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Outline

ÅThe SRG/eROSITA telescope: Mission design and data products

ÅeROSITA as a survey machine: Searching for new rotation-
powered pulsars

ÅeROSITA for single objects: Investigating the extended Vela X 
pulsar wind nebula 

ÅSummary
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The SRG/eROSITA Telescope
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Predehl et al. 2020

Introduction: SRG/eROSITA

ÅeROSITA: Soft X-ray telescope on German-
Russian SRG satellite

ü Original mission goal: 4-year all-sky X-ray survey, 
~ 25 times deeper than precursor ROSAT

ü 2.2 years achieved until mission interruption
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ÅTelescope specifics:

Á 7 identical telescope modules (TMs) with single-
chip CCD detectors
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Predehl et al. 2020

Introduction: SRG/eROSITA

ÅeROSITA: Soft X-ray telescope on German-
Russian SRG satellite

ü Original mission goal: 4-year all-sky X-ray survey, 
~ 25 times deeper than precursor ROSAT

ü 2.2 years achieved until mission interruption

ÅTelescope specifics:

Á 7 identical telescope modules (TMs) with single-
chip CCD detectors

Á Energy range 0.2 ð10 keV

Á Large combined effective area

Á Field of  view ~ 1 degree
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eROSITA first- light press release 
C. Maitra, F. Haberl (MPE)

Introduction: SRG/eROSITA

ÅeROSITA: Soft X-ray telescope on German-
Russian SRG satellite

ü Original mission goal: 4-year all-sky X-ray survey, 
~ 25 times deeper than precursor ROSAT

ü 2.2 years achieved until mission interruption

ÅTelescope specifics:

Á 7 identical telescope modules (TMs) with single-
chip CCD detectors

Á Energy range 0.2 ð10 keV

Á Large combined effective area

Á Field of  view ~ 1 degree

Á Good spectral resolution (cf. XMM EPIC-pn)
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eRASS1 all- sky image 
Credit: MPE/IKI

Introduction: SRG/eROSITA
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eRASS1 all- sky image 
Credit: MPE/IKI

Introduction: SRG/eROSITA
Russian       

Consortium
German

Consortium
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eROSITA DR1: The First All-Sky Survey (eRASS1)

Hoinga SNR 
Becker+2021

eRASS1 diffuse emission (Merloni et al. 2024) 
Credit: J. Sanders (MPE)

eRASS1 point sources (Merloni et al. 2024) 
Credit: J. Sanders (MPE)
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eROSITA DR1: The First All-Sky Survey (eRASS1)

Hoinga SNR 
Becker+2021

eRASS1 diffuse emission (Merloni et al. 2024) 
Credit: J. Sanders (MPE)

eRASS1 point sources (Merloni et al. 2024) 
Credit: J. Sanders (MPE)

900 000 X- ray point sources100 000 000 diffuse X- ray photons
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Searching for Rotation -Powered Pulsars 
with Fermi -LAT & SRG/eROSITA
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Searching for Rotation -Powered Pulsars 
with Fermi -LAT & SRG/eROSITA

Searching for Rotation -Powered Pulsars 
with Fermi -LAT & SRG/eROSITA

& Multiwavelength Followup
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Motivation: The Fermi -LAT Source Catalog

Distribution of 4FGL- DR4 Sources
Ballet et al. 2023
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ÅGoal: Identify unassociated sources (of  pulsar-type)
based on their X-ray counterparts

üPrecise positions allow for radio/optical confirmation

ÅCross-match with eROSITA All-Sky Survey 
(eRASS:4) Catalog (see Merloni et al. 2024)

Motivation: Identifying Unassociated 4FGL Sources

Example eRASS:4 image of 4FGL error ellipse
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ÅGoal: Identify unassociated sources (of  pulsar-type)
based on their X-ray counterparts

üPrecise positions allow for radio/optical confirmation

ÅCross-match with eROSITA All-Sky Survey 
(eRASS:4) Catalog (see Merloni et al. 2024)

üChallenges:

ÁLarge gamma-ray error ellipses (~ 5 arcmin)

ÁX-ray pulsar counterparts typically faint (~ 10 counts)

Motivation: Identifying Unassociated 4FGL Sources

Example eRASS:4 image of 4FGL error ellipse
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Search Strategy: Prior Classification
Mayer & Becker 2024
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ÅFinal cleaned catalog of  candidate 
X-ray pulsar counterparts to 
Fermi-LAT sources
üAround 160 candidates with 

