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ABSTRACT

The eROSITA telescope array on board the Spektrum-Roentgen-Gamma (SRG) mission began its all-sky survey program in December 2019,
scanning the sky at an approximately six-month cadence. Here, we present new catalogues of point-like and extended X-ray sources derived from
the first three completed eROSITA all-sky surveys (eRASS:3), covering the western Galactic hemisphere, which Germany’s eROSITA consortium
holds proprietary rights for. We describe the observational strategy, data processing, and analysis pipelines. We also characterise the resulting
X-ray source populations. The eRASS:3 main catalogue contains nearly two million sources, including 1911 744 point-like and 63 796 extended
sources, detected in the 0.2 — 2.3 keV energy band, eROSITA’s most sensitive energy window. This volume has doubled the X-ray source content
of eRASS1 and provides a comprehensive census of X-ray-emitting objects across diverse astrophysical classes. We also released a secondary
hard catalogue of nearly 15000 sources detected in the harder 2.3-5.0 keV energy band. In addition, we released six catalogues, three for the
main sample and three for the hard sample, in which we identify and classify the optical and infrared counterparts of eRASS:3 point-like sources.
This approach delivers a homogeneous, high-quality identification of mostly extragalactic X-ray emitters; for example, we estimate that ~ 88%
of the 1.4 million counterparts identified within the footprints of the Legacy Survey Imaging for DESI are extragalactic sources. This work has
enabled the generation of samples optimised for completeness and purity, while expanding the discovery space for rare populations. The second
data release (DR2) of the SRG/eROSITA all-sky survey is a catalogue-only release, comprising the catalogues presented in this work together with
an updated version of the eROSITA upper flux limit server.
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1. Introduction of large grasp, good angular resolution, broad spectral coverage
(0.2 — 8.0 keV), and low instrumental background has enabled
transformative studies across a broad range of astrophysical top-
ics, from the growth of supermassive black holes and the forma-
tion of large-scale structure to stellar activity, the hot phase of

the interstellar medium and of galaxies, and cosmology.

The extended ROentgen Survey with an Imaging Telescope Ar-
ray (eROSITA, Predehl et al. 2021), aboard the Russian—German
Spektrum-Roentgen-Gamma (SRG) mission (Sunyaev et al.
2021), has carried out the most sensitive imaging all-sky survey
in the soft X-ray band since the ROSAT mission in 1990 (Truem-

per 1982), reaching a sensitivity in the 0.2 —-2.3 keV energy band
approximately 25 times greater than that achieved by ROSAT.
Launched in July 2019 and placed in a large halo orbit around
the second Lagrange point (L2), eROSITA has performed four
complete all-sky surveys over two years. Its unique combination

* e-mail: mramos @mpe.mpg.de

In brief, eROSITA comprises seven co-aligned Wolter-I mir-
ror modules, each paired with a CCD detector. This modular
design provides redundancy and has been key to the observa-
tory’s high observational efficiency during the active phases of
its science operations. Equipped with a wide field of view ap-
proximately 1° in diameter, the eROSITA telescope achieves an
on-axis angular resolution of ~ 18" in terms of the half energy
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width (HEW), with an average HEW across the field of ~ 30”
in the 0.2 — 2.3 keV energy band (Merloni et al. 2024). Its effec-
tive area peaks at ~ 1365 cm? at 1 keV and its time resolution
is 50 ms. We refer to the following publications and references
therein for a detailed technical description of the eROSITA in-
strument: Predehl et al. (2021); Sunyaev et al. (2021); Coutinho
et al. (2022); Merloni et al. (2024).

Rights for the eROSITA survey data are divided equally be-
tween two consortia, with observations in the eastern Galactic
hemisphere assigned to the Russian consortium and those in the
western Galactic hemisphere assigned to the German collabora-
tion (Merloni et al. 2024). This paper describes the source cata-
logues derived from the first three all-sky survey data obtained
in the western Galactic hemisphere.

Throughout its main phase of scientific operations, eEROSITA
has adopted a scanning strategy that allows it to cover the whole
sky every six months. Merloni et al. (2024) presented a compre-
hensive source catalogue and scientific overview from the first
of these passes, known as the first eROSITA All-Sky Survey
(eRASS1), which marked a pivotal step in achieving the mis-
sion’s science goals. ERASS1 achieved a median sensitivity (at
around 50% completeness) of ~ 5 x 10™'% erg cm™ s7! in the
0.5 — 2.0 keV energy band across the sky, detecting nearly one
million X-ray sources over half of the sky — the vast majority
of which are active galactic nuclei (AGNs, Salvato et al. 2025),
along with a significant population of stars, clusters of galaxies,
and compact objects (Seppi et al. 2022; Bulbul et al. 2024; Mer-
loni et al. 2024). Moreover, Merloni et al. (2024) detailed the
survey strategy, calibration procedures, source detection algo-
rithms, and catalogue construction. Subsequent follow-up works
have also showcased the initial scientific potential of eRASSI,
including variability studies, AGN population statistics (e.g. Bo-
gensberger et al. 2024; Wolf et al. 2024; Waddell et al. 2026),
and the detection of galaxy clusters across a wide redshift range
(Bulbul et al. 2024; Kluge et al. 2024). The catalogues presented
in Merloni et al. (2024) were part of the First Data Release!
(DR1) of the SRG/eROSITA all-sky survey, which also included
calibrated event files, source products (light curves and spectra),
and all-sky maps. As the first in a planned series of eight sur-
veys, eRASSI laid the groundwork for deeper and more refined
catalogues in subsequent data releases.

The first three all-sky surveys, known as eRASS1, eRASS2,
and eRASS3?, progressively increase the resulting catalogues’
exposure time, depth, and completeness, since each subse-
quent survey benefits from increased exposure, improved cali-
bration, and refined data processing algorithms. The cumulative
eRASS:3? survey spans observations from December 2019 to
June 2021. eRASS:3 offers a unique combination of sensitiv-
ity, sky coverage, and temporal information. As we demonstrate
here, in the soft energy band (0.5 — 2.0 keV), the average point-
source sensitivity reaches ~ 2.7 X 107!% erg cm™ s7!, repre-
senting a substantial improvement over eRASS1 (see Sect. 4.5).
This depth has enabled the detection of almost two million X-ray
sources, including AGNs out to high redshift, tens of thousands
of galaxy clusters out to z > 1, and a rich population of Galactic
stars, compact objects, as well as diffuse emission structures.

Compared to eRASS1, eRASS:3 offers enhanced capabili-
ties for characterising source properties. The increased photon
statistics from bright sources enable better spectral fitting, mea-

! https://erosita.mpe.mpg.de/drl

2 eRASS(n) means (nth) eROSITA All-Sky Survey.

3 eRASS:n means cumulative dataset from the first consecutive 7
eROSITA All-Sky Surveys.
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surements of the source extent, and studies of short- to medium-
timescale variability. For example, improvements are signifi-
cant for AGN science, where flux variability and spectral shape
are key diagnostics of accretion physics and obscuration, and
for galaxy clusters, whose detection and characterisation benefit
from refined estimates of temperature, luminosity, and morphol-
ogy. In the Galactic plane, the survey resolves complex regions
of diffuse emission and identifies numerous compact sources, in-
cluding stars, X-ray binaries, and cataclysmic variables.

An additional strength of eRASS:3 lies in its synergy with
multi-wavelength datasets. With improved astrometric accuracy
(< 1” for bright sources) and deeper flux limits, the cumulative
eRASS:3 survey enables a more reliable cross-matching with
deep optical (e.g. SDSS-V, DES, Pan-STARRS, HSC), infrared
(e.g. WISE, VISTA), and radio (e.g. LOFAR, ASKAP, VLASS)
catalogues. This is crucial for building statistically complete
samples of different source populations and constraining their
physical properties through broadband spectral energy distribu-
tions, photometric redshifts, and environmental metrics. More-
over, a substantial fraction of the eRASS:3 source counterparts
have been observed spectroscopically by SDSS-V (Kollmeier
et al. 2026) as part of the Black Hole Mapper program. In its
20th data release (Griffith et al., in prep.), approximately 200 000
eRASS:3 X-ray sources are expected to have high-quality opti-
cal spectra and robust redshift determinations (Merloni et al.,
in prep.; Roster et al., in prep.). This unprecedented level of
coordinated X-ray and spectroscopic information considerably
enhances the legacy value and broad community impact of the
eRASS:3 data.

This paper presents the eRASS:3 source catalogues, along
with the accompanying catalogues of optical counterparts and
classification for the X-ray point sources. The cumulative
eRASS:3 survey dataset forms the basis of this work, whereas
eROSITA-DE Data Release 2 (DR2) comprises the publicly re-
leased source catalogues derived from it. In Sect. 2, we describe
the observing operations that took place during the eRASS:3
period. Section 3 summarises the main aspects of data pro-
cessing and its calibration. Detailed information on the soft-
ware system and calibration has already been presented in Brun-
ner et al. (2022) and Merloni et al. (2024). We refer to those
works for more information. In Sect. 4, we present the eRASS:3
catalogues produced by our standard processing pipeline. Sec-
tion 5 shows a comparison of the eRASS:3 catalogue with the
eRASSI catalogue (Merloni et al. 2024), as well as with that
of the all-sky ROSAT survey (2RXS, Boller et al. 2016), the
CSC2.1 from Chandra (Evans et al. 2024), and the SXMM-
DR15 from XMM-Newton (Webb et al., in prep.) serendipitous
catalogues. Section 6 presents the multi-wavelength counterparts
of the eRASS:3 X-ray sources. Section 7 describes the content
of eROSITA-DE DR2. We draw our conclusions in Sect. 8.

2. All-sky survey observations

The SRG observatory performs an all-sky survey by constantly
rotating around an axis pointed near the Sun. Each SRG rev-
olution lasts four hours, thus scanning the sky at a rate of
0.025 deg s~!, while its rotation axis slowly shifts by ~ 1°
per day to follow Earth’s orbit. This pattern allows eROSITA
to cover the entire sky every six months, with each sky point
typically observed six times, each for up to 40 seconds (Predehl
et al. 2021; Merloni et al. 2024).

In brief, eRASS1 was conducted from December 12, 2019,
to June 11, 2020, spanning 184 days; eRASS2 took place im-
mediately afterwards, until December 15, 2020 (188 days); and


https://erosita.mpe.mpg.de/dr1

Ramos-Ceja, M. E., et al.: The eRASS:3 catalogues and their multi-wavelength counterparts

Table 1. Timeline of the main eROSITA operations and major events during eRASS2 and eRASS3 (see Merloni et al. 2024, for details on eRASS1).

Date Description
11.06.2020 Start of eRASS2.
16.06.2020 Routine orbit correction (for station keeping).
18.06.2020 Observation of 1E 0102—72 for soft energy calibration.
05.08.2020 Routine orbit correction (for station keeping).
06.08.2020 Observation of 1RXS J160518.8+324907 for contamination monitoring.
05.10.2020 First major orbit correction and controlled ITC reset.
07.10.2020 Observation of 1RXS J185635.1-375433 for contamination monitoring.
10-16.11.2020 In-flight calibration measurements (one camera per day).
23.11.2020 Second major orbit correction. eROSITA to safe mode. Cameras switched off.
25.11.2020 Observation of 1RXS J214303.7+0655419 for contamination monitoring.
26.11.2020 Major ITC anomaly.
15.12.2020 End of eRASS2.
15.12.2020 Start of eRASS3.
29.01.2021 Micrometeoroid impact on TM7.
01-11.02.2021 In-flight calibration measurements (one camera per day).
23.02.2021 Micrometeoroid impact on TM4.
28.02.2021 Third major orbit correction. eEROSITA to safe mode. Cameras switched off.
07.03.2021 Observation of 1RXS J160518.8+324907 for contamination monitoring.
10.03.2021 Micrometeoroid impact on TMS.
15.04-20.05.2021 ESTRACK? support due to low visibility from Russian antennas.
17.05.2021 Micrometeoroid impact on TM2.
23.05.2021 Fourth major orbit correction. eROSITA to safe mode. Cameras switched off.
25.05.2021 Observation of 1RXS J214303.7+0655419 for contamination monitoring.
16.06.2021 End of eRASS3.

Notes.  Due to a low spacecraft visibility window during the spring period of 2021 (Sunyaev et al. 2021), two deep-space antennas of the ESA
tracking stations network (ESTRACK) were also used on 12 occasions for the science data downlink of about 5.7 GB.

eRASS3 lasted until June 16, 2021 (184 days). During this time,
daily ground contacts were conducted uninterrupted, and a to-
tal telemetry volume of ~ 242 GB (~ 435 MB/day) was down-
linked. A timeline of the most significant operations milestones
during eRASS2 and eRASS3 is presented in Table 1. Figure 1
shows the combined half-sky exposure map of the eROSITA-DE
hemisphere during eRASS:3 in the 0.6 — 2.3 keV energy band.
Slight inhomogeneities in sky coverage arise from the space-
craft’s halo orbit around L2 and from the adjustments needed
to maintain Earth within the downlink antenna’s cone. Regions
near the ecliptic poles receive longer exposure due to the scan-
ning strategy (i.e. all scan circles intersect there). Effective ex-
posure values range from ~140s at the ecliptic equator to more
than 70 000 s close to the ecliptic poles (not visible in the colour
scale of Fig. 1).

