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X-ray Emission of Supernova Remnants

A Supernova remnant (SNR) expanding into
environment

A Forward shock heats interstellar medium {K)0
Particle acceleration (GE&®V energies)

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

A Supernova remnant (SNR) expanding into
environment

A Forward shock heats interstellar medium {K)0
Particle acceleration (GE®V energies)

A Reverse shock heats supernova ejecta
U X-ray emission processes

A Thermabremsstrahlung + line emission (O, Si, Fe

A Synchrotron radiation in magnetic field
(B~10°010*G)
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X-ray Emission of Supernova Remnants

A Supernova remnant (SNR) expanding into
environment

A Forward shock heats interstellar medium {K)0
Particle acceleration (GE®V energies)

A Reverse shock heats supernova ejecta
U X-ray emission processes
A Thermabremsstrahlung + line emission (O, Si, Fe

A Synchrotron radiation in magnetic field
(B~10°010*G)

U X-ray studies of SNRs:
A Nucleosynthetiproducts ofsupernovae

A Collisionless shodieating of interstellar medium
A Cosmiaayacceleration
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X-ray Emission of Supernova Remnants

A Supernova remnant (SNR) expanding into
environment

A Forward shock heats interstellar medium {K)0
Particle acceleration (GE®V energies)

A Reverse shock heats supernova ejecta

U X-ray emission processes
A Thermabremsstrahlung + line emission (O, Si, Fe
A Synchrotron radiation in magnetic field

(B~10°010*G)

U X-raystudies of SNRs:
A Nucleosynthetic products of supernovae
A Collisionless shodteating of interstellar mediu | |
A Cosmiaay acceleration | cas A

Magnetized heutron star/pulsar https://chandra.harvard.edu/
. " AEQNEGgLCE iyeEUHSnmin T )
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The SRG/eROSITA telescope

A eROSITA: Soft Xay telescope on
GermanRussian SRG satellite

U Original mission goakygar alkky Xray survey,
~ 25 times deeper than precursor ROSAT

U 2.2 years achieved until mission interruption

(Feb 2022)
\
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The SRG/eROSITA telescope

A eROSITA: Soft Xay telescope on
GermanRussian SRG satellite

U Original mission goakygar alkky Xray survey,
~ 25 times deeper than precursor ROSAT

U 2.2 years achieved until mission interruption
(Feb 2022)

A Telescope specifics:

A 7 identical telescope modules with sicttjje
pn-CCD detectors

A Field of view ~ Hegree
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The SRG/eROSITA telescope

A eROSITA: Soft Xay telescope on
GermanRussian SRG satellite

U Original mission goakygar alkky Xray survey,
~ 25 times deeper than precursor ROSAT

U 2.2 years achieved until mission interruption
(Feb 2022)

A Telescope specifics:

A 7 identical telescope modules with stigfe

pn-CCD detectors
Field of view ~ Hegree
Energy range 0810 keV

A
A
A Large combined effective area

13.11.2025
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FoV averaged Effective Area * FoV [ cm? deg?]
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Predehl et al. 2020
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The SRG/eROSITA telescope

A eROSITA: Soft Xay telescope on
GermanRussian SRG satellite

eROSITA first light press release
C. Maitra, F. Haberl (MPE)

SN 1987A in the LMC

U Original mission goakygar alkky Xray survey,
~ 25 times deeper than precursor ROSAT 6 |

U 2.2 years achieved until mission interruption
(Feb 2022)

A Telescope specifics:

A 7 identical telescope modules with stigfe
pn-CCD detectors 2

Field of view ~ Hegree
Energy range 0810 keV

Intensity

T
Ne
%Ih‘ﬂ‘ Hh\
‘;‘M g ! eROSITA combined
j | XMM-Newton PN

Large combined effective area 0.2

Improved spectral resolution
(cf. XMM EPIC-pn)
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eROSITA AlSky Survey (eRASS)

Credit: MPE/IKI

SRG/eROSITA - o 0.3-2.3 keV - RGB

. 0.6* 1.0keV
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eROSITA AlFSky Survey (eRASS)

Credit: MPE/IKI

Russian =~  German - 0.3-2.3 keV - RGB

Consortium =

. 0.6* 1.0keV
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eROSITA DR1: The First AlBky Survey (eERASS1)

eRASS1 diffuse emission eRASS1 point sources
Ly Merloni+24 Merloni+24 P
- Credit: 3: Sanders (MPE) Credit: J. Sandérs (MP

By
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eROSITA DR1: The First AlBky Survey (eERASS1)

eRASS1 diffuse emission eRASS1 point sources,
™ Merloni+24 Merlon|+24
Credlt J: Sanders (MPE)

900 000 X-ray point sources
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The eROSITA AllSky Map

Credit: MPE/IKI

SRG/eROSITA - o 0.3-2.3 keV - RGB

. 0.6* 1.0keV
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The eROSITA AllSky Map

