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SRG/eRosita status: 812 days of all-sky X-ray survey  

mid-Dec, 2019.
eROSITA completes the 
Calibration and Performance 
Verification (Cal-PV) program.

June 10, 2020
SRG completes first all-sky X-ray 
survey, which lasted from 
December 8, 2019 to June 10, 2020.

Feb 26, 2022
eROSITA suspended operations 
and placed in safe mode by 
German side.

..?
Western galactic hemisphere SRG/eRosita public data releases:
28 Jun 2021 - eROSITA Early Release Data: eROSITA Early Release Data is made public
31 Jan 2024 - First eROSITA sky-survey data release: The German eROSITA consortium released 
the data in the Western Hemisphere of the first all-sky survey by the SRG/eROSITA

https://erosita.mpe.mpg.de/edr/
https://www.mpe.mpg.de/7989698/news20240131


SRGz
Data, 

ML/DL

Why we need SRGz for eRosita ?
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SRGz: photometric redshifts for eRosita X-ray 
AGNs in the Eastern Galactic Hemisphere
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Optical/IR  
photometric data

Astrometric & 
spectroscopic data

X-ray data

2SXPS

CXC2

DESI EDR

DESI Legacy Imaging Surveys

SRGz: 0.5 - 2 keV

Herschel Extragalactic 
Legacy Project 

spectroscopic redshifts 



DESI Legacy Imaging Surveys DR9

g r (i) z optical surveys W1 W2 (W3 W4) WISE forced photometry

+



X-ray sources

eRASS:4



X-ray sources

X-ray+Opt/IR sources
eRASS:4

all eRASS:4 + DESI LIS in 30’’ pairs



X-ray sources

Best X-ray-Opt/IR matches

all eRASS:4 + DESI LIS in 30’’ pairs

best eRASS:4 + DESI LIS in 30’’ pair

eRASS:4

Machine learning: photo-match,  photo-class, photo-z

Empirical 
machine  
learning 
methods 

only



SRGz-eRosita catalog

SRGz measurements for  X-ray sources (eRASS:4),  
87% of eastern extragalactic sky ( ) 

1.3 × 106

|b | > 20∘,0 < l < 180∘

IKI X-ray object - 
RU eRosita

optical object - 
DESI Legacy  

Imaging Surveys

optical match  
probabilities  

photometric 
classification 
probabilities  

photo-z point 
estimate and 
its reliability 



SRGz machine learning models  
(Phase I: 2018-2024)



«on average, GBDTs do outperform Neural Nets»

Advances in Neural Information 
Processing Systems 36 (2024), 

arXiv:2305.02997

Motivation for usage of tree-based ML approaches



Gradient boosting machine

Gradient boosting

Industrial gradient boosting libraries:  
XGBoost, LighGBM, CatBoost 

GB needs hyperparameters fine tuning 

Randomized trees ensemble: 
- «bagging» on spectral dataset objects 
- «random subspaces» of photometric parameters



Photometric features for optical match and classification models

Pcounterpart, Pfieldsource = Fmatch(X ph)



Quantile Random Forest

Decision Tree with unlimited depth = 
adopted nearest spectral neighbour of 
photometric object


Random Forest = P(z) empirical estimate

Credit: RFViz
RF (Breiman, 2001)

qRF (Meinshausen, 2003)

photo-z (TPZ, Carrasco Kind, 2013)
X-ray photo-z (Meshcheryakov, 2018)

SRGz (Meshcheryakov, 2021-2023)
Calibrated P(z) qRF (Meshcheryakov, 2023)

RF as adaptive kNN (Lin & Jeon, 2006)

Astrophysics:



Photometric features for photo-z models

Training set:  
 spectral objects - 

QSO: SDSS DR14q, Ross&Cross (2020) 
GALAXY: SDSS DR16

586 × 103

P2(z |Xph), z2,ph, zConf2

P3PS(z |Xph), z3PS,ph, zConf3PS

P3SDSS(z |Xph), z3SDSS,ph, zConf3SDSS

P4(z |Xph), z4,ph, zConf4



Redshift



P(z) qRF calibration

2-p temperature scaling method 
(Meshcheryakov et al. 2023b):

