series of multispacecraft SEP events of 2012 March 04–14. Top panel
              illustrates protons from STA/LET, SOHO/ERNE, and STB/LET whereas the
                bottom panel refers to electron recordings from STA/SEPT, ACE/EPAM,
              and STB/SEPT. See text for details. This figure was created at SEPServer http://server.sepserver.eu.
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            A snapshot of the actual online layout of the SEPServer STEREO catalogues.
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	[image: thumbnail]	Fig. 12
            SEP event of 2011 November 03. Time profile of the SEP event intensity (in
                cm-2 sr-1 s-1 MeV-1), from 2011 November 03–10. Top
                panel: SEPT electron recordings in three energy ranges (55–65 keV/black
              line, 65–75 keV/blue line, and 75–85 keV/red line). Bottom panel: LET
              proton measurements ranging from 1.8 MeV to 10 MeV in two energy ranges (1.8–3.6
              MeV/black line, 4.0–6.0 MeV/red line, 6.0–10 MeV/blue line). This figure was created
              at SEPServer http://server.sepserver.eu
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            Solar associated data (wind/waves spectrogram denoting a Type III burst according to
              the calculated SRT and complementary SXRs from GOES) for the event of 2011 November
              03.
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              Corrected RHESSI count rate light curve of the 2011 August 10 solar flare for the
                6–12 keV (in pink) energy channel. Generated with the RHESSI software.
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              2010 to 2012. See text for details. 
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              illustrates protons from STA/LET, SOHO/ERNE, and STB/LET whereas the
                bottom panel refers to electron recordings from STA/SEPT, ACE/EPAM,
              and STB/SEPT. See text for details. This figure was created at SEPServer http://server.sepserver.eu.
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    Table 1 

            Solar energetic particle events recorded onboard STA from 2007–2012.

          
            
              	
              	
              	LET-A 6–10 MeV protons
              	SEPT-A 55–85 keV electrons
            

            
              	
                

              
            

            
              	 No.
              	Date
              	Onset
              	Peak
              	Peak
              	Onset
              	Peak
              	Peak 
            

            
              	
              	
              	time
              	time
              	value
              	time
              	time
              	value 
            

            
              	
              	
              	(UT)
              	(UT)
              	(cm-2 s-1 sr-1 MeV-1)
              	(UT)
              	(UT)
              	(cm-2 s-1 sr-1 MeV-1) 
            

            
              	
                

              
            

            
              	 0
              	2007 May 19
              	16:45
              	23:45
              	2.25E-02
              	13:50
              	18:05
              	7.28E+02 
            

            
              	 1
              	2007 May 23
              	10:25
              	3:45 (144 DOY)
              	1.32E-02
              	6:30
              	10:25
              	5.56E+02 
            

            
              	 2
              	2008 Apr. 5
              	20:20
              	21:00
              	1.50E-03
              	16:32
              	16:45
              	4.56E+02 
            

            
              	 3
              	2008 Dec. 11
              	11:50
              	13:30
              	1.90E-03
              	9:58
              	10:36
              	2.46E+01 
            

            
              	 4
              	2009 May 2
              	–
              	–
              	–
              	20:02
              	20:46
              	8.21E+02 
            

            
              	 5
              	2009 May 5
              	10:30
              	13:30
              	7.40E-03
              	8:44
              	9:25
              	5.03E+02 
            

            
              	 6
              	2009 Nov. 3
              	5:20
              	8:20
              	2.60E-03
              	3:57
              	4:25
              	2.78E+03 
            

            
              	 7
              	2009 Nov. 5
              	8:00
              	13:00
              	8.00E-04
              	0:16
              	3:06
              	4.29E+02 
            

            
              	 8
              	2009 Dec. 22
              	8:20
              	15:50
              	4.20E-03
              	6:26
              	7:26
              	3.40E+01 
            

            
              	 9
              	2010 Jan. 17
              	7:40
              	15:00
              	5.03E-02
              	5:18
              	9:15
              	2.44E+02 
            

            
              	 10
              	2010 Feb. 8
              	–
              	–
              	–
              	8:28
              	12:53
              	9.10E+01 
            

            
              	 11
              	2010 Feb. 12
              	13:00
              	4:20 (44 DOY)
              	1.40E-03
              	13:05
              	19:25
              	7.34E+02 
            

            
              	 12
              	2010 Feb. 14
              	23:00
              	3:20 (46 DOY)
              	2.10E-03
              	2:53
              	4:45
              	2.72E+02 
            

            
              	 13
              	2010 Mar. 2
              	4:50
              	19:00
              	1.28E-02
              	15:37
              	15:56
              	4.81E+02 
            

            
              	 14
              	2010 Jun. 12
              	5:20
              	19:00
              	4.20E-03
              	2:05
              	7:35
              	2.40E+02 
            

            
              	 15
              	2010 Aug. 14
              	13:10
              	00:40 (DOY 228)
              	4.12E-02
              	10:53
              	17:05
              	1.41E+02 
            

            
              	 16
              	2010 Aug. 18
              	7:20
              	10:30
              	1.82E+00
              	6:10
              	9:26
              	8.43E+03 
            

            
              	 17
              	2010 Sep. 9
              	2:00
              	9:00
              	2.15E-01
              	1:03
              	6:55
              	3.22E+02 
            

            
              	 18
              	2010 Nov. 26
              	16:30
              	4:20 (DOY 331)
              	2.25E-02
              	15:35
              	21:16
              	4.95E+02 
            

            
              	 19
              	2011 Jan. 6
              	–
              	–
              	–
              	12:55
              	14:35
              	5.58E+01 
            

            
              	 20
              	2011 Jan. 27
              	13:40
              	16:50
              	1.34E-02
              	9:04
              	9:15
              	1.13E+03 
            

            
              	 21
              	2011 Jan. 28
              	2:40
              	6:29
              	1.97E-01
              	1:26
              	2:55
              	1.30E+03 
            

            
              	 22
              	2011 Jan. 31
              	22:30
              	23:10
              	1.16E-02
              	17:38
              	23:15
              	2.08E+02 
            

            
              	 23
              	2011 Feb. 7
              	18:40
              	23:20
              	1.70E-03
              	13:28
              	23:25
              	1.70E+02 
            

            
              	 24
              	2011 Mar. 4
              	16:30
              	17:20
              	7.50E-03
              	14:33
              	14:55
              	1.06E+04 
            

            
              	 25
              	2011 Mar. 7
              	23:40
              	9:10 (DOY 68)
              	8.80E+01
              	21:53
              	14:08
              	8.32E+02 
            

            
              	 26
              	2011 Mar. 12
              	20:30
              	3:10 (DOY 72)
              	1.46E-01
              	–
              	–
              	– 
            

            
              	 27
              	2011 Mar. 16
              	22:30
              	21:20 (DOY 76)
              	8.22E-02
              	–
              	–
              	– 
            

            
              	 28
              	2011 Mar. 21
              	3:20
              	18:20 (DOY 81)
              	3.03E+02
              	2:34
              	4:15
              	2.70E+05 
            

            
              	 29
              	2011 Mar. 30
              	2:40
              	15:40
              	4.27E-01
              	23:25 (DOY 88)
              	7:05
              	2.77E+02 
            

            
              	 30
              	2011 Apr. 8
              	5:30
              	10:30
              	2.95E-01
              	4:28
              	7:45
              	9.39E+03 
            

            
              	 31
              	2011 Apr. 17
              	18:20
              	0:10 (DOY 108)
              	8.20E-03
              	17:28
              	18:35
              	2.92E+03 
            

            
              	 32
              	2011 Apr. 21
              	3:30
              	8:10
              	1.23E-01
              	2:45
              	6:35
              	1.33E+02 
            

            
              	 33
              	2011 Apr. 27
              	10:50
              	6:50 (DOY 118)
              	3.30E-03
              	10:05
              	15:05
              	8.80E+01 
            

            
              	 34
              	2011 Apr. 30
              	15:30
              	2:30 (DOY 121)
              	1.00E-03
              	6:49
              	8:35
              	8.06E+02 
            

            
              	 35
              	2011 May 19
              	4:40
              	12:30
              	2.99E-02
              	1:25
              	7:35
              	2.75E+02 
            

            
              	 36
              	2011 Jun. 4
              	8:20
              	–
              	–
              	7:31
              	2:45
              	1.40E+06 
            

            
              	 37
              	2011 Jun. 17
              	22:00
              	18:40 (DOY 169)
              	5.81E-02
              	–
              	–
              	– 
            

            
              	 38
              	2011 Jul. 10
              	13:30
              	7:20 (DOY 192)
              	3.40E-03
              	–
              	–
              	– 
            