Credit: MPE/IKI

SRG/eROSITA - 0.3-2.3 keV - RGB

. 0.6* 1.0keV
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eROSITA & FermiBubbles

A Diffuse thermal Xays (0.6 1.0 keV)
engulf nonthermatrays(Predehl+2p

Predehl+20
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eROSITA & FermiBubbles

A Diffuse thermal Xays (0.6 1.0 keV)
engulf nonthermatrays(Predehl+2p

U Galactiescale structures

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

~14 kpc

»
i

EBs
Geometry sketch

Predehl+20

~14 kpc

FBs S — 2
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eROSITA & Fermi Bubbles

A Diffuse thermal Xays (0.6 1.0 keV)
engulf nonthermarays (Predehl+20)

U Galactiescalestructures

U Origin: Nuclear starburst or
supermassive black hole outburst?
(Predehl+2p

U Morphology reproducible with giant
blast wave from Galactic center

3 M. Yeung,
M. Mayer,
et al., in prep.
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eROSITA 0.6 1.0 keV
diffuse emission

Geometrical model




eROSITA & Fermi Bubbles
A Diffuse thermal Xays (0.6 1.0 keV)

engulf nonthermatrays (Predehl+20)
Galactiescalestructures

Origin: Nuclear starburst or
supermassive black hole outburst?
(Predehl+2p

Morphology reproducible with giant
blast wave from Galactic center

Vertical extent of emission hard to
constrain

M. Yeung,
M. Mayer,

£ k{fnﬂl\ et al., in prep.
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The eROSITA AllSky Map

Credit: MPE/IKI

SRG/eROSITA - o 0.3-2.3 keV - RGB
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The eROSITA AllSky Map

Credit: MPE/IKI

SRG/eROSITA - o 0.3-2.3 keV - RGB

1KC|AQA4 z v
. Becker£2l: .c

\.
‘& 13.11.2025 Martin Mayer * mgf.mayer@fau.de* NewAthena Webinar
@y




4 EA n (O BIG249.5+24.5)

A Highlatitude &extended SNR (~ £

U Soft thermal Xay emission (T ~ x3® K)
filling nonthermal radio shell (Becker+21)

U Likely old (> 16yr) and nearby (~ 500 pc)

Radio (blue, green) & Xray (red) composite image
®Becker+21; Credit: W. Becker, N. HurleyWalker
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4 EA n (O BIG249.5+24.5)

A Highlatitude &extended SNR (~ £

U Soft thermal Xay emission (T ~ x3® K)
filling nonthermal radio shell (Becker+21)

U Likely old (> 16yr) and nearby (~ 500 pc)

U Further discoveries indicate population of
SNRs outside Galactic plane

J0624- 6948 (Filipovic+21) G17.8+16.7 (Araya+22)

Radio (blue, green) & Xray (red) composite image
®Becker+21; Credit: W. Becker, N. HurleyWalker
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The eROSITA AllSky Map

Credit: MPE/IKI

SRG/eROSITA - o 0.3-2.3 keV - RGB
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The eROSITA AllSky Map

Credit: MPE/IKI

SRG/eROSITA - o 0.3-2.3 keV - RGB

 VelasSNR
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Vela and Friends

AVela: Very extended (®)&orecollapse SNR |
A Central energetic pulsar B0833+45 0.7 —1.1keV

1.1 -2.3 ke

A Nearby (~ 290 pc; Dodson+03)
A Age ~ 118 30kyr (Aschenbach+95, Lyne+96,

Espinoza+17)
\
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Mayer+23
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Vela and Friends

AVela: Very extended (?)&orecollapse SNR i L.\ . eRASS@image of Vela (logafithric seale)
A : Mayer+
A Central energetic pulsar BO833+45 0.7 - 1}1 ké\{ | At
A Nearby (~ 290 pc; Dodson+03) g —dsd e

A Age ~ 118 30kyr (Aschenbach+95, Lyne+96,
Espinoza+17)

Puppis A with eROSITA
0.7—1.1keV Mayer+22

ASuperimposed SNR: Puppis A 11_23keV
A 4000 yr old (Mayer+20, Winkler+88)

A Corecollapse SNR
U Central neutron star (Petre+96)

A X-raybright due to interaction with denst
ISM (Hwang+05)
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Puppis A data cube
A eROSITA data: 30 késervation of Puppisduring 0.7—1.1keV Mayer+22
calibration &V phase L] —B 8 i -
U X-ray datacube reveals spectromorphological

changes

\
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T n) &50 6 EA X

A eROSITA data: 30 késervation of Puppisaduring 0.7—1.1keV
calibration &PV phase .1— 23 kel
U X-ray datacube reveals spectromorphological
changes
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Puppis A data cube
Mayer+22
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T n) &50 6 EA X

A eROSITA data: 30 késervation of Puppisduring 0.7—1.1keV

calibration &PV phase 1.1 —2.3 ke
U X-ray datacube reveals spectromorphological
changes
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'T n)&50 6EAx 1T £ 0O0PPEO !

