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Abstract We describe a catalogue of solar flares observed by the three instruments (SOT,
XRT, EIS) onboard the Hinode satellite. From the launch of the Hinode satellite in Septem-
ber 2006 until late 2011, about 5000 solar flares (larger than A-class in the GOES classi-
fication) occurred during the five-year period of Hinode observations, and more than half
of them were captured by the Hinode telescopes. Observation information for RHESSI and
Nobeyama Radioheliograph are also included in the catalogue. This catalogue is distributed
to users through the Internet. It will be useful and helpful for scientists in surveying flares
to be analyzed, facilitate access to Hinode data, and help advance data analysis activities
among the world solar community.
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1. Introduction

In recent years, various catalogue and event lists of observed solar flare data have been open
to the public. These catalogue and lists have been extensively utilized by many researchers
for finding data on individual flares as well as statistical research. For example, the previous
Japanese solar mission, Yohkoh (Ogawara et al., 1991), had been operated for almost one
complete solar cycle, and observed many solar phenomena, including flares. The catalogue
of solar flares observed by Yohkoh (Sato et al., 2003, 2006) is still useful for scientists for
surveying flares and has been used in many studies (e.g., Jakimiec and Tomczak, 2010).
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Figure 1 The field of view
(FOV) of Hinode. XRT has the
capability to observe the full
solar disk of 2048 × 2048 arcsec.
EIS has a maximum FOV of
590 × 1024 arcsec, and SOT has
a much smaller maximum FOV
of 328 × 164 arcsec.

The Hinode satellite (Kosugi et al., 2007) has been in operation for almost five years, and
already many flares have occurred during the Hinode era to date, even though still prior to
solar maximum. Many of these flares were observed by Hinode. A catalogue of Hinode-
observed flares is now needed for statistical and other flare studies.

Except for soft X-ray images taken under the synoptic program, the field of view (FOV)
of the Hinode instruments does not cover the full Sun. Namely, even if Hinode observes the
Sun during a solar flare, that flare need not necessarily be observed by Hinode. Therefore,
this Hinode Flare Catalogue will be useful for many researchers studying solar flares.

In this paper, we will introduce the Hinode Flare Catalogue, and the procedure for using
it. We will also discuss the observability of solar flares by Hinode in Section 4.

2. Field of View of the Hinode Instruments

Hinode has three telescopes: the Solar Optical Telescope (SOT; Tsuneta et al., 2008;
Suematsu et al., 2008; Ichimoto et al., 2008; Shimizu et al., 2008), the X-ray Telescope
(XRT; Golub et al., 2007; Kano et al., 2008), and the EUV Imaging Spectrometer (EIS;
Culhane et al., 2007). These instruments have different sizes of their field of view (FOV) as
shown in Figure 1. XRT has the capability to observe the full solar disk of 2048 × 2048 arc-
sec. EIS has a maximum FOV of 590×1024 arcsec, and SOT has a much smaller maximum
FOV of 328 × 164 arcsec. Most of the time, the spacecraft pointing is not at the Sun center,
and/or it uses a smaller FOV in order to maintain a good time cadence. The three telescopes
usually coordinate their observations for studying the same target at which the spacecraft is
pointed. The spacecraft pointing can be set at any location between the Sun center and the
limb for observations of a specified target. Optionally, EIS has the ability to offset its own
pointing with respect to the other two telescopes. Also, XRT, having a larger field of view
than the others, has the ability to observe its own region of interest independent of the other
two telescopes.
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Because of these FOV constraints, Hinode cannot observe all solar flares. Nonetheless,
Hinode has been able to observe many flares, and it would be convenient to have ready-to-
use information on which flares Hinode did see. For this reason, we developed the Hinode
Flare Catalogue. For a flare to be seen by one of the Hinode instrument, the flare must occur
when that instrument is observing, and the flare must be inside that instrument’s FOV. The
catalog lists all flares during the five-year operation of Hinode. For each flare, we indicate
whether the flare was seen by which of the Hinode instruments, or was not observed at all
by Hinode.

