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Outline

ÅIntroduction

ÁX-ray emission from supernova remnants 

ÁSRG/eROSITA and its all-sky survey

ÅThe stellar graveyard with eROSITA

ÁSerendipitous discoveries 

ÁVela & Friends: Mapping extended objects with eROSITA

ÁSNR populations in other galaxies

ÅThe future with NewAthena
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Introduction
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Cas A
https://chandra.harvard.edu /

X-ray Emission of Supernova Remnants

ÅSupernova remnant (SNR) expanding into 
environment

Á Forward shock heats interstellar medium (~ 107 K); 
Particle acceleration (GeV-TeV energies)

Á Reverse shock heats supernova ejecta
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X-ray Emission of Supernova Remnants

ÅSupernova remnant (SNR) expanding into 
environment

Á Forward shock heats interstellar medium (~ 107 K); 
Particle acceleration (GeV-TeV energies)

Á Reverse shock heats supernova ejecta

üX-ray emission processes

Á Thermal bremsstrahlung + line emission (O, Si, Fe, ...)

Á Synchrotron radiation in magnetic field 
(B ~ 10-5ð10-4 G)
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X-ray Emission of Supernova Remnants

ÅSupernova remnant (SNR) expanding into 
environment

Á Forward shock heats interstellar medium (~ 107 K); 
Particle acceleration (GeV-TeV energies)

Á Reverse shock heats supernova ejecta

üX-ray emission processes

Á Thermal bremsstrahlung + line emission (O, Si, Fe, ...)

Á Synchrotron radiation in magnetic field 
(B ~ 10-5ð10-4 G)

üX-ray studies of  SNRs:

Á Nucleosynthetic products of  supernovae

Á Collisionless shock-heating of  interstellar medium

Á Cosmic ray acceleration
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Cas A
https://chandra.harvard.edu /

X-ray Emission of Supernova Remnants

ÅSupernova remnant (SNR) expanding into 
environment

Á Forward shock heats interstellar medium (~ 107 K); 
Particle acceleration (GeV-TeV energies)

Á Reverse shock heats supernova ejecta

üX-ray emission processes

Á Thermal bremsstrahlung + line emission (O, Si, Fe, ...)

Á Synchrotron radiation in magnetic field 
(B ~ 10-5ð10-4 G)

üX-ray studies of  SNRs:

Á Nucleosynthetic products of  supernovae

Á Collisionless shock-heating of  interstellar medium

Á Cosmic ray acceleration
Magnetized neutron star/pulsar 
˜ÀĖġíĚġ˪Ě íÿēĖÙĚĚíĆĀ˕ ĲĲĲːÙĚÀːíĀġ˝
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Predehl et al. 2020

The SRG/eROSITA telescope

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 
(Feb 2022)
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Predehl et al. 2020

The SRG/eROSITA telescope

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 
(Feb 2022)

ÅTelescope specifics:

Á 7 identical telescope modules with single-chip 
pn-CCD detectors

Á Field of  view ~ 1 degree
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Predehl et al. 2020

The SRG/eROSITA telescope

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 
(Feb 2022)

ÅTelescope specifics:

Á 7 identical telescope modules with single-chip 
pn-CCD detectors

Á Field of  view ~ 1 degree

Á Energy range 0.2 ð10 keV

Á Large combined effective area
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eROSITA first- light press release 
C. Maitra, F. Haberl (MPE)

The SRG/eROSITA telescope

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 
(Feb 2022)

ÅTelescope specifics:

Á 7 identical telescope modules with single-chip 
pn-CCD detectors

Á Field of  view ~ 1 degree

Á Energy range 0.2 ð10 keV

Á Large combined effective area

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

eROSITA All-Sky Survey (eRASS)

0.3 ˟ 0.6 keV
0.6 ˟ 1.0 keV
1.0 ˟ 2.3 keV
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eRASS1 all- sky image 
Credit: MPE/IKI

eROSITA All-Sky Survey (eRASS)
Russian       

Consortium
German

Consortium 0.3 ˟ 0.6 keV
0.6 ˟ 1.0 keV
1.0 ˟ 2.3 keV
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eROSITA DR1: The First All-Sky Survey (eRASS1)

Hoinga SNR 
Becker+2021

eRASS1 diffuse emission
Merloni+24

Credit: J. Sanders (MPE)

eRASS1 point sources 
Merloni+24
Credit: J. Sanders (MPE)
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eROSITA DR1: The First All-Sky Survey (eRASS1)

Hoinga SNR 
Becker+2021

eRASS1 diffuse emission
Merloni+24

Credit: J. Sanders (MPE)

eRASS1 point sources 
Merloni+24
Credit: J. Sanders (MPE)

