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Spektrum-Roentgen-Gamma (SRG)
Long and turbulent history
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1987-2001
2007-2019-…

Science leader of SRG: Rashid Sunyaev
Designed to detect all massive clusters of galaxies

in the observable Universe



Spectrum-Roentgen-Gamma
M.Pavlinsky ART-XC

5-30 keV

eRosita
0.2-9 keV

halo orbit around L2 point

SRG

8

eROSITA

Flight model assembly at 
MPE (Germany)

2019, July 13 Launch

2019, Oct. 22 official “arrival” at L2 

2019, Dec. 12 start of the all-sky survey

2022, Feb. 26 by the request of MPE eROSITA
switched to safe mode. SRG 
operates in the interests of ART-
XC telescope

IHEP, 19/07/2023



• 4 years, 8 all-sky surveys
• big circle on the sky every 4 hrs

rotation axis to the Sun/Earth 
• shift 1 degree per day
• full sky coverage every 6 months
• average exposure ~2 ksec
• ~150 ksec in ecliptic poles

✧ designed to be 25 times more 
sensitive than previous all-sky X-ray 
survey by ROSAT (1991)

o completed 4.38 surveys

Marat Gilfanov Miramare, 02/09/2023

24 hours of scanning
1 degree wide stripe on the sky

All-sky survey – main component of 
SRG science program 



All-sky survey – main component of 
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rotation axis to the Sun/Earth 
• shift 1 degree per day
• full sky coverage every 6 months
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• ~150 ksec in ecliptic poles

✧ designed to be 25 times more 
sensitive than previous all-sky X-ray 
survey by ROSAT (1991)

o completed 4.38 surveys
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Why an all-sky survey in X-ray band 
may be interesting? 

✧ an “easy” way to find clusters of galaxies and accreting 
supermassive black holes in the “sea” of much more 
numerous stars and nearby galaxies 

✧ detailed X-ray map of the sky 

✧ astrophysics of many types of objects

o previous all-sky X-ray survey was performed 30 years ago 
(ROSAT satellite) 

Marat Gilfanov Miramare, 02/09/2023



deep optical image 
(DESI LIS)

Quasars
optical image
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квазар z=6.18

SDSS
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X-ray image of same size

~102 src/deg2

quasars dominate

galaxies ~ few %

contribution of stars ~10%

Квазары
optical image

~103-104 src/deg2

mostly stars and galaxies

quasars ~ few%

Marat Gilfanov

QSO at z=6.18

SRG/eROSITASDSS



X-ray image of same size

Massive cluster of galaxies
! = #. %&, ' = ( ) *#*+'⨀

optical image
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квазар z=6.18

Burenin, Bikmaev, Gilfanov et al. 2021
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Goals of SRG/eROSITA all-sky survey
Obtain record large and uniform samples of quasars and 

clusters of galaxies (~104-106 объектов)

✧ cosmology with clusters of galaxies and quasars

✧ large scale structure of the Universe at z~1

✧ growth of supermassive black holes

✧ non-stationary processes in the vicinity of supermassive 

black holes

✧ astrophysics of a broad class of objects

It is planned to perform 8 independent sky surveys

4.4 surveys completed

Marat Gilfanov Miramare, 02/09/2023



eROSITA data rights
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Image credit: Peter Predehl
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4. Simulating the eROSITA sky 

In this section we present a quantitative assessment of the expected technical performances of the eROSITA 
telescope which are relevant for predicting the main characteristics of the planned observations, with particular 
emphasis on the survey mode. As discussed in Section 1, eROSITA has been designed from the very beginning 
as an instrument capable of exploring the uncharted region of the parameter space where very wide area, 
sensitive surveys are (see Figure 4.1).

In the following, we describe how a model of the eROSITA background can be created, and use this 
information, in conjunction to that on the telescope effective area (see section 4.2), to calculate the sensitivity as 
a function of  exposure time, which will then critically inform our discussion of  the science output in Section 5. 