            
              	 39
              	2011 Jul. 25
              	17:30
              	8:00 ( DOY 207)
              	6.00E-04
              	14:45
              	17:15
              	1.90E+02 
            

            
              	 40
              	2011 Jul. 26
              	11:10
              	12:50
              	3.94E-01
              	10:08
              	10:45
              	5.94E+04 
            

            
              	 41
              	2011 Aug. 4
              	12:00
              	12:50 (DOY 219)
              	3.53E-01
              	11:55
              	9:05
              	6.58E+02 
            

            
              	 42
              	2011 Aug. 10
              	23:20
              	13:20 (DOY 223)
              	1.27E+00
              	20:38
              	12:25
              	1.12E+04 
            

            
              	 43
              	2011 Aug. 11
              	19:30
              	21:21
              	1.24E+00
              	19:12
              	23:35
              	8.94E+03 
            

            
              	 44
              	2011 Aug. 16
              	9:30
              	17:10
              	6.30E-03
              	8:50
              	10:05
              	8.79E+02 
            

            
              	 45
              	2011 Aug. 24
              	4:20
              	9:30
              	1.69E-01
              	6:08
              	8:05
              	2.39E+02 
            

            
              	 46
              	2011 Aug. 28
              	19:30
              	9:40 (DOY 241)
              	5.30E-03
              	14:53
              	9:08
              	1.90E+02 
            

            
              	 47
              	2011 Sep. 3
              	5:10
              	3:40 (DOY 247)
              	6.90E-03
              	3:55
              	6:55
              	1.80E+02 
            

            
              	 48
              	2011 Sep. 7
              	21:40
              	6:50 (DOY 251)
              	1.58E-01
              	19:17
              	19:25
              	1.04E+03 
            

            
              	 49
              	2011 Sep. 22
              	13:20
              	8:40 (DOY 266)
              	4.47E+00
              	23:44
              	4:55
              	4.90E+03 
            

            
              	 50
              	2011 Oct. 4
              	16:00
              	17:20 (DOY 278)
              	3.87E+00
              	14:45
              	3:05
              	1.19E+04 
            

            
              	 51
              	2011 Oct. 13
              	15:10
              	15:40 (DOY 288)
              	4.02E-02
              	–
              	–
              	– 
            

            
              	 52
              	2011 Oct. 22
              	21:30
              	12:30 (DOY 298)
              	1.38E+00
              	15:35
              	15:55
              	1.51E+02 
            

            
              	 53
              	2011 Nov. 3
              	23:30
              	5:20 (DOY 308)
              	1.57E+01
              	22:42
              	1:15
              	9.55E+04 
            

            
              	 54
              	2011 Nov. 12
              	22:40
              	4:40 (DOY 317)
              	5.63E-02
              	8:05
              	12:45
              	2.41E+02 
            

            
              	 55
              	2011 Nov. 13
              	23:00
              	5:00 (DOY 318)
              	6.34E-01
              	20:25
              	4:35
              	6.86E+02 
            

            
              	 56
              	2011 Nov. 17
              	1:10
              	0:10 (DOY 323)
              	3.76E-02
              	23:15
              	4:25
              	1.10E+03 
            

            
              	 57
              	2011 Nov. 23
              	12:20
              	4:10 (DOY 328)
              	3.30E-02
              	11:05
              	12:25
              	9.84E+01 
            

            
              	 58
              	2011 Nov. 25
              	14:20
              	16:10
              	2.07E-02
              	–
              	–
              	– 
            

            
              	 59
              	2011 Nov. 26
              	11:20
              	15:10 (DOY 332)
              	1.56E+01
              	10:35
              	20:55
              	3.54E+04 
            

            
              	 60
              	2011 Dec. 3
              	10:50
              	12:30
              	4.44E-02
              	2:15
              	11:15
              	3.46E+02 
            

            
              	 61
              	2011 Dec. 7
              	12:00
              	14:00
              	2.33E-02
              	10:25
              	12:55
              	1.33E+02 
            

            
              	 62
              	2011 Dec. 8
              	1:40
              	15:00
              	3.00E-01
              	21:15
              	5:15
              	2.31E+03 
            

            
              	 63
              	2011 Dec. 11
              	15:20
              	19:20
              	1.15E-02
              	14:37
              	15:35
              	5.98E+03 
            

            
              	 64
              	2011 Dec. 17
              	15:10
              	1:30 (DOY 352)
              	3.18E-01
              	9:21
              	9:25
              	1.43E+03 
            

            
              	 65
              	2011 Dec. 19
              	20:50
              	21:20
              	2.02E-01
              	13:05
              	13:45
              	2.44E+03 
            

            
              	 66
              	2011 Dec. 20
              	11:30
              	4:20 (DOY 355)
              	3.41E-01
              	–
              	–
              	– 
            

            
              	 67
              	2012 Jan. 2
              	3:20
              	4:00
              	9.47E-02
              	1:35
              	4:05
              	5.52E+02 
            

            
              	 68
              	2012 Jan. 2
              	18:10
              	12:20 (DOY 3)
              	1.39E-01
              	15:45
              	22:25
              	7.35E+02 
            

            
              	 69
              	2012 Jan. 12
              	10:50
              	15:40
              	4.05E-02
              	9:25
              	11:25
              	1.36E+02 
            

            
              	 70
              	2012 Jan. 21
              	16:00
              	12:20 (DOY 25)
              	2.25E+01
              	
              	
              	
            

            
              	 71
              	2012 Feb. 16
              	10:00
              	14:20
              	6.00E-03
              	7:12
              	8:15
              	1.69E+03 
            

            
              	 72
              	2012 Feb. 24
              	18:42
              	0:50 (DOY 56)
              	4.90E-03
              	18:10
              	0:10
              	9.49E+01 
            

            
              	 73
              	2012 Feb. 25
              	20:50
              	6:50 (DOY 58)
              	1.97E-01
              	20:25
              	6:15
              	1.97E+03 
            

            
              	 74
              	2012 Feb. 29
              	11:30
              	16:30
              	1.78E-01
              	9:45
              	15:05
              	2.30E+03 
            

            
              	 75
              	2012 Mar. 4
              	21:30
              	1:00 (DOY 65)
              	2.20E-03
              	13:45
              	23:55
              	9.14E+02 
            

            
              	 76
              	2012 Mar. 5
              	11:20
              	7:10 (DOY 66)
              	5.54E-02
              	–
              	–
              	– 
            

            
              	 77
              	2012 Mar. 7
              	4:50
              	15:20
              	4.72E-01
              	1:38
              	4:15
              	2.33E+03 
            

            
              	 78
              	2012 Mar. 9
              	6:50
              	4:10 (DOY 72)
              	7.28E+00
              	5:18
              	1:05
              	1.17E+05 
            

            
              	 79
              	2012 Mar. 18
              	3:30
              	19:30 (DOY 79)
              	7.77E+01
              	2:45
              	7:15
              	1.30E+04 
            

            
              	 80
              	2012 Mar. 20
              	12:00
              	15:00
              	2.19E-01
              	–
              	–
              	– 
            

            
              	 81
              	2012 Mar. 21
              	9:20
              	20:50
              	1.48E+01
              	7:45
              	8:05
              	5.52E+04 
            

            
              	 82
              	2012 Mar. 24
              	2:10
              	4:50
              	1.63E+01
              	0:36
              	2:05
              	6.17E+04 
            

            
              	 83
              	2012 Apr. 7
              	21:20
              	5:40 (DOY 99)
              	5.02E+00
              	17:03
              	1:55
              	1.74E+03 
            

            
              	 84
              	2012 Apr. 15
              	4:30
              	11:50
              	3.41E-02
              	3:03
              	6:25
              	7.91E+02 
            

            
              	 85
              	2012 Apr. 17
              	3:00
              	8:10
              	3.92E-02
              	18:35
              	20:45
              	2.87E+02 
            

            
              	 86
              	2012 Apr. 17
              	18:50
              	19:30
              	4.80E-03
              	17:35
              	17:45
              	8.79E+02 
            

            
              	 87
              	2012 Apr. 18
              	5:10
              	5:50
              	1.90E-02
              	2:40
              	3:55
              	2.41E+04 
            

            
              	 88
              	2012 Apr. 27
              	19:40
              	6:00 (DOY 119)
              	2.14E-02
              	18:05
              	19:45
              	7.36E+02 
            

            
              	 89
              	2012 Apr. 28
              	20:10
              	7:50 (DOY 120)
              	6.66E-01
              	16:15
              	12:35
              	2.74E+04 
            

            
              	 90
              	2012 May 1
              	17:50
              	4:20 (DOY 123)
              	9.10E-03
              	16:14
              	16:25
              	2.07E+03 
            