3. Procedure of the Hinode Flare Catalogue

The procedure to make the Hinode Flare Catalogue is as follows:

i) Record all flares noted in the “Solar Software (SSW) latest image page” (http://www.
lmsal.com/solarsoft/last_events/) of the Lockheed Martin Solar and Astrophysics Lab-
oratory (LMSAL) during Hinode’s operation period to date; this site contains position
information for all flares that it lists.

ii) For each flare, check whether Hinode was observing during the time of the event, and
if yes, whether the flare was in the Hinode FOV of any of the Hinode instruments. For
these Hinode-observed events, count the number of images in

XRT: nine X-ray filter images,
SOT: filtergraph (FG) images,
EIS: all observed data.

iii) Compare with the flare list of the Reuven Ramaty High Energy Solar Spectroscopic Im-
ager (RHESSI; Lin et al., 2000). For each solar flare that was also observed by RHESSI,
check the maximum energy range of hard X-rays observed by RHESSI.

iv) Check whether the flare was also observed by the Nobeyama Radioheliograph (NoRH;
Nakajima et al., 1994).

Almost all solar flares classified by the Geosynchronous Operational Environmen-
tal Satellite (GOES) are listed on the SSW Latest Image website, including class A
flares (smallest GOES flares). This page gives the locations for almost all of the flares,
based on EUV data from STEREO/SECCHI/EUVI, Solar and Heliospheric Observatory
(SOHO)/EIT or Solar Dynamics Observatory (SDO)/AIA, and therefore it is very useful for
determining whether Hinode observed the flare. We numbered all events sequentially from
the first one during Hinode’s observation day, which was on 20 October 2006. Event num-
bers in our initial list is in multiples of 10, in order to retain the capability to add other events
that are not listed as GOES flare events on the flare list of the SSW Latest Image page.

Next, for each flare, we determined whether it was inside the FOV of the Hinode tele-
scopes. All data observed by the Hinode satellite are available from the website for the Data
ARchive and Transmission System (DARTS; Miura et al., 2000; Matsuzaki et al., 2007).
We use reformatted science data of Level 0 in DARTS for inspecting the Hinode data. We
first obtained the data from the time of the flare (from GOES flare start time to end time).
For EIS, we included all images that overlapped any part of the flare-occurrence period.
We checked the location of the images on the Sun, and also the image sizes by using the
header information of the FITS files. We then checked whether the images include a region
of ±25 arcsec within the flare position on the SSW Latest Image page. Pointing offsets of
these telescopes were occasionally made as mentioned by Shimizu et al. (2007), and some
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flares occurred near the edge of the FOV of the telescopes. Therefore, some events are not
listed as Hinode-observed events despite being partially observed in some images. We used
the following convention: If the flare position given in the SSW Latest Image page is outside
of, but within 25 arcsec of, the FOV of one of the Hinode instruments, then we considered
that event as observed by that instrument (but only as long as the image actually contains
part of the flare, which we determine by visual inspection of the images). If Hinode observed
the flare, we counted the number of images in which we saw the flare in XRT, SOT, and EIS
data. For XRT, we choose X-ray images which were observed with at least one of its soft
X-ray filters (we did not consider images seen only with its G-band or one of its calibration
filters). For SOT, we counted the number of images of FG data in the FG folder in DARTS
as SOT flare images. We used all filtergram images in the FG folder, independent of whether
they were from the Broad-band Filter Imager (BFI) or from the Narrow-band Filter Imager
(NFI). No Spectro-Polarimeter (SP) images are included in the FG folder, and so SP images
are not included in our list. For EIS, we checked all observed data, and counted the number
of observed images.

Then, for each of the solar flares, we looked at the flare list of RHESSI (http://hesperia.
gsfc.nasa.gov/hessidata/dbase/hessi_flare_list.txt), and checked the maximum energy range
of hard X-rays observed by RHESSI.

