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eROSITA (early) Science:
Performance Verification plan



eROSITA Performance 
Verification

•  Goals of the PV phase:  
–  to demonstrate the ability of eROSITA to achieve its 

foremost scientific goals; 
–  to make both the eROSITA scientific teams and the 

scientific community at large aware of the instrument 
capabilities and of the forecasted impact of the mission. 

•  “It is expected that the eROSITA PV phase will enable 
highly competitive early scientific programs, which will 
lead to a series of publications in refereed scientific 
journals.” 

•  The Ru-De Joint committee originally agreed to 
dedicate ~20 days (~1.73Ms) to PV observations, with 
half of the observations led by Russian PIs, half by 
German PIs 
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eROSITA and SPT



eROSITA and SPT
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SPT deep and eROSITA PV
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Survey Sky Coverage
SPT-SZ:
2500 sq degree 

SPTpol (blue):  
500 sq degree 
T: 5 (12) μK 

SPT-3G (red): 
4 year survey
1500 sq degree 

IRAS dust-map
Schlegel et al 1998

95 GHz 150 GHz 220 GHz

T 
(μK-arcmin) 2.8 2.6 6.6

P
 (μK-arcmin) 4.0 3.7 9.3

SPT deep field (yellow) 
~100 sq degree 

The JC will extend the PV phase 
by ~10 days to allow the 
coverage of the SPT deep field to 
~8ks depth 



New (provisional) CalPV phase 
for June 21/July 12 launch date
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•  June 21: August 27 – October 25* 

•  July 12: September 17 – November 25* 

* Include the additional 10 days for SPT field 
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PI	   Title	   WG	   Time	   Target	   Mode	   Hemi.	   Visibility	  

Boller	  
eROSITA	  PV	  
Studies	  using	  
Ultrasoft	  NLS1	  

AGN	   40ks	   1H0707	   PO	   De	   Always	  

Dennerl	   Mars	   Solar	  System	   40ks	  (TBC)	   Mars	   PO	   De	  &	  Ru	   N/A	  

Freyberg	  

Utilizing	  the	  new	  
window	  to	  
carbon-‐line	  
astrophysics	  of	  
the	  Local	  ISM	  

SNR,	  Diffuse	  
Emission	   60ks	   Cha	  III	   PO	   De	   2019.07.12	  –	  

2019.10.19	  

Georgakakis	  &	  
Finoguenov	  	  

The	  eROSITA	  
Final	  Equatorial-‐
Depth	  Survey	  
(eFEDS)	  	  

AGN	  &	  Clusters	   350ks	   2	  Zields,	  ~120deg2	   FS	  	  
2x[60	  deg2]	   De	  

G09:	  2019.10.14	  
–	  2019.12.16	  
[14.-‐26.10]	  

G12:	  2019.11.25	  
–	  2020.01.16	  
[25.11-‐07.12]	  

Rau	  
Testing	  the	  NRTA	  
Transient	  
Detection	  

Time	  Domain	  
Astrophysics	   N/A	   N/A	   N/A	   De	   N/A	  

Reiprich	  

eROSITA’s	  First	  
Galaxy	  Cluster	  
Outskirts	  and	  
WHIM	  Detection	  
	  

Clusters	   100ks	   A3391/3395	   FS	  
[2.5x2.5	  deg2]	   De	   Always	  

Robrade	  
The	  nearby	  stellar	  
cluster	  η	  
Chamaeleontis	  	  

Stars	   150ks	   η	  Cham.	   FS	  
[5x5	  deg2]	   De	   Always	  

Schwope	  
Phase-‐resolved	  
spectroscopy	  of	  
the	  INS	  RBS1223	  	  

Compact	  Objects	   100ks	   RBS1223	   PO	   De	   2019.12.06	  
-‐2020.01.20	  

Wilms	  

An	  eROSITA	  PV	  
observation	  of	  an	  
ultraluminous	  X-‐
ray	  pulsar	  
	  

Time	  Domain	  
Astrophysics	   60ks	   NGC	  7793	  P13	   PO	   De	   2019.11.14	  –	  

2019.12.30	  	  

JC	   SPTpol	  deep	  Zield	   	  	   TBD	   SPTpol	   FS	  
[10x10	  deg2]	   De	  

2019-‐10-‐09	  –	  
2019-‐12-‐25	  
[9.10-‐30.10]	  