            
              	 91
              	2012 May 5
              	8:10
              	22:30
              	1.10E-02
              	5:33
              	8:05
              	9.32E+01 
            

            
              	 92
              	2012 May 10
              	22:30
              	12:40 (DOY 132)
              	1.18E-02
              	22:30
              	16:30
              	4.69E+02 
            

            
              	 93
              	2012 May 17
              	11:10
              	17:50 (DOY 139)
              	1.32E+01
              	5:00
              	>22:30
              	– 
            

            
              	 94
              	2012 May 26
              	22:10
              	3:30 (DOY 148)
              	1.00E+01
              	21:08
              	2:05
              	2.92E+04 
            

            
              	 95
              	2012 May 27
              	12:20
              	–
              	–
              	–
              	–
              	– 
            

            
              	 96
              	2012 Jun. 12
              	9:00
              	19:00
              	2.03E+01
              	5:38
              	6:05
              	1.45E+03 
            

            
              	 97
              	2012 Jun. 15
              	16:50
              	18:40 (DOY 171)
              	4.80E-03
              	–
              	–
              	– 
            

            
              	 98
              	2012 Jun. 23
              	16:20
              	8:10 (DOY 176)
              	5.50E-03
              	–
              	–
              	– 
            

            
              	 99
              	2012 Jun. 24
              	17:10
              	14:50 (DOY 177)
              	2.49E-02
              	–
              	–
              	– 
            

            
              	 100
              	2012 Jun. 28
              	6:50
              	10:50
              	5.45E-02
              	6:18
              	7:45
              	9.89E+03 
            

            
              	 101
              	2012 Jun. 30
              	19:40
              	23:10
              	1.05E-01
              	–
              	–
              	– 
            

            
              	 102
              	2012 Jul. 2
              	10:30
              	15:30
              	2.12E-01
              	 08:43
              	10:15
              	6.25E+03 
            

            
              	 103
              	2012 Jul. 6
              	11:30
              	15:50
              	1.49E-02
              	 0:00
              	14:30
              	2.41E+02 
            

            
              	 104
              	2012 Jul. 7
              	9:30
              	23:50
              	1.76E-01
              	1:55
              	11:55
              	1.85E+03 
            

            
              	 105
              	2012 Jul. 8
              	16:00
              	10:50 (DOY 191)
              	2.34E+00
              	14:43
              	16:15
              	1.16E+04 
            

            
              	 106
              	2012 Jul. 18
              	6:20
              	11:10
              	2.35E+00
              	6:33
              	7:45
              	6.71E+03 
            

            
              	 107
              	2012 Jul. 23
              	4:00
              	22:30
              	3.79E+03
              	2:40
              	22:45
              	4.76E+06 
            

            
              	 108
              	2012 Aug. 10
              	14:40
              	3:40 (DOY 224)
              	9.78E-01
              	13:23
              	20:55
              	5.44E+03 
            

            
              	 109
              	2012 Aug. 17
              	19:10
              	12:50 (DOY 231)
              	6.90E-03
              	9:45
              	7:55
              	5.72E+03 
            

            
              	 110
              	2012 Aug. 19
              	6:00
              	6:50
              	1.09E+00
              	4:58
              	5:15
              	8.14E+03 
            

            
              	 111
              	2012 Aug. 25
              	21:40
              	0:40 (DOY 239)
              	2.99E-02
              	18:05
              	22:15
              	3.53E+02 
            

            
              	 112
              	2012 Sep. 1
              	11:10
              	22:50
              	2.10E-03
              	4:45
              	19:45
              	1.21E+02 
            

            
              	 113
              	2012 Sep. 9
              	1:10
              	5:20
              	2.35E-01
              	–
              	–
              	– 
            

            
              	 114
              	2012 Sep. 17
              	0:20
              	3:50
              	4.70E-03
              	0:25
              	0:55
              	1.80E+02 
            

            
              	 115
              	2012 Sep. 19
              	15:30
              	15:37
              	5.08E+01
              	11:42
              	13:15
              	1.25E+04 
            

            
              	 116
              	2012 Sep. 27
              	12:30
              	13:00 (DOY 272)
              	1.60E+02
              	10:43
              	13:55
              	2.55E+05 
            

            
              	 117
              	2012 Oct. 8
              	9:30
              	16:30 (DOY 283)
              	4.10E-03
              	22:35
              	2:35
              	4.15E+02 
            

            
              	 118
              	2012 Oct. 14
              	2:20
              	10:40
              	6.41E-01
              	1:02
              	2:45
              	2.95E+03 
            

            
              	 119
              	2012 Oct. 19
              	22:00
              	3:20 (DOY 294)
              	5.10E-03
              	17:55
              	18:55
              	6.73E+02 
            

            
              	 120
              	2012 Oct. 22
              	3:40
              	8:00
              	4.00E-03
              	23:58
              	4:35
              	3.66E+02 
            

            
              	 121
              	2012 Nov. 3
              	21:30
              	4:20 (DOY 309)
              	2.60E-03
              	–
              	–
              	– 
            

            
              	 122
              	2012 Nov. 6
              	18:32
              	21:10
              	2.30E-03
              	14:03
              	17:35
              	1.78E+03 
            

            
              	 123
              	2012 Nov. 8
              	11:30
              	4:10 (DOY 314)
              	2.11E+01
              	11:00
              	11:45
              	2.30E+04 
            

            
              	 124
              	2012 Nov. 24
              	1:00
              	14:20
              	4.89E+00
              	23:36
              	1:35
              	4.38E+03 
            

            
              	 125
              	2012 Nov. 27
              	20:30
              	23:30
              	1.88E-02
              	–
              	–
              	– 
            

            
              	 126
              	2012 Dec. 2
              	18:30
              	1:00 (DOY 338)
              	7.24E-02
              	16:42
              	18:25
              	1.82E+03 
            

            
              	 127
              	2012 Dec. 5
              	6:20
              	13:30
              	1.87E-02
              	–
              	–
              	– 
            

            
              	 128
              	2012 Dec. 10
              	20:20
              	0:00 (DOY 346)
              	4.90E-03
              	22:35
              	23:35
              	1.42E+02 
            

            
              	 129
              	2012 Dec. 17
              	0:00
              	3:30 (DOY 353)
              	4.90E-02
              	21:45
              	0:25
              	8.35E+02 
            

          



  
    Table 2 

            Solar energetic particle events recorded onboard STB from 2007–2012.

          
            
              	
              	
              	LET-B 6–10 MeV protons
              	SEPT-B 55–85 keV electrons
            

            
              	
                

              
            

            
              	 No.
              	Date
              	Onset
              	Peak
              	Peak
              	Onset
              	Peak
              	Peak 
            

            
              	
              	
              	time
              	time
              	value
              	time
              	time
              	value 
            

            
              	
              	
              	(UT)
              	(UT)
              	(cm-2 s-1 sr-1 MeV-1)
              	(UT)
              	(UT)
              	(cm-2 s-1 sr-1 MeV-1) 
            

            
              	
                

              
            

            
              	 0
              	2007 May 19
              	16:45
              	23:45
              	2.25E-02
              	13:54
              	18:45
              	7.18E+02 
            

            
              	 1
              	2007 May 23
              	10:25
              	 3:45 (144 DOY)
              	1.32E-02
              	8:12
              	13:15
              	6.63E+02 
            

            
              	 2
              	2008 Nov. 4
              	–
              	–
              	–
              	4:10
              	5:55
              	2.77E+02 
            

            
              	 3
              	2009 Dec. 22
              	6:50
              	15:00
              	1.75E-02
              	5:19
              	6:16
              	8.92E+02 
            

            
              	 4
              	2010 Jan. 17
              	14:40
              	 6:44 (DOY 18)
              	4.90E-03
              	4:58
              	17:55
              	3.01E+01 
            

            
              	 5
              	2010 Feb. 6
              	9:20
              	16:00
              	1.70E-03
              	0:48
              	1:06
              	9.57E+01 
            

            
              	 6
              	2010 Feb. 7
              	4:00
              	8:10
              	9.40E-03
              	3:05
              	4:36
              	9.55E+03 
            

            
              	 7
              	2010 Feb. 12
              	10:10
              	20:30
              	2.68E-02
              	12:15
              	14:15
              	1.61E+04 
            

            
              	 8
              	2010 Mar. 14
              	3:00
              	9:10
              	1.30E-03
              	0:15
              	1:16
              	1.20E+02 
            

            
              	 9
              	2010 Aug. 1
              	–
              	 10:30 (DOY 214)
              	1.64E+01
              	–
              	–
              	– 
            