900 000 X- ray point sources100 000 000 diffuse X- ray photons
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eROSITA Discoveries
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eRASS1 all- sky image 
Credit: MPE/IKI

The eROSITA All-Sky Map

0.3 ˟ 0.6 keV
0.6 ˟ 1.0 keV
1.0 ˟ 2.3 keV
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eRASS1 all- sky image 
Credit: MPE/IKI

The eROSITA All-Sky Map

eROSITABubbles
Predehl+20 0.3 ˟ 0.6 keV

0.6 ˟ 1.0 keV
1.0 ˟ 2.3 keV
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eROSITA & Fermi Bubbles

Predehl+20

ÅDiffuse thermal X-rays (0.6 ð1.0 keV) 
engulf  nonthermal ǡ-rays (Predehl+20)

X- rays (eROSITA)
ɴ- rays (Fermi - LAT)



13.11.2025 Martin Mayer m˟gf.mayer@fau.de ˟ NewAthena Webinar 20

Geometry sketch
Predehl+20

eROSITA & Fermi Bubbles

ÅDiffuse thermal X-rays (0.6 ð1.0 keV) 
engulf  nonthermal ǡ-rays (Predehl+20)

üGalactic-scale structures

üOrigin: Nuclear starburst or 
supermassive black hole outburst? 
(Predehl+20)
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eROSITA & Fermi Bubbles

ÅDiffuse thermal X-rays (0.6 ð1.0 keV) 
engulf  nonthermal ǡ-rays (Predehl+20)

üGalactic-scale structures

üOrigin: Nuclear starburst or 
supermassive black hole outburst? 
(Predehl+20)

üMorphology reproducible with giant 
blast wave from Galactic center

eROSITA 0.6 ˟ 1.0 keV 
diffuse emission

Geometrical model

M. Yeung, 
M. Mayer,
et al., in prep.
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eROSITA & Fermi Bubbles

ÅDiffuse thermal X-rays (0.6 ð1.0 keV) 
engulf  nonthermal ǡ-rays (Predehl+20)

üGalactic-scale structures

üOrigin: Nuclear starburst or 
supermassive black hole outburst? 
(Predehl+20)

üMorphology reproducible with giant 
blast wave from Galactic center

üVertical extent of  emission hard to 
constrain

Side View of Milky Way
In projection

M. Yeung, 
M. Mayer,
et al., in prep.
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eRASS1 all- sky image 
Credit: MPE/IKI

The eROSITA All-Sky Map
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eRASS1 all- sky image 
Credit: MPE/IKI

˧KĆíĀçÀ˨ z`v
Becker+21

The eROSITA All-Sky Map
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Radio (blue, green) & X- ray (red) composite image
Becker+21; Credit: W. Becker, N. Hurley- Walker 

4ÈÅ ȵ(ÏÉÎÇÁȰ 3.2 ɉG249.5+24.5)

ÅHigh-latitude & extended SNR (~ 4.5°) 

ü Soft thermal X-ray emission (T ~ 1.3×106 K) 
filling nonthermal radio shell (Becker+21)

ü Likely old (> 104 yr) and nearby (~ 500 pc)
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Radio (blue, green) & X- ray (red) composite image
Becker+21; Credit: W. Becker, N. Hurley- Walker 

4ÈÅ ȵ(ÏÉÎÇÁȰ 3.2 ɉG249.5+24.5)

ÅHigh-latitude & extended SNR (~ 4.5°) 

ü Soft thermal X-ray emission (T ~ 1.3×106 K) 
filling nonthermal radio shell (Becker+21)

ü Likely old (> 104 yr) and nearby (~ 500 pc)

üFurther discoveries indicate population of  
SNRs outside Galactic plane

G116.6- 26.1 (Churazov+21)J0624- 6948 (Filipovic+21) G17.8+16.7 (Araya+22)
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Vela & Friends:
Extended SNRs with eROSITA
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eRASS1 all- sky image 
Credit: MPE/IKI

The eROSITA All-Sky Map
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eRASS1 all- sky image 
Credit: MPE/IKI

Vela SNR

The eROSITA All-Sky Map
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ÅVela: Very extended (~ 8°) core-collapse SNR

ÁCentral energetic pulsar B0833+45

ÁNearby (~ 290 pc; Dodson+03) 

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

Vela and Friends

2°

eRASS:4 image of Vela (logarithmic scale)
Mayer+23
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ÅVela: Very extended (~ 8°) core-collapse SNR

ÁCentral energetic pulsar B0833+45

ÁNearby (~ 290 pc; Dodson+03) 

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

ÅSuperimposed SNR: Puppis A

Á4000 yr old (Mayer+20, Winkler+88)