The Mission Control Centre in Moscow used deep-space an-
tennas at Ussuriysk and Bear Lakes for data downlink. eROSITA
achieved an average observing efficiency of ~ 94% (see Fig. 2),
with brief losses due to single event upsets (SEUs) affecting
the camera electronics (CE) and the Interface and thermal con-
troller (ITC), as well as light leaks in telescope modules 5 and
7 (for details, see Coutinho et al. 2022; Predehl et al. 2021).
During eRASS3, eROSITA experienced at least four microm-
eteoroid impacts, most notably a major hit on 23 February 2021
that damaged over 6 000 pixels on telescope module 4 (TM4)
(see Freyberg et al. 2022; Coutinho et al. 2022). These pixels
produced spurious events, appearing bright in images and some-

times saturating telemetry. Affected pixels were flagged as bad
on board, while orthogonally adjacent pixels were also disabled
for the spectroscopy. To mitigate the telemetry impact, individ-
ual energy thresholds were raised for moderately affected pix-
els, thereby reducing false-event rates to normal levels. This
treatment reduced the number of bad pixels on TM4 from over
6000 to fewer than 300. The CE onboard processor enabled
this pixel-level adjustment, significantly improving data qual-
ity within telemetry limits. After applying the mitigation proce-
dures, no residual signatures of micrometeoroid impacts remain
in the data and, consequently, in the X-ray source catalogues pre-
sented in this work. Aside from these impacts and the short-lived
SEU events, all eEROSITA subsystems remained fully operational
during eRASS1-3, with no lasting damage.

Routine filter wheel closed (FWC) observations, conducted
every seven days per camera (see Merloni et al. 2024) to moni-
tor particle background levels, were halted for most cameras in
July 2020. This change was prompted by an observed increase
in background noise whenever the filter wheel was in motion.
It typically took about 10 minutes after the wheel stopped for
the background to return to nominal levels. In addition to the 18
short FWC observations, around 8 were performed for each cam-
era in eRASS2. An exception was TM4, which did not exhibit
a significant background increase when its filter wheel moved;
thus, FWC observations for TM4 continued through eRASS2
and 3, contributing an additional 40 FWC observations.
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Fig. 1. Effective (vignetted) eRASS:3 exposure map (J2000, zenithal
equal area projection). The values in the map show the exposure time
multiplied by the average of the ratio of the (vignetted) effective area
to the on-axis effective area in the energy band 0.6 — 2.3 keV. Only the
eROSITA-DE (western) Galactic hemisphere is displayed. The highest
exposure is reached toward the South Ecliptic Pole, where the map is
saturated (see Sect. 2 for details).

3. eROSITA calibration and data processing

This section provides a concise summary of the eROSITA cali-
bration and data processing procedures. The eRASS:3 data were
processed using version 030* of the eROSITA Science Analysis
Software System (eSASS) pipeline, which includes several cali-
bration and processing improvements over version 010 (used in
DR1) and version 020, which was used for later work based on
proprietary eROSITA data (see Merloni et al. 2024, for further
details). The standard pipeline structure and its modules remain
unchanged and are described in detail in Brunner et al. (2022)
and Merloni et al. (2024).

Compared to the processing used for DR1, version 030 in-
troduces refinements to the energy calibration, astrometric cal-
ibration, event reconstruction, flare filtering, and source detec-
tion procedures. For catalogue users, the main practical con-
sequences are a recovery of the small sensitivity loss present
in earlier processing versions, improved astrometric accuracy
through the application of time-dependent boresight corrections,
and more robust source detection through the exclusion of flare-
contaminated data. Overall, the changes relative to DR1 are gen-
erally small, affecting source parameters and catalogue content
at a low level. The main changes are described in the follow-
ing subsections. The versions of the eSASS tasks and calibration
database used in this work are listed in Appendix B. Table B.1

4 This software version is not made public, as the present release in-
cludes only the higher-level products, not the raw data; see Sect. 7. The
software used for DR2 is not validated to run on the DR1 or EDR data.
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Fig. 2. Cumulative observing efficiency (as a percentage of the elapsed
survey time) as a function of time for each eROSITA camera (labelled
according to the associated Telescope Module, TM) during eRASS1 to
eRASS3.

summarises the updates introduced in eSASS version 030, while
Table B.2 provides the corresponding calibration file versions.

3.1. Calibration

As in processing versions 010 and 020, version 030 continues
to use the ground-based point spread function (PSF) calibration,
whose reliability has been demonstrated by Merloni et al. (2024).
Further refinements of the in-flight PSF and vignetting calibra-
tions are ongoing, but are not expected to produce substantial
changes in source positions or fluxes. In particular, the unre-
leased vignetting model reduces the survey-averaged effective
area above 4 keV by approximately 15 — 20%, while changes in
the primary 0.2 — 2.3 keV energy band are typically only a few
percent. Consequently, the impact on the soft-band and broad-
band source fluxes is expected to be small for most sources. The
following subsections summarise the main calibration and pro-
cessing updates introduced in version 030.

3.1.1. Energy calibration

The energy calibration in version 020 was based on a combina-
tion of ground-based measurements and in-flight >3Fe exposures
obtained in two calibration runs in November-December 2019
and November 2020, from which the temporal charge transfer
inefficiency (CTI) increase was derived and taken into account as
a constant linear trend. This approach was supported by a third
calibration run in February 2021, which showed that the tem-
poral increase in CTI continued at the same rate. However, two
subsequent calibration runs in August 2021 and February 2022
exhibited deviations from extrapolating the previously observed
linear trend, motivating a refinement of the energy calibration
by utilising all available calibration data. In addition, the now-
available time span of more than 2 years of in-flight calibration
data enabled the determination of temporal trends in the effective
gain (caused by CTI changes in the framestore area). All these
changes were considered individually for each CCD column for
the reconstruction of the photon energies in the 030 data process-
ing. Several tests were performed to demonstrate the accuracy of
the updated energy calibration.

In the first test, the new calibration was applied to the > Fe
exposures obtained in all the five calibration runs between Nov
2020 and Feb 2022, showing that the absolute energy scale
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Fig. 3. Spectrum of the O VII/O VIII region, obtained by stacking the
energies of all valid pixel patterns in TM1-4 and TM6 and the full FoV.
The dashed line indicates the empirically determined background level.
After subtracting the background, three Gaussian functions were fitted
to the peak and the left and right wing regions (red curves). Two straight
red lines mark the peak flux and half its value. The intersection of the
lower line with the red curves yields the FWHM, which is 2.355 times
the o of the line width. The statistical 1o error of the peak position is
less than 1 eV.

at AI-K (1.486 keV) could be reconstructed to an accuracy
of +1eV, for each of the five TMs which were not affected
by the light leak, despite CCD temperature changes and the
CTI increase due to radiation damage. The improved correction
of CCD-column-specific temporal CTI changes minimised the
variations in the absolute energy scale between individual CCD
columns and reduced the temporal full width at half maximum
(FWHM) increase over the full CCDs by several eV (e.g. by
~ 8eV at 5.9 keV in the Feb 2022 exposure) compared to the
020 processing.

A second test took advantage of the fact that the diffuse X-
ray sky exhibits pronounced emission from O VII ions, consist-
ing of three main components at 0.561, 0.569, and 0.574 keV
(Ponti et al. 2023). Although the relative flux between these
components shows some spatial and temporal variations, the dif-
fuse O VII emission can serve as a proxy to assess the accu-
racy of the energy calibration over more than two years. Such
long-term monitoring is particularly important because the CCD
temperatures varied between —86 C and —79 C during this pe-
riod (with similar ranges for all TMs). For this test, the TM1-4
and TM6 data, taken between Dec 2019 and Feb 2022 (eRO-
days® 43850 — 48550), were sampled in steps of 100 eRO-
days and processed with the updated energy calibration. The
stacked spectrum (TM1-4 and TM6, all valid patterns, full field
of view — FoV) showed an emission line at 0.568 keV with
a FWHM of 66.8 + 0.8 keV (see Fig. 3). For comparison, the
ground-based calibration measurements of the O-K emission
line at 0.527 keV, obtained in 2016 at CCD temperatures be-
tween —95.8 and —94.2 C, yielded a FWHM of 64 + 0.1 eV.
If one considers that, compared to the ground-based measure-
ments, the in-flight measurements i) were performed over a time
span of more than two years, ii) over a wider range of CCD tem-
peratures, iii) at 10 — 15 C higher CCD temperatures, iv) with
CCDs subject to increasing CTI due to radiation damage, v) at
a somewhat higher photon energy, vi) did not measure a sharp
emission line, but an emission complex consisting of three ma-
jor components, and vii) that the diffuse emission regions are
not exactly at rest relative to SRG/eROSITA, adding some fur-
ther broadening, then the in-flight FWHM of 66.8 eV offers an
extremely close comparison with the ground-based FWHM of
64.0 eV.

5 eROday = time interval of 4-hours, see Sect. 3.2.

A third test investigated the pointed observations of the su-
pernova remnant 1E 0102.2 — 7219, which exhibits a rich spec-
trum of narrow emission lines and is regarded as a standard cali-
bration source (Plucinsky et al. 2017). This source was observed
three times, in Nov 2019, Jun 2020, and Nov 2021. It turned
out that, in all cases, the spectra can be well reproduced by the
model spectrum recommended by IACHEC®, with only two free
parameters: the global normalisation and an energy offset. The
derived offsets indicate that the absolute energy scale can be de-
termined to an accuracy of approximately +3 eV. In this context,
the Nov 2021 spectrum is particularly remarkable, because the
CCD temperatures increased by +8 °C during that observation.
These tests clearly demonstrate the high accuracy of the time-
dependent energy scale calibration.

3.1.2. Recovery of lost events

In processing version 010, an attempt was made to improve the
spectral resolution homogeneity of the CCDs. The spectral reso-
lution depends on the detectors’ low-energy threshold, which is
required to account for detector noise. Prior to launch, the noise
properties of each pixel were determined and used to derive
pixel-specific low-energy thresholds, thereby evenly distribut-
ing the available telemetry across all pixels. As a first step to-
wards establishing a homogeneous spectral resolution, a some-
what higher, but constant threshold (46 in analogue-to-digital
units, adu) was applied in the very first (001) processing of
the TM1-4 and TM6 data for eROSITA-DE Early Data Release
(EDR7). This, however, was only an approximation because i)
the conversion from adu to eV varies across CCD columns, and
ii) due to CTI losses, the adu values decrease with increasing
distance from the readout node for a given incident photon en-
ergy. These effects have now been taken into account since ver-
sion 010, where constant thresholds in eV are applied. To max-
imise spectral resolution, they were chosen as low as the original
thresholds applied on board allowed. The resulting values are 50
eV (TM1), 60 eV (TM2), 60 eV (TM3), 55 eV (TM4), 105 eV
(TMS), 50 eV (TM6), and 125 eV (TM7). The same values apply
to versions 010 and 020. In version 030, they were increased to
60, 70, 70, 65, 105, 60, 125 eV, respectively, as it turned out that,
in the 010 and 020 versions, noise events had made some valid
pixel patterns invalid, causing a ~ 3.8% reduction in sensitiv-
ity in TM1-4 and TM6. A detailed analysis® showed that raising
thresholds by just 10 eV is sufficient to mitigate these problems,
recovering the loss in sensitivity.

3.1.3. Time corrections

The data in eROSITA CCDs are read periodically and packaged
into so-called science frames. Although the time between CCD
readouts (approximately 50 ms) is governed by a very regular
clock in the camera electronics, the precision of this interval
(which is of the order of 107°) is not preserved in the teleme-
try. Frame timestamps are instead generated from a counter with
a precision of ~ 10 ms. eSASS task frameprep (see Sect. 3.2)
reconstructs the original values by a two-step process of first es-
tablishing the sequence of frames (which involves the determina-
tion of the size of any gaps in the sequence), then fitting a model
of the true CCD readout times to the coarse timestamp data. The

® https://iachec.org/

7 https://erosita.mpe.mpg.de/edr/

8 See https://erosita.mpe.mpg.de/drl/eROSITA_issues_
drl/threshold_issue_drl.html
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result is stored in the TIME column of the event list. Average un-
certainties in the science-frame timestamps are thereby reduced
from ~ 5 ms to ~ 30 us.

We note that corrections have not yet been performed for
i) the constant offset between the frame integration centre time
and the time at which the timestamp is applied; i7) time-model
discontinuities between adjacent eROdays; and ii7) drift (about
~ 13 ms per day, with resets before the total exceeds 1 s) in the
main spacecraft clock. Therefore, timing uncertainties in photon
arrival measurements can occasionally reach 1 s. This 1 s un-
certainty only affects event-based analysis; it does not affect the
eRASS:3 source catalogue presented in this work.