PPSR> 0.1

üPredict ~ 25 new pulsars in top 100 
candidate matches

üExpect similar numbers of  young 
(squares) and millisecond (triangle) 
pulsars 

Results: Catalog of Pulsar Candidates

Mayer & Becker 2024
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Followup example: Multiwavelength view of PSR *ΫβΪέЖ6707 

eRASS1 Perspective

Fermi 95% error ellipse

Clark et al. 2023



29.07.2024 Martin Mayer m˟gf.mayer@fau.de 20 / 20

Followup example: Multiwavelength view of PSR *ΫβΪέЖ6707 

eRASS1 Perspective

Fermi 95% error ellipse

Clark et al. 2023

J1803- 6707 
(TRAPUM) 
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Followup example: Multiwavelength view of PSR *ΫβΪέЖ6707 

Pulse Phase
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Radio pulsations 

eRASS1 Perspective

Fermi 95% error ellipse

Clark et al. 2023

J1803- 6707 
(TRAPUM) 
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Followup example: Multiwavelength view of PSR *ΫβΪέЖ6707 

Pulse Phase
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ɴ- ray pulsations 
(Clark et al. 2023)

Radio pulsations 

eRASS1 Perspective

Fermi 95% error ellipse

Clark et al. 2023

J1803- 6707 
(TRAPUM) 
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Followup example: Multiwavelength view of PSR *ΫβΪέЖ6707 

Pulse Phase
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lu
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ɴ- ray pulsations 
(Clark et al. 2023)

Radio pulsations 

Optical modulation

eRASS1 Perspective

Fermi 95% error ellipse

Clark et al. 2023

J1803- 6707 
(TRAPUM) 
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Characterizing Nonthermal X-ray Emission 
from the Vela X Pulsar Wind Nebula
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ÅVela X: Pulsar wind nebula (PWN) of  
energetic PSR B0833-45 

ÁEmbedded in very extended Vela SNR

ÁNearby (~ 290 pc; Dodson+03) 

ÁAge ~ 11 ð30 kyr (Aschenbach+95, Lyne+96, 
Espinoza+17) 

ÅeRASS:4 data allow for disentangling thermal 
& nonthermal X-rays

üFirst view of  X-ray synchrotron emitting 
electrons on large scales

Vela X & The Vela Supernova Remnant

2°

eRASS:4 image of Vela (logarithmic scale)
Mayer et al. 2023

Vela X
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ÅVela X: Pulsar wind nebula (PWN) of  
energetic PSR B0833-45 

ÁEmbedded in very extended Vela SNR

ÁNearby (~ 290 pc; Dodson+03) 

ÁAge ~ 11 ð30 kyr (Aschenbach+95, Lyne+96, 
Espinoza+17) 

ÅeRASS:4 data allow for disentangling thermal 
& nonthermal X-rays

üFirst view of  X-ray synchrotron emitting 
electrons on large scales

Vela X & The Vela Supernova Remnant

Vela Jr.
(Camilloni+23)

Puppis A
(Mayer+22)

2°

eRASS:4 image of Vela (logarithmic scale)
Mayer et al. 2023

Vela X
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ÅVela X: Pulsar wind nebula (PWN) of  
energetic PSR B0833-45 

ÁEmbedded in very extended Vela SNR

ÁNearby (~ 290 pc; Dodson+03) 

ÁAge ~ 11 ð30 kyr (Aschenbach+95, Lyne+96, 
Espinoza+17) 

ÅeRASS:4 data allow for disentangling thermal 
& nonthermal X-rays

üFirst view of  X-ray synchrotron emitting 
electrons on large scales

Vela X & The Vela Supernova Remnant

Vela Jr.
(Camilloni+23)

Puppis A
(Mayer+22)

2°

eRASS:4 image of Vela (logarithmic scale)
Mayer et al. 2023

Vela X

eRASS:4 image of Vela (linear scale)
Mayer et al. 2023
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Analysis: X-ray Spectroscopy
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ÅAdaptive Voronoi binning 
(Cappellari+03)

üAround 500 spectra with uniform 
statistics (~ 104 X-ray photons)

Analysis: X-ray Spectroscopy
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ÅAdaptive Voronoi binning 
(Cappellari+03)

üAround 500 spectra with uniform 
statistics (~ 104 X-ray photons)

ÅCharacterize thermal & nonthermal 
components via spectral modelling

üNonthermal flux & photon index, 
(absorption, plasma temperature, 
abundances, ...)

Analysis: X-ray Spectroscopy
TBabs*(vapec+vapec+powerlaw )

+ background
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Results: Nonthermal Emission

2°

ÅVela X in X-rays:

ÁCompact PWN core with ăjetò and 
equatorial torus (e.g., Helfand+2001)

ÁX-ray synchrotron emission in 
ăCocoonò visible with ROSAT & 
XMM (e.g. Markwardt+1995, 
Slane+2018)

Lu+2000:
ROSAT view of Vela center (0.9- 2.4 keV)

1°

Vela PWN core
(Durant et al. 2013, chandra.si.edu)
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Results: Nonthermal Emission

2°

ÅVela X in X-rays:

ÁCompact PWN core with ăjetò and 
equatorial torus (e.g., Helfand+2001)

ÁX-ray synchrotron emission in 
ăCocoonò visible with ROSAT & 
XMM (e.g. Markwardt+1995, 
Slane+2018)

üNow: Observe much larger size of  
diffuse synchrotron emission of  
PWN; radial extent of  2° - 3°

eROSITA: Nonthermal intensity (1.0- 5.0 keV)



29.07.2024 Martin Mayer m˟gf.mayer@fau.de 33 / 20

Results: Nonthermal Emission

Vela X

Vela Jr.