4.1 A model for the expected background

The expected eROSITA background has been simulated based on photon and high-energy particle spectral 
components. The cosmic diffuse photon X-ray background has been adopted from the measurements with 
XMM-Newton EPIC camera, as reported in Lumb et al. (2002). The high-energy particle background, which does 
not interact with the mirror system, has been calculated by way of Geant4 simulations by Tenzer et al. (2010). 
The expected background count rate has been compared with XMM-Newton observations, which might provide 
the best test for the photon background for eROSITA around the Lagrangian point L2 before real photon 
background data will become available. The comparison of the eROSITA background model with XMM-Newton 
is described in Section 4.1.1 below. In addition, the count rate plots available at http://xmm.vilspa.esa.es/
external/xmm_sw_cal/background/bs_countrate.shtml#14, give an estimate of the scatter of the eROSITA 
background to be expected in ‘low background’ periods. Deviations from the mean value by factors of about 2 
to 3 might occur. Below we discuss in more detail  the various spectral components that have been taken into 
account in order to produce the eROSITA background model.

Figure 4.1 Sensitivity versus area for eROSITA surveys of point-like (e.g. AGNs and stars, LEFT panel) and 
extended X-ray sources (e.g. clusters, RIGHT panel) are shown with thick red solid lines. Exisiting survyes from 
ROSAT (green), Einstein (cyan), HEAO-1 (orange), XMM-Newton (blue) and Chandra (purple) are shown for 
reference. Encircled points mark contiguous surveys. eROSITA outperforms in terms of area covered any existing 
(and planned) X-ray survey by more than one order of magnitude at the widest areas. The sensitivity calculations are 
based on the survey strategy presented in section 3 and on the analysis described in sections 4.1-4.3
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SRG/eRosita Science Book

SRG/eROSITA

currently achieved 
sensitivity of 
eROSITA all-sky 
survey exceeds by 
15 times the 
sensitivity of the 
previous (and the 
only) all-sky X-ray 
survey by ROSAT 
observatory

Miramare, 02/09/2023

X-ray surveys: 
wide and narrow, deep and shallow



X-ray RGB map of the sky
galactic coordinates

Churazov, Gilfanov, Sunyaev, Brunner, Merloni, Sanders
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HI in the Milky Way (HI4PI)



X-ray RGB map of the sky
galactic coordinates
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eROSITA bubbles

Marat Gilfanov

X-ray luminosity
!" ≈ 10&' erg/s

Temperature jump
0.2 → 0.3 keV

Shock
М ≈ 1.5

Total energy of eROSITA bubbles
Е~1078 erg

Supermassive black hole activity 
at the level of
!"~109& erg/s timescale of ~2 mln years
or star − formation event ~10 mln years

eROSITA, 0.3-1 keV Fermi, 1-5 GeV

envelope Fermi bubbles

Predehl, Sunyaev et al, Nature, 2020



X-ray RGB map of the sky
galactic coordinates
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Churazov, Gilfanov, Sunyaev, Brunner, Merloni, Sanders



X-ray catalog and QSO/TDE 
science working groups
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4 sky surveys
Dec. 2019 – Dec. 2021

✧ 1.5 mln. X-ray sources (L>8)
✧ 240,000 stars (Gaia)
✧ >1 mln. AGN and QSO
✧ 23,000 clusters of galaxies
✧ ~5,000 sources in the hard

X-ray band 4-9 keV

SRG/eROSITA source catalog

Marat Gilfanov Miramare, 02/09/2023



Making sence out of 1.5 million 
of X-ray sources

✧ identification 
finding optical counterpart (problem of multiple matches)

✧ classification – star/galaxy/quasar etc
✧ measuring distances/redshifts

ü machine learning algoritms (random forest), neural 
networks – SRGz system, Mescheryakov+ 2023

ü more astrophysically motivated approaches
Bykov+, Belvedersky+ 2022

Marat Gilfanov Miramare, 02/09/2023



Making sence out of 1.5 million 
of X-ray sources

machine learning 
approaches 

Mescheryakov et al., 
2023

classification

Marat Gilfanov Miramare, 02/09/2023

Bykov,
Belvedersky, 

MG, 2022

photometric redshifts
54 Мещеряков и др.

Рис. 24. Точность фотометрических красных смещений оптических компаньонов точечных рентгеновских источников

еРОЗИТА в области Stripe82X разными методами: слева � SRGz, в центре � Ананна и др. (2017), справа � Брешиа

и др. (2019).

(звезда/квазар/галактика), опираясь на много-
волновые фотометрические данные обзоров неба
DESI LIS, SDSS, Pan-STARRS, WISE, еРОЗИТА.

