EDAM - The EUI Data Manual

The EUI team, draft version of June 10, 2026.

This document is still in preparation, use with caution. Comments & questions are
most welcome at eui_rob@sidc.be



Scope

The EDAM document is the reference document for the EUI data user. It collects all information, and
pointers thereto, needed when analyzing EUI data. EDAM is a living document regularly updated with
new information, see the version date on the front page.
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Chapter 1

Introduction to EUI data

1.1 The EUI instrument

The Extreme Ultraviolet Imager (EUI) is a suite of 3 imaging telescopes ying on the the Solar Orbiter
Mission:

1. The Full Sun imager (FSI) takes full-disc images of the solar corona at 1 MK (17.4nm) and
transition region at 0.08 Mk (30.4nm). It is typically operated in synoptics mode, taking non-stop
images several minutes apart.

2. The High Resolution Imager in the EUV (HRIEUV) takes images of the solar corona at 1 MK
(17.4nm) in a limited eld of view but at high resolution. It is typically operated only during
selected phases of the orbit of Solar Orbiter (the 'Remote Sensing Windows') to produce image
sequences of the order of 1h with imaging cadences of a few seconds.

3. The High Resolution Imager in Lyman- (HRILYA) produces images in the 121.6 nm, which is
formed from the lower chromosphere to the upper transition region, in the same limited eld of
view as HRIEUV. For thermal reasons that a ect the image quality, HRILYA is typically operated
when further away from the Sun and at image cadences of tens of seconds.

Figure 1.1: Drawing of the 3 EUI telescopes in the EUI Optical Unit



The FSI is a one-mirror telescope, while the two HRI telescopes are two-mirror optical systems, all
working in near normal incidence. Spectral selection for FSI and HRIEUV is obtained with speci ¢ multi-
layered coatings on the mirrors, complemented by lters that reject the visible and infrared radiation.
For HRILYA the Lyman-  spectral line is isolated with a a broad-band interference Iter at the entrance
and a narrow-band lter just in front of the detector.

The two HRI apertures are protected by a common heat shield door. The FSI aperture is protected by
a second, separate heat shield door. In addition, each telescope has its own instrument door protecting
the optical entrance aperture. Operating an EUI telescope thus requires that both the corresponding
heat shield door and instrument door are opened. The FSI instrument door has a small extrusion
that can be used to block the EUV light from the disk and thereby operating the FSI telescope in
coronagraphic mode.

A full description of the instrument can be found in the EUI instrument paper (Rochus 2020).

1.2 EUI Data Levels

EUI images are distributed as an image per le at 3 levels of processing:

" Level 0: 'Raw' data. This is unpacked and decompressed data, stored in FITS les with limited
metadata re ecting the information that was available in the science telemetry packets only. Level
0 data is the base reference on which higher levels are based but since the metadata is incomplete,
the usage of this data product is not recommended.

Level 1: "Engineering' data. This is uncalibrated data, stored in FITS les with completed
metadata following the Solar Orbiter standard for L1 (SOL-SGS-TN).

Besides decompression, only limited, reversible operations have been applied to the images (mir-
roring, ipping and 90-degree rotations) such that solar north is roughly on top and solar east
roughly on the left. Level 1 data icluded all images received on the ground, including images with
the telescope doors closed, either \darks" or \LEDs" (calibration lamp images). The rst image

of Level 1 data was received on 2020 March 3.

The usage of this data product is only recommended for users who want to study or improve the
EUI calibration procedure.

Level 2 : "Calibrated' data. This is science-quality data stored in FITS les and metadata following
the Solar Orbiter standard for L2 (SOL-SGS-TN). This data product is calibrated and corrected
for all instrumental defects known to the EUI consortium at the time of production of the data
product. Level 2 data include only solar images, starting with the " rst light' images on 2020 May
12th, technical images such as e.g. darks or LEDs are not processed into this level. This data
product is therefore recommended for all quantitative research applications. Units are DN/s.