3.1.4. Astrometric corrections: Boresight correction

Astrometric corrections were applied to the eRASS:3 catalogues
after merging the detections from the individual sky tile cat-
alogues. The corrections were determined by matching point-
source detections with mid-infrared counterparts from the All-
WISE catalogue (Cutri et al. 2021). For each of the six monthly
all-sky surveys, 1.4 x 10® AIIWISE matches were found. Cor-
rection values were determined by computing the median off-
sets from the counterpart positions in ecliptical coordinates A, 8
(ecliptic longitude and latitude), within stripes of 1 degree width
in ecliptic longitude A. The astrometric correction values deter-
mined for the ERASS1-eRASSS5 catalogues created with the pre-
vious pipeline version 020 were mapped to a time series using
the SRG attitude data. This time series covers eRASS1-5 and is
stored in the calibration file srg_tposcorr_190611v01. fits.
In the current pipeline version 030, this calibration file was used
to apply astrometric corrections to the event positions.

The implementation of the time-dependent boresight cali-
bration in version 030, together with improved source-detection
convergence, has significantly reduced the systematic positional
uncertainty. Averaging source positions across three surveys,
compared with a single survey in DR1, likely provides an addi-
tional contribution. Overall, the systematic positional error was
reduced from approximately 0.9” in DR1/eRASSI to 0.4” in
DR2/eRASS:3.

3.2. Data processing

The eROSITA telemetry data were transmitted in real time to the
SRG operations centre and the Space Research Institute (IKI),
where they were stored and forwarded to the Max-Planck In-
stitute for Extraterrestrial Physics (MPE) via a data exchange
server. These files were processed into FITS format and passed
to two pipelines: the pre-processor archiver and the Near Real
Time Analysis (NRTA). Data are organised into 4-hour intervals
called ‘eROdays’ that match SRG’s survey rotation, which are
archived upon completion, thereby triggering further process-
ing. The NRTA pipeline enables rapid monitoring of instrument
health and alerts for transient events, while archived data pro-
ceeds to standard analysis (see Appendix C of Merloni et al.
2024). As in previous all-sky survey processings, the sky is di-
vided into 4 700 unique, overlapping sky tiles of ~ 8.78 deg?, ar-
ranged into 61 declination zones. Each sky tile is centred within
a larger 3.61° x 3.61° field that overlaps with neighbours by
15’ — 18’ to minimise edge effects during source detection.

The sky tiles of eRASS:3 data were processed at MPE us-
ing the eROSITA standard pipeline version 030, which includes
modules for event handling (TEL chain), event file and image
creation (EXP chain), exposure and background map generation
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and source detection (DET chain), and the production of source-
specific products (SOU chain). These processing chains utilise
tasks from the eSASS. For a detailed description of the eSASS
tasks, the associated eROSITA calibration database, and the stan-
dard processing pipeline, see Brunner et al. (2022) and Merloni
et al. (2024). In the following, we highlight improvements in
data processing and changes to eSASS tasks relative to versions
010, used in DR1, and 020, used for proprietary data analysis.
Appendix B presents a list of the tasks for which a functional
change has occurred in 030 processing, as well as the calibration
files that have been updated with respect to previous releases.

3.2.1. TEL chain

The TEL chain handles event file preparation, pattern recon-
struction, energy calibration, and attitude calculation. The data
processing workflow in 030 has been slightly updated. Func-
tionality previously handled entirely by the task evprep is now
split between a new task, frameprep, and a simplified evprep.
frameprep performs a more thorough evaluation of science
frame quality, and fits a time model to correct for truncation
jitter in science-frame timestamps (see Sect. 3.1). Introduced
in data processing version 030, the task hotpixfind replaces
ftfindhotpix’. Although hotpixfind can detect overactive
pixels and flag them in the event list’s BADPIX table, this func-
tionality is under development and was not enabled in the 030
pipeline. In 030, the task was limited to copying relevant entries
from the calibration database’s bad pixel component. As men-
tioned in Sect. 3.1, the energy and flux reconstructions have been
improved, and time-dependent boresight correction has been ap-
plied in tasks pattern, energy, and evatt, respectively.

3.2.2. EXP chain

In 030 processing, the event lists generated for each sky tile ex-
clude events with invalid patterns, those outside the FoV, those
outside good time intervals (GTIs) due to defective frames, and
data artefacts and corrupted frames. The task flaregti no
longer writes GTI extensions directly to the event files; instead,
it produces a FlareGTI file containing a single STDGTI exten-
sion that encodes the GTI common to all TMs. The pipeline-
generated images are created with flare-cleaned GTIs, ensur-
ing that, unlike in the 010 and 020 processings, source detec-
tion is performed on data free of background flares. The frac-
tion of observing time affected by soft-proton flares amounts to
1.35%, 2.33%, 1.49%, 1.73% for eRASS1, eRASS2, eRASS3,
and eRASS:3, respectively. This demonstrates that flare-induced
data losses are minimal and do not significantly compromise the
quality of the eROSITA observations.

3.2.3. DET chain

This module creates exposure and sensitivity maps, performs
source detection, and extracts aperture photometry on the de-
tected sources. The source detection tasks have remained sta-
ble across processing versions; a full description is provided in
Brunner et al. (2022) and Merloni et al. (2024). We just empha-
sise that, for both point and extended sources, the rate, count,
and flux values reported in the eRASS catalogues are derived
from the scaling of the best-fit PSF or PSF-folded extent model.
These quantities, by definition, represent integrals to infinite ra-
dius, although the model fits are performed within circular sub-

 ftfindhotpix was not used in previous pipeline configurations.
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Table 2. Number of sources flagged as potentially spurious.

Flag MPS MEXT HPS HEXT
FLAG_SP_SNR 6569 4542 63 51
FLAG_SP_BPS 3069 1443 69 99
FLAG_SP_SCL 4060 415 57 8
FLAG_SP_LGA 569 452 21 7
FLAG_SP_GC_CONS 6921 3641 98 298
Any SP Flag 21165 10480 305 461
FLAG_NO_RADEC_ERR 5261 1566 20 34
FLAG_NO_EXT_ERR 0 1290 0 33
FLAG_NO_CTS_ERR 5185 1312 7 1

Notes. ‘PS’ stands for point sources, ‘EXT’ for extent-selected sources,
and we separate the main (‘M’) and the hard (‘H’) catalogues. The ‘Any
SP Flag’ row indicates the number of sources that are flagged by any
of the five identifiers of potential spurious sources in overdense regions
(see Sect. 4.2). The last three lines give the number of sources for which
the statistical error estimate from the pipeline failed (see Sect. 3.2.5 for
more details).

images of 1’ radius. Finally, for each sky tile, two source lists
are produced: a single-band catalogue (‘1B’) based on detec-
tions in the broad 0.2 — 2.3 keV energy band for maximum sen-
sitivity, and a three-band catalogue (‘3B’; 0.2 — 0.6, 0.6 — 2.3,
and 2.3 -5.0 keV), where detection is performed simultaneously
across bands and both single-band and combined likelihoods are
computed for each source.

3.2.4. SOU chain

As in the 010 and 020 processes, in the 030 process, source prod-
ucts (spectra, background spectra, response matrices, ancillary
response files, and light curves) were created using the srctool
task for the subset of bright sources with a detection likelihood
greater than 20 in the single-band 1B catalogue.

3.2.5. Known data processing issues

The problems of poor convergence of parameters of bright
sources, uncertainty estimations on the position, counts, and ex-
tent of faint sources, as well as the inclusion of the leap seconds
discussed in Merloni et al. (2024), have been addressed in the
030 processing data (see Appendix B). We refer to Sect. 4.5
of Merloni et al. (2024) for details on the still-known issues
of eROSITA data processing: pile-up in bright sources, ‘event
quota’ mechanism due to telemetry constraints, optical light leak
contamination in TMS5 and TM7. Due to remaining issues with
PSF fitting convergence and possible event pile-up, it is advis-
able to allow an additional systematic error of the order of 1
arcsec for very bright sources (> 1000 source counts).

In some cases, the source-detection algorithm failed
to estimate errors, leaving certain sources without reli-
able uncertainties in position, counts, or extent. This pri-
marily affects low-probability or spurious detections in re-
gions of extended emission, although some significant de-
tections are also impacted. These sources are flagged in the
catalogue as FLAG_NO_RADEC_ERR, FLAG_NO_CTS_ERR, and
FLAG_NO_EXT_ERR (Sect. 4.2 describes in detail these spurious
source flags). Table 2 lists the number of sources flagged in each
category in the eRASS:3 catalogues.

After the 030 processing, an issue was identified affecting
the bad-pixel calibration files for TM4, TMS5, and TM7, start-
ing from specific times unique to each telescope module. The
structure of these calibration files was modified at that point;
however, the new format was incompatible with the processing
task’s requirement to apply bad-pixel filtering to the event lists.
As a result, bad pixels were not fully excluded from the data
thereafter. Additionally, the onset time of a known camera mal-
function was incorrectly reported. This led to the persistence of
bad pixels in the eRASS2 dataset, which subsequently propa-
gated into eRASS:3. The presence of these unfiltered bad pixels
resulted in spurious sources in the sky images. These spurious
sources were later identified and removed during the construc-
tion of the final source catalogues.

Finally, in several cases, significant sources were found to
be missing from the catalogues. These sources are typically lo-
cated in the vicinity (~ 1”) of other similarly bright sources and
were filtered out during the erbox peak finding stage. Based on
the comparison of the eRASS:3 main catalogue with the XMM-
Newton 5XMM-DR15'9 (Webb et al., in prep.) catalogue (see
Sect. 5) we find 8 sources, brighter than 10~'* erg cm™2 s™! (in
the 0.2 -2.0 keV energy band) in 5XMM-DR15, which could be
visually confirmed in eRASS:3 images, but were not detected or
had large positional offsets in eRASS:3. Given the 4% coverage
of 5XMM-DR15 in the eRASS:3 footprint, we estimate that sig-
nificant sources of the order of 200 might go undetected due to
this issue in the eRASS:3 main catalogue.

Since the discovery of X-rays from comets (Lisse et al. 1996;
Dennerl et al. 1997), it has been recognised that observations of
the X-ray sky are affected by diffuse foreground emission aris-
ing from solar-wind charge exchange (SWCX) between highly
ionised heavy ions in the solar wind and tenuous neutral gas in
the solar system (Cravens 1997). Such gas is present both around
the Earth (the geocorona) and around the Sun (the heliosphere).
While eROSITA is not affected by geocoronal SWCX, helio-
spheric SWCX contributes with a detectable, time-variable fore-
ground component in eRASS data, particularly from eRASS1
onward during the rise phase of the solar cycle. This emission
predominantly affects energies below 1 keV and manifests as
a spatially smooth but temporally variable background compo-
nent. Its presence must be accounted for in analyses of extended
sources and diffuse X-ray emission. For unresolved sources, he-
liospheric SWCX results in reduced effective sensitivity below
1 keV due to the elevated background. Systematic effects can
be mitigated by subtracting a locally determined background.
In general, emission at energies above 1 keV is not affected by
SWCX. A detailed analysis of SWCX in eRASS:S5 is presented
by Dennerl et al. (2026).

4. The eRASS:3 X-ray catalogues

We provide two distinct X-ray source catalogues of the western
Galactic hemisphere for eRASS:3: i) the main catalogue, con-
taining sources detected in the 0.2 — 2.3 keV energy band via
the 1B detection process, and ii) the hard catalogue, containing
sources detected in the 2.3 — 5.0 keV band via the 3B detec-
tion process (see Sect. 3.2). This follows the same methodol-
ogy established for the performance verification eFEDS survey
(Brunner et al. 2022) and later applied to the eRASS1 catalogues
(Merloni et al. 2024). In the following sections, we present the
construction procedure and overall properties of the catalogues.

10" http://xmmssc.irap.omp.eu/Catalogue/5XMM-
DR15/5XMM_DR15.html
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Fig. 4. Top panels: Distribution of net counts for the eRASS:3 main (leff) and hard (right) catalogues, shown in yellow. Bottom panels: Reverse
cumulative distributions, i.e. the number of sources with net counts above a given value, for the same samples. In all panels, point sources (PS;
EXT_LIKE = 0)and extended sources (EXT; EXT_LIKE > 0) are shown in brown and green, respectively. Point sources flagged with any SP flag
(see Table 2) are displayed in gold. The grey histograms indicate the corresponding distributions from the eRASS1 catalogues for comparison.
Sources detected in both the eRASS:3 main and hard catalogues are shown in red in the top-left panel.

4.1. Catalogue creation and astrometric corrections

The source lists produced for each sky tile by the DET chain
(see Sect. 3.2.3) are merged into two hemisphere catalogues, one
based on the single-band 1B detection and the other based on the
3B detection method. During the merging, the overlap between
tiles is removed. The catalogue retains only detections within
the non-overlapping area of each tile, except for sources within a
+30” border region in overlapping areas. In these regions, source
lists from adjacent tiles were cross-matched to prevent valid de-
tections near tile boundaries from being discarded. A matching
radius of 15” is used for point sources, and 30" for extended
sources; this corresponds to roughly half and one HEW of the
survey-averaged PSF, respectively.

The 1B source lists were generated with a low detection
likelihood!! threshold of DET_LIKE_® > 5 to maximise com-
pleteness. However, the main catalogue we release includes only
point and extended sources with DET_LIKE_O0 > 6. Unlike Mer-
loni et al. (2024), we do not provide a supplementary list of
sources with 5 < DET_LIKE_Q < 6 given the high expected spu-
rious detection rate. From the eRASS1 digital twin simulation'?