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

U X-raydatacube reveals spectromorphological

changes
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Spatially resolved spectroscopy

‘:& 13.11.2025
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0.2 —-2.3keV

Martin Mayer * mgf.mayer@fau.de* NewAthena Webinar
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Spatially resolved spectroscopy

A Adaptive Voronoi binning (Cappellari+03)

U Extract spectra from regions binned to
equalS/N

Adaptive bins—

\
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—
|

,I 'Il'BlabSI*(VpShOCk-l-lpowerllaW)
+background.

1keV

Spatially resolved spectroscopy

—_
(=]

A Adaptive Voronoi binning (Cappellari+03)

Normalized Counts (s
(@]

U Extract spectra from regions binned to
equalS/N

U
opww»—-o»—-[\)w

U Characterizspectral componengsa spectral
modelling
A Foreground absorption
A Hot gas phase (density, temperature, abunjlancesj
U Non-equilibrium ionization (NEI)
A (Synchrotroremission)

Adaptive bins_

\
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Puppis Az Shock History

ADetermineshock agefrom
emission measure & ionization

age:
1071
EM = 4?Td2 fneql-[ dV,
Assume
emitting volume
T, =|n, tg

A\
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lonization age |
1 1 1 I 1
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0.30

0.15
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(cm™)

gNe

|
-0.15
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-0.30

-0.45

—-0.60
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11.00 E
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Puppis Az Shock History

Mayer+22
ADetermineshock agefrom =
emission measure & ionization I 390
age: 3.75
10714 "
EM = Aol fne g dV, | 3.60
Assume
— ; 3.45
emitting volume ;}
Ts =Mt ~ 3.30};;’
. ] i 3.15
U Reconstruct history of shock _
heating 3.00
l 2.85
T T 2.70
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Puppis Az Shock History

Mayer+22
ADetermineshock agefrom =
emission measure & ionization I 320
age: 3.75
1071
EM = Aol fne g dV, | 3.60
Assume
— ; 3.45
emitting volume ;}
Ts =Mt ~ 3.303;’
. ] i 3.15
U Reconstruct history of shock _
heating 3.00
l 2.85
| \R—é@\_ﬁy (~500 yr) shocked materia}l I 2.70
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Puppis Az Shock History..,....

ADetermineshock agefrom

eIt om 0.7—1.1keV

emission measure & lonization 1.1 —2.3keV
age:

1014
EM = , ,

Aol fn( iy dV.

Assume

emitting volume

T, =|n, tg

U Reconstruct history of shock
heating

\
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Recently (~500 yr) shocked material
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Puppis Az Ejecta

13.11.2025
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Puppis Az Ejecta

I 1

13.11.2025

2.0

1.8

1.6

1.4

1.2

1.0

0.8

0.6
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24
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Puppis Az Ejecta and Hydrodynamics

A Abundance maps revehlmpof
siliconrich ejecta material

‘:& 13.11.2025
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I_ I I ]
Silicon abundance
(solar units)

- Mayer+22
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45

0.3

0.0

ROSITA



Puppis Az Ejecta and Hydrodynamics

A Abundance maps revehlmpof
siliconrich ejecta material

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

U Hydrodynamic kick: Recoil from heavy
ejecta elementg/ongwathanarat+2013

‘:& 13.11.2025

-y

I_ I I ]
Silicon abundance
(solar units)

- Mayer+22
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Puppis Az Ejecta and Hydrodynamics

A Abundance maps revehlmpof
siliconrich ejecta material

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

U Hydrodynamic kick: Recoil from heavy
ejecta elementg/ongwathanarat+2013

U Apparent disagreement between
silicon ejecta and recoil ~°55

13.11.2025

I_ I I ]
Silicon abundance

(solar units)

- Mayer+22

L2S
L]
]
]
]
LS
“,
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Vela and Friends

AVela: Very extended (®)&orecollapse SNR |
A Central energetic pulsar B0833+45 0.7 —1.1keV
A Nearby (~ 290 pc; Dodson+03)
A Age ~ 118 30 kyr (Aschenbach+95, Lyne+96,

Espinoza+17)
\
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1.1 -2.3 ke

eRASS:4 image of Vela (Iogarithrﬁic scale) =
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Vela and Friends

AVela: Very extended (®)&orecollapse SNR

A Central energetic pulsar B0833+45 0.7-1.1 ke}{
A Nearby (~ 290 pc; Dodson+03) AT PRy
A Age ~ 118 30 kyr (Aschenbach+95, Lyne+96,
Espinoza+17)
‘% 13.11.2025 Martin Mayer * mgf.mayer@fau.de* NewAthena Webinar
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eRASS:4 image of Vela (linear scale)
Mayer et al. 2023
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Vela and Friends

Avela: Very eXtended (2)8:OreCO”apse SNR eRASS:4 image of Vela (linear scale)
A ' : M tal. 2023
A Central energetic pulsar