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eROSITA on SRG [Predehl et al. 2021]

• Large Effective area (~1300 cm2 @1keV, ~XMM-Newton)

• Large Field of view: 1 degree (diameter) 
• Half-Energy width (HEW) ~18” (on-axis, point.); ~30” (FoV avg., survey)

• Positional accuracy: ~4.5” (1σ)
• X-ray baffle: 92% stray light reduction
• pnCCD with framestore: 384x384x7~106 pixels (9.4”), no chip gaps, no ‘out of time’ events, 

• Spectral resolution at all measured energies within specs (~80eV @1.5keV)
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SRG Programmatics

2019 2020 2021 2022 2023 2024 2025

Launch

CalPV:

Calibration and

Performance Verification

eRASS1

July 1st 2021: EDR 
CalPV data

and associated papers

DR1
eRASS1
Q3 2023

eRASS2 eRASS4

eRASS3

eRASS5 eRASS6

DR2
eRASS:3
Q4 2024

TBC

eRASS7

eRASS8
All-sky survey

DR3
All-sky survey

Q1 2026
TBC

2.5-years pointed observations
GTO/GO phase

2026

26.2.2022

eROSITA in safe mode

eRASS = eROSITA All-Sky Survey
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- Early Data Release (EDR) in 2021: several fields, including eFEDS mini-survey

- DR1 on 31.1.2024

- DR2 (eRASS:3 catalogue only) Q3 2026 

- DR3 (eRASS:4.4, all products) Q3 2028



The All-Sky Surveys by Numbers
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• Completed 4 all-sky survey (12/2019 – 12/2021)

• Uniform exposure, avg.~800s; up to 120ks at the Ecliptic Poles (confusion limited)

• Very few background flares, flexible mission planning: no gaps in exposure

• ~1.6 Billion 0.2-5keV calibrated photons (~350 Gb telemetry)

• Typical (point-source) sensitivity: 

• Single pass (eRASS1,2,3,4)

• ~5x10-14 erg/s/cm2 [0.2-2.3 keV]; 4-5x deeper than RASS 

• ~7x10-13 erg/s/cm2 [2.3-5 keV]

• Cumulative (eRASS:4)

• ~2x10-14 erg/s/cm2 [0.2-2.3 keV]

• ~2x10-13 erg/s/cm2 [2.3-5 keV]

• eRASS1 (half-sky): 0.9M point sources ~doubles the number of known X-ray sources! 

• eRASS:4 (half-sky): 2.8M point sources; 87k extended; ~45k confirmed clusters
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eROSITA-DE Data Release 1 products

Merloni et al. (2024)

• Software

• Calibration DB

• Attitude files

• Exposure maps

• Events

• Count rate maps

• Source catalogues

• X-ray Spectra

• Light-curves

erosita.mpe.mpg.de/dr1/
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Topics

Galaxy clusters and cosmology:

Physical properties of distant and nearby galaxy clusters, 

scaling relations •  Clusters as tracers of the large scale 

structure of the Universe •  Tests of Cosmological models 

with cluster statistics •  Theory and simulations of 

structure formation

Active galact ic nuclei and galaxy evolut ion:

Evolution and properties of the AGN population •  AGN 

as tracers of large scale structure •  Extreme sub-

populations (high-redshift, high-luminosity) 

Galact ic compact objects, stars and planets

Active stars: physics and population studies •  Cataclysmic 

variables and X-ray binaries •  Isolated neutron stars •  

ULX and X-ray sources in nearby galaxies

The Transient X-ray sky

Tidal Disruption Events •  Quasi Periodic Eruptions •  

Gamma-ray bursts and afterglows •  Galactic X-ray 

transients •  Gravitational waves and other multi-

messenger counterparts

Diffuse X-ray emission

Hot plasma in the Milky Way, LMC and SMC •  The 

Circum-Galactic Medium •  Supernova Remnants •  High-

energy physical processes in the solar neighborhood

Synergy with mult i-wavelength and mult i-messenger probes

SCIENTIFIC ORGANIZING COMMITTEE
X. Barcons (ESO), E. Bulbul (MPE; co-Chair), J. Buchner 

(MPE; co-Chair), C. Garraffo (CfA), G. Hasinger (DZA), A. 