""" The detection likelihood is defined as L = —In P, where P is the
probability of the source being caused by random background fluctua-
tion (see Brunner et al. 2022, for details).

12 The digital twin simulation is a physically motivated, end-to-end nu-
merical model that reproduces both the astrophysical sky and the instru-
mental response to create realistic synthetic observations of the eERASS1
survey.
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(Comparat et al. 2020), the eRASS1 main catalogue is expected
to contain about 14% spurious sources (Table 3 in Seppi et al.
2022, see also Sect. 5 below). These results can also be used to
estimate contamination levels in eRASS:3, since the detection
likelihood in eSASS depends primarily on the count distribu-
tion rather than on exposure time. Consequently, sources at a
fixed threshold (e.g. DET_LIKE_O = 6) in eRASS:3 should ex-
hibit similar contamination (~ 14%) properties as in eRASS1,
although the deeper data allow a larger number of sources to
reach this threshold.

For the hard catalogue, a more conservative threshold of
DET_LIKE_3 > 12 is adopted to limit the number of spurious de-
tections in the 2.3 — 5.0 keV band, where the higher background
and lower sensitivity increase contamination (Liu et al. 2022).
From Seppi et al. (2022), we expect around 8 — 10% contamina-
tion by spurious sources in this hard band-selected sample.

Table 3 summarises the selection criteria and basic proper-
ties of the catalogues. Compared to eRASS1, the number of de-
tected point-like sources (DET_LIKE_0® > 6, EXT_LIKE = 0)
increases by more than a factor of two (= 2.1) in the eRASS:3
main source catalogue. In a similar way, the number of extended
sources (DET_LIKE_® > 6, EXT_LIKE > 0) increases by a
factor of ~ 2.4 relative to eRASS1. The eRASS:3 hard source
sample (DET_LIKE_3 > 12, EXT_LIKE > 0)is larger by a fac-
tor of =~ 2.9 compared to eRASS1. Section 4.4 discusses in detail
the comparison between eRASS1 and eRASS:3 catalogues. Fig-
ure 4 shows the distributions of net counts for the main and hard
catalogues (top panels), as well as their cumulative version: dis-
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Table 3. Basic eRASS:3 catalogue properties.

1B detection [0.2 — 2.3 keV]

Catalogue = DET_LIKE_® EXT_LIKE # of sources
Main, PS >6 =0 1911744
Main, EXT =6 >0 63796

3B detection [2.3 — 5.0 keV only]

Catalogue = DET_LIKE_3 EXT_LIKE # of sources
Hard >12 >0 15980
Hard, PS >12 =0 15026
Hard, EXT >12 >0 954

Notes. ‘PS’ denotes point sources (EXT_LIKE = 0), while ‘EXT’ refers
to extended sources with EXT_LIKE > (. The definition of EXT_LIKE
differs slightly between the 1B and 3B detections: in 1B it is computed
using photons in the 0.2 — 2.3 keV band, whereas in 3B it is evaluated
using all photons in the 0.2 — 5.0 keV energy band.

tribution of the number of sources with net counts greater than
or equal to a given value (bottom panels).

Any astrometric offsets remaining after calibrating the event
positions with the time-dependent bore-sight calibration were re-
moved by applying again the astrometric correction described
in 3.1.4. As expected, the remaining corrections in the eclip-
tical coordinate system A, S are small, with mean values of
Aymean = 0.03”, Agmean = 0.1” and standard deviations
o, =028" and o = 0.16".

After merging, 728 detections were classified as spurious
based on their angular correlation with the remaining bad pixel
events mentioned in Sect. 3.2.5.

The positional uncertainties of the eRASS:3 catalogues, en-
capsulated by the parameter RADEC_ERR, are tested using the
Gaia/unWISE QSO sample as an external astrometric refer-
ence frame (Shu et al. 2019). The adopted methodology follows
Sect. 6.2 of Merloni et al. (2024) and yields updated positional
uncertainties for the X-ray sources, which are reported by the
POS_ERR catalogue parameter defined as

POS_ERR = V1.3:02 +0.42. 1)

where oo = RADEC_ERR/ V2 and RADEC_ERR is the catalogued
positional uncertainty produced by ermldet. Appendix C pro-
vides a summary of the content of the eRASS:3 main and hard

catalogues, including descriptions of the columns and their asso-
ciated units.

4.2. Flagging of problematic sources

The eRASS:3 catalogue contains spurious sources and inaccu-
rate source properties due to limitations in the detection pro-
cess. This also posed an issue in the eRASS1 catalogues, and
to address it, Merloni et al. (2024) developed a flagging sys-
tem to mark sources likely affected by high background noise
or by misleading emission from bright or extended objects, such
as supernova remnants, nearby galaxies, or star clusters. In the
following, we briefly describe the flags that are included in the
eRASS:3 main and hard catalogues. A summary of these flags is
provided in Table 4.

Overdense regions, where anomalously high source counts
are observed, were empirically identified using flux thresholds
and density maps, and then cross-matched with known astro-

physical structures using the SIMBAD database. Four main flags
are assigned for sources located in or near:

— Supernova remnants (FLAG_SP_SNR);
Bright point sources (FLAG_SP_BPS);
Galactic star clusters (FLAG_SP_SCL);
Local galaxies (FLAG_SP_LGA).

Additional flagging targets sources near known galaxy
clusters using the same list of published X-ray cluster cat-
alogues described in Merloni et al. (2024). A specific flag
(FLAG_SP_GC_CONS) marks sources within a defined radius of
these clusters, though optical and Sunyaev-Zel’dovich (SZ)-
selected catalogues were excluded to avoid mismatches. Visual
inspections and further cleaning steps were applied to the ex-
tended source catalogue to correct remaining misclassifications.

Table 2 shows the number of sources for each of the flag
categories in the eRASS:3 catalogues. After excluding flagged
sources, the refined main catalogue contains 1890579 point
sources, and the hard catalogue contains 14 721. Users are still
advised to manually inspect their sources of interest, especially
in complex regions, before drawing scientific conclusions.

4.3. Flagging of optical loading sources

The eROSITA detectors are prone to optical loading. In this pro-
cess, low-energy photons are accumulated within a CCD pixel
over the integration time of 50 ms and if the summed energy of
optical photons plus detector noise exceeds the X-ray detection
threshold, a ‘false’ X-ray event is generated. Likewise, optical
photons might add energy or distort the pattern of real X-ray
photons. The relevance of these, in detail quite complex, effects
is mainly determined by the brightness of the respective stellar
source. The detector position also matters significantly, but is
mostly averaged out in survey observations. A detailed discus-
sion of optical loading and its effects is presented in Robrade et
al. (in prep.) and Zheng et al. (2026). To address this issue, we
cross-match the eRASS:3 catalogues with optical sources, fol-
lowing a similar approach to that for eRASS1 (Merloni et al.
2024).

The FLAG_OPT flag, as included in the eRASS:3 catalogues,
is set if an eRASS X-ray source is located within a distance
of 15” to an optically bright source. In the cross-matching we
used the third Gaia data release (GDR3, Gaia Collaboration
et al. 2023), Tycho-2 (Hgg et al. 2000), 2MASS (Cutri et al.
2003), plus the Simbad database. Updated epoch =J2021 posi-
tions were used as input when proper motion is available. The
brightness limits in the photometric bands are adjusted to ac-
commodate the deeper exposure of eRASS:3 and are half a mag-
nitude fainter than those for eRASSI1. Specifically, B,V,G <
5.0 mag and J < 3.5 mag are used. If one or more of these cri-
teria are met, the source is flagged; a total of 1 176 such sources
were selected. Note that the presence of the optical flag does not
necessarily indicate that the specific X-ray source is affected by
optical loading, but additional caution is advised.

4.4. Cross-identification of soft and hard band sources

As described in Sect. 3.2.3, source detection was performed in
two configurations: a single-band (1B, 0.2 — 2.3 keV energy
band) and a three-band setup (3B, 0.2 — 0.6, 0.6 — 2.3, and
2.3-5.0 keV energy bands), with the latter subsequently filtered
based on significance in the 2.3 — 5.0 keV band. These yield
soft- and hard-band—selected source samples, respectively. The
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Table 4. Spurious and problematic source flags description.

Flag name Description

FLAG_SP_SNR Source might lie within an overdense region near a supernova remnant.
FLAG_SP_BPS Source might lie within an overdense region near a bright point source.
FLAG_SP_SCL Source might lie within an overdense region near a stellar cluster.
FLAG_SP_LGA Source might lie within an overdense region near a local large galaxy.

FLAG_SP_GC_CONS
FLAG_NO_RADEC_ERR
FLAG_NO_CTS_ERR
FLAG_NO_EXT_ERR

Source might lie within an overdense region near a galaxy cluster.

Source contained no RA_DEC_ERR in the pre-processed version of the eSASS catalogue.
Source contained no ML_CTS_ERR_1 in the pre-processed version of the eSASS catalogue.
Source contained no EXT_ERR in the pre-processed version of the eSASS catalogue.
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Fig. 5. Hammer—Aitoff projection maps in Galactic coordinates showing the logarithm of the 0.5—-2.0 keV flux limit, defined as the flux correspond-
ing to a 50% sky covering fraction. The left and right panels display the values uncorrected and corrected for Galactic absorption, respectively.

The histograms above each map show the distribution of log(F};;,) in units of erg s~

scale corresponding to the flux limits in the projected maps.

datasets from the 1B and 3B detections largely overlap; the only
additional photons in the 3B case are from the 2.3 — 5.0 keV
range, where the instrumental effective area is lower, and the
background is higher. Consequently, most sources in the hard
catalogue have corresponding counterparts in the main cata-
logue.

In eFEDS, Nandra et al. (2025) showed that ~ 90% of the
sources in the hard catalogue have a counterpart in the main cat-
alogue. Similarly, Merloni et al. (2024) reported that ~ 84% of
the hard point-like sources in eRASS1 have an associated soft-
band detected source. We employed the same matching algo-
rithm between the eRASS:3 main and hard catalogues as de-
scribed in Merloni et al. (2024). The algorithm results in weak
and strong source matches. A weak match requires a maximum
separation of 10” for point sources or 4 times the extent value for
extended sources, and also allows matches between point and
extended sources. Strong matches require the sources to be ei-
ther point-like or extended in both catalogues. The point source
matching radius is set to 3 times the larger RADEC_ERR value of
the pair, with a maximum radius of 10”. In addition, for point
sources, the 0.2 — 2.3 keV count values are not allowed to dis-
agree by more than 50% for a strong match. For a strong match
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"'em™2. The colour bar along the X-axis indicates the intensity

between extended sources, they must be detected as extended
in both catalogues, and the separation must be less than 4x the
EXT value in the hard catalogue. We record the unique identi-
fier (UID) of associated counterparts in the UID_Hard column
of the main catalogue and in the UID_1B column of the hard cat-
alogue to flag strongly associated sources. Weak associations are
encoded by storing the corresponding UID multiplied by —1 in
the same columns. Consequently, positive values of UID_Hard
or UID_1B indicate strong associations, while negative values
denote weak (possible) counterparts in the other catalogue. A
value of UID_1B = 0 identifies hard sources with no counterpart
within the matching radius in the 1B catalogue.

Table 5 summarises the results of the matching between
the eRASS:3 main and hard catalogues. In the hard catalogue,
1299 point sources have no match in the main catalogue and
can be considered candidates for sources with a very hard X-
ray spectrum. However, only 104 of these hard-only detec-
tions have matching counterparts in the eRASS1 hard catalogue
(eRASS1_hard, Merloni et al. 2024). Even when considering
that the eRASS1 hard catalogue is shallower, this clearly indi-
cates that the selection of hard-only detections results in a very
high fraction of spurious detections. This effect is also discussed
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Table 5. eRASS:3 hard matches to eRASS:3 main sources.

Match type PS EXT
Weak 112 30
Strong 13615 892
None 1299 32

Notes. ‘PS’ and ‘EXT’ denote eRASS:3 point sources and extended
sources from the hard catalogue matching with detections from the
eRASS:3 main catalogue.

by Waddell et al. (2026) in the context of the eRASS1 hard cat-
alogue.

4.5. The flux limit of eRASS:3 in the 0.5 — 2.0 keV energy
band

We determined the eRASS:3 flux limit in the 0.5-2.0 keV energy
band following the method described by Merloni et al. (2024).
A brief summary of this procedure is provided below.

The local flux limit is defined from the sensitivity curve as
the flux at which the probability of detecting a source at the
adopted threshold reaches 50%. To derive this curve, aperture
photometry measurements at source positions obtained using the
eSASS task apetool are employed. Energy conversion factors
(ECFs) are then used to convert count rates into fluxes, assuming
a power-law spectrum with photon index I' = 2 and position-
dependent Galactic hydrogen column densities from Willingale
et al. (2013). Forced photometry in the 0.5 — 1.0 keV (band P2;
see Appendix C for the band definitions) and 1.0—-2.0 keV (band
P3) energy bands is combined to obtain soft-band quantities for
both sources and background regions. The total exposure in the
source and background apertures is computed by weighting and
combining the vignetted exposure in P2 and P3. Using these
measurements, the source and background count rates, together
with the ECFs and Poisson detection probabilities, are computed
using the scipy.special'? package. Two sets of these quanti-
ties were computed: corrected and uncorrected for Galactic ab-
sorption.