Уникальной особенностью системы SRGz, яв-
ляется то, что ее модель работы с данны-
ми (алгоритмы отождествления, классифика-
ции, photo-z) целиком опирается на эвристиче-
ские подходы машинного обучения, что познво-
ляет значительно увеличить точность измерения
физических характеристик рентгеновских объ-
ектов по фотометрическим данным.

Для стандартного выбора параметров SRGz,
полнота отождествления оптических компаньо-
нов в области DESI LIS составляет 95% (точ-
ность отбора оптических компаньонов 94%), и
полнота 82% (точность 85%) классификации
рентгеновских источников как не имеющих оп-
тического партнера ("бездомных англ. hostless).
В SRGz достигается высокая полнота фотомет-
рической классификации оптических компаньо-
нов рентгеновских источников (> 99% для внега-
лактических объектов (квазар или галактика) на
тестовой выборке объектов со спектрами SDSS и
звезд GAIA.

В статье выполнен анализ важности фотомет-
рических признаков для отождествления опти-
ческих компаньонов рентгеновских источников
еРОЗИТА, а также, разделения на классы рент-
геновских квазаров, галактик и звезд. Показа-
но, что отношения рентген/оптика-ИК, введен-
ные нами признаки цветовых расстояний, а так-
же, оптические цвета (e.g. (g�r)), цвет (W1�W2)
и ИК-величина W2 играют большую роль при
разделении на классы рентгеновских объектов.

Точность фотометрических красных смеще-
ний SRGz тестировалась на выборке 3/4 всех оп-
тических компаньонов (для которых доступны
спектроскопические измерения) рентгеновских
источников еРОЗИТА в поле Stripe82X. Точ-
ность photo-z рентгеновских источников соста-
вила: �NMAD = 3.1% (нормализованное медиан-
ное абсолютное отклонение прогноза) и n>0.15 =
7.8% (доля катастрофических выбросов). Пред-
ставленные результаты photo-z для источников
еРОЗИТА в поле Stripe82X более чем в 2 раза (по
обеим метрикам � �NMAD и n>0.15) превосходят
превосходят результаты других групп (Ананна и
др., 2017; Брешиа и др., 2019), опубликованные
в каталоге Stripe82X.

В заключение отметим, что в соответствии
с политикой Российского консорциума телеско-
па СРГ/еРОЗИТА публикация данных катало-
га SRGz-CatD в открытый доступ будет проис-
ходить в процессе публикации каталогов рент-
геновских источников телескопа еРОЗИТА для
различных участков неба, классов объектов и
т.д.

7.1 Планы на будущее

В наших планах � дальнейшее развитие си-
стемы SRGz в интересах науки рентгеновского
обзора неба СРГ/еРОЗИТА, которое будет идти
в нескольких направлениях.

Мы исследуем ряд нейросетевых алгоритмов
для применения их в моделях классификации и
вероятностной регрессии на табличных данных
фотометрических каталогов. Как следует из об-
зора (Борисов и др., 2021), нейросетевые моде-

ПИСЬМА В АСТРОНОМИЧЕСКИЙ ЖУРНАЛ том 49 № 2023

Zaznobin, Burenin et al. 2023

quasars

clusters of galaxies



eROSITA AGN sample 
spectroscopically confirmed

Marat Gilfanov

physics

selection effects
(flux limited sample)

Miramare, 02/09/2023

✧ quasars at lower 
redshifts are less 
luminous (cosmic 
downsizing)

✧ population of
log $% > 46 − 46.5 is 
dominated by blazars

✧ SRG/eROSITA detects 
objects out to , ≥6

✧ in total over 1 mln X-ray
bright AGN and
quasars



Clusters of galaxies

> 5# > 4#
survey 1 7,500 10,500  

survey 1+2 14,000 19,500

survey 1+2+3 18,800 25,500

survey 1+2+3+4 23,200 31,500

Marat Gilfanov Miramare, 02/09/2023

eRosita was designed to detect 
all massive clusters of 
galaxies in the observable 
part of the Universe: 50,000 
clusters with virial mass 
M>2⋅1014 M⨀ (~100,000 
clusters and groups of galaxies 
in total)

Number of detected clusters (0<l<180):



eROSITA clusters (3 surveys)