ÁCore-collapse SNR 

üCentral neutron star (Petre+96)

ÁX-ray-bright due to interaction with dense
ISM (Hwang+05) 

Vela and Friends

2°

eRASS:4 image of Vela (logarithmic scale)
Mayer+23

Puppis A with eROSITA
Mayer+22
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ÅeROSITA data: 30 ks observation of  Puppis A during 
calibration & PV phase

üX-ray datacube reveals spectromorphological 
changes

!Î ȵ)&5Ȱ 6ÉÅ× ÏÆ 0ÕÐÐÉÓ !
Puppis A data cube

Mayer+22

Puppis A data cube
Mayer+22
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ÅeROSITA data: 30 ks observation of  Puppis A during 
calibration & PV phase

üX-ray datacube reveals spectromorphological 
changes

!Î ȵ)&5Ȱ 6ÉÅ× ÏÆ 0ÕÐÐÉÓ !
Puppis A data cube

Mayer+22

Puppis A data cube
Mayer+22
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ÅeROSITA data: 30 ks observation of  Puppis A during 
calibration & PV phase

üX-ray datacube reveals spectromorphological 
changes

!Î ȵ)&5Ȱ 6ÉÅ× ÏÆ 0ÕÐÐÉÓ !
Puppis A data cube

Mayer+22

Puppis A data cube
Mayer+22
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ÅeROSITA data: 30 ks observation of  Puppis A during 
calibration & PV phase

üX-ray datacube reveals spectromorphological 
changes

!Î ȵ)&5Ȱ 6ÉÅ× ÏÆ 0ÕÐÐÉÓ !
Puppis A data cube

Mayer+22
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Spatially resolved spectroscopy

Mayer+22
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Adaptive bins

Spatially resolved spectroscopy

ÅAdaptive Voronoi binning (Cappellari+03)

üExtract spectra from regions binned to 
equal S/N



13.11.2025 Martin Mayer m˟gf.mayer@fau.de ˟ NewAthena Webinar 38

Adaptive bins

Spatially resolved spectroscopy

ÅAdaptive Voronoi binning (Cappellari+03)

üExtract spectra from regions binned to 
equal S/N

üCharacterize spectral components via spectral 
modelling

ÁForeground absorption

ÁHot gas phase (density, temperature, abundances)

üNon-equilibrium ionization (NEI)

Á(Synchrotron emission)

TBabs*(vpshock+powerlaw )
+background
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ÅDetermine shock agefrom 
emission measure & ionization 
age:

Puppis A ɀShock History

Assume 

emitting volume

Ionization age

Electron density
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ÅDetermine shock agefrom 
emission measure & ionization 
age:

üReconstruct history of  shock 
heating

Puppis A ɀShock History

Assume 

emitting volume

Mayer+22
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ÅDetermine shock agefrom 
emission measure & ionization 
age:

üReconstruct history of  shock 
heating

Puppis A ɀShock History

Assume 

emitting volume

Recently (~500 yr) shocked material

Mayer+22
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ÅDetermine shock agefrom 
emission measure & ionization 
age:

üReconstruct history of  shock 
heating

Recently (~500 yr) shocked material

Assume 

emitting volume

Puppis A ɀShock HistoryMayer+22
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Puppis A ɀEjecta
Oxygen

Silicon Sulfur

MagnesiumNeon

Iron
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Puppis A ɀEjecta
Oxygen

Silicon Sulfur

MagnesiumNeon

Iron
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Puppis A ɀEjecta and Hydrodynamics 

ÅAbundance maps reveal clump of  
silicon-rich ejecta material

Silicon abundance 
(solar units) 
Mayer+22
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Puppis A ɀEjecta and Hydrodynamics 

ÅAbundance maps reveal clump of  
silicon-rich ejecta material

ÅRapid neutron star motion 
(~ 500 km/s; Mayer+20)

üHydrodynamic kick: Recoil from heavy 
ejecta elements (Wongwathanarat+2013) 

Silicon abundance 
(solar units) 
Mayer+22
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Puppis A ɀEjecta and Hydrodynamics 

ÅAbundance maps reveal clump of  
silicon-rich ejecta material

ÅRapid neutron star motion 
(~ 500 km/s; Mayer+20)

üHydrodynamic kick: Recoil from heavy 
ejecta elements (Wongwathanarat+2013) 

üApparent disagreement between 
silicon ejecta and recoil ~ 55°

Si centroid

Silicon abundance 
(solar units) 
Mayer+22
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eRASS:4 image of Vela (linear scale)
Mayer et al. 2023

eRASS:4 image of Vela (logarithmic scale)ÅVela: Very extended (~ 8°) core-collapse SNR