Finally, we also checked for the existence of an observed event by NoRH, and added
NoRH event number for commonly observed events.

The website for the Hinode Flare Catalogue is http://st4a.stelab.nagoya-u.ac.jp/hinode_
flare/. From the top page, a user can choose the list of all flares, or they can choose a monthly
event list. The list provides the event number, GOES event time, location of the flaring
region, the GOES X-ray class, and the number of observed images in SOT, XRT, and EIS,
the maximum X-ray energy range observed by RHESSI, and NoRH event number. Clicking
the event number brings up a summary plot of the observed images.

Figure 2 shows an example of a summary plot. In the summary plot, the top-left panel
shows the GOES X-ray profile, and the top-right panel shows a sample X-ray image ob-
served by XRT. The bottom-left panel shows a sample SOT flare image observed in Ca II

H, and the bottom-right panel shows an EIS Fe XII 195 Å line EUV image. These sample
images are taken from around the flare maximum time. In some summary plots, some panels
say “No Data” in place of an image, if the flare was not seen at the specified wavelength. But
even in cases where the panel says “No Data,” there is a chance that some other wavelengths
of SOT or EIS may have observed the flare. In such cases, the “observed image number” for
the corresponding instrument in the event list will not be zero. For example, there may be no
SOT Ca images for the event, but there may be SOT images at other wavelengths available.

4. Statistics

There have been 4784 solar flares between 20 October 2006 and 31 October 2011. Among
them, 11 events were X-class; 123 events, or 2.6 %, were M-class; 27 % were C-class; and
more than 70 % were B-class or smaller. This period covered solar minimum. Nonetheless,
3 % of the events were M-class or larger. Table 1 gives the number of solar flares observed
by each instrument in each year. The total number of flares varies following the solar cycle.
Among all the flares, more than 50 % were observed by XRT. Because of their smaller FOV,
SOT and EIS saw fewer flares, but SOT still saw about 25 % of all flares, and EIS saw 15 %.

Although the number of flares has been increasing recently, along with solar activity, the
percentage observed by the instruments is almost the same. This is because many active

http://hesperia.gsfc.nasa.gov/hessidata/dbase/hessi_flare_list.txt
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Figure 2 Example of a summary plot. The top-left panel shows the GOES X-ray profile, and the top-right
panel shows an X-ray images observed by XRT. The bottom-left panel shows an SOT flare image observed
at the Ca II H wavelength, and the bottom-right panel shows an EIS Fe XII 195 Å line EUV image.

Table 1 Number of solar flares observed by Hinode.

Year XRT SOT EIS Total flare no.

2006 (from 20 October) 160 171 68 432

2007 443 267 209 713

2008 24 8 7 134

2009 125 83 65 320

2010 690 264 125 1248

2011 (until 31 October) 1019 377 237 1937

Total event no. 2461 1170 711 4784

Observability 51.4 % 24.5 % 14.9 %

regions are located on the solar surface, and so there is an increased chance that Hinode will
point at a region other than that which flares. (During quieter times, there would often be a
single active region on the Sun, and Hinode was likely to be observing it when it flared.)

In Table 1, an “observed” event assumes that there was at least one observed image. The
user’s scientific project may, however, require more than one image per event, depending on
their specific study. To address this, we included a link to a csv file of the catalogue page;
using this file, e.g., a user may easily filter out events with a specified minimum number of
images (events with at least five images, for example). Similarly, they could filter this csv
file for flare size, flares occurring near the limb, etc.
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5. Summary

The Hinode Flare Catalogue is available at http://st4a.stelab.nagoya-u.ac.jp/hinode_flare/. In
addition to Hinode information, the catalog contains information on simultaneous RHESSI
and NoRH observations. The catalogue will be updated monthly, with the most recent data
being approximately one month old. This catalogue will be useful and helpful for scientists
in surveying flares for analysis, facilitate access to Hinode data, and further data analysis
activities among the world solar community.
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