Hornschemeier (GSFC), J. Kollmeier (CITA), T. Maccarone

(Texas), A. Merloni (MPE), K. Nandra (MPE), P. Predehl (MPE), 

A. Rau (MPE), E. Sadler (Sydney Univ.), M. Salvato (MPE), M. 

Sasaki (FAU), A. Schwope (AIP), J. Steiner (CfA), B. Stelzer

(IAAT), M. Urry (Yale), M. Voit (), A. von der Linden 

(Stonybrook), J. Wilms (Erlangen/Bamberg)

First  results from the 

SRG/eROSITA All-sky Survey

From Stars to Cosmology

RESEARCH CAMPUS, 

GARCHING, GERMANY

September 15-20, 2024
For information and registration see: 

https:/ /events.mpe.mpg.de/event/

Selected Science highlights from DR1
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SRG/eROSITA 0.6-1.0 keV

IKI MPE
Credit: Sanders, Brunner (MPE); Churazov, Gilfanov (IKI) 

The eROSITA Bubbles
Predehl et al. 2020



Fermi (>1GeV) vs. eRASS1, 0.6-1 keV
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Credit: Khabibullin, Selig (MPA)  



The eROSITA Bubbles
• LX,tot~1039 erg/s

• Energetics:

– Assume kT=0.3 keV and abundances of 0.2 

Solar

– Shock with M~1.5 (from T jump)

• Etot~1056 erg (~ 10x Fermi bubbles!)

– Age~20 Myr

– Energy release rate of ~1-3×1041 erg/s

• Gas Cooling time ~2 x 108 years (>> age of 

bubbles)
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Predehl, Sunyaev et al. Nature (2020)

Shocked 
hot 
“wind”

Shocked
ISM



Narrow band maps: OVII and OVIII
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Zheng et al. (2024)
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Pseudo-temperature map from OVIII/OVII

Zheng et al. (2024)



• Very extended X-ray-bright core-collapse 
SNR

▪ Central energetic pulsar PSR B0833-45 & pulsar 
wind nebula (Vela X)

▪ Nearby (~ 290 pc; Dodson+03) 

▪ Age ~ 11 – 30 kyr (Manchester+05, Espinoza+17) 

➢eRASS:4 data provide opportunity to study

▪ Foreground absorption (➢ Local ISM properties)

▪ Ejecta distribution & composition (➢ SN 
nucleosynthesis)

▪ Synchrotron emission from PWN (➢ Cosmic ray 
acceleration)

The Vela Supernova Remnant

Vela Jr.

Vela X

Puppis A

2°

eRASS:4 image of Vela (logarithmic scale)

Mayer, Becker et al. (2023)
Merloni, Integral Workshop, 22/10/2024 14

TBabs*(vapec+vapec+powerlaw)
+ background



Vela SNR: Non-thermal Emission

Vela X

Nonthermal intensity (1.0-5.0 keV)

Vela Jr.

2°

• Vela X, prior to eROSITA:

▪ Synchrotron emission in „Cocoon“ 
visible with ROSAT & XMM (e.g. 
Slane+2018)

➢With eROSITA, observe much 
larger size of  pulsar‘s diffuse X-ray 
nebula, with a radial extent of  2° - 3°

Merloni, Integral Workshop, 22/10/2024 15

Mayer, Becker et al. (2023)



eRASS1 in time domain

eRASS1 cts rate image

Movie courtesy 

of J. Sanders (MPE)
Merloni, Integral Workshop, 22/10/2024 16
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• 50 msec [Readout]: Time resolution of each 
CCD (frame readout cycle)

• 40 sec [Visit]: Scan speed + 1 deg. FoV (avg 

effective exposure) 

• 4 hours [eRoday]: Rotation period of SRG 

(Interval between scans/visits)

• 1 day [Visibility]: avg. visibility length (~6 

visits)

• 6 months [eRASS]: one complete all-sky 

survey (revisit period for most of the sky)

• 2 years: 4 all-sky surveys

eRASS:3 “Visits” Map

eRASS: Timescales
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O. König, J. Wilms et al., Nature, 2022

Discovery of a Nova ignition flash



Fitting the observation through SIXTE simulations
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Dealing with pileup: SIXTE simulation
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O. König, J. Wilms et al., Nature, 2022

Expanding 

envelope

Heavy

White Dwarf

(tflash<8h)

Rphotosphere ~50,000 km 

Radiates at LEddington

KTbb ~28 eV 

Artist’s impression by 

A. Kreykenbohm (Uni. Würzburg)
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• 50 msec [Readout]: Time resolution of each 
CCD (frame readout cycle)