Figure 4 – eFEDS fields: We propose to place the proposed survey (blue rectangles) within the Spring Equatorial field of the wide tier
of the Hyper Suprime-Cam imaging survey (green-shaded region). This is to enable weak lensing studies for both X-ray clusters and
AGN. The HSC-Wide area is also covered by the VST-KiDS+VISTA-VIKING surveys (red dashed line), which yield 12-band optical
and near-infrared photometry. These data are a prerequisite for the proper characterization of the background galaxy population used
in the weak lensing analysis. The GAMA survey fields within the HSC region are shown with the red hatched rectangles. Our goal is
to maximise the overlap between the eFEDS and the GAMA fields. Additional optical spectroscopy is available from the SDSS-I/II/III
and 2QZ surveys. Also shown in the figure are existing Chandra, XMM-Newton and Swift-XRT observations. The COSMOS (2deg2,
Cappelluti et al., 2009; Civano et al., 2016) and XMM-ATLAS (6deg2, Ranalli et al., 2015) contiguous surveys are visible. The 100%
visibility window during the PV phase for a eROSITA launch on 2018-03-01 is indicated with the horizontal black bar at Dec=+4.5 deg,
the 50% visibility window is indicated with dashed grey extensions.

Figure 5 – Expected optical magnitude distribution of the
eFEDS AGN: Cumulative distribution of r-band magnitude of the
optical counterparts on X-ray selected sources at the eRASS8 limit.
This is estimated using simulations based on the XMM-XXL field
X-ray source catalogue (Liu et al., 2016). The solid red line shows
the optical magnitude limit of the Subaru-HSC wide survey.

program, the eROSITA cluster cosmology work will be
severely limited by lack of low mass constraints.

The proposed AGN science will help us understand
the X-ray source population of the eRASS, optimise
tools for the analysis and interpretation of the data and
enable early science results using the full eRASS depth
data shortly after launch in a field with a unique set of
multi-wavelength and spectroscopic data.

The demonstration of the core eROSITA science at
the early stages of the mission is very important for the
organization of follow-up programs, public outreach
and funding applications.

Figure 6 – eSASS exposure map simulation of one of the three
60 deg

2 fields that make up the proposed survey shown in Fig. 4.
This is composed of three 4⇥5 deg scanning-mode units. An on-
time for the 4⇥5 deg field of 61.2 ks, results in a highly homoge-
neous exposure of 2.5ks per pixel.

4. Justification of use of eROSITA
Only eROSITA has the grasp to survey efficiently
wide sky-areas to the proposed point-source flux limit
(fX(0.5 � 2 keV) ⇡ 1.5 ⇥ 10

�14
erg s

�1
cm

�2). The
eROSITA’s goal for precision cosmology using X-ray
clusters requires the use of cluster mass proxies. The
baseline approach is to employ eROSITA observable
quantities (e.g. X-ray luminosity) to estimate masses.
This however, further requires the independent calibra-
tion of the relation between the eROSITA observable
and the cluster mass using e.g. weak-lensing maps to
determine the latter. Such a calibration can only be
done using the eROSITA data at the appropriate depth
to capture all the systematic and random uncertainties
associated with the specific X-ray dataset, including
cluster selection. Only eROSITA data can therefore be
used to calibrate the scaling relation between eROSITA
observables and cluster mass.

5. Special calibration requirements

5

eFEDS
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-  Main goals: Clusters Mass calibration (HSC lensing, dynamics) 
-  AGN evolution, luminous AGN host properties 
-  Projects under discussion:  

-  Radio coverage (LOFAR, ASKAP) 
-  Spectroscopic coverage (GAMA + …) 

9hr:	  visible	  if	  launch	  date	  
within	  Jun.23<T0<	  Sep.15	  

14.5hr:	  visible	  if	  launch	  within	  
Sep.20	  <T0<	  Jan	  15	  

12hr:	  visible	  if	  launch	  within	  
Aug	  10<T0<Nov.	  30	  



SPT	  deep	  field	  

Merloni,	  eROSITA	  PV,	  3/2019	  

Red:	  SPT	  
Green:	  Herschel/SPIRE	  
Blue:	  ATCA	  	  
Grey:	  Spitzer	  



Russian-‐led	  PV	  project	  (TBC)	  

•  One	  ~100deg2	  field	  at	  ~5-‐8ks	  (TBC)	  depth	  
coincident	  with	  a	  deep	  SZ	  field	  (either	  ACT	  or	  
SPT)	  

•  AddiWonal	  pointed	  observaWons	  under	  
discussion	  
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Summary

Clusters of galaxies
Target Area Exposure Visibility (VISCAL)