Empirical & KDE-prediction of P(z) qRF:

̂PS(z) =
∑n

s=1 wsδ(z − zs)

∑n
s=1 ws

̂PKDE(z) =
∑n

s=1 ws𝒩( z − zs

h )
h∑n

s=1 ws
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spec-zspec-z
+Precision on table data 
+Work with correlated, categorical 

features and missed values 
+Interpretability

+ NN feature engineering  
+Calibration of P(z) 
+ Transfer learning 
+ Multimodal encoders (table, image, time series)

X-ray AGN photo-z: looking for SRGz Phase II with neural networks



Average accuracy of X-ray-optical match, star/
galaxy separation and photo-z



SRGz: test samples

eRASS:4
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Declination , deg

eRASS:4

1%DESI

Stripe82X

 SDSS field - 4179 sq.deg


 Stripe82X - 31.3 sq.deg


1%DESI-East 

bright, medium - 91.4 sq.deg

faint -  16.6 sq.deg

bright : FX,0.5−2 > 4 ⋅ 10−14 erg cm−2 s−1

medium : 1.5 ⋅ 10−14 < FX,0.5−2 ≤ 4 ⋅ 10−14 erg cm−2 s−1

faint : 6 ⋅ 10−15 < FX,0.5−2 ≤ 1.5 ⋅ 10−14 erg cm−2 s−1

16.6 sq . deg

91.4 sq . deg 1%DESI-East



SRGz: precision & completeness for X-ray sources optical match

Оптические компаньоны 
рентгеновских источников:

FX,0.5−2 > 1.5 ⋅ 10−14ergs−1cm−2

SDSS field - 4179 sq.deg

Optical match precision of SRG/eROSITA X-ray sources


P∅ - probability of hostless X-ray source

For standard SRGz - the completeness of optical counterpart 
identification in the DESI LIS survey area is 95% (with an optical 
counterpart selection accuracy of 94%).



bright : FX,0.5−2 > 4 ⋅ 10−14 erg cm−2 s−1 medium : 1.5 ⋅ 10−14 < FX,0.5−2 ≤ 4 ⋅ 10−14 erg cm−2 s−1 faint : 6 ⋅ 10−15 < FX,0.5−2 ≤ 1.5 ⋅ 10−14 erg cm−2 s−1

SRGz: precision & completeness for star/AGN separation

SRGz achieves high quality of photometric classification of optical counterparts of X-ray 
sources: ~99% precision/completeness of photometric classification for extragalactic 
objects and stars in the test samples (including objects with SDSS/DESI spectra and GAIA 
astrometric stars).

bright 94.4%
medium


faint
89.8%

faint 77.6%

1%DESI-East X-ray samples 
spectroscopic completeness



Photo-z metrics:

Ananna’17 - photo-z model based on SED templates
Brescia’19 - photo-z model based on MLP

The photo-z measurements for eROSITA X-ray sources in the Stripe82X 
field are factor of 2 better (in both metrics  и  ), compared 
to published results of other groups. 

σNMAD n>0.15

Catastrophic outliers fraction         

Comparison with literature (on Stripe82X)

SRGz: photo-z for extragalactic X-ray sources 

σ(zph) ≈ 0.032
n>0.15(zph) ≈ 7.8 %

( Stripe82X field 31.3 sq.deg)



σ(zph) = 0.038 ÷ 0.057

Photo-z accuracy for 
eRosita X-ray AGNs:

n>0.15(zph) = 7.3 ÷ 13.3 %

SRGz: photo-z for extragalactic X-ray sources 

( 1%DESI-East 91,4 sq.deg)



DaLeQo program: search for distant (z>5) 
and luminous X-ray AGNs with SRGz



SRGz selection for distant and luminous X-ray quasars

Observing programs on BTA:

DaLeQO (2020-2022) 
Distant and Luminous eRosita Quasi-stellar Objects 

Khorunzhev G., Meshcheryakov A. et al. “Discovery of the Most X-ray 
Luminous Quasar SRGE J170245.3+130104 at Redshift z≈5.5”, 
Astronomy Letters, 2021, doi:10.1134/S1063773721030026.