The photometry is performed using apertures that enclose
75% of the PSF and adopting a Poisson false-detection probabil-
ity threshold of Py, = 4 x 10~° (Georgakakis et al. 2008). Flux-
limit maps are produced by dividing the sky into HEALPix'*
pixels (order 6) and tessellating sources via Voronoi cells, with
the average of local sensitivity curves within each pixel weighted
by the corresponding cell area. The flux corresponding to a 50%
detection probability from the mean sensitivity curve is finally
adopted as the local limit.

In our work, two distinct flux-limit maps were produced for
eRASS:3, as illustrated in Fig. 5. The left panel shows the flux
limit for X-ray point sources without accounting for Galactic ab-
sorption, while the right panel corresponds to the absorption-
corrected case. The median flux limits across the hemisphere
are approximately 2.7 x 10™'* erg s7! cm™2 (uncorrected) and
3.3 x 107" erg s™! cm™2 (absorption-corrected). The eRASS:3
survey achieves a flux limit approximately two times deeper
than that of eRASS1 (Merloni et al. 2024), corresponding to
roughly half the limiting flux reported for the first all-sky sur-

3 Python  package:  https://docs.scipy.org/doc/scipy/
reference/special.html
4 https://healpix.sourceforge.io/

vey. eROSITA-DE DR2 makes available eRASS:3 flux-limit in-
formation to users via the upper-limit server described in Sect. 7.

4.6. log N—log S distribution of point sources

The X-ray point-source number density exhibits spatial varia-
tions across the sky in eRASS1 (Merloni et al. 2024). These
variations arise primarily from inhomogeneous Galactic ab-
sorption and the non-uniform distribution of Galactic X-ray
sources, with additional contributions from large-scale structure
and possible anisotropies in the extragalactic AGN population.
In the eRASS:3 survey, we therefore examine the distributions
of point-source counts, averaged over broad Galactic latitude
ranges.

We divided the hemisphere into four Galactic latitude bins:
0 — 10°, 10 — 20°, 20 — 40°, and 40 — 90°. Point-source num-
ber counts were computed following Georgakakis et al. (2008)
and Merloni et al. (2024) using the apetool products of the 1B
catalogue in the 0.2 — 2.3 keV energy band, converting count
rates to absorption-corrected fluxes via the Ny-dependent ECF.
Uncertainties are estimated through bootstrap resampling, gen-
erating 100 realisations per subsample and deriving the 1o scat-
ter at fixed flux. The resulting cumulative number counts in the
0.5 — 2.0 keV energy band are shown in Fig. 6. These curves in-
clude a systematic shift of log,,(0.57), in the faint flux direction,
to convert the flux in the energy band 0.2 — 2.3keV to 0.5 — 2.0
keV and thereby enable comparisons with literature results (e.g.
Georgakakis et al. 2008). The conversion factor above is esti-
mated assuming a power-law spectral energy distribution with
spectral index I' = 1.9. The plotted number counts are in good
agreement with those presented in Merloni et al. (2024) as part
of eRASS DRI1.

5. Comparison with other catalogues

The algorithm applied to match the eRASS:3 main and hard cat-
alogues (see Sect. 4.4) was also applied to match the eRASS:3
main catalogue with: the eRASS1 main catalogue (Merloni
et al. 2024), the second ROSAT all-sky survey catalogue (2RXS
Boller et al. 2016), the XMM-Newton SXMM-DR15 catalogue
(Webb et al., in prep.), and the Chandra CSC 2.1 catalogue
(Evans et al. 2024). The parameters defining the criteria for weak
and strong matching were adapted to the properties of the com-
parison catalogues. Since these catalogues are based on obser-
vations spanning a wide range of epochs, no flux criterion was
applied for matching.

Criteria for weak and strong association were defined in a
similar way as described in Sect. 4.4. For eRASS1 and XMM-
Newton SXMM-DR15", the matching radii for weak associ-
ations were 16” for point sources, or 4 times the larger of
the two extent values for pairs with at least one extended
source. For strong point-source associations, matching radii of
4 times the combined positional errors, ranging from 5” to
16", were used. The matching radius for strong associations be-
tween two extended sources is 4 times the larger of the two
extent values. The same radii were used for matching with
the CSC 2.1 catalogue, where the positional errors and source
extent values were derived by averaging the 2-dimensional
err_ellipse_r0, err_ellipse_rl (corrected to 1o) and

15" We cross-matched the eRASS:3 catalogue with 4XMM-DR 14 (Webb
et al. 2020) using the same association algorithm as with SXMM-DR15.
The resulting matching statistics are highly consistent, with minor dif-
ferences attributable to the 4XMM’s more limited footprint.
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Table 6. Matching eRASS:3 main detections with other X-ray catalogues.

eRASSI 2RXS 5XMM-DR15 CSC2.1
Match type PS EXT PS EXT PS EXT PS EXT
Strong 689050 19257 31824 2022 51081 6265 17940 1751
Weak 10324 23425 5431 4993 4114 2510 2458 1685
None 1212370 21114 1874489 56781 20122 698 4256 54
Not covered - - - - 1836427 54323 1887090 60306

Notes. ‘PS’ and ‘EXT’ denote eRASS:3 point-like sources and extended sources, respectively.
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Fig. 6. Cumulative number counts as a function of flux for eRASS:3
X-ray point sources in the 0.5 — 2.0 keV energy band. The number
of count distributions is shown for different Galactic latitude intervals:
|b| = 0 — 10° (brown dashed curves), 10 — 20° (amber solid curves),
20 — 40° (purple dashed curves), and 40 — 90° (blue dashed curves).
Shaded regions indicate the 68% uncertainties estimated via bootstrap
resampling. The 0.5 — 2.0 keV number counts from Georgakakis et al.
(2008) are shown as a dashed red line for comparison.

minor_axis_b, major_axis_b values. The 2RXS catalogue
does not contain positional error estimates. For the matching
with this catalogue, the matching radii are 40" (point-like) or 4
times the extent (extended) for weak associations and 30" (point-
like) and max(60 arcec, 4x EXT) (extended) for strong associa-
tions.

The source identifiers from the matching catalogue entries
are stored in the following columns of the eROSITA DR2
catalogue: UID_DR1 (eRASS1 DRI UID), UID_2RXS (2RXS
IND_2RXS), UID_5XMM (5XMM SRCID), and UID_CSC (CSC
name). These columns contain a catalogue identifier (> 0) for
strong associations, a negative value (identifier multiplied by
—1) for weak associations or 0 for no association. The column
UID_5XMM contains —1 in case the position of the eROSITA
source is outside the footprint of the SXMM-DRI15 catalogue.
For the CSC 2.1, where the source identifier is a string containing
the IAU source designation, the column FLAG_CSC was added.
This column contains the value 1 for a strong association, —2 for
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Fig. 7. Comparison between eRASS:3 main catalogue point-source
fluxes and 5SXMM-DRI15 fluxes (both in the 0.2 — 2.0 keV band) for
sources with strong matches between the two catalogues. Blue dots rep-
resent the full sample of matched sources, while red dots (with green
error bars) mark sources with 8¢ flux detections in both catalogues.
The solid line indicates the one-to-one relation, and the dashed lines
correspond to flux ratios of 2:1 and 1:2, respectively.

a weak association, 0 for no association in the CSC footprint, and
—1 for eRASS:3 sources outside the CSC 2.1 footprint. Table 6
shows the distribution of matching categories in the eRASS:3
main catalogue for point-like and extended detections.

The same methods were used to correlate the eRASS:3 hard
catalogue with the eRASS1 hard (DR1), 2RXS, SXMM-DR15,
and CSC catalogues. The results are summarised in Table 7.

Figures 7 - 9 show the comparisons of eRASS:3 source
fluxes with respect to their SXMM-DR15 counterparts for the
main point source and extended source samples, and for the
hard point source samples. For the bulk of the sources, the
eROSITA fluxes are consistent with the S XMM-DRI15 fluxes.
Strong flux deviations are typically due to source variability for
point sources. Discrepant fluxes between matched pairs of ex-
tended detection are often due to detection issues, such as frag-
mented detection of large extended sources.

5.1. An independent assessment of spurious source
contamination in eRASS1

The case of the comparison with the eRASS1 catalogue differs
from the others and deserves special attention. In fact, the data
used to generate the two catalogues are not independent; rather,
we can assume that the data from which the eRASS1 catalogues
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Table 7. Matching eRASS:3 hard detections with other catalogues.

eRASS1hard 2RXS 5XMM-DR15 CSC2.1
Match type PS EXT PS EXT PS EXT PS EXT
Strong 4229 369 4597 333 1269 384 457 267
Weak 57 30 809 299 115 15 319 24
None 10740 555 9620 322 47 4 34 2
Not covered - - - - 13595 551 14216 661

Notes. ‘PS’ and ‘EXT’ denote eRASS:3 (hard) point-like sources and extended sources, respectively. The eRASS1 hard UIDs are stored in column

UID_DR1Hard.
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Fig. 8. Same as Fig. 7 but for extended sources. Red dots (with green
error bars) mark sources with 50 flux detections in both catalogues.

were generated are fully contained in the dataset used to generate
the eRASS:3 catalogues (modulo small differences introduced
by the new 030 pipeline processing version). Thus, the compari-
son with the eRASS:3 catalogue represents a unique opportunity
to assess the quality of the eRASS1 one, and in particular to pro-
vide a direct estimate of its contamination level, independent of
the simulations of Seppi et al. (2022).

From Table 6, we see that only 699374 eRASS1 ‘main’
sources are matched to eRASS:3, which is about 76% of the to-
tal. If we further consider only point-like sources in eRASSI,
and discard all those flagged as potentially spurious, we find
that 187 050/890 036 (21%) do not have a match in eRASS:3.
This fraction is significantly larger than expected from the sim-
ulation work of Seppi et al. (2022), which predicts instead ~
14%. Figure 10 shows the distribution of the detection likeli-
hood of all DR1 point sources and of those without a match in
eRASS:3, both differentially (left panel) and cumulative (right
panel). Clearly, the sources without a match eRASS:3 are con-
centrated at low detection likelihood, but this does not imply
that they are all spurious. Indeed, due to the Poisson nature of
the X-ray detection process and the intrinsic variability of X-ray
sources, it is possible that an object that barely exceeds our de-
tection threshold in one survey might fall below threshold when
multiple surveys are combined.

We can assess the above by looking at the multi-wavelength
counterparts of the eRASS1 sources. As shown in Salvato et al.
(2025, see also Sect. 6.1 below), the most complete identification
of the eRASS1 X-ray sources’ counterparts is available over the
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Fig. 9. Comparison between eRASS:3 hard catalogue point source
fluxes (2.3 — 5.0 keV) and 5XMM-DRI15 fluxes (2.0 — 4.5 keV) for
sources with strong matches between the two catalogues. Blue dots rep-
resent the full sample of matched sources, while red dots (with green
error bars) mark sources with 5o flux detections in both catalogues.
The solid line indicates the one-to-one relation, and the dashed lines
correspond to flux ratios of 2:1 and 1:2, respectively.

Legacy Survey DR10 (LS10; Dey et al. 2019) extragalactic area.
Examining the LS10 counterparts of the 187 050 non-matched
sources, we find a clear bimodality in their p_any distribution
with 60% of them having a very low value of p_any (below 0.1),
indicating they do not have a secure counterpart in the deep LS10
imaging catalogues. This p_any threshold corresponds approxi-
mately to a purity NWAY_purity6 > 0.9 (see Salvato et al. 2025,
and section 6.1). Under the simplifying, but realistic assumption
that these low-p_any sources are all spurious detections, we con-
clude that the spurious contamination level of the eRASS1 point
source catalogue is about 12.6%, in very good agreement with
the simulations-based estimate of Seppi et al. (2022). On the
other hand, the remaining ~8.4% of the eRASS1 sources with-
out a match in eRASS:3, detected with low likelihood only in the
first eROSITA all-sky survey, are likely genuine X-ray sources
affected by intrinsic or Poisson-induced variability. In this way,
we have shown how the combination of the cross-match with
eRASS:3 and the multi-wavelength probabilistic associations of
Salvato et al. (2025) combined can be used to further refine the
quality of the published eRASS1 catalogue.
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Fig. 10. Detection likelihood distribution for the
entire eRASS1 point source catalogue (blue his-
tograms) and for the sources with no spurious
flags and no match in eRASS:3 (red histograms).
Left panel: Differential distribution; Right panel:
Cumulative distribution. While in the entire cata-
logue the fraction of point sources not matched to
eRASS:3 is about 21%, this drops to about 3.5%
for DET_LIKE>10 and 0.15% for DET_LIKE>50.
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5.2. About ROSAT/2RXS sources not matched to eRASS:3

Repeating the same experiment above with the ROSAT 2RXS
catalogue (limited to the Western Galactic Hemisphere only;
Fig. 11), we see that a higher fraction of 2RXS sources
(29 148/60 856, 47.9%) do not have a match in eRASS:3. Dif-
ferently from the case of eRASS1, 2RXS sources are based on
a dataset which is completely independent from the eRASS:3
one, and therefore source variability must play a significant role.
Indeed, for detection likelihood larger than 20, almost 10% of
the 2RXS sources do not have a counterpart in eRASS:3. This is
again broadly consistent with the expectation that the full 2RXS
catalogue, down to the lowest detection likelihood, is contam-
inated by a fraction of spurious sources as high as 30 — 40%
(Boller et al. 2016).