            
              	 10
              	2010 Aug. 7
              	20:30
              	 2:00 (DOY 220)
              	2.21E+00
              	19:08
              	1:15
              	3.96E+03 
            

            
              	 11
              	2010 Aug. 14
              	12:40
              	18:40
              	2.35E-01
              	10:31
              	11:36
              	2.70E+03 
            

            
              	 12
              	2010 Aug. 18
              	9:40
              	13:20
              	1.16E-01
              	6:53
              	10:36
              	1.20E+03 
            

            
              	 13
              	2010 Sep. 9
              	3:20
              	10:50
              	1.12E-02
              	–
              	–
              	– 
            

            
              	 14
              	2010 Nov. 11
              	8:50
              	22:10
              	5.70E-03
              	7:43
              	7:55
              	1.48E+02 
            

            
              	 15
              	2011 Jan. 13
              	15:00
              	13:00 (DOY 14)
              	5.70E-03
              	13:23
              	16:53
              	3.48E+01 
            

            
              	 16
              	2011 Jan. 21
              	4:50
              	8:00
              	3.50E-02
              	4:47
              	4:55
              	1.64E+02 
            

            
              	 17
              	2011 Feb. 12
              	0:50
              	 3:20
              	1.50E-03
              	22:38
              	0:45
              	5.39E+01 
            

            
              	 18
              	2011 Feb. 13
              	20:00
              	 0:30 (DOY 45)
              	1.52E-01
              	18:08
              	19:25
              	7.30E+02 
            

            
              	 19
              	2011 Feb. 15
              	4:00
              	9:10
              	1.59E+00
              	2:38
              	4:35
              	1.64E+04 
            

            
              	 20
              	2011 Mar. 7
              	16:50
              	 7:00 (DOY 67)
              	3.86E+01
              	15:25
              	23:25
              	2.38E+04 
            

            
              	 21
              	2011 Mar. 21
              	20:00
              	 4:40 (DOY 81)
              	5.68E-02
              	18:43
              	18:55
              	9.12E+03 
            

            
              	 22
              	2011 Mar. 24
              	20:40
              	 23:30 (DOY 84)
              	2.74E-02
              	17:36
              	18:15
              	1.42E+04 
            

            
              	 23
              	2011 Mar. 30
              	4:20
              	 6:30 (DOY 90)
              	3.39E+00
              	2:25
              	14:05
              	6.38E+02 
            

            
              	 24
              	2011 Apr. 19
              	10:10
              	22:10
              	3.80E-03
              	12:05
              	21:05
              	1.15E+02 
            

            
              	 25
              	2011 Apr. 20
              	9:50
              	19:30
              	2.19E-02
              	9:58
              	11:15
              	2.52E+02 
            

            
              	 26
              	2011 Apr. 27
              	18:20
              	 3:10 (DOY 118)
              	1.11E-02
              	–
              	–
              	– 
            

            
              	 27
              	2011 May 9
              	23:50
              	 11:30 (DOY 130)
              	1.15E+00
              	22:23
              	3:25
              	2.94E+02 
            

            
              	 28
              	2011 May 29
              	16:10
              	–
              	–
              	14:05
              	20:35
              	7.53E+03 
            

            
              	 29
              	2011 Jun. 14
              	19:10
              	 8:50 (DOY 166)
              	2.04E+01
              	15:56
              	9:15
              	3.87E+04 
            

            
              	 30
              	2011 Jul. 11
              	13:40
              	 14:10 (DOY 193)
              	3.50E-03
              	12:15
              	13:45
              	1.41E+02 
            

            
              	 31
              	2011 Jul. 26
              	15:30
              	21:50
              	7.60E-03
              	16:35
              	22:55
              	1.71E+02 
            

            
              	 32
              	2011 Aug. 2
              	14:50
              	 3:00 (DOY 215)
              	5.90E-03
              	10:25
              	15:55
              	1.22E+02 
            

            
              	 33
              	2011 Aug. 3
              	17:00
              	 12:50 (DOY 218)
              	3.60E-02
              	8:35
              	8:55
              	1.78E+02 
            

            
              	 34
              	2011 Sep. 6
              	7:50
              	 16:20 (DOY 251)
              	2.23E-02
              	4:15
              	6:25
              	2.00E+02 
            

            
              	 35
              	2011 Sep. 22
              	11:50
              	 3:50 (DOY 267)
              	7.05E+02
              	10:58
              	5:15
              	3.66E+05 
            

            
              	 36
              	2011 Oct. 4
              	10:40
              	 2:10 (DOY 278)
              	4.65E+00
              	13:30
              	15:45
              	4.84E+04 
            

            
              	 37
              	2011 Oct. 8
              	1:30
              	 17:50 (DOY 281)
              	5.27E-01
              	19:15
              	4:15
              	2.13E+03 
            

            
              	 38
              	2011 Oct. 16
              	9:10
              	 12:20 (DOY 290)
              	2.14E-01
              	9:35
              	9:15
              	3.73E+03 
            

            
              	 39
              	2011 Oct. 22
              	19:10
              	23:00
              	1.98E-02
              	19:15
              	20:35
              	1.95E+02 
            

            
              	 40
              	2011 Nov. 4
              	0:50
              	20:20
              	3.97E-01
              	23:24
              	1:05
              	4.25E+03 
            

            
              	 41
              	2011 Nov. 9
              	16:10
              	 1:50 (DOY 314)
              	6.24E-01
              	13:49
              	15:25
              	1.79E+03 
            

            
              	 42
              	2011 Nov. 14
              	3:50
              	9:50
              	6.80E-02
              	–
              	–
              	–
            

            
              	 43
              	2011 Nov. 17
              	3:10
              	 10:00 (DOY 322)
              	1.67E+00
              	–
              	–
              	–
            

            
              	 44
              	2011 Nov. 26
              	9:30
              	 15:50 (DOY 331)
              	1.55E-01
              	8:15
              	12:35
              	4.92E+02 
            

            
              	 45
              	2011 Dec. 1
              	7:30
              	 2:40 (DOY 336)
              	3.88E-02
              	6:45
              	8:05
              	2.52E+02 
            

            
              	 46
              	2011 Dec. 9
              	22:50
              	 15:30 (DOY 344)
              	1.30E-02
              	22:55
              	5:15
              	1.15E+02 
            

            
              	 47
              	2011 Dec. 20
              	7:30
              	10:20
              	3.00E-03
              	18:15
              	19:15
              	2.19E+02 
            

            
              	 48
              	2011 Dec. 25
              	17:10
              	 5:10 (DOY 360)
              	5.97E-02
              	18:55
              	23:25
              	3.95E+03 
            

            
              	 49
              	2011 Dec. 27
              	9:00
              	10:40
              	4.87E-02
              	5:35
              	9:55
              	3.19E+03 
            

            
              	 50
              	2012 Jan. 5
              	11:30
              	8:50 (DOY 8)
              	1.40E-03
              	13:05
              	14:05
              	5.82E+01 
            

            
              	 51
              	2012 Jan. 12
              	10:50
              	17:30
              	1.74E-02
              	1:15
              	1:45
              	5.24E+02 
            

            
              	 52
              	2012 Jan. 16
              	9:00
              	9:00 (DOY 17)
              	1.36E+00
              	6:25
              	12:55
              	1.38E+03 
            

            
              	 53
              	2012 Jan. 19
              	19:10
              	17:30 (DOY 20)
              	1.32E+01
              	17:15
              	6:45
              	7.87E+03 
            

            
              	 54
              	2012 Jan. 23
              	6:30
              	10:50
              	1.32E+01
              	6:15
              	14:35
              	1.89E+04 
            

            
              	 55
              	2012 Jan. 31
              	2:00
              	7:50
              	7.97E-01
              	1:34
              	6:55
              	6.13E+03 
            

            
              	 56
              	2012 Feb. 3
              	10:10
              	8:10 (DOY 35)
              	1.44E+00
              	–
              	–
              	–
            

            
              	 57
              	2012 Feb. 24
              	20:40
              	7:40 (DOY 57)
              	2.06E-02
              	16:10
              	22:50
              	5.26E+02 
            

            
              	 58
              	2012 Mar. 3
              	23:20
              	9:20 (DOY 64)
              	5.67E-01
              	20:35
              	4:55
              	2.78E+03 
            

            
              	 No
              	Date
              	Onset
              	Peak
              	Peak
              	Onset
              	Peak
              	Peak 
            

            
              	 59
              	2012 Mar. 4
              	16:00
              	23:40
              	4.22E+01
              	12:25
              	2:05
              	1.10E+05 
            

            
              	 60
              	2012 Mar. 7
              	2:40
              	7:00 (DOY 68)
              	3.36E+02
              	1:15
              	4:55
              	6.63E+05 
            