• 40 sec [Visit]: Scan speed + 1 deg. FoV (avg 

effective exposure) 

• 4 hours [eRoday]: Rotation period of SRG 

(Interval between scans/visits)

• 1 day [Visibility]: avg. visibility length (~6 

visits)

• 6 months [eRASS]: one complete all-sky 

survey (revisit period for most of the sky)

• 2 years: 4 all-sky surveys

eRASS:3 “Visits” Map

eRASS: Timescales



Arcodia+21

Arcodia+21

Arcodia+24a

Arcodia+24b

Quasi Periodic Eruptions (QPEs)
QPE: Large-amplitude, periodic outbursts from MBH discovered by Miniutti+2019 & Giustini+2020

Merloni, Integral Workshop, 22/10/2024 23

From well-understood eROSITA 

selection function -> 

Volumetric rate etimates

About ~1/10x TDE rate 

(depending on uncertain lifetime 

of QPE)



EMRI+TDE=QPE?
Linial & Metzger (2023)
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F igur e 1. Schemat ic view of our model. A star orbit s an SMBH that is accret ing mat ter through a thin disk of scale height

h at a rate ṁ. Due to the inclined orbital plane, the star impacts the disk twice per orbit , carving a hole through the disk

and eject ing an opt ically thick cloud of material expanding above and below the disk plane. As the ejecta expands and cools,

photons begin to di↵use out and the light curve peaks once the opt ical depth drops below c/ vej , where vej ⇠ vK is the ejecta

velocity imparted by the colliding star. The inner regions of the disk dominate the soft quiescent emission seen between the

collision-powered flares.

dominates over gas pressure, we take γ = 4/ 3 implying

a characterist ic luminosity

L QPE ⇡
Eej (R

2
?h)1/ 3

3vej t
2
QPE

⇡
L Edd

3

(R2
?h)1/ 3

r 0

⇡ 3.5⇥ 1041 erg s− 1 R
2/ 3
? M • ,6ṁ

1/ 3
− 1 T

− 2/ 3
QPE ,4,(17)

where we have used Eqs. (6), (16), and in the second

equality, Eq. (1). Moderate di↵erences in L QPE are

likely for di↵erent viewing angles or due to asymme-

t ry in the mass eject ion along the star ’s ingress versus

egress direct ion through the disk (Ivanov et al. 1998;

Miniut t i et al. 2023), for instance due to the di↵erence

in the relat ive speed between the star and orbit ing disk

material. We stress that L QPE is only weakly dependent

on the specific propert ies of the disk (through the h1/ 3

dependence in the above expression). This is due to the

two-fold role of the swept up mass, M ej - first , in set-

t ing the init ial energy budget of the expanding ejecta,

Eej / M ej , and secondly, in set t ing its opt ical depth,

⌧/ M ej . In deriving L QPE , these two dependencies on

M ej cancel out .

This radiat ion is emit ted over a t imescale ⇠ tQPE ,

corresponding to a flare duty cycle

D =
tQPE

TQPE

⇡ 0.022
R ?

↵1/ 2
− 1 ṁ

1/ 2
− 1 M

2/ 3
• ,6 T

1/ 3
QPE ,4

. (18)

At peak light when ⌧' c/ vej , the energy density of

the radiat ion within the ejecta shell is given by uγ '

L QPE⌧/ (4⇡R2
di↵ c). The blackbody temperature of the

radiat ion is thus given by

kB TBB ' kB

⇣uγ

a

⌘1/ 4

⇡ 12.6eV
↵1/ 4
− 1 ṁ

1/ 3
− 1 M

1/ 3
• ,6

R
1/ 3
? T

1/ 4

QPE ,4

. (19)

This is too soft to explain the observed temperatures

Te↵ ⇡ 100 − 200 eV of QPE flares (Table 1).

However, in general the temperature of the escaping

radiat ion can be harder than TBB , if photon product ion

is not sufficient to achieve thermal equilibrium in the

ejecta shell on thet imescaleof theemission (e.g., Weaver

1976; Katz et al. 2010; Nakar & Sari 2010). In part ic-

ular, if nBB ⇡ aT4
BB / 3kB TBB is the number density of

photons in thermal equilibrium and ṅph,↵ (T,⇢) is the

photon product ion rate via bremsst rahlung emission4 at

temperature T and density ⇢, then thermal equilibrium

of the shocked gas will only be achieved for ⌘⌧ 1 where

4 Free-free processes will dominate over bound-free because of t he

high ionizat ion parameter ⇠⌘ L Q P E / nej R
2
di↵ ⇠ 104 erg cm s− 1

(see, e.g., Nayakshin et al. 2004, t heir Fig. 4), where nej ' ⇢ej / mp

and we have est imated the ejecta densit y ⇢ej ' M ej / (4⇡R2
di↵ );

the photon to baryon densit y rat io ⇠/ ⇢1/ 3 is even greater at

the higher densit ies ⇢ej which dominate the photon creat ion.