5.3. Known issues and recommendations for catalogue users

In this section, we summarise the known issues in the eROSITA
DR?2 catalogues and provide recommendations for filtering and
cleaning them. The spurious-source fractions estimated for the
DRI catalogue, despite its shallower depth, can be used as
a guideline when choosing a detection-likelihood threshold
(DET_LIKE_@) for the DR2 main catalogue (see Sect. 5.1).

We can estimate the increase in the spurious fraction in
overdense regions and in groups of sources with other warn-
ing flags, using associations with the S XMM-DRI15 catalogue.
For each warning flag, the percentages of eRASS:3 (main) de-
tections having a strong association in SXMM-DR15 are listed
in Table 8. Only eRASS:3 detections with detection likelihoods
DET_LIKE_® > 10 were used for this comparison. Lower as-
sociation fractions indicate a higher rate of spurious detections
in the flagged sub-group. We conclude that most flags indeed
indicate an increased rate of spurious detections. However, the
sources with flag FLAG_SP_SCL (stellar clusters) are mostly un-
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Fig. 11. Detection likelihood distribution for
the ROSAT 2RXS source catalogue over the
eRASS DR2 footprint (Western Galactic Hemi-
sphere, blue histograms) and for the sources with
no spurious flags and no match in eRASS:3
(red histograms). Left panel: Differential distri-
bution; Right panel: Cumulative distribution.
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Table 8. Source flags show the fractions of sources (DET_LIKE_O0 > 10)
with strong SXMM-DR15 associations within the SXMM footprint.

Flag name % strong 5XMM associations
Point-like Extended

All in XMM FOV 82.6 71.2
FLAG_SP_SNR 30.8 86.5
FLAG_SP_BPS 43.8 53.9
FLAG_SP_SCL 90.0 77.4
FLAG_SP_LGA 60.4 73.8
FLAG_SP_GC_CONS 54.8 74.2
FLAG_NO_RADEC_ERR 40.7 81.0
FLAG_NO_CTS_ERR 37.9 81.1
FLAG_NO_EXT_ERR - 81.4
FLAG_OPT 73.6 -

problematic. Also, extended sources with flags indicating miss-
ing error estimates do not suffer from increased contamination.
Hence, a suitable strategy for selecting a sample of point sources
with minimal contamination is to exclude all flagged sources ex-
cept those with the FLAG_SP_SCL flag. The situation is more
complex for extended sources. A major source of spurious ex-
tended detections is the fragmentation of large extended sources
such as nearby galaxy clusters or supernova remnants. Most of
these problematic sky areas are covered by the flagging scheme.
However, the primary source of the large-scale extended emis-
sion also carries the respective flag.

In Sect. 4, we point out that the selection of sources only de-
tected in the hard energy band (2.3 — 5.0 keV) leads to a signif-
icant spurious fraction. This fraction can be reduced by further
filtering on the hard band detection likelihood. With a threshold
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of DET_LIKE_3 = 20, close to 50% of the selected hard-only
sources have a counterpart in the DR1 hard catalogue. Since the
eRASSI1 catalogue is shallower than eRASS:3, this estimate is
rather conservative.

In Sect. 3.2.5, we note that in some cases, due to a confu-
sion issue, relatively bright sources are not included in the cat-
alogue. For previously unknown sources, there is obviously no
workaround for this issue. However, for specific objects, cata-
logue users can search the DR1 catalogues for a detection and
visually check the public DR1 image data to confirm the pres-
ence of a source.

6. Multi-wavelength counterparts to eROSITA/DR2

Alongside the X-ray catalogues, we have also released a series of
catalogues of optical/infrared counterparts (Sect. 6.1) and clas-
sifications into Galactic or extragalactic sources (Sect. 6.2), for
the main and hard samples. For extragalactic sources (mostly
AGNs), additional information, such as redshifts, will be pre-
sented in Roster et al. (in prep.), either from publicly available
spectroscopic data or from dedicated photometric redshift com-
putations. In all steps, we used the procedure described in Sal-
vato et al. (2025), and extensive details are provided there. The
procedure is repeated for the eRASS:3 main and hard samples;
below, we briefly summarise the steps and provide a general
overview of the sources’ properties in the eRASS:3 main cat-
alogue.

6.1. Counterpart identifications

Multi-wavelength counterparts were identified by matching the
X-ray catalogue to the LS10 (Dey et al. 2019; Zenteno et al.
2025), GDR3 (Gaia Collaboration et al. 2023), and CatWise2020
(CW2020; Marocco et al. 2021), separately. As described in
Sect. 3.1 of Salvato et al. (2025), for cross-matching, we used
the Bayesian algorithm NWAY '® (Salvato et al. 2018). We com-
puted, for each optical/mid-infrared source (OMIR for short)
within 60" from an X-ray position, the probability to be the right
counterpart (p_1i), and the probability that the X-ray source has
an OMIR counterpart (p_any). These probabilities are computed
considering a) the angular separation from the X-ray source,
b) the positional errors, ¢) the number density of the sources
in the X-ray and OMIR catalogues (X-ray/OMIR), and d) the
a priori predicted probability of being an X-ray emitter from
the OMIR catalogue information alone. This latter probability
multiplication factor (bias_Xproba, see Sect. 3.1.1 in Salvato
et al. 2025) is computed by comparing the spectral energy dis-
tributions (SEDs) of secure counterparts to 4XMM and Chandra
sources with sources in the field that are not X-ray emitting (at
least not at the depth of the observation), using a random forest-
based algorithm. This procedure is repeated for each auxiliary
catalogue. The list of features adopted for each auxiliary cata-
logue, together with the prior’s recall and leak fraction, is pre-
sented in Table 2 and Fig. 3 of Salvato et al. (2025), respectively.
For each eROSITA source, we identify the best counterpart with
match_flag=1, while we indicate with match_flag=2 the
second best counterparts, if existing!”.

To quantify the probability that an X-ray/OMIR association
is due solely to chance (random associations), we shifted the co-
ordinates of the eROSITA sources by 3’ in RA and Dec and

16 https://github.com/JohannesBuchner/nway/
7 The second best counterpart has a p_i which differs from the p_i of
the best counterpart less than 0.05.
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Fig. 12. Cumulative purity (dashed lines) and completeness (solid lines)
as a function of the p_any threshold, computed for the entire sky using
the ancillary data from LS10, GDR3, and CW2020, respectively. We
also compute the values for three different DET_LIKE_O.

repeated the association analysis with the same prior. In the
vast majority of cases, the counterpart association probabilities
p_any are significantly lower than with the actual X-ray coor-
dinates (see Fig. 5 in Salvato et al. 2025). Finally, to estimate
the completeness or purity at a given p_any value, we compute
the number of sources with higher p_any in the actual catalogue
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(giving completeness) or shifted catalogue (giving spurious as-
sociations) (see Fig. 6 of Salvato et al. 2025).

The results for the entire sky are illustrated in Fig. 12, for
LS10 (top panel), GDR3 (middle panel), and CW2020 (bottom
panel), respectively. The purity and completeness (and thus the
reliability) are higher for LS10 than for CW2020 and GDR3,
because of the depth of the optical data and the rich number of
features used as priors, which drastically reduces the effective
number of sources that could become counterparts (see also Sal-
vato et al. 2025). Choosing different X-ray detection reliability
thresholds on DET_LIKE_@® slightly changes the results. Three
different thresholds for DET_LIKE_0>6,7,8 (red, blue, black)
are presented in each panel of Fig. 12. The completeness curves
increase with higher X-ray detection reliability. This is because
when the fraction of spurious X-ray detections increases, the
p_any probabilities become more similar to probabilities com-
puted at random coordinates. Therefore, at higher DET_LIKE_@
cuts, higher counterpart purity can be achieved.

The dots in Fig. 12 identify the p_any value where purity
(dot-dashed curve) and completeness (solid curve) are equal and
balanced. They balance at slightly lower values than for e(RASS1
(see Fig. 6 of Salvato et al. 2025), but this is expected: given the
increased depth of the eRASS:3 X-ray catalogue, the supporting
multi-wavelength data might not always be deep enough to iden-
tify the correct counterpart. This is particularly true for GDR3
(middle panel of Fig. 12), where the balancing is happening at an
extremely low p_any, and the purity and completeness are sig-
nificantly lower than for CW2020 and LS10. This indicates that
the GDR3 catalogue is too shallow for the depth of eRASS:3.
Looking forward to the final full-depth (eRASS:5) eROSITA
data release, expected in 2028, we will update the counterpart
training data with LSST (Ivezi¢ et al. 2019).

Given that the OMIR catalogues have different depths across
the sky, and the OMIR source density also varies across the sky,
a high purity, high completeness, and purity-completeness par-
ity threshold on p_any is calibrated in each sky tile, with the
procedure described above, as described also in Salvato et al.
(2025). For each source, and given a DET_LIKE_O cut (6,7,8), we
provide in the counterparts catalogues as threshold[6,7,8],
and the p_any cut that balances purity and completeness, so
that threshold[6,7,8]>p_any gives good results over the en-
tire sky. Conversely, for each source, we provide the purity and
completeness corresponding to the specific p_any in that tile,
at the DET_LIKE_O of the source. These values are indicated as
comp[6,7,8] and pur[6,7,8].

Summarising, for each X-ray source, and each auxiliary cata-
logue (aux = LS10, GDR3, or CW2020, with corresponding col-
umn suffix _aux), we provide:

— NWAY_p_any: The probability that the X-ray source has a
counterpart in the auxiliary catalogue.

— NWAY_p_i: For each OMIR source within 1 arcmin from the
X-ray position, the relative probability of the combination of
OMIR - X-ray source match (see Salvato et al. 2018).

— NWAY_bias_Xproba: The probability multiplication factor
from OMIR SED information.

— NWAY_completeness[6,7,8]: The completeness corre-
sponding to the particular NWAY_p_any in that tile.

— NWAY_pur[6,7,8]: The purity corresponding to the partic-
ular NWAY_p_any in that tile.

— NWAY_threshold[6,7,8]: The p_any threshold where pu-
rity and completeness are equal, for each parent sample cut
DET_LIKE_O0> [6,7, 8], specific to the tile of this object.

— NWAY_compur([6,7,8]: the value of completeness and pu-
rity at the NWAY_threshold[6,7,8].
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Table 9. Fraction of sources in GDR3 and CW2020 sharing the same
counterpart as identified using LS10 for the inA11LS10 region.

DET_LIKE_® | inAllLS10 same CTP
LS10-GDR3 | LS10-CW2020
>6 1280090 | 487% 81.4%
>6&g<20.7 548050 |  91.8% -
>6& W1 <204 | 1069737 - 89.2%
>7 1067816 533% 84.5%
>7&g <207 498814 | 927% -
>7& W1 <204 920525 - 90.1%
>3 920846 56.9% 86.8%
>8&g <207 460168 933% -
>8& W1 <204 811210 - 92.0%

Notes. Only the first best counterpart (match_flag=1) is considered
in this comparison, and no cut on p_any is applied.

In this way, the user can fully control the selection func-
tion when they construct their samples of interest. An obvious
question at this point is whether there is consistency among
the counterparts selected using LS10, GDR3, and Cw2020. Ta-
ble 9 shows that in the footprints of LS10, where all the op-
tical bands reach the nominal depth (inA11LS10; see Salvato
et al. 2025), the agreement between LS10 and GDR3 is very low
(around 50%, depending on the DET_LIKE_® value). The fact
that limiting the LS10 counterparts to the same magnitude limit
as GDR3 increases the agreement to 92 — 93% indicates that,
overall, about 50% of the GDR3 counterparts are chance associ-
ations, and the correct counterparts are actually fainter and unde-
tected by GDR3. To overcome this problem, we suggest that the
user rely on the GDR3 counterparts only if their p_any has high
purity. For example, 50% of the eRASS:3 sources in GDR3 have
p_any, which corresponds to NWAY_pur[6] > 90%, and 90% of
those have the same counterpart in GDR3 and LS10. The com-
parison between LS10 and CW2020 is much better, ranging from
81.4% to 86.8%, and improves further when we consider the
LS10 counterparts at CW2020’s magnitude limit. In summary,
the user should use the LS10 counterparts when possible and
rely on GDR3 and Cw2020 counterparts only if p_any corre-
sponds to high purity (e.g. NWAY_pur[6,7,8] >0.9).