Note that: The selection is done with the IMGTYPE keyword which is set to IMGTYPE=\solar
image" if

{ both the heat shield doors and instrument doors are open AND

{ no LED is on AND

{ the lter is not in a blocking position.
For HRILYA images, extra conditions are added to make sure the Screen and MCP voltages were
properly con gured for solar imaging.
For HRILYA images with exposure time less or equal than 3s (XPOSURE LE 3.0) we require



{ LYACSCR > 3450 AND
{ ((GAINCOMB="low-only" AND LYACMCP> 580) OR
{ (GAINCOMB="high-only" AND LYACMCP > 450))

For HRILYA images with exposure time larger than 3s (XPOSURE GT 3.0) we require

{ LYACSCR > 3450 AND
{ ((GAINCOMB="low-only" AND LYACMCP  >480) OR
{ (GAINCOMB="high-only" AND LYACMCP > 350))

Level 3 : “Visualisation' data. All EUI images are also processed as JPEG2000 images for visual-
isation through the JHelioviewer tool (Mueller et al. 2017). This data product is not suitable for
quantitative research applications but is intended as easy access for qualitative and morphological
assessments, for all exploratory, quicklook visual needs, and for outreach purposes.

Users are invited to read the notes of the latest data release for further information.

1.3 Lifecycle of EUI data

EUI data is brought to the ground through (typically) daily telemetry passes. Nevertheless, given the
very variable spacecraft-Earth distance, and hence telemetry bandwidth, data can accumulate onboard
and come to to ground with up to several months latency. Once image data is on the ground, it is
processed immediately with the latest calibration software and made publicly available within minutes
as a version VOO le. Version "V00" indicates that the le content can change at any moment, for
example when new metadata becomes available.

After a manual check typically a few weeks later, the version of the data is frozen and a V01 le is
produced that is appended to the current Data Release and distributed to the Solar Orbiter ARchive
(SOAR) and elsewhere.

As our understanding of the EUI telescopes improves, the calibration software is constantly updated.
When we feel the delta changes in the calibration software is signi cant enough, all previous data is
reprocessed with the latest calibration software and distributed as a new, consistent Data Release. Files
that existed before in a previous Data Releases get a new version number (so VO1 becomes V02, etc).
Note that changing calibration thus implies that the L2 le version number is incremented but not
the corresponding L1 le version number. In spring 2026, Data Release 7.0 was made available. It
is recommended to always use images from the latest Data Release and this will be the default when
downloading from the SOAR. Previous Data Releases remain available such that results based on older
versions are reproducible. We ask therefore to identify which Data Release was used.

1.4 EUI metadata
1.41 EUI le names

The le names of the EUI images are constructed as
solo[data level indicator]_[telescope and Iter]-[image type][date-time]_V[version number].[extension]
with

" data level indicator: L1, L2, L3



" telescope and lter:

{ fsil74, fsi304 for the two FSI bandpasses

{ hrieuvl74: HRIEUV image with the Iter wheel set such that, besides the front lter, also
an extra aluminum lter is in the light beam.

{ hrilyal216: HRILYA image (1216 indicates the Lyman- wavelength but HRILYA does not
have a Iter wheel)

{ hrieuvopn: HRIEUV image with the Iter wheel in the open position such that only the front
aluminium lter is in place.

{ fsiblk or hrieuvblk when the lIter wheel is in a blocking position to produce dark images.

{ hrieuvzer when the Iter wheel is in the zero position, these images are typically unusable for
science.

{ fsixxx or hrieuvxxx if the Iter wheel position is di erent than any of the above, these images
are typically unusable for science.

~ image type:

{ "image": a regular image of the Sun

{ \image-short" are images with a typically 50x reduced exposure time targetting are obser-
vations

{ "image-dark" and "image-led" are calibration images

{ \image-occulter" are FSI images with the FSI door in coronagraph mode such that the solar
disc is occulted.

Examples of typical EUI lenames are:

solo_L1_eui-fsi304-image20241205T04542029%00. ts: A Level 1 (i.e. uncalibrated) FSI image
with the lter wheel set for the 30.4 nm bandpass selection. The su x VOO indicates that this le

is generated in near-real time after arrival on the ground and its content is not guaranteed to be
stable.

solaL2_eui-fsil74-image-occulter20221219T06005527¥01. ts : A Level 2 (i.e. calibrated) FSI
occulted image (ie the door is in coronagraph mode) with the Iter wheel set for the 17.4 nm
bandpass selection. The sux V01 indicates that this was the rst stable version of this le
distributed in a data release.

solo L2 _eui-hrieuv174-image20220403T09385523%01. ts: A Level 2 (i.e. calibrated) HRIEUV
image with '174' indicating that the lter wheel was set such that the redundant aluminum lter
is in place. The su x VO1 indicates that this was the rst stable version of this le distributed in
a data release.

solo_L3_eui-hrilyal216-image20221109T21523622Y/01.jp2: A Level 3 (i.e. JPEG2000 le for
JHelioviewer visualisation) HRILYA image with '1216' indicating the (only) Lyman- alpha band-
pass. The sux V01 indicates that this was the rst stable version of this le distributed in a
data release.