2°

ÅVela X in X-rays:

ÁCompact PWN core with ăjetò and 
equatorial torus (e.g., Helfand+2001)

ÁX-ray synchrotron emission in 
ăCocoonò visible with ROSAT & 
XMM (e.g. Markwardt+1995, 
Slane+2018)

üNow: Observe much larger size of  
diffuse synchrotron emission of  
PWN; radial extent of  2° - 3°

eROSITA: Nonthermal intensity (1.0- 5.0 keV)
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Results: Particle Diffusion in Vela X  
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Results: Particle Diffusion in Vela X  
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ÅSynchrotron emission from relativistic 
electrons diffusing through ambient 
medium
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Results: Particle Diffusion in Vela X  

Synchrotron Inverse Compton
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ÅSynchrotron emission from relativistic 
electrons diffusing through ambient 
medium

üCharacteristic physical extent 
(Abeysekara+17) limited by energy loss
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Results: Particle Diffusion in Vela X  

rD ~ 14 pc

Synchrotron Inverse Compton
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ÅSynchrotron emission from relativistic 
electrons diffusing through ambient 
medium

üCharacteristic physical extent 
(Abeysekara+17) limited by energy loss

üSpectral softening consistent with 
radiative energy losses (Tang+12)
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Results: Particle Diffusion in Vela X  

Synchrotron Inverse Compton
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ÅSynchrotron emission from relativistic 
electrons diffusing through ambient 
medium

üCharacteristic physical extent 
(Abeysekara+17) limited by energy loss

üSpectral softening consistent with 
radiative energy losses (Tang+12)

üAssuming ISM B-field: 
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Results: Particle Diffusion in Vela X  

Synchrotron Inverse Compton
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Results: Multiwavelength View of Vela X

Radio (Hurley- Walker+17) TeV gamma- rays (H.E.S.S.+16)Nonthermal X- rays (eROSITA)
1°

X-ray synchrotron emission originates from TeV-energy electron population
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Results: Multiwavelength View of Vela X

Radio (Hurley- Walker+17) TeV gamma- rays (H.E.S.S.+16)Nonthermal X- rays (eROSITA)
1°

X-ray synchrotron emission originates from TeV-energy electron population

üNo apparent counterpart in the north in TeV & radio bands

üTeV emission would be crucial for constraining magnetic field & particle population

??
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eROSITA all-sky survey data sensitive to nonthermal X-ray emission at 
E < 2 keV

ÅSystematic search for new pulsar candidates via Fermi-LAT - eROSITA 
crossmatch
üCandidate catalogue designed for optical/radio followup 

ÅDiscovery of  very extended component in Vela X PWN
üPhysical picture unclear without multiwavelength analysis

üMayer et al. (2023), A&A, 676, A68
Mayer & Becker (2024), A&A, 684, A208

Summary
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Extra Slides Fermi Pulsars
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_ÀçĀÙġíĸÙÓ ĀÙĥġĖĆĀ ĚġÀĖ ˜ÀĖġíĚġ˪Ě íÿēĖÙĚĚíĆĀ˕ ĲĲĲːÙĚÀːíĀġ˝

ÅRotation-powered pulsars: Energy for 
emission supplied by spin-down 

o Young energetic pulsars (e.g.Crab, Vela)  

o Millisecond (ărecycledò) pulsars: Small periods 
due to accretion-induced spin-up

üAround 3000 known, mostly observed through 
radio pulsations

üMagnetospheric emission at X-ray & gamma-ray 
energies

ÅăExoticò types: Magnetars, central compact 
objects, isolated neutrons stars, ...

ÅAccretion-powered X-ray binaries

Introduction: Neutron Star Zoo
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ÅRotation-powered pulsars: Energy for 
emission supplied by spin-down 

o Young energetic pulsars (e.g.Crab, Vela)  

o Millisecond (ărecycledò) pulsars: Small periods 
due to accretion-induced spin-up

üAround 3000 known, mostly observed through 
radio pulsations

üMagnetospheric emission at X-ray & gamma-ray 
energies

ÅăExoticò types: Magnetars, central compact 
objects, isolated neutrons stars, ...

ÅAccretion-powered X-ray binaries

Introduction: Neutron Star Zoo
Zoo of non- accreting neutron stars

(Credit: ATNF pulsar database, Manchester et al. 2005)