6.2. Galactic and extragalactic classification

In this section, we describe how we classify the matched coun-
terparts to the eRASS:3 sources as Galactic or extragalactic. This
follows the procedure outlined in Sect. 5 of Salvato et al. (2025),
which depends on the auxiliary catalogues. For the counterparts
determined in LS10, we combine four approaches. First, we use
STAREX, a machine learning algorithm developed by our group
(see details in Sect. 5.3.1 of Salvato et al. 2025), to determine the
probability of being Galactic or extragalactic. We used Egs. 2
and 3 from Salvato et al. (2025), depending on whether Gaia
astrometric information was available for the source. Then we
considered the Galactic-extragalactic line separators presented
in Salvato et al. (2018) (using X-ray flux and W1 magnitude)
and Salvato et al. (2022) (using g—r and z—W1I colours). Each
method is reliable depending on data availability, and thus, we
provide the classification from each method. Additionally, we
provide the class_gal_exgal column (described in more de-
tail in Sect. 5.3.2 in Salvato et al. 2025), which consolidates the
results in the following order:
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— class_gal_exgal = 5: prob_STAREX>95% (highly se-
cure extragalactic).

— class_gal_exgal = 4: prob_STAREX>50% (secure extra-
galactic).

— class_gal_exgal = 3: prob_STAREX<50% and classified
as extragalactic both by the Salvato et al. (2018) & Salvato
et al. (2022) methods;

— class_gal_exgal = 2: prob_STAREX<50% and classified
as extragalactic by either Salvato et al. (2018) or Salvato
et al. (2022) methods;

— class_gal_exgal = 1: extended in LS10.

— class_gal_exgal = —1: to the remaining sources, assumed
to be stars.

— class_gal_exgal = —5: secure stars. These are point-like
in LS10 and with highly significant (507) parallax or proper
motion'8.

Additionally, we identify known blazars, flat-spectrum ra-
dio sources, X-ray binaries, cataclysmic variables, and high-
mass or low-mass X-ray binaries from archival data (i.e.
Simbad) cross-matched with the optical counterpart within
1”. The information is given in the columns class_jetted
and simbad_known_galactic (see also last paragraph of
Sect. 5.3.2 in Salvato et al. 2025). Following this scheme,
1195316 (88%) of the LS10 counterparts are considered extra-
galactic. Among these, 84% have less than 10% probability to
be chance associations (NWAY_purity6>0.9).

For classifying CW2020 and GDR3 sources, the approach
defined in Sects. 5.2. and 5.3. of Salvato et al. (2022) is followed.
Briefly, for GDR3, we do compute classification, but provide
the information from the Gaia collaboration, summarised in the
quantities PQSO, PGAL, Pstar, PWD, and Pbin, which represent
the probability of being a QSO, a galaxy, a star, a white dwarf, or
a binary, respectively (Gaia Collaboration et al. 2023). In GDR3,
we define extragalactic sources as those with PGAL > 0.8 or
PQSO > 0.8. Based on this definition, among the 951 335 sources
that have NWAY_purity6>0.9 (see Section 6.1 for the reason of
this selection), 392 166 (41.2%) are considered of secure extra-
galactic nature.

For CW2020, WI-W2 > 0.3 in the Vega system identifies
extragalactic sources, with minimal contamination from Galac-
tic sources. However, a non-negligible fraction of sources with
WI-W2 < 0.3 are extragalactic (see Fig. 13 of Salvato et al.
2025), and this fraction varies with latitude and depth. This cut
yields a pure but incomplete sample of 1269265 extragalactic
sources out of 1 832 856 (69.3%). Further refinements are left to
the user.

6.3. User case examples and best practice

In the section above, we have described how the catalogues of
counterparts to eROSITA-DE DR2 are made. We provide coun-
terparts using LS10, CW2020 and GDR3, for the main and hard
point sources, for a total of 6 catalogues. The catalogues can
serve many purposes; below, we provide use-case examples and
best-practice suggestions.

— The user wants to check whether some sources of interest
are associated with an X-ray detection. For that, the user has
to be careful to match the coordinates using the counterpart’s
coordinates rather than the X-ray source’s, since, given the

18 SNR_parallax > 5 or SNR_PM> 5; see Sect. 5.3.2 of Salvato et al.
(2025)

resolution, the associated counterpart can be many arcsec-
onds away. The coordinates of the counterparts are given as
[LS10, CW2020, GDR3]_[RA, DEC]. After identifying the
corresponding eROSITA source, the user must perform an
internal match in the catalogue using the X-ray source ID to
ensure the counterpart is unique. This is because, in some
cases, there is more than a possible counterpart, suggesting
that the X-ray flux might be the sum of the contributions
from many sources. In cases where counterparts are identi-
fied in the GDR13 and CW2020 catalogues, the user should
also examine the value assigned to NWAY_purity[6,7,8],
depending on the DET_LIKE_@ of the source. This value tell
what is the probability of a chance association. For example,
for Gaia counterparts, most associations are due to chance,
unless NWAY_purity[6,7,8] > 0.9. (see previous section).

— The user is interested in creating a sample of eROSITA
Galactic/extragalactic sources with a well-defined selection
function. Given the different depth and source density of the
eROSITA and OMIR data across the sky, the same value
of p_any or p_i (see definition in Sect. 6.1) has a dif-
ferent value of purity and completeness. Instead, to cre-
ate samples that control for purity and/or completeness,
the user should define the value NWAY_purity[6,7,8]
or NWAY_completeness[6,7,8]. Alternatively, the user
can decide to maximise completeness and purity above
a certain level across the entire sky. In that case, the
column to look for is NWAY_compur[6,7,8]. The user
can then select extragalactic (or Galactic) sources using
class_gal_exgal>(<)0. Table 10 illustrates an example
for LS10 when pursuing (1) an inclusive selection, optimised
for 80% counterpart completeness; (2) a pure selection, op-
timised for 90% counterpart purity and restricted to unam-
biguous counterparts (p_i > 0.9); and (3) a balanced se-
lection, optimised to maximise both purity and completeness
for the tile while maintaining values of at least 85% for each.

These are just examples; further refinements are possible. A
Jupyter Notebook released with eROSITA-DE DR1 counterparts
via Zenodo!® (see details in Salvato et al. 2025), can be eas-
ily adapted for DR2, given the similarity in the names of the
columns.

7. eROSITA-DE Data Release 2 (DR2)

The eROSITA-DE Data Release 22° (DR2) primarily consists of
the main and hard source catalogues described in Sect. 4. In con-
trast to the Early Data Release (EDR) and DR1, DR2 does not
include data (i.e. photon event lists, source products, etc.) from
the Calibration and Performance Verification (CalPV) phase nor
the eRASS:3 survey period. Similarly, the version of the eSASS
software used to process and analyse eRASS:3 data is not in-
cluded in this release.

DR2 provides the eROSITA upper-flux-limit server (Tubin-
Arenas et al. 2024), as in DR1. Upper limits are derived from
standard eROSITA calibration products (counts, background,
and exposure maps) using the Bayesian method of Kraft et al.
(1991). Pre-computed 30 (99.87%) upper limits are available
at every sky pixel in the eROSITA-DE footprint, stored in
HEALPix format for fast querying. Products are delivered for
the 1B band (0.2 — 2.3 keV) and for the hard 3B energy band

19 https://zenodo.org/records/17404798
20 https://erosita.mpe.mpg.de/dr2
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Table 10. Number of Galactic (mostly stars) and extragalactic (mostly AGN) sources in the overlap region between eRASS:3 and LS10, focusing
on purity, completeness, and their trade-off. See end of Section 6.3 for additional details.

Parent sample Number
X-ray point sources, no flags, including multiple counter- 1475473
parts, within LS10 area' (sources with multiple counter-

parts are repeated)

With at least a counterpart? 1373804

Example counterpart selection strategy

Counterpart sample Complete Pure Balanced
Best counterpart 10956793 (100%) 10423074 (100%) 1001917 (100%)
Extragalactic (AGNs)® 966 996 (88%) 930532 (89%) 902743 (89%)

Galactic (stars)’

128 683 (12%) 111775 (11%) 99174 (11%)

Notes. Applied selections:

: NWAY_ncat=2 & NWAY_match_flag=1.
: NWAY_match_flag=1 & NWAY_completeness6<0.8.

N o LR W —

: additionally class_gal_exgal>0.
: additionally class_gal_exgal<®.

(2.3 -5.0keV). The data can be accessed either by downloading
the full pre-computed set or via an online web tool®'.

Together with the eRASS:3 main and hard catalogues, DR2
also includes six counterpart catalogues, computed for the main
and hard samples, using LS10, GDR3, and CW2020, respec-
tively (see Sect. 6). The catalogues include probabilities of asso-
ciation, classifications, and basic information on the counterparts
(e.g. magnitudes). The ID from the original ancillary catalogue
is also provided, making it trivial to retrieve additional proper-
ties. The six catalogues only include those DR2 sources with a
counterpart and thus they are subsamples of the DR2 catalogues.

8. Summary and outlook

This work presents the operations, observations, data reduc-
tion, and analysis of the first 1.5 years of the eROSITA all-sky
survey (eRASS). It also introduces the resulting X-ray source
catalogues, which are based on three complete all-sky scans
(eRASS:3) and cover the western Galactic hemisphere under
the proprietary rights of the eROSITA German Consortium. We
present the catalogues of X-ray sources extracted using the stan-
dard eSASS pipeline and describe the quality-control tests ap-
plied to the catalogued sources, including assessments of astro-
metric accuracy, photometric reliability, and catalogue fidelity.
We also present the catalogues produced using a systematic
approach to link eROSITA point sources to their most reli-
able counterparts in optical (LS10 and GDR3) and mid-infrared
(CW2020) data and to determine their Galactic/extragalactic na-
ture. Finally, we also describe the content of the data release as-
sociated with eRASS:3 to facilitate the scientific exploitation of
these rich catalogues by the broader astronomical community.
The scientific and informational content of the eRASS:3 sur-
vey is extensive and diverse, making it difficult to condense
into a brief summary. Therefore, the focus of this work lies pri-

2l https://erosita.mpe.mpg.de/dr2/A11SkySurveyData_dr2/
UpperLimitServer_dr2
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: EXT=0 & FLAG_SP_{SNR,BPS,SCL,LGA,GC_CONS}==0 & FLAG_NO_{RADEC, EXT,CTS}_ERR=0

: NWAY_match_flag=1 & NWAY_purity6>0.9 & NWAY_p_i>0.9 (the last removes ambiguous situations).
: NWAY_match_flag=1 & NWAY_p_any>NWAY_threshold6 & NWAY_compur6>0.85 (note: this can result in incomplete sky coverage).

marily on the eRASS:3 X-ray catalogues, the properties of the
sources contained therein, along with their counterpart identi-
fications. Among the various investigations made possible by
the eROSITA-DE DR2, we have made particular note of the
description of the SDSS-V spectroscopic follow-up program
(BHM/SPIDERS, Merloni et al., in prep.), the study of the
AGN X-ray luminosity function evolution (Roster et al., in prep.,
which will also release photometric and spectroscopic redshift
compilations for the eRASS:3 AGNs), the systematic analysis
of AGN high-amplitude and Blazar variability (Bahic et al., in
prep.; Hammerich et al., in prep.), and the characterisation of
the diverse X-ray-emitting stellar populations of the Milky Way,
from CVs (Brink et al., Schwope et al., in prep.) to main se-
quence stars (Robrade et al., in prep.) to dwarfs (Stelzer et al., in
prep.).

The eRASS:3 X-ray catalogues mark a substantial expan-
sion over eRASS1, featuring more than twice as many point-
like and extended sources. Because of this growth, most detec-
tions represent previously unknown X-ray emitters, underscor-
ing the transformative impact of the eRASS:3 half-sky cata-
logues on our view of the X-ray Universe. Their long-term sci-
entific value is further amplified by the wealth of complementary
all-sky and wide-area surveys available at other wavelengths. In
particular, optical and infrared programmes such as Gaia, SDSS,
Pan-STARRS, DES, the Legacy Survey, HSC, VISTA/VHS, and
WISE have already demonstrated how multi-wavelength analy-
ses can significantly deepen our understanding of high-energy
astrophysical phenomena.

The eROSITA-DE DR3 is planned for 2028 and will make
publicly available all eROSITA data acquired during eRASS:5
in the western Galactic hemisphere. In addition to the source
catalogues, the release will include associated analysis software
and higher level data products. It is expected that the future re-
leased data will be processed with a new version of the eSASS
software, including an updated calibration database. This final
eROSITA data release will build on this foundation by combin-
ing observations from multiple all-sky passes. Beyond delivering
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increasingly deep and uniform coverage of the X-ray sky, these
releases will open the door to systematic investigations of source
variability on timescales from months to years. With the current
level of data quality and continued calibration refinements, the
next release is expected to yield high-fidelity catalogues com-
prising several million X-ray sources, in line with the perfor-
mance forecasts established in the early stages of the eROSITA
mission.

9. Data availability

The catalogues presented in this paper are publicly
available through the eROSITA DR2 web pages at
https://erosita.mpe.mpg.de/dr2/Al11SkySurveyData_
dr2/Catalogues_dr2/. They are also available from the CDS
via cdsarc.cds.unistra. fr.
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Appendix B: Software and calibration versions
used in this work

The eROSITA data presented in this work were processed from
September 2023 to June 2024. The software and calibration ver-
sions used (pipeline configuration 030) are different from those
of the earlier eROSITA Early Data Release (EDR, pipeline con-
figuration 001), the eROSITA Data Release 1 (DRI, pipeline
configuration 010), and the one from later work based on propri-
etary eROSITA data (pipeline configuration 020). Merloni et al.
(2024) highlights the differences between 001, 010 and 020.