MG, Medvedev and SRG/eROSITA X-ray catalog working group, IKI

Marat Gilfanov Miramare, 02/09/2023



Synergy and competition with SZ-effect
Atacama Cosmology Telescope (SZ-effect) and 

SRG/eROSITA

o 1591 ACT clusters

o 3975 eROSITA clusters
(>5!) in the ACT 
footprint

o 1367 ACT-eROSITA
matches:
o 1052 eROSITA clusters

o 315 eROSITA point
sources

Gilfanov, Sunyaev, Medvedev et 
al. 2023 (in preparation)

Marat Gilfanov Miramare, 02/09/2023



Measuring parameters of the Universe 
via mass function of clusters of galaxies

✧ mass functions of dark matter 
haloes is described by relatively 
well understood physics and is 
determined by the cosmological 
parameters

✧ X-ray luminosity is a proxy to 
the dark matter halo mass

✧ given the size of the sample 
(~50,000) cosmological studies 
with eROSITA clusters will be 
dominated by systematics

✧ work in progress…

Marat Gilfanov

Vikhlinin et al.

Miramare, 02/09/2023



Large scale structure – yet another 
method of measuring parameters of 

the Universe

Marat Gilfanov

Huetsi, MG, Sunyaev 2013. 2014

Springel et al., 2005

Simulated angular power 
spectrum of eROSITA quasars

Miramare, 02/09/2023

Millenium simulations



Barionic acoustic oscillations
eROSITA simulations

Marat Gilfanov
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requirements to the accuracy of 
redshift measurements

BAO in the simulated angular power 
spectrum of eROSITA AGN

For direct BAO detection high quality redshift 
measurements are required for a large 
number of objects

Miramare, 02/09/2023



Bykov, MG, Sunyaev, 
А&А, 2022

Cosmological measurements using angular 
distribution of quasars and clusters of galaxies
Simulations for eROSITA QSO 
sample using realistic accuracy 
of SRGz redshifts

Miramare, 02/09/2023Marat Gilfanov



Non-stationary and transient 
phenomena

✧ every 24 hours SRG/eROSITA
scans a ~360 deg2 stripe on 
the sky

✧ full sky survey in 6 months
✧ (quasi-) contiguous coverage 

at the ecliptic poles
✧ accessible time scales:

30 sec … 4 hours …. 6 months

Marat Gilfanov Miramare, 02/09/2023



Distribution of strongly variable (>10x)  
sources on the sky

✧ stellar flares
✧ variable AGN
✧ tidal disruptions of 

stars by SMBH
✧ gamma-ray bursts
✧ “hostless” transients
✧ X-ray binaries

green – neutral 
hydrogen in the 

Galaxy

Marat Gilfanov

every 24 hours we used to find 
about ~3-5 objects changing their 

flux by >10x as compared to the 
previous survey



Tidal disruption events
disruption of a normal star by tidal 
forces in the gravitational field of a 

supermassive black hole

✧ eROSITA detected about 70+ 
TDEs

✧ first eROSITA TDE catalog 
published

✧ mean rate: one event in 100,000 
years per galaxy

✧ associations with IceCube
neutrino events discovered

Marat Gilfanov
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Association of TDEs with 
IceCube neutrinos

✧ 3 ZTF+WISE TDEs have spatial and
temporal matches with IceCube
neutrinos

✧ 2 of these TDEs are detected by 
SRG/eROSITA
super-soft spectra кТ~71 и 170 эВ, 

✧ !"#$
!%&&

~0.5
✧ found in correlating 36 neutrino events 

with 63 ZTF+WISE flares

✧ probability of chance coincidence
+ = 1.5 . 10/0 ÷ 1.9 . 10/3

van Velzen, Stein, Gilfanov, … RS, PM, et al. 2023
Marat Gilfanov



Science goals of SRG/eROSITA
ü cosmological measurments with clusters of galaxies and AGN

ü growth of supermassive black holes

ü large scale structure of the Universe at z~1
ü astrophysics of clusters of galaxies, AGN and quasars; synergy 

with observations at other wavelength

ü detailed studies of nearby galaxies
ü extragalactic and galactic transients, tidal disruption events

ü astrophysics of all types of galactic X-ray sources

ü interstellar medium in the Milky Way

Marat Gilfanov Miramare, 02/09/2023

image credi: V.Burwitz (MPE)

8 all-sky surveys planned, 4.38 completed



Thank you!