Coma 3x3 degree mosaic 160 ksec 29.05 – 18.07 

Coma 5x3 degree mosaic
along the Coma-
A1367 line

200 ksec 29.05 – 18.07 

A399/401 3 pointings along
the line connecting
2 clusters

80 ksec 18.07 – 29.08 

A133 1x1 degree mosaic
centered on the
cluster

80 ksec 03.06 – 20.07

IKI 26/11/2018 Marat Gilfanov



Russian-‐led	  PV	  project	  (TBC)	  
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Normal galaxies

IKI 26/11/2018 Marat Gilfanov

Target Area Exposure Visibility (VISCAL)

M31 3x1 degree along
the major axis of
the galaxy

80 – 160 
ksec

25.06 – 14.08 

M51 1 pointing 60 ksec 13.05 – 20.07

M101 1 pointing 60 ksec 02.05 – 30.07 

M81 1 pointing 60 ksec 16.03 – 24.05 

M82 1 pointing 60 ksec 15.03 – 24.05 



Russian-‐led	  PV	  project	  (TBC)	  
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Halos around isolated massive galaxies

IKI 26/11/2018 Marat Gilfanov

Target Area Exposure Visibility (VISCAL)

NGC 57 1 pointing 60 ksec 11.06 – 24.07

NGC 720 1 pointing 60 ksec 21.06 – 05.08 



Russian-‐led	  PV	  project	  (TBC)	  
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SNR, Local bubble etc

IKI 26/11/2018 Marat Gilfanov

Target Area Exposure Visibility (VISCAL)

Cygnus Loop 1 pointing 30 ksec 18.04 – 18.06

Draco cloud 1x1 degree mosaic 40 ksec any time

SS433 1 pointing 30 ksec 18.03 – 03.05



Russian-‐led	  PV	  project	  (TBC)	  
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Mini-surveys

IKI 26/11/2018 Marat Gilfanov

Target Area Exposure Visibility (VISCAL)

Lockman hole or
another low NH 
extragal. field

10-30 sq.degr. 
to the depth of
8 ksec

100-300 
ksec

06.04 – 05.06 (l=150, b=53)
28.04 – 27.07 (l=108, b=60)
01.06 – 08.08 (l=75, b=67)

Deep ACT field in 
the Northern sky

10 sq.degrees to
the depth of
8 ksec

100 ksec 05.07 – 16.08 (l=165, b=-55)
26.05 – 06.07 (l=85, b=-59)



German-‐Russian	  collaboraWon	  on	  PV	  
projects	  (draZ)	  

•  The	  data	  of	  all	  PV	  observaWons	  are	  available	  immediately	  to	  both	  consorWa	  (cross-‐
checking	  and	  performance	  verificaWon	  purposes)	  

•  For	  each	  approved	  observaWon,	  one	  or	  more	  projects	  will	  be	  idenWfied.	  The	  proposing	  
consorWum	  appoints	  a	  PI	  for	  each	  project	  	  	  

•  Co-‐Is	  will	  be	  idenWfied	  for	  each	  project	  from	  both	  consorNa:	  Individual	  members	  of	  
each	  collaboraWon	  may	  apply	  to	  become	  involved	  in	  any	  project	  led	  by	  the	  
counterpart	  team.	  	  

•  The	  PIs	  review	  the	  proposals,	  and	  they	  can	  accept	  them	  if	  they	  are	  considered	  useful	  
and	  valuable.	  Need	  to	  ensure	  no	  duplicaWon	  of	  work,	  and	  a	  fair	  and	  balanced	  
distribuWon	  of	  tasks	  between	  the	  teams.	  

•  JC	  will	  be	  called	  to	  solve	  conflicts.	  
•  PublicaWons	  resulWng	  from	  PV	  approved	  projects	  will	  have	  to	  be	  announced	  to	  the	  JC	  

and	  the	  consorWa	  as	  such.	  	  
•  The	  data	  rights	  remain	  with	  the	  proposing	  consorWum	  for	  any	  subsequent	  scienWfic	  

use	  beyond	  the	  announced	  publicaWons.	  The	  proprietary	  period	  can	  last	  up	  to	  2	  years,	  
counted	  from	  the	  Wme	  (defined	  by	  JC)	  when	  stable	  and	  approved	  calibraWon	  data	  and	  
soZware	  become	  available.	  

•  The	  PIs	  of	  approved	  PV	  projects	  negoWates	  collaboraWons	  with	  3rd	  parWes	  on	  all	  
projects	  based	  on	  PV	  data.	  CollaboraWons	  that	  require	  sharing	  eROSITA	  PV	  data	  with	  
3rd	  parWes	  will	  have	  to	  be	  approved	  by	  the	  JC.	  
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