QPE may be produced by EMRIs, revealed by a TDE!

See also Xian+21; Sukova+21; Franchini,Bonetti+23; Tagawa&Haiman23; Zhou+24



eRASS1 and X-ray catalogues
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Merloni, A., et al.: A&A proofs, manuscript no. aa47165-23

Table 9. Comparison among main catalogs from previous X-ray missions operating, at least partly, in the ‘classical’ X-ray energy range (⇠0.2–10
keV).

Catalogue [Mission] Nobjects Time span fArea Energy coverage Reference

4U [Uhuru ] 339 1970–1972 0.97 2.0–6.0 keV (1)
3A [Ariel-V] 250 1974–1979 1.0 2.0–10 keV (2)
A1 [HEAO-1] 842 1977–1978 1.0 0.25–25 keV (3)
IPC [Einstein ] 4000 1978–1981 0.33 0.3–3.5 keV (4)
2RXS [ROSAT ] 135000 1990 1.0 0.1–2.4 keV (5)
WGACAT [ROSAT ] 84000 1991–1995 0.18 0.1–2.4 keV (6)
CSC2.1 [Chandra ] 400000 1999–2022 0.019 0.2–7.0 keV (7)
4XMM-DR12 [XMM-Newton ] 630000 2000–2022 0.031 0.2–12 keV (8)
4XMM-DR12 Hard [XMM-Newton ](⇤) 456000 2000–2022 0.031 2–5 keV (8)
XMMSL2 [XMM-Newton ] 72000 2001–2014 0.84 0.2–12 keV (9)
2SXPS [Swift ] 206000 2005–2018 0.092 0.3–10 keV (10)
eFEDS [SRG/eROSITA] 27000 2019 0.033 0.2–2.3 keV (11)
eRASS1 Main [SRG/eROSITA] 930000 2019–2020 0.5 0.2–2.3 keV This work
eRASS1 Hard [SRG/eROSITA] 5466 2019–2020 0.5 2.3–5.0 keV This work

Notes. The column Nobjects lists the approximate number of sources in each catalogue and fArea is the fraction of the sky observed. (⇤)The 4XMM-
DR12 Hard catalogue (not shown in the figure) is derived from the 4XMM-DR12 by taking all sources for which the 2–5 keV flux is larger than
the quoted 2–5 keV flux error.

References. (1): Forman et al. (1978); (2): Warwick et al. (1981); (3) Wood et al. (1984); (4) heasarc.gsfc.nasa.gov/W3Browse/einstein/
ipc.html, Harris (1990); (5): Boller et al. (2016); (6): heasarc.gsfc.nasa.gov/W3Browse/rosat/wgacat.html ; (7) cxc.cfa.harvard.
edu/csc/about2.1.html; (8) Webb et al. (2020); (9) www.cosmos.esa.int/web/xmm-newton/xmmsl2-ug; (10) Evans et al. (2020); (11)
Brunner et al. (2022).

Fig. 18. Graphical comparison of selected X-ray catalogs, based on the data presented in Table 9. For each catalogue we plot the total number of
objects vs. the time of the start of the corresponding data-taking period. Each catalogue is represented by a circle, whose radius is proportional to
the logarithm of the “discovery rate” (number of objects divided by the number of months of operations), while the shaded portion of the circle
represents the fraction of thesky covered by thecatalogue. Thecolour coding distinguishes telescopes operating mainly in thesoft (<2.5 keV; red),
hard (>2 keV; green) or broad (both soft and hard; blue) X-ray band. Thedatapoint corresponding to aputative4XMM Hard catalog would sit very
close to the full-band 4XMM one.