Table B.1 summarises the updates on eSASS task versions
introduced in version 030, while Table B.2 lists the correspond-
ing calibration files.

Appendix C: X-ray catalogue column descriptions

Table C.1 provides a description of the model for the main and
hard catalogues . In both catalogues, each source is assigned a
unique source identifier, referred to as UID or DETUID. Cross-
associations between the main and hard sources are recorded
in additional columns (e.g. UID_Hard, UID_Main). In a simi-
lar fashion, associations with other X-ray catalogues are stored
in columns UID_DR1, UID_5XMM, UID_2RXS, and UID_CSC (see
Sect. 5 for details).

Source properties are generally computed in multiple energy
bands, indicated by suffixes in the column names. Band defi-
nitions are provided in Tables C.2 (from single band detection,
1B) and C.3 (from the three-band detection, 3B). In the 1B de-
tection, only band 1 (0.2 — 2.3 keV) is involved, and the all-
band summary value (band 0) is identical to that of band 1. In
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Table B.1. DR2 eSASS task versions and description of the main updates with respect to DR1 and 020 processing.

Pipeline module eSASS task  Task version Important functional improvements
frameprep 4.13.3 J1ir3£;roves science frame quality checks and fits a time model to correct timestamp
Now focused solely on event processing, the task reads frameprep output, applies
TEL evprep 4.13.3 bug fixes, handles bad pixels, correctly adds leap seconds, omits MIP flagging, and
includes a BADFRAMn extension in the output.
Routine limited to copying bad pixel entries from the calibration database. Its full
hotpixfind 1.11 functionality - to detect over-active pixels and update the BADPIX table—was not
activated in 030 processing.
pattern 439 Adapted to new flagging scheme for bad pixels.
energy 3.2.8 Improved energy calibration; see Sect. 3.1.1.
evatt 1.21.1 Implemented time dependent astrometric correction.
Now accepts either ’STDGTI’ or multiple TM-specific ’STDGTIn’ extensions. GTI
EXP evtool 239 filtering is more robust, now cutting holes for CORRUPT_FRAME, OUT_OF_GTI,
) and ARTEFACT flags (using BADFRAMN if available), and supports filtering by
owner and sky coordinates.
flaregti 1.29 No longer writes GT1Is to event files; the output GTI file (gtifile parameter) is now
9 ' mandatory and contains a single STDGTI extension with GTIs common to all TMs.
The parameter interface is simplified—filtering now follows input event list key-
DET expmap 2.24.9 words, with no user override. It supports owner and RA/DEC selection, prints ex-
pected exposure ratios, runs faster, and uses more robust attitude interpolation.
Increased max iterations from 100 to 1000 and set a 0.05 minimum for positional
ermldet 1.60.2 . . . .
parameters, improving fits for bright, slowly converging sources.
SOU sretool 1.87 The gtitype task option has been removed, and the GTI type is now read from the

GTI_SEL keyword.

Table B.2. DR2 calibration files updated with respect to DR1 and 020 processing.

Calibration component

Version DR2

Comments

gyro_boresight_190714v<x> 12 Boresight quaternion
gyro_boresight_200611v<x> 11 Boresight quaternion
scc_tdrift_190701v<x> 2 Reset times of and samples of fit to S/C clock
srg_tposcorr_190611v<x> 1 Time dependent positional correction
tm<x>_bad_frames_190701v<x> 1/1/1/1/2/1/1 Intercalated frames
tm<x>_badpix_190712v<x> 1/2/1/1/1/1/2  eROSITA bad pixel list, supersedes all previous bad pixel lists
tm<x>_corr_algos_190701v<x> 1/-/-/-12/-/2 Algorithms for event corrections
tm<x>_detmap_100602v<x> 3 eROSITA detector map
tm<x>_energy_190714v<x> 7 parameters for the CTI and Gain correction
tm<x>_mipneigh_990101v<x>¢ 1 Ratio of excluded MIP-neighbours to MIPs
tm<x>_pattern_191023v<x> 3 split thresholds corresponding to 60 eV
tm<x>_resets_190701v<x> 1 CE reset times
tm4_thrscal_<date><version> 191001v01 Scaled threshold map

tm<x>_timeoff 190701v<x> 3/2/2/2/2/2/2  Time offset between CE and ITC clocks

Notes. Different versions are separated by a slash. In case a calibration file does not exist for a TM it is marked by a dash.
¢ tm<x>_mipneigh_990101v<x> is missing in Table E.2 in Merloni et al. (2024) and is therefore listed here for completeness.

the 3B detection, the band index 1, 2, and 3 indicate 0.2 — 0.6,
0.6 — 2.3, and 2.3 — 5.0 keV, and band O indicates all-band

eROSITA-DE DR2 website??.

summary values. Several parameters (e.g. DET_LIKE, ML_RATE,
ML_CTS, ML_FLUX, EXT, EXT_LIKE) are derived from PSF fit-
ting using the task ermldet. Forced PSF fitting (ermldet) and
aperture photometry (apetool) are performed at fixed source
positions for bands P1 — P9. The soft band (S; 0.5 — 2.0 keV)
is obtained by combining bands P1 (0.5 — 1.0 keV) and P2
(1.0 — 2.0 keV). Unlike for the main and hard X-ray catalogues,
the column’s description for the six catalogues of counterparts
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Table C.1. eRASS:3 main and hard catalogues column description. All errors are provided as 68% confidence intervals (10°).

Column Units Description

TAUNAME String containing the official IAU name of the source.

DETUID String unique detection ID.

SKYTILE Sky tile ID.

ID_SRC Source ID in each sky tile. Use SKYTILE+ID_SRC to identify the corresponding source products.

UID Integer unique detection ID. It equals CatIDx10''+SKYTILEx10°+ID_SRC, where CatID is I for the 1B detected main, and 2
for the 3B detected hard catalogue.

UID_Hard Hard catalogue UID of the source with a strong association, or -UID if the association is weak. 0 means no counterpart found in
the hard catalogue. Only in the 1B main catalogue.

UID_Main Main UID of the source with a strong association, or -UID if the association is weak. 0 means no counterpart found in the 1B
catalogues. Only in the hard catalogue.

UID_DR1 eRASS1 Main catalogue UID of the source with a strong association, or -UID if the association is weak. 0 means no counterpart
found in the eRASS1 main catalogue. Only in the 1B main catalogue.

UID_DR1Hard eRASS1 hard UID of the source with a strong association, or -UID if the association is weak. 0 means no counterpart found in
the eRASS1 hard catalogue. Only in the hard catalogue.

ID_CLUSTER Group ID of simultaneously fitted sources.

UID_5XMM XMM-Newton 5XMM-DR15 catalogue SRCID of the associated source: positive for strong associations, negative for weak ones;
0 indicates no counterpart, and —1 denotes sources outside the SXMM footprint.

UID_2RXS 2RXS catalogue IND_2RXS of the associated source: positive for strong associations, negative for weak ones; 0 indicates no
counterpart.

UID_CSC Chandra CSC 2.1 catalogue name of the associated source: positive for strong associations, negative for weak ones; 0 indicates
no counterpart, and —1 denotes sources outside the Chandra CSC 2.1 footprint.

FLAG_CSC Association flag for CSC 2.1 (IAU-designated sources): 1 (strong), —2 (weak), 0 (no association within the CSC footprint), —1
(outside the CSC 2.1 footprint).

RA deg Right ascension (ICRS), corrected.

DEC deg Declination (ICRS), corrected.

RA_RAW deg Right ascension (ICRS), uncorrected.

DEC_RAW deg Declination (ICRS), uncorrected.

RA_LOWERR arcsec 1o lower error of RA.

RA_UPERR arcsec 1o~ upper error of RA.

DEC_LOWERR arcsec 1o lower error of Dec.

DEC_UPERR arcsec 1o upper error of Dec.

RADEC_ERR arcsec Combined positional error, raw output from PSF fitting.

POS_ERR arcsec 1o position uncertainty.

LII deg Galactic longitude.

BII deg Galactic latitude.

ELON deg Ecliptic longitude.

ELAT deg Ecliptic latitude.

EXT arcsec Source extent parameter.

EXT_ERR arcsec 1o error of EXT.

EXT_LOWERR arcsec 1o lower error of EXT.

EXT_UPERR arcsec Lo~ upper error of EXT.

EXT_LIKE Extent likelihood.

DET_LIKE_n Detection likelihood. 1B: n =0, P[1 -9];3B: n =0, 1, 2, 3.

ML_CTS_n cts Source net counts. 1B:n =1, P[1-9];3B:n=0, 1, 2, 3.

ML_CTS_ERR_n cts 1o combined counts error. 1B:n =1, P[1-9];3B:n=0, 1, 2, 3.

ML_CTS_LOWERR_n cts 1o lower counts error. 1B:n =1, P[1 -9];3B:n=1, 2, 3.

ML_CTS_UPERR_n cts 1o upper counts error. 1B:n =1, P[1-9];3B:n=1, 2, 3.

ML_RATE_n cts/s Source count rate. 1B:n =1, P[1 -9];3B:n =0, 1, 2, 3.

ML_RATE_ERR_n cts/s 1o combined count rate error. 1B: n =1, P[1 -9];3B:n=0, 1, 2, 3.

ML_RATE_LOWERR_n cts/s lo lower count rate error. 1B: n =1, P[1 -9];3B:n=1, 2, 3.

ML_RATE_UPERR_n cts/s 1o upper count rate error. 1B:n =1, P[1-9];3B:n=1, 2, 3.

ML_FLUX_n erg em2 57! Source flux. 1B:n=1,P[1-9];3B:n=0, 1, 2, 3.

ML_FLUX_ERR_n ergcm 257! 1o combined flux error. 1B:n =1, P[1 =9];3B:n =0, 1, 2, 3.

ML_FLUX_LOWERR_n erg cm 2571 lo lower flux error. 1B: n =1, P[1-9];3B:n=1, 2, 3.

ML_FLUX_UPERR_n ergcm 257! Lo upper flux error. 1B: n =1, P[1-9];3B:n =1, 2, 3.

ML_BKG_n cts/arcmin® Background at the source position. 1B: n =1, P[1 -9];3B:n =0, 1, 2, 3.

ML_EXP_n s Vignetted exposure time at the source position. 1B:n =1, P[1 = 9];3B:n =1, 2, 3.

ML_EEF_n Enclosed energy fraction. 1B:n =1, P[1 -9];3B:n =1, 2, 3.

APE_CTS_n cts Total counts extracted within the aperture. 1B:n =1, P[1-9],S;3B:n=1, 2, 3.

APE_BKG_n cts Background counts extracted within the aperture, excluding nearby sources using the source map. 1B: n = 1, P[1 = 9], §; 3B:
n=1,2,3.

APE_EXP_n s Exposure map value at the given position. 1B: n =1, P[1 - 9], §;3B:n=1, 2, 3.

APE_RADIUS_n pixels Extraction radius in pixels (4”). 1B:n =1, P[1 -9];3B:n =1, 2, 3.

APE_POIS_n Poisson probability that the extracted counts (APE_CTS) are a background fluctuation. 1B:n =1, P[1 -9],S;3B:n =1, 2, 3.

HR_nm Hardness ratios 1B: n = 1, P[1 = 9], S. Only in the 1B Main catalogue.

HR_nm_ERR Error on the hardness ratios 1B: n = 1, P[1 — 9], S. Only in the 1B main catalogue.

FLAG_SP_SNR Source might lie within an overdense region near a supernova remnant.

FLAG_SP_BPS Source might lie within an overdense region near a bright point source.

FLAG_SP_SCL Source might lie within an overdense region near a stellar cluster.

FLAG_SP_LGA Source might lie within an overdense region near a local large galaxy.

FLAG_SP_GC_CONS
FLAG_NO_RADEC_ERR
FLAG_NO_EXT_ERR
FLAG_NO_CTS_ERR
FLAG_OPT

Source might lie within an overdense region near a galaxy cluster.

Source contained no RA_DEC_ERR in the pre-processed version of the catalogue.
Source contained no EXT_ERR in the pre-processed version of the catalogue.
Source contained no ML_CTS_O0_ERR in the pre-processed version of the catalogue.
Source is located within a distance of 15” to an optically bright source.
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Table C.2. Dictionary of energy band suffixes in the eRASS:3 main
catalogue.

Band  Energy range

0,1 0.2 -2.3keV
P1 0.2-0.5keV
P2 0.5-1.0keV
P3 1.0 -2.0keV
P4 2.0-5.0keV
P5 5.0-8.0keV
P6 4.0 -10.0 keV
P7 5.1 -6.1keV
P8 6.7 —-7.1keV
P9 7.2 -8.2keV
S 0.5-2.0keV

Table C.3. Dictionary of energy band suffixes in the eRASS:3 hard cat-
alogue.

Band  Energy range

0 0.2 -5.0keV
0.2 - 0.6 keV
0.6 — 2.3 keV
23-5.0keV

W N =
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