            
              	 61
              	2012 Mar. 18
              	16:50
              	17:10
              	5.77E-01
              	–
              	–
              	–
            

            
              	 62
              	2012 Mar. 24
              	8:50
              	4:50 (DOY 86)
              	3.66E+00
              	1:10
              	1:25
              	4.74E+03 
            

            
              	 63
              	2012 Mar. 27
              	5:20
              	21:30 (DOY 88)
              	9.19E+01
              	–
              	–
              	–
            

            
              	 64
              	2012 Apr. 8
              	9:13
              	0:00 (DOY 100)
              	1.48E-02
              	21:45
              	11:45
              	8.70E+01 
            

            
              	 65
              	2012 Apr. 10
              	4:00
              	6:10
              	3.17E-02
              	–
              	–
              	–
            

            
              	 66
              	2012 Apr. 11
              	1:20
              	19:10
              	3.75E-02
              	–
              	–
              	–
            

            
              	 67
              	2012 Apr. 15
              	4:40
              	15:50
              	1.37E-01
              	2:38
              	5:25
              	1.33E+03 
            

            
              	 68
              	2012 Apr. 16
              	22:30
              	21:30 (DOY 108) 
              	2.68E-01
              	17:58
              	19:05
              	1.79E+03 
            

            
              	 69
              	2012 Apr. 24
              	10:20
              	0:40 (DOY 116)
              	1.75E-01
              	8:33
              	10:05
              	1.25E+03 
            

            
              	 70
              	2012 May 3
              	18:50
              	22:50
              	1.90E-03
              	–
              	–
              	–
            

            
              	 71
              	2012 May 8
              	0:50
              	3:20
              	1.90E-03
              	–
              	–
              	–
            

            
              	 72
              	2012 May 10
              	1:20
              	4:10 (DOY 131)
              	3.40E-03
              	21:45
              	4:05
              	7.80E+02 
            

            
              	 73
              	2012 May 12
              	1:20
              	2:10
              	4.30E-03
              	–
              	–
              	–
            

            
              	 74
              	2012 May 17
              	5:00
              	21:30 (DOY 139) 
              	9.10E-03
              	3:25
              	16:55
              	9.43E+01 
            

            
              	 75
              	2012 May 21
              	2:30
              	22:10 (DOY 145) 
              	1.44E-02
              	7:30
              	4:30
              	3.29E+02 
            

            
              	 76
              	2012 May 25
              	4:10
              	22:50
              	3.39E-02
              	–
              	–
              	–
            

            
              	 77
              	2012 May 27
              	18:10
              	10:40 (DOY 150) 
              	1.36E-01
              	7:55
              	10:45
              	1.70E+03 
            

            
              	 78
              	2012 Jun. 3
              	20:40
              	2:00 (DOY 156)
              	1.83E-01
              	18:39
              	19:55
              	3.28E+03 
            

            
              	 79
              	2012 Jun. 6
              	23:30
              	5:40 (DOY 159)
              	7.83E-03
              	20:43
              	21:25
              	6.20E+02 
            

            
              	 80
              	2012 Jun. 12
              	21:30
              	3:00 (DOY 167)
              	7.51E-02
              	16:00
              	23:30
              	9.31E+02 
            

            
              	 81
              	2012 Jun. 22
              	10:50
              	13:00
              	1.70E-03
              	–
              	–
              	–
            

            
              	 82
              	2012 Jun. 25
              	16:10
              	4:10 (DOY 178)
              	3.20E-03
              	–
              	–
              	–
            

            
              	 83
              	2012 Jun. 27
              	14:10
              	15:00
              	1.47E-02
              	12:57
              	13:05
              	4.55E+03 
            

            
              	 84
              	2012 Jun. 28
              	19:10
              	4:30 (DOY 181)
              	9.52E-02
              	2:36
              	3:35
              	1.65E+03 
            

            
              	 85
              	2012 Jul. 2
              	22:10
              	2:50 (DOY 186)
              	9.02E+00
              	21:03
              	21:35
              	2.14E+03 
            

            
              	 86
              	2012 Jul. 12
              	18:10
              	1:30 (DOY 195)
              	2.49E+00
              	17:10
              	21:05
              	1.25E+04 
            

            
              	 87
              	2012 Jul. 23
              	22:10
              	5:40 (DOY 209)
              	9.86E+00
              	18:05
              	21:35
              	4.92E+04 
            

            
              	 88
              	2012 Aug. 4
              	17:10
              	2:30 (DOY 218)
              	1.21E+00
              	15:28
              	18:05
              	3.55E+03 
            

            
              	 89
              	 2012 Aug. 13
              	16:40
              	2:50 (DOY 227)
              	4.00E-03
              	4:40
              	5:45
              	9.62E+02 
            

            
              	 90
              	 2012 Aug. 18
              	21:30
              	4:50 (DOY 232)
              	4.80E-03
              	–
              	–
              	–
            

            
              	 91
              	 2012 Aug. 20
              	12:50
              	14:40
              	1.79E-02
              	13:55
              	14:45
              	8.99E+02 
            

            
              	 92
              	 2012 Aug. 22
              	23:00
              	23:30 (DOY 236) 
              	1.86E+00
              	3:15
              	1:45
              	1.35E+04 
            

            
              	 93
              	 2012 Aug. 31
              	21:30
              	4:10 (DOY 246)
              	2.23E+02
              	20:11
              	21:55
              	2.20E+05 
            

            
              	 94
              	2012 Sep. 20
              	4:50
              	0:00 (DOY 267)
              	6.45E+01
              	15:15
              	1:45
              	3.31E+05 
            

            
              	 95
              	2012 Sep. 28
              	6:00
              	7:50
              	3.35E+00
              	0:38
              	2:25
              	1.75E+04 
            

            
              	 96
              	2012 Oct. 1
              	10:10
              	16:30 (DOY 276) 
              	1.52E-01
              	11:00
              	10:50
              	2.89E+03 
            

            
              	 97
              	2012 Oct. 8
              	19:50
              	18:00 (DOY 283) 
              	2.44E-01
              	14:58
              	19:45
              	3.09E+03 
            

            
              	 98
              	2012 Oct. 14
              	5:40
              	14:00
              	5.92E-02
              	3:10
              	4:50
              	2.34E+02 
            

            
              	 99
              	2012 Oct. 22
              	9:50
              	12:50 (DOY 297) 
              	7.70E-03
              	1:50
              	16:50
              	2.02E+02 
            

            
              	 100
              	2012 Oct. 26
              	16:10
              	3:50 (DOY 301)
              	1.84E-02
              	12:33
              	13:25
              	8.84E+02 
            

            
              	 101
              	2012 Nov. 8
              	4:50
              	15:50 (DOY 314) 
              	1.06E-01
              	3:13
              	8:05
              	4.10E+02 
            

            
              	 102
              	2012 Nov. 17
              	–
              	22:40 (DOY 323) 
              	2.31E-01
              	–
              	–
              	–
            

            
              	 103
              	2012 Nov. 21
              	17:00
              	17:50
              	2.15E-02
              	16:03
              	17:05
              	5.71E+02 
            

            
              	 104
              	2012 Nov. 24
              	10:10
              	17:20
              	3.80E-03
              	15:53
              	16:15
              	4.88E+02 
            

            
              	 105
              	2012 Nov. 27
              	8:40
              	13:30 (DOY 333) 
              	5.48E-02
              	5:25
              	10:25
              	1.81E+02 
            

            
              	 106
              	2012 Dec. 5
              	4:00
              	10:20 (DOY 340) 
              	1.21E-01
              	0:46
              	2:05
              	3.48E+02 
            

            
              	 107
              	2012 Dec. 25
              	7:50
              	13:30
              	3.20E-03
              	2:55
              	9:25
              	3.07E+02 
            

          



  
    Table 3 

            STA solar associated observations.

          
            
              	
              	
              	EM emissions
              	HXRs
            

            
              	
                

              
            

            
              	No.
              	Date
              	Start
              	Stop
              	SWAVES–A
              	Start
              	Stop
              	Source location
            

            
              	
              	
              	time
              	time
              	Bursts
              	time
              	time
              	(arcsec)
            

            
              	
                

              
            

            
              	 0
              	2007 May 19
              	12:30
              	15:00
              	12:55 III
              	12:15
              	14:00
              	[73, 60] 
            

            
              	 1
              	2007 May 23
              	7:00
              	10:00
              	7:17 III
              	6:00
              	8:30
              	
            

            
              	 2
              	2008 Apr. 5
              	12:00
              	24:00
              	16:10 III
              	14:20
              	17:00
              	
            

            
              	 3
              	2008 Dec. 11
              	8:00
              	11:00
              	9:23 III
              	8:00
              	10:30
              	[887, –401] 
            

            
              	 4
              	2009 May 2
              	18:00
              	22:00
              	19:32 III
              	18:45
              	20:30
              	
            

            
              	 5
              	2009 May 5
              	8:00
              	11:00
              	8:10 III
              	6:00
              	9:00
              	
            

            
              	 6
              	2009 Nov. 3
              	3:00
              	6:00
              	3:31 III
              	2:00
              	5:30
              	
            

            
              	 7
              	2009 Nov. 5
              	23:00
              	2:00
              	23:29 III
              	0:01
              	8:30
              	
            

            
              	
              	
              	(DOY 309)
              	
              	(04.11.)
              	