X-ray survey capabilities culminating with the eROSITA cata-1

logues we discuss here. Simply considering the union of all the2

unique objects catalogued by any previous X-ray mission (with-3

out removing possible overlaps), the eRASS1 main catalogue4

presented here increases the number of known X-ray sources in5

thepublished literature by more than 60%.6

The sensitive all-sky survey nature of the project implies 7

that data are accumulated for a large variety of astronomical 8

source classes, and for a plethora of possible science applica- 9

tions, well beyond the main mission-design-dr iving objectives; 10

in other words, eROSITA data are endowed with tremendous 11

legacy value. Indeed, existing all-sky and/or wide-areaoptical/IR 12

Article number, page 26 of 38

Merloni et al. (2024)
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Sophia Waddell et al. arXiv:2401.17306



Merloni, Integral Workshop, 22/10/2024 27

Waddell et al. arXiv:2401.17306



Clusters and Groups in eRASS1

A. Liu, X. Zhang Merloni, Integral Workshop, 22/10/2024 28

26682 Extended Sources (EXT_LIKE>3)

Optical ID/cleaning using Legacy DR10

12704 Clusters with redshift (0<z<1.4); Purity ~85%
3200 spec-z; 1900 velocity dispersions

Bulbul+ (2024); Kluge+ (2024)



Merloni, Integral Workshop, 22/10/2024 29

Ghirardini et al. (2024)
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Neutrino sector



The AGN content of eRASS1

Merloni, Integral Workshop, 22/10/2024 31

Optical ctp identification: Legacy DR10

CLASSIFICATION:
Using optical/IR photometry, astrometry (LS10, WISE, Gaia)
At least 550k AGN

609 000 sources with good photometry  

in all bands in the LS10 area 

STARS

unresolved CLUSTERS  (16k), Balzer et al in prep)

about 550k AGN  

with good photometry

M.	Salvato,	Bologna	Feb.	2024

Type 1 
AGN

Ellipticals (XBONGS)



A needle in a haystack problem for XRB:
ML classification results

Completness = 0.7      Purity = 0.83
Prob_cut = 0.472        
XRB Candidates found: 185

HMXB (blue) and LMXB (red) candidates. 
eRASS DR1 map view

Avakyan et al (in prep.)

Merloni, Integral Workshop, 22/10/2024 32



The most luminous (Radio Loud) QSOs

33Merloni, Integral Workshop, 22/10/2024

Out of ~40k eRASS AGN with SDSS-V spectra, Here 4555 QSO with logLX>45

With ASKAP 888MHz coverage from RACS (730 radio detections S>2mJy)

RX = vLv/LX
(Terashima & Wilson 2003
Panessa 2007)

(red: more radio loud)

Grey circles: X-ray sources
Colored points: radio (888MHz) detected
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BlazEr1 - matches

1S. Hämmerich          Dr. Karl Remeis-Observatory

Courtesy of Steven Hämmerich (FAU)



BlazEr1 - properties

2

• More than 1400 sources have 

enough counts for a spectral 

analysis  

• BLLs have softer spectra than 

FSRQs, while BCUs are in-

between  

• The populations of blazars and 

blazar candidates are studied 

• Extensive use of MWL data to get 

a detailed picture

S. Hämmerich          Dr. Karl Remeis-Observatory

Merloni, Integral Workshop, 22/10/2024 35

Courtesy of Steven Hämmerich (FAU)



Conclusions

eROSITA on SRG is the most powerful wide-field X-ray telescope to date. It has been in 

operation since Q3 2019, for more than 2 years, having completed 4.4 all-sky surveys

Thanks to its large Grasp, stable background and observing cadence eROSITA opens up 

new parameter space for X-ray astronomy

eRASS1 marks the coming of age of clusters cosmology as a Stage IV experiment

Numerous science highlights from DR1!

eRASS1 is now fully public! https://erosita.mpe.mpg.de/dr1/

36Merloni, Integral Workshop, 22/10/2024

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

www.mpe.mpg.de/eROSITA



The eRASS1 (soft) photon Pie

Merloni, Integral Workshop, 22/10/2024 38

CXB

FWC

PS

Diffuse 

Foreground CGM

LHB

SWCX

0.2-2.0 keV

~340 Million calibrated events

- 107 Million CXB photons
- 67 Million MW Hot CGM photons 

(58M halo + 9M ‘Corona’; 
Ponti+’23)

- 63 Million Instrumental BKG 
photons (FWC)

- 34 Million Local Hot Bubble photons
- 27 Million Solar Wind Charge 

Exchange photons
- 32 Million Point Sources’ photons

 
- 24 Milllion AGN photons; 8 Million 

Stars photons

- 8 Million Extended Sources’ 
photons Merloni et al. (2024)