1.4.2 FITS le keywords

The EUI FITS le keywords de nition follows the Solar Orbiter common FITS guidelines. Besides that,
there are also a few additional FITS keywords speci ¢ to EUL.

From EUI Data Release 6 onward, a complete SQL database of all keywords of all EUI images is
distributed as an SQLite le "metadata.db”. This allows for o ine advanced querying across the whole
archive. Consider the large size of the metadata.db le (>6 GB, compressed metadata.tgz about 1 GB)
before starting a download. A short usage demo is available in Section 2.3.

1.5 SOOPs and campaigns

The scienti ¢ activities of Solar Orbiter, as a multi-instrument observatory are coordinated in SOOPs,
Solar Orbiter Observation Programs that target speci ¢ science objectives. While there is a large variety
of SOOPs, the contribution of EUI is characterized typically by a sequence of images, de ned by the
imaging cadence and duration.

Solar Orbiter is on an elliptical orbit around the Sun that will bring us out of the ecliptic plane.
Therefore, in contrast to other EUV imagers, the viewing point and the e ective resolution depends on
the phase in the orbit, see Table 1.1.

Data Characteristics FSI HRIEUV HRILYA
FOV 3.8 1000° 1000°
FOV@1 au 143 R 1R 1R
FOV@perihelion 4R 0.29 R 0.29 R
Typical pixel range 3072x3072 2048x2048 2048x2048
Plate scale 8.9° 0.49° 0.49°
Pixel footprint on sun @ 1 au 3230 km 350 km 350 km
Pixel footprint on sun @ perihelion 920 km 100 km 100 km
Typical Exposure time 10 sec few sec few sec
Typical Cadence 10 min < 10s 10-30s

Table 1.1: Typical EUI data characteristics per telescope.

These are the most frequent SOOPs/campaigns with FSI:

" FSI synoptics : This is the most common type of observations for FSI. It consists of pairs of
FSI174/FSI304 to provide continuous solar monitoring through synoptic observations. Quick look
movies of the FSI synoptics are made available online routinely. The cadence varies between 2
minutes and 1 hour. They are done throughout the orbit. Since July 2022, short exposure (0.2s)
images are added to the synoptics in order to better capture saturated areas.

" FSl occulter : FSI can work in occulter mode (Auctere et al 2023), where the solar disc is blocked
and the faint corona around it can be observed. This campaign is run sporadically when Solar
Orbiter is close to the Earth or during special opportunities (e.g. opposition to Earth). It needs
long exposure times of 1000s, leading to slow cadences of normally 20 minutes.

With HRIEUV and HRILYA most campaigns are gathered during the remote sensing windows (RWS)
and normally consist of short (hours) bursts at high cadence (seconds). Depending on the target, these
campaigns may include short exposure images. One more variable that can be used here is the lter
position in HRIEUV, which can be in the 174 position or open position (needs less time to capture same
amount of light).

Examples of SOOP in which HRIEUV plays an important role are:



" Probe Quadrature (L _FULL _LRES _MCAD _Probe-Quadrature) : This campaigns observes
with HRI the source region of the solar wind that will be sampled in situ by PSP.

~ FRull Disc Mosaic (R _SMALL _HRES _MCAD _Full-Disk-Mosaic) : It moves HRI over the
full disc in a 5x5 pattern, in order to create a high resolution mosaic. This campaign is normally
coordinated with SPICE and PHI/HRT (eg. Kraaikamp 2025

"~ Nanoares (R _BOTH _HRES _HCAD _Nano ares) : Observe the quiet Sun at high cadence
(5-10s).

" RS Bursts (R _SMALL _HRES _HCAD _RS-burst) : Observe active regions at perihelion at
high cadence (e.g. Narang et al. 2025). With HRI working in continuous mode, cadences of up to
1s have been reached (e.g. Lim et al. 2025).

Polar observations (R _SMALL _HRES _MCAD _Polar-Observations) : Observe regions close
to the poles with the HRIs.

Solar wind connection : Observe the source of the solar wind that will be later sampled in situ.
This may be slow or fast wind (HRIEUV would in this case look at coronal holes).

" Major are watch (L _BOTH _HRES _HCAD _MajorFlare) : This campaign would look at
an AR, expecting to catch large ares. It typically includes a large number of short exposures for
every regular exposure (see e.g. Fig. 2 of Ryan et al. 2025).