              	
              	
            

            
              	 8
              	2009 Dec. 22
              	4:00
              	7:00
              	4:52 III
              	4:45
              	6:30
              	[624, –427] 
            

            
              	 9
              	2010 Jan. 17
              	3:00
              	6:00
              	3:59 III (o)
              	3:30
              	6:00
              	
            

            
              	 10
              	2010 Feb. 8
              	7:00
              	10:00
              	7:40 III
              	7:30
              	9:00
              	[53, 473] 
            

            
              	 11
              	2010 Feb. 12
              	10:00
              	13:00
              	11:23 III
              	12:15
              	14:00
              	[–34, 507] 
            

            
              	 12
              	2010 Feb. 14
              	6:00
              	9:00
              	1:35 III (o)
              	20:00
              	23:59
              	[901, 394] 
            

            
              	 13
              	2010 Mar. 2
              	14:00
              	17:00
              	15:10 III (o)
              	14:45
              	16:30
              	
            

            
              	 14
              	2010 Jun. 12
              	0:00
              	3:00
              	0:50 III+II
              	0:15
              	3:00
              	
            

            
              	 15
              	2010 Aug. 14
              	9:00
              	12:00
              	9:52 III+II
              	9:20
              	13:00
              	[775, 176] 
            

            
              	 16
              	2010 Aug. 18
              	4:30
              	7:30
              	5:32 III+II
              	4:30
              	6:00
              	[906, 307] 
            

            
              	 17
              	2010 Sep. 9
              	22:00
              	2:00
              	23:21 III+II
              	22:30
              	2:00
              	[904, 448] 
            

            
              	
              	
              	(DOY 251)
              	
              	(DOY 251)
              	
              	
              	
            

            
              	 18
              	2010 Nov. 26
              	14:00
              	17:00
              	–
              	15:00
              	16:30
              	
            

            
              	 19
              	2011 Jan. 6
              	11:00
              	14:00
              	12:20 III (0)
              	12:05
              	14:00
              	
            

            
              	 20
              	2011 Jan. 27
              	8:00
              	11:00
              	08:35 III +II
              	7:30
              	9:45
              	
            

            
              	 21
              	2011 Jan. 28
              	0:50
              	2:00
              	00:57 III+II
              	0:30
              	3:00
              	[939, 304] 
            

            
              	 22
              	2011 Jan. 31
              	16:00
              	19:00
              	16:15 III+II
              	14:30
              	18:00
              	
            

            
              	 23
              	2011 Feb. 7
              	11:00
              	15:00
              	–
              	11:30
              	14:00
              	[732, 336] 
            

            
              	 24
              	2011 Mar. 4
              	13:00
              	16:00
              	14:10 III
              	13:45
              	15:00
              	[284, 530] 
            

            
              	 25
              	2011 Mar. 7
              	19:00
              	24:00
              	19:50 III+II
              	21:45
              	22:50
              	[916, –275] 
            

            
              	 26
              	2011 Mar. 12
              	–
              	–
              	19:55 ???
              	17:55
              	20:30
              	[731, 219] 
            

            
              	 27
              	2011 Mar. 16
              	–
              	–
              	–
              	18:00
              	22:30
              	[903, 307] 
            

            
              	 28
              	2011 Mar. 21
              	2:00
              	5:00
              	02:18 III+II
              	1:15
              	3:45
              	[581, 280] 
            

            
              	 29
              	2011 Mar. 29
              	20:00
              	24:00
              	20:30 III (o)
              	21:00
              	23:59
              	
            

            
              	 30
              	2011 Apr. 8
              	2:00
              	8:00
              	04:30 III
              	3:30
              	6:00
              	
            

            
              	 31
              	2011 Apr. 17
              	13:00
              	21:00
              	15:30 III (o)
              	15:30
              	18:00
              	[929, 280] 
            

            
              	 32
              	2011 Apr. 21
              	0:00
              	3:00
              	00:29 III+II
              	1:45
              	5:15
              	[334, 350] 
            

            
              	 33
              	2011 Apr. 27
              	9:00
              	12:00
              	09:40 III (o)
              	9:15
              	11:15
              	[422, 388] 
            

            
              	 34
              	2011 Apr. 30
              	5:00
              	9:00
              	06:13 III
              	5:55
              	7:45
              	[855, –261] 
            

            
              	 35
              	2011 May 19
              	0:00
              	6:00
              	23:46 III
              	1:00
              	2:15
              	[597, –331] 
            

            
              	
              	
              	
              	
              	(DOY 138)
              	
              	
              	
            

            
              	 36
              	2011 Jun. 4
              	6:00
              	9:00
              	06:42 III+II
              	6:30
              	8:30
              	
            

            
              	 37
              	2011 Jun. 17
              	–
              	–
              	–
              	20:30
              	22:30
              	
            

            
              	 38
              	2011 Jul. 10
              	–
              	–
              	–
              	11:30
              	13:30
              	
            

            
              	 39
              	2011 Jul. 25
              	13:00
              	16:00
              	14:15 III
              	13:30
              	15:15
              	[235, 312] 
            

            
              	 40
              	2011 Jul. 26
              	9:00
              	12:00
              	09:22 III+II
              	8:00
              	10:30
              	
            

            
              	 41
              	2011 Aug. 4
              	–
              	–
              	3:50 III+II ?
              	3:00
              	7:15
              	[425, 165] 
            

            
              	 42
              	2011 Aug. 10
              	19:00
              	23:00
              	19:44 III
              	19:45
              	22:30
              	[920, 295] 
            

            
              	 43
              	2011 Aug. 11
              	16:00
              	24:00
              	20:15 III
              	18:15
              	20:30
              	
            

            
              	 44
              	2011 Aug. 16
              	6:00
              	10:00
              	07:55 III (o)
              	6:00
              	9:30
              	
            

            
              	 45
              	2011 Aug. 24
              	2:00
              	8:00
              	–
              	1:45
              	5:30
              	[436, 212] 
            

            
              	 46
              	2011 Aug. 28
              	10:00
              	16:00
              	–
              	13:15
              	16:30
              	
            

            
              	 47
              	2011 Sep. 3
              	2:00
              	6:00
              	02:43 III
              	3:15
              	5:15
              	[843, 269] 
            

            
              	 48
              	2011 Sep. 7
              	18:00
              	24:00
              	18:17 III
              	18:50
              	21:45
              	[464, 157] 
            

            
              	 49
              	2011 Sep. 22
              	–
              	-
              	10:40 III (o)
              	22:20
              	23:59
              	[884, 385] 
            

            
              	 50
              	2011 Oct. 4
              	12:00
              	15:00
              	13:20 III+II
              	13:15
              	17:00
              	
            

            
              	 51
              	2011 Oct. 13
              	–
              	–
              	–
              	13:15
              	16:00
              	
            

            
              	 52
              	2011 Oct. 22
              	9:00
              	19:00
              	III storm
              	15:00
              	16:15
              	
            

            
              	 53
              	2011 Nov. 3
              	20:00
              	24:00
              	22:16 III (o) +II
              	22:00
              	23:59
              	
            

            
              	 54
              	2011 Nov. 12
              	4:00
              	10:00
              	III storm
              	7:15
              	9:00
              	[729, 316] 
            

            
              	 55
              	2011 Nov. 13
              	14:00
              	24:00
              	18:30 III
              	20:00
              	23:45
              	[895, –336] 
            

            
              	 56
              	2011 Nov. 17
              	21:00
              	24:00
              	22:27 III
              	0:01
              	2:20
              	[914, 345] 
            

            
              	 57
              	2011 Nov. 23
              	9:30
              	12:30
              	11:05 III
              	8:30
              	12:05
              	
            

            
              	 58
              	2011 Nov. 25
              	–
              	–
              	–
              	11:45
              	14:45
              	
            

            
              	 59
              	2011 Nov. 26
              	6:00
              	12:00
              	7:13 III+II
              	8:40
              	11:50
              	
            

            
              	 60
              	2011 Dec. 3
              	0:00
              	4:00
              	00:10 III
              	1:40
              	3:15
              	[946, 256] 
            

            
              	 61
              	2011 Dec. 7
              	7:00
              	13:00
              	08:55 III (o)
              	9:20
              	12:45
              	
            

            
              	 62
              	2011 Dec. 8
              	no event
              	no event
              	
              	21:00
              	2:00
              	
            

            
              	 63
              	2011 Dec. 11
              	13:00
              	16:00
              	14:10 III
              	13:30
              	15:45
              	
            

            
              	 64
              	2011 Dec. 17
              	8:00
              	11:00
              	08:27 III
              	6:15
              	10:00
              	
            

            
              	 65
              	2011 Dec. 19
              	12:00
              	15:00
              	12:00 III
              	12:45
              	14:00
              	
            

            
              	 66
              	2011 Dec. 20
              	–
              	–
              	–
              	7:30
              	10:30
              	[955, 225]
            

          



  
    Table 4 

            STB Solar associated observations.