Log of 0.5-2 keV flux limit

eRASS1 Main Catalogue: flux limit

39Merloni, Integral Workshop, 22/10/2024

Merloni et al., 2024
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A large Halo L2 orbit

Sunyaev et al. 2021



X-ray Background @ L2
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1) Background much less variable than in the XMM and Chandra data

2) A factor of ~3 higher particle bkgnd than predicted in the White Book -> Instrument mass model

3) Less fluorescence lines than EPICpn due to graded shields

4) But: iron line (+others) likely from impurities in the graded shield itself



Calibration: Energy scale

42Merloni, Integral Workshop, 22/10/2024

Merloni et al. 2024

A&A proofs: manuscript no. output

Appendix B: Testing the energy calibration2201

An excellent target for testing the energy calibration is the2202

oxygen–rich SNR 1E0102-7219 (in the following abbreviated2203

as 1E0102), the brightest SNR in the SMC. It is characterized2204

by strong emission lines of O, Ne, and Mg, exhibits only lit-2205

tle ‘ contaminating’ emission from Fe, it is sufficiently compact2206

to utilise the high spectral resolution provided by slitless X–2207

ray gratings (XMM-Newton RGS and Chandra HETG), yet ex-2208

tended enough to minimise any problems with pile–up. This ob-2209

ject has been adopted as a standard calibration source by the In-2210

ternational Astronomical Consortium for High-Energy Calibra-2211

tion (IACHEC), which has developed astandard (purely empiri-2212

cal) model specifically designed for calibration (Plucinsky et al.2213

2017).2214

In Fig. B.1 we show spectra of 1E0102 taken in dedicated2215

calibration observations on 2019 Nov 7–8 (60–61 ks, 16 ks for2216

TM6), and on 2021 Nov 26–27 (47–49 ks, 21 ks for TM4),2217

thus covering a time span of more than 2 years. The data were2218

taken with the same onboard processing mode which was used2219

in eRASS. A major di↵erence, however, were the CCD temper-2220

atures, which ranged during the first observation between -85.52221

and -84.6 C, and during the last observation between -77.9 and2222

-77.0 C. When comparing both observations it should also be2223

considered that, although 1E0102 wasobserved on–axis, its pre-2224

cise location on the CCDs was di↵erent between both observa-2225

tions.2226

Spectra were extracted with the eSASS tasks evtool and2227

srctool for each observation and each TM (except for TM52228

and TM7, which are a↵ected by the light leak), separately for2229

a source and a background region. A circular source extraction2230

region was used, with a radius of 1 arcmin centered on the FK52231

coordinates ↵ = 16.006258 deg, δ = −72.032394 deg, and the2232

background was extracted from a circle with a radius of 5 arc-2233

min centered on the FK5 coordinates ↵ = 16.169575 deg, δ =2234

−71.828828 deg.2235

The fits are based on the standard IACHEC model for2236

1E0102, which consists of 52 narrow Gaussian emission lines,2237

superimposed on an absorbed continuum. Theemission lines are2238

organised into 4 groups, corresponding to emission from OVII,2239

OVIII, NeIX, and NeX19.2240

For an assessment of thequality of theenergy reconstruction2241

we performed a combined fit of TMs 12346 from both observa-2242

tions (10 spectra in total), using only single pixel events. Weap-2243

plied thestandard IACHEC model and treated thenormalisations2244

of theOVII, OVIII, NeIX, and NeX linecomplexesas free, but2245

TM independent, parameters (4 free parameters). Only the over-2246

all normalisation wasadjusted individually for each TM (10 free2247

parameters). We allowed for TM specific shifts of the energy2248

scales by XSPEC ‘gain fits’ , with all slopes fixed to 1.0 and the2249

10 individual o↵sets as additional free parameters. This resulted2250

in a common fit of 10 spectra with 24 free parameters. The fit2251

yields χ2 = 4055.2 for 2290 degrees of freedom, or χ2
r = 1.772252

(Fig. B.1), and the mean energy shift is −1.3 eV for the first and2253

+2.2 eV for the last observation, with a scatter of ±1.0 eV and2254

±3.0 eV.2255

These long pointed observations of a line–rich SNR repre-2256

sent abenchmark test of theenergy calibration. Considering that2257

thecalibration requirements for eRASS spectra aremorerelaxed2258

dueto themuch shorter exposure times, weconclude that theen-2259

ergy calibration is sufficiently accurate for the sources detected2260

in the eROSITA all–sky survey.2261

19 This model spectrum is available at https://wikis.mit.edu/
confluence/display/iachec/\Thermal+SNR .

Fig. B.1. eROSITA spectra of the SNR 1E0102-7219, taken with
TM12346 in Nov 2019 and 2021.