LEGQO (2023-2024)

Luminous eROSITA Galaxies and Quasi-stellar Objects



Wolf, 2024 
arXiv:2406.05118

Most luminous 
X-ray quasar at 

zspec=5.5 !!!

DaLeQO results (blind search)

X-ray quasar at  
zspec=5.1

Spectroscopic redshifts  
measured on 6-m BTA 

telescope



Postselection for z>5 X-ray QSO candidates

z<6.5 z>7

KGO NIRCAM measurements: A.Tatarnikov 



Postselection for z>5 X-ray QSO candidates

High- z quasar candidate archive: a spectroscopic catalogue 
of quasars and contaminants in various quasar searches 
https://ui.adsabs.harvard.edu/abs/2024MNRAS.528.2679Y/
abstract



Conclusions

 SRGz-eRosita catalog contains accurate optical identification, photometric classification and photo-z 
measurements for  ~1.3 million extragalactic X-ray sources in the Eastern galactic hemisphere 
( ). SRGz-eRosita catalog provide physical information for the vast majority of 
extragalactic AGNs in the eRosita catalog. Typical photo-z accuracy:  (standard 
deviation) and (catastrophic outliers fraction). 

 SRGz-eRosita catalog is used in search for most distant and luminous X-ray quasars in the Universe. So far, 
thanks for 6-m BTA Scorpio-2 spectroscopic observations we found 2 luminous X-ray objects at z>5 (in blind 
search). SRGE J170245.3+130104 is the most luminous X-ray quasar at  known to date.

|b | > 20∘,0 < l < 180∘

σ(zph) = 0.038 ÷ 0.057
n>0.15(zph) = 7.3 ÷ 13.3 %

z ∼ 5.5

Thank you!



Supplement slides



Color «distances»

QSO

GALAXY

STAR

SDSS DR18 spectroscopic objects 
in 30’’ eRASS:4 

(r − z)

(z
−

W
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Point-like optical DESI LIS sources in the vicinity of eRosita X-ray objects

Color «distance»

X-
ra

y/
IR

 ra
tio CV

WD

GAIA stars

SDSS  
stars

X-ray 
stars

X-ray 
AGN AGN

Field 
sources -  

not counterparts



FX,0.5−2 > 4.0 ⋅ 10−14ergs−1cm−2 (1.5 ÷ 4.0) ⋅ 10−14ergs−1cm−2

Non-gaussianity in P(z)



spec:QSO 
phot: QSO

spec:GALAXY 
phot: QSO

spec:GALAXY 
phot: GALAXY

spec:QSO 
phot: GALAXY



eRo-1%DESI-East

bright : FX,0.5−2 > 4 ⋅ 10−14 erg cm−2 s−1

medium : 1.5 ⋅ 10−14 < FX,0.5−2 ≤ 4 ⋅ 10−14 erg cm−2 s−1

faint : 6 ⋅ 10−15 < FX,0.5−2 ≤ 1.5 ⋅ 10−14 erg cm−2 s−1

16.6 sq . deg

91.4 sq . deg

All spec/astrometric counterparts:
bright 94.4%

medium

faint

89.8%
faint 77.6%



Training sample 
Dtrain = {xi, yi}i=1,Ntrain

Learning algorithm 
ℒ(h(Xtrain; θ), Ytrain) → min

Model ML 
h(x; θ)

Photometric 
observations 

data

Measurement of X-ray 
sources physical properties 

Class, redshift, luminosity, 
mass, .. x ∈ X p(y |X)

̂y = argmaxy p(y |X)

Test sample 
Dtest = {xi, yi}i=1,Ntest

Quality metrics 
M( ̂ytest, ytest)

y ∈ Y