          
            
              	
              	
              	EM emissions
              	HXRs
            

            
              	
                

              
            

            
              	No.
              	Date
              	Start
              	Stop
              	SWAVES–B
              	Start
              	Stop
              	Source location
            

            
              	
              	
              	time
              	time
              	bursts
              	time
              	time
              	(arcsec)
            

            
              	
                

              
            

            
              	 0
              	2007 May 19
              	12:30
              	15:00
              	12:55 III
              	12:15
              	14:00
              	[73, 60] 
            

            
              	 1
              	2007 May 23
              	7:00
              	10:00
              	07:17 III
              	6:00
              	8:30
              	– 
            

            
              	 2
              	2008 Nov. 4
              	2:30
              	5:30
              	03:10 III
              	3:00
              	5:00
              	[553, 549] 
            

            
              	 3
              	2009 Dec. 22
              	4:00
              	7:00
              	04:52 III
              	4:45
              	7:00
              	[624, –427] 
            

            
              	 4
              	2010 Jan. 17
              	3:00
              	6:00
              	03:58 III+II
              	3:00
              	5:00
              	– 
            

            
              	 5
              	2010 Feb. 6
              	20:00
              	8:00
              	0:10 III
              	23:30
              	01:30
              	[–390, 445] 
            

            
              	
              	
              	(DOY 36)
              	
              	
              	
              	(on prev. day)
              	
            

            
              	 6
              	2010 Feb. 7
              	1:30
              	4:30
              	02:30 III
              	1:50
              	4:30
              	[–163, 450] 
            

            
              	 7
              	2010 Feb. 12
              	7:00
              	10:00
              	11:23 III
              	9:00
              	12:30
              	[–193, 513] 
            

            
              	 8
              	2010 Mar. 14
              	22:30
              	1:30
              	23:42 III
              	23:40
              	02:15
              	[–242, 335] 
            

            
              	
              	
              	(DOY 72)
              	
              	(13.03.)
              	(on prev. day)
              	
              	
            

            
              	 9
              	2010 Aug. 1
              	–
              	–
              	–
              	–
              	
              	– 
            

            
              	 10
              	2010 Aug. 7
              	17:30
              	20:30
              	18:11 III
              	17:55
              	20:30
              	[–556, 165] 
            

            
              	 11
              	2010 Aug. 14
              	9:00
              	12:00
              	9:55 III (o) +II
              	9:15
              	13:00
              	[775, 176] 
            

            
              	 12
              	2010 Aug. 18
              	4:30
              	7:30
              	05:36 III (o)
              	4:40
              	8:00
              	[906, 307] 
            

            
              	 13
              	2010 Sep. 9
              	22:00
              	2:00
              	00:02 III
              	22:30
              	2:00
              	[904, 448] 
            

            
              	 14
              	2010 Nov. 11
              	2:00
              	10:00
              	07:20 III
              	6:30
              	9:00
              	[–198, –422] 
            

            
              	 15
              	2011 Jan. 13
              	6:00
              	18:00
              	09:05 III+II
              	9:25
              	13:30
              	[–887, 419] 
            

            
              	 16
              	2011 Jan. 21
              	0:00
              	6:00
              	04:15 III
              	2:40
              	5:15
              	[–115, 382] 
            

            
              	 17
              	2011 Feb. 12
              	21:00
              	24:00
              	20:28 III (o)
              	22:15
              	01:00
              	[–966, 159] 
            

            
              	
              	
              	(DOY 42)
              	
              	
              	
              	(on prev. day)
              	
            

            
              	 18
              	2011 Feb. 13
              	17:00
              	20:00
              	17:35 III+II
              	16:45
              	20:00
              	[–44, –220] 
            

            
              	 19
              	2011 Feb. 15
              	1:30
              	4:30
              	01:55 III+II
              	1:45
              	4:00
              	[196, –231] 
            

            
              	 20
              	2011 Mar. 7
              	13:30
              	16:30
              	14:30 III+II
              	14:30
              	17:00
              	[–346, 336] 
            

            
              	 21
              	2011 Mar. 21
              	–
              	–
              	–
              	–
              	–
              	– 
            

            
              	 22
              	2011 Mar. 24
              	16:30
              	19:30
              	17:02 III
              	17:00
              	21:10
              	[–611, –162] 
            

            
              	 23
              	2011 Mar. 30
              	–
              	–
              	–
              	0:01
              	3:30
              	– 
            

            
              	 24
              	2011 Apr. 19
              	2:00
              	14:00
              	–
              	9:00
              	12:00
              	[–903, 265] 
            

            
              	 25
              	2011 Apr. 20
              	2:00
              	14:00
              	10:30 III (o)
              	8:00
              	10:15
              	
            

            
              	 26
              	2011 Apr. 27
              	–
              	–
              	–
              	15:40
              	18:00
              	
            

            
              	 27
              	2011 May 9
              	20:00
              	23:00
              	20:48 III+II
              	20:45
              	23:00
              	[–948, 275] 
            

            
              	 28
              	2011 May 29
              	9:30
              	14:30
              	10:30 III+II
              	11:45
              	14:30
              	[–790, –348] 
            

            
              	 29
              	2011 Jun. 14
              	14:00
              	17:00
              	III storm
              	13.45
              	16:30
              	[–900, 248] 
            

            
              	 30
              	2011 Jul. 11
              	10:00
              	13:00
              	11:47 III
              	9:40
              	13:15
              	[–914, 271] 
            

            
              	 31
              	2011 Jul. 26
              	14:00
              	20:00
              	15:37 III
              	14:25
              	17:00
              	
            

            
              	 32
              	2011 Aug. 2
              	8:00
              	12:00
              	9:35 III
              	9:15
              	13:00
              	
            

            
              	 33
              	2011 Aug. 3
              	2:00
              	14:00
              	III storm
              	6:00
              	9:00
              	
            

            
              	 34
              	2011 Sep. 6
              	0:00
              	12:00
              	01:50 III (o)
              	3:00
              	6:30
              	
            

            
              	 35
              	2011 Sep. 22
              	9:30
              	12:30
              	10:38 III+II
              	8:15
              	11:30
              	[–933, 226] 
            

            
              	 36
              	2011 Oct. 4
              	11:00
              	15:00
              	12:46 III+II
              	10:00
              	13:30
              	
            

            
              	 37
              	2011 Oct. 8
              	12:00
              	9:00
              	III storm
              	18:00
              	02:00
              	[–842, 488] 
            

            
              	
              	
              	(DOY 280)
              	
              	
              	
              	(on prev. day)
              	
            

            
              	 38
              	2011 Oct. 16
              	0:00
              	12:00
              	–
              	6:20
              	9:40
              	– 
            

            
              	 39
              	2011 Oct. 22
              	9:00
              	24:00
              	III storm
              	17:30
              	19:30
              	[–687, 221] 
            

            
              	 40
              	2011 Nov. 4
              	–
              	–
              	III storm
              	22:15
              	01:00
              	[–915, 316] 
            

            
              	
              	
              	
              	
              	
              	
              	(on prev. day)
              	
            

            
              	 41
              	2011 Nov. 9
              	12:30
              	15:30
              	13:10 III+II
              	13:00
              	16:05
              	[–520, 360] 
            

            
              	 42
              	2011 Nov. 14
              	–
              	–
              	–
              	0:50
              	4:00
              	– 
            

            
              	 43
              	2011 Nov. 17
              	–
              	–
              	–
              	1:25
              	3:30
              	[–957, 143] 
            

            
              	 44
              	2011 Nov. 26
              	7:00
              	11:00
              	07:10 III (o)
              	7:15
              	9:00
              	[–101, 281] 
            

            
              	 45
              	2011 Dec. 1
              	0:00
              	12:00
              	8:20 III+U
              	5:30
              	7:30
              	
            

            
              	 46
              	2011 Dec. 9
              	21:00
              	24:00
              	21:57 III
              	21:45
              	23:00
              	[–762, –305] 
            

            
              	 47
              	2011 Dec. 20
              	16:00
              	12:00
              	17:40 III (o)
              	3:30
              	7:30
              	[–941, 199] 
            

            
              	
              	
              	(DOY 353)
              	
              	
              	
              	
              	
            

            
              	 48
              	2011 Dec. 25
              	16:00
              	22:00
              	18:38 III+
              	15:45
              	19:00
              	
            

            
              	 49
              	2011 Dec. 27
              	2:00
              	6:30
              	4:15 III+II
              	4:10
              	5:45
              	[–506, –243] 
            

          



  
    Table 5 

            Multispacecraft Sep. events reported in SEPServer STEREO catalogues and related solar
              data.