Appendix C: The NRTA pipeline 2262

Asoutlined in Sect. 3.1, thefield of view of eROSITA, which has 2263

a diameter of roughly one degree, scans the sky continuously 2264

with a rotational period of four hours and visits each position 2265

in the sky typically for six consecutive scans. Each position is 2266

then revisited roughly six months later. This cadence provides 2267

a unique opportunity to identify and study transient phenomena 2268

in the X-ray sky and o↵ers a compromise between time resolu- 2269

tion and sensitivity. The survey schedule of eROSITA does not 2270

allow for interruptions in order to perform pointed observations, 2271

therefore fast identification of transient eventsand thecommuni- 2272

cation to other facilities, also in other wavelength bands, isvital. 2273

To this end the NRTA pipeline was developed. Its purpose is to 2274

analyse the science data on ground as soon as it is ready at MPE 2275

and alert theappropriate team of scientists for agiven event who 2276

can then decide the correct course of action. Beyond this, the 2277

NRTA also aids in some technical aspects of the maintenance of 2278

the eROSITA instrument. 2279

One of the highest priorities is the identification of bright X- 2280

ray transients, especially if they are not known. To this end, the 2281

NRTA runsan implementation of theBayesian Blocksalgorithm 2282

developed by Scargleet al. (2013) on theraw detector count rates 2283

of TMs1, 2, 3, 4, and 6. Thealgorithm isdisabled for TMs5 and 2284

7 because their optical light leak causesstrong fluctuations in the 2285

count rates. When a bright source passes the field of view a sig- 2286

nificant excess of the count rate is expected which can be recog- 2287

nised by thealgorithm. Thisexcess isexpected to haveaduration 2288

of roughly 40s. After additional filtering to excludesuch periods 2289

of increased count rate caused by artefacts from the CE, each of 2290

these time windows is marked for source detection. An exem- 2291

plary detector light curve of TM 6 for a bright source passing 2292

through the field of view and the resulting Bayesian Blocks is 2293

shown in Fig. C.1. 2294

For all sources, either detected by source detection or in- 2295

gested as point sources externally into the pipeline, a variety of 2296

products are extracted using thesrctool task from the eSASS, 2297

most notably the spectrum and the light curve for the pass of the 2298

source through the field of view. Based on these data and possi- 2299

bly the information from thesourcedetection, additional custom 2300

parameters tailored for specific science cases are calculated, like 2301

count rates in di↵erent energy bands, the signal-to-noise ratio, 2302
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Fig. A.1. Comparison of different survey-averaged eROSITA PSFs. Shown are the PSFs in the bands 0.2–2.3 keV (left panels), 2.3–5.0 keV
(central panels), or for the individual TMs from stacking in 0.2–2.3 keV (right panels). The PSF models shown are the survey-averaged shapelet
PSFs, those obtained by stacking sources (see text in Appendix A for more details) and those from ground-based measurements using PANTER.
Thetop row of panelsshow thePSF surfacebrightness profiles, normalised within 4 arcmin radius, wherethevertical linesplot theFWHM values.
The second panels down show the fractional difference of the surface brightness of each PSF from the average stacked profile. The third panels
down show thecumulativesignal asafunction of radius, plotting theHEWsasvertical lines. Thelowest panelsshow thefractional differenceof the
cumulative profiles to the average stacked profile. The shapelet PSFs are those used for fitting the energy band given, the stacked PSF is weighted
by the spectra of the input sources, and the PANTER PSF is obtained at the monochromatic energy specified, which is chosen to be representative
of the source photons in the band. The shapelet PSF is plotted as a dashed line outside a radius of 1 arcmin, the maximum used for fitting in the
source detection pipeline. In the two leftmost columns, the PSF images were rebinned with 4 arcsec pixels where necessary for a fair comparison.
In the rightmost column, we show the best fitting model and uncertainties, rather than stacked, rescaled and rebinned count profiles. The FWHMs
quoted are sensitive to the pixelisation used and the inner value, and so should be used with care. HEWs were computed from minimally-binned
images.
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