ÁCentral energetic pulsar B0833+45

ÁNearby (~ 290 pc; Dodson+03) 

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

Vela and Friends

2°
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eRASS:4 image of Vela (linear scale)
Mayer et al. 2023

ÅVela: Very extended (~ 8°) core-collapse SNR

ÁCentral energetic pulsar B0833+45

ÁNearby (~ 290 pc; Dodson+03) 

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

Vela and Friends

2°
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eRASS:4 image of Vela (linear scale)
Mayer et al. 2023

ÅVela: Very extended (~ 8°) core-collapse SNR

ÁCentral energetic pulsar B0833+45

ÁNearby (~ 290 pc; Dodson+03) 

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

üVela Jr: Purely nonthermal synchrotron SNR 

Vela and Friends

2°

Vela Jr in eRASS:4
Camilloni+23



13.11.2025 Martin Mayer m˟gf.mayer@fau.de ˟ NewAthena Webinar 51

ÅVela: Very extended (~ 8°) core-collapse SNR

ÁCentral energetic pulsar B0833+45

ÁNearby (~ 290 pc; Dodson+03) 

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

üVela Jr: Purely nonthermal synchrotron SNR 

üVela X: Pulsar wind nebula of  central pulsar

Vela and Friends

2°

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

Vela X
(Mayer+23)

2°
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ÅVela: Very extended (~ 8°) core-collapse SNR

ÁCentral energetic pulsar B0833+45

ÁNearby (~ 290 pc; Dodson+03) 

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

üVela Jr: Purely nonthermal synchrotron SNR 

üVela X: Pulsar wind nebula of  central pulsar

üeROSITA allows for disentangling thermal & 
nonthermal X-rays on large scales

Vela and Friends

2°

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

Vela X
(Mayer+23)

2°
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Vela SNR ɀIntervening ISM

Foreground absorption column density
Mayer+23

2°
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Vela SNR ɀIntervening ISM

Foreground absorption column density
Mayer+23

2°
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Hɲline emission
(SHASSA; Gaustad+01)

Vela SNR ɀIntervening ISM

Foreground absorption column density
Mayer+23

Correlation with warm ISM

2°
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Oxygen Neon

Magnesium Iron

Vela SNR ɀEjecta
Mayer+23
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Oxygen Neon

Magnesium Iron

Vela SNR ɀEjecta
ÅCorrelated abundance peaks 

of  oxygen, neon, 
magnesium

üIron distribution 
independent from 
lighter elements

Mayer+23



13.11.2025 Martin Mayer m˟gf.mayer@fau.de ˟ NewAthena Webinar 58

Oxygen Neon

Magnesium Iron

Vela SNR ɀEjecta
ÅCorrelated abundance peaks 

of  oxygen, neon, 
magnesium

üIron distribution 
independent from 
lighter elements

üGeneral pattern:

Ne/O, Mg/O supersolar 

Observed composition

Sukhbold et al. (2016)

Mayer+23

Solar 



13.11.2025 Martin Mayer m˟gf.mayer@fau.de ˟ NewAthena Webinar 59

Oxygen Neon

Magnesium Iron

Vela SNR ɀEjecta
ÅCorrelated abundance peaks 

of  oxygen, neon, 
magnesium

üIron distribution 
independent from 
lighter elements

üGeneral pattern:

Ne/O, Mg/O supersolar 

üNot reproduced in 
nucleosynthesis models 
(e.g. Sukhbold+16)

Observed composition

Sukhbold et al. (2016)

Mayer+23
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X-ray Synchrotron Emission from Vela X

ÅVela X in X-rays (prior to eROSITA): 
Compact PWN core with ăjetò and 
equatorial torus (e.g., Helfand+2001)

Vela PWN core
(Durant et al. 2013, chandra.si.edu)

ʵ˪
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2°

ÅVela X in X-rays (prior to eROSITA): 
Compact PWN core with ăjetò and 
equatorial torus (e.g., Helfand+2001)

eROSITA: Nonthermal intensity (1.0- 5.0 keV)
Mayer+23

X-ray Synchrotron Emission from Vela X
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Vela X

Vela Jr.

2°

ÅVela X in X-rays (prior to eROSITA): 
Compact PWN core with ăjetò and 
equatorial torus (e.g., Helfand+2001)

üeROSITA reveals extended X-ray 
PWN (~ 15 pc)

üDiffusion of  multi-TeV electrons in 
ambient magnetic field

eROSITA: Nonthermal intensity (1.0- 5.0 keV)
Mayer+23

X-ray Synchrotron Emission from Vela X
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SNR Populations with eROSITA