For HRIEUV, as the highest-resolution EUV imager, distance to the Sun and imaging cadence are
often more important parameters than the SOOP name to which the data belongs. In Fig. 1.2 we plot
an overview of the available HRIEUV image sequences as a function of these two parameters.



Figure 1.2: Fig. HRIEUV image sequences, as a function of cadence (horizontally) and distance to the
sun.



Chapter 2

Browsing and retrieving EUl data

2.1 SIDC Archive

When EUI data is released, all data and information are updated at the EUI PI archive at the Royal
Observatory of Belgium/SIDC. From here it is copied over to the Solar Orbiter Archive, see Section 2.2.

Figure 2.1: Structure of the EUI PI archive at https://sidc.be/EUl/data/.

The latest release notes (latestreleasenotes.html) provide a comprehensive summary of the updates,
including an overview of the content, the data usage policy, citation guidelines, acknowledgments, a list
of changes, and any remaining issues. The images are stored YYYY/MM/DD structures under the data
level directories L1/, L2/, and L3/. The releases/ directory includes all versions that have been released
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so far, including the most recent one. For users unfamiliar with the FITS metadata, the documents/
folder provides a description of it. Additionally, the FITS metadata for all released data can be accessed
in the metadata.db le (compressed as metadata.tgz), which is an SQLite database. The guideline for
using the database is brie y outlined in Section 2.3.

In addition to the data, the SIDC Archive also provides directories that help users quickly identify
available observations. The lastDayFSl/ directory includes data from the today and yesterday, while the
lastWeekFSI/ directory features data from the past week. The movie/ folder holds quick-look movies,
with subdirectories for Daily FSI synoptic, notable large eruptions, HRI, and more.

The EUI operates according to the Solar Orbiter Observation Plan (SOOP), utilizing various tempo-
ral cadences and observational durations. If a user is interested in a speci ¢ SOOP, they can easily Iter
the necessary observations through the metadata.db. However, if they want to Iter the data based on
more speci ¢ cadences and durations, the EUI sequence list would be more useful. This list is available
in the states/ directory and can also be easily accessed and Itered using the EUIDataList.db le and
Python scripts. Details regarding the states are provided in Section 2.4, while explanations about the
database and Python scripts are included in Section 2.5. Information about the repository where all
EUl-related source les are stored can be found in the software/ directory.

The presentation/ directory provides various presentations, including EUl-related materials. Users
are welcome to access and utilize these resources, subject to appropriate citation and attribution.

2.2 Solar Orbiter Archive

Released EUI data is also accessible via the Solar Orbiter Archive (SOAR). On SOAR, users can lter
and search for data using relevant keywords, such as observation date, instrument, SOOP, etc., as shown
below. Data can be downloaded directly from SOAR or retrieved using the Python code introduced in
Section 2.6.
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2.3 The "metadata.db" image catalogue

An image catalogue is available in the form of an SQLite database (metadata.db), which contains
metadata for all L1 and L2 FITS les. Each data le corresponds to a row in the database, and each
FITS keyword is represented as a column. An extra column, “level', is included to distinguish between
L1 and L2 les. This catalogue can be downloaded locally, allowing users to perform SQL queries across
all data. SQLite is preinstalled on Apple computers and is available for all platforms. Here is a short
usage demo on a Mac:

1. at the terminal prompt, go to the directory in which the metadata.db is stored. Enter
sqlite3 metadata.db
and a prompt sqlite> will appear

2. the database contains a single table "ts le". To see its structure, type at the prompt
.schema

3. to see the maximum exposure time ever used for an FSI image in coronagraph mode, type

SELECT max(xposure) FROM fits_file WHERE telescop = SOLO/EUI/FSI
and imgtype= occulted image ;

4. to see a couple of HRIEUV lenames, close to perihelion, together with their distance to sun, type

SELECT filename, dsun_au FROM fits_file WHERE telescop= SOLO/EUI/HRI_EUV
and DSUN_AU < 0.3 LIMIT 2;

5. type

.separator
.output myfile.txt
.quit

and retype the previous command (step 4.) to have a comma-separated version of your selection
written to a le, which can then be further analyzed in your favorite environment.

2.4 JHelioviewer

JHelioviewer (Mueller et al 2017) is a powerful visualization tool for exploring solar data. All EUI
data can be accessed through JHelioviewer as soon as the data is received. JHelioviewer also provides
access to a wide variety of other current solar observations, enabling quick and e cient comparisons.
The software is available for download for all major operating systems, and also an online user manual
exists. Within the JHelioviewe application, the EUI data can be found under New Layer/ROB/SOLO.
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