          
            
              	
              	
              	
              	
              	Type III
              	Type II
              	CME and STEREO
              	Comments
            

            
              	
                

              
            

            
              	 No
              	Date
              	AR
              	Flare site
              	Wind/WAVES
              	SWAVESA
              	SWAVESB
              	SWAVES
              	SECCHI COR1
              	
            

            
              	 1
              	2007 May 19
              	10956
              	N03W07
              	12:55–13:05
              	12:55–13:05
              	12:55–13:05
              	13:02–13:05
              	no info
              	
            

            
              	 2
              	2007 May 23
              	10956
              	N03W60
              	07:18–07:30
              	07:17–07:30
              	07:17–07:31
              	–
              	no info
              	
            

            
              	 3
              	2009 Dec. 22
              	11036
              	S26W46
              	04:52–05:03
              	04:52–05:03
              	04:52–05:01
              	–
              	5:25
              	
            

            
              	 4
              	2010 Jan. 17
              	11041
              	S25E127
              	03:55–04:05
              	03:59–04:05 (o)
              	03:58–04:16
              	4:02–4:37
              	4:10
              	
            

            
              	 5
              	2010 Feb. 12
              	11046
              	N26E11
              	11:23–11:30
              	11:23–11:30
              	11:23–11:31
              	–
              	11:50
              	2 events and STB
            

            
              	 6
              	2010 Aug. 7
              	11093
              	N11E34
              	18:12–18:48
              	18:11–18:42
              	18:11–18:42
              	18:27–18:50
              	2:05
              	no incr. and STA 
            

            
              	 7
              	2010 Aug. 14
              	11099
              	N17W52
              	09:53–10:05
              	09:52–10:08
              	09:55–10:03 (o)
              	10:01–10:28
              	10:05 and 10:25
              	
            

            
              	 8
              	2010 Aug. 18
              	11099
              	N14W100
              	05:35–05:58 (o)
              	05:32–06:05
              	05:36–06:05 (o)
              	05:32–06:12
              	6:06
              	
            

            
              	 9
              	2010 Sep. 8
              	11105
              	N19W94
              	Sep. 8 23:28–23:41 (o)
              	Sep. 8 23:21–23:52
              	Sep. 9 00:02–00:10
              	23:22–23:50
              	23:45
              	
            

            
              	 10
              	2011 Feb. 15
              	11158
              	S20W11
              	01:40–05:00
              	01:55–02:12
              	01:55–02:12
              	02:15–07:00
              	01:05 and 02:05
              	no incr. and STA
            

            
              	 11
              	2011 Mar. 21
              	11169
              	N16W130
              	02:18 III
              	02:18–02:50
              	02:18–02:40 (o)
              	02:18–4:30
              	2:25
              	no incr. and STB
            

            
              	 12
              	2011 Mar. 29
              	–
              	–
              	20:30–20:42 (o)
              	20:30–20:31 (o)
              	20:29–20:42
              	20:40–20:45
              	20:25
              	
            

            
              	 13
              	2011 Jun. 4
              	11222
              	N16W145
              	06:50–07:00
              	06:42–07:00
              	06:42–07:10 (o)
              	06:50–13:45
              	4:05/4:25 and 6:45
              	STB data gap
            

            
              	 14
              	2011 Aug. 3
              	11261
              	N14W15
              	–
              	–
              	–
              	6:15–7:30
              	6:05
              	
            

            
              	 15
              	2011 Sep. 22
              	11302
              	N13E78
              	10:39–11:00
              	10:40–11:05 (o)
              	10:38–11:16
              	10:44–24:00
              	10:06 and 11:06
              	
            

            
              	 16
              	2011 Oct. 4
              	11314
              	N22E155
              	13:06–13:09
              	13:20–14:10
              	12:46–14:20
              	13:00–14:45
              	12:10
              	two DH III groups 
            

            
              	 17
              	2011 Nov. 3
              	11347
              	N08E152
              	22:16–22:52
              	22:16–23:20 (o)
              	22:16–22:56
              	22:35–00:45 (next day)
              	22:25
              	04.11 and STB
            

            
              	 18
              	2011 Nov. 17
              	11356
              	N15E110
              	22:27–22:42
              	22:27–22:40
              	22:27–22:42
              	23:05–23:35
              	20:45 and 22:45
              	
            

            
              	 19
              	2011 Nov. 26
              	filament
              	N17W49
              	07:10–07:22 (o)
              	07:13–07:25
              	07:10–07:23 (o)
              	07:20–24:00 (next day)
              	6:45
              	
            

            
              	 20
              	2012 Jan. 12
              	11402
              	N30E115
              	08:16–08:22
              	08:16–8:27
              	–
              	15:00–15:45
              	8:25 (STB), 8:05 (STA)
              	
            

            
              	 21
              	2012 Jan. 19
              	11402
              	N32E22
              	14:39–14:43
              	14:38–14:43 (o)
              	14:39–14:44
              	15:00–02:45 (next day)
              	14:45 (STB) and 14:25 (STA)
              	STA data gap
            

            
              	 22
              	2012 Jan. 23
              	11402
              	N28W21
              	03:40–04:17
              	03:35–04:20
              	03:40–04:17
              	03:55–15:00 (next day)
              	1:25
              	
            

            
              	 23
              	2012 Mar. 7
              	11430
              	N22E12
              	00:17–01:30
              	00:17–01:30
              	00:17–01:30
              	00:20–19:00 (next day)
              	0:15
              	
            

            
              	 24
              	2012 Mar. 24
              	11451
              	N18E165
              	00:11–00:40 (o)
              	00:10–00:35
              	00:10–00:40
              	00:20–10:40
              	0:10
              	
            

            
              	 25
              	2012 Apr. 15
              	11461
              	N15E100
              	02:10–02:15
              	02:12–02:13
              	no obs.
              	 02:30–02:50(next day)
              	1:25
              	
            

            
              	 26
              	2012 May 17
              	11476
              	N11W76
              	01:33–02:10
              	01:31–01:42
              	01:32–01:40 (o)
              	01:40–06:20
              	1:45
              	
            

            
              	 27
              	2012 May 26
              	11482
              	N16W122
              	20:40–21:00
              	20:39–21:00
              	20:40–21:00 (o)
              	20:50–23:20
              	20:45
              	
            

            
              	 28
              	2012 Jun. 12
              	11504
              	S17E06
              	05:00–05:55
              	04:58–05:14
              	04:59–05:10 (o)
              	05:20–07:00
              	–
              	
            

            
              	 29
              	2012 Jul. 23
              	11520
              	S15W133
              	02:10–02:35 (o)
              	01:44–02:25
              	02:10–02:35 (o)
              	02:20–21:40
              	2:30
              	
            

            
              	 30
              	2012 Aug. 31
              	11562
              	S19E42
              	19:47–20:00
              	19:50–20:20 (o)
              	19:47–20:00
              	19:55–23:45
              	19:49
              	
            

          



  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
            SEP event of 2011 November 03. Time profile of the SEP event intensity (in
                cm-2 sr-1 s-1 MeV-1), from 2011 November 03–10. Top
                panel: SEPT electron recordings in three energy ranges (55–65 keV/black
              line, 65–75 keV/blue line, and 75–85 keV/red line). Bottom panel: LET
              proton measurements ranging from 1.8 MeV to 10 MeV in two energy ranges (1.8–3.6
              MeV/black line, 4.0–6.0 MeV/red line, 6.0–10 MeV/blue line). This figure was created
              at SEPServer http://server.sepserver.eu

          

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
            Solar associated data (wind/waves spectrogram denoting a Type III burst according to
              the calculated SRT and complementary SXRs from GOES) for the event of 2011 November
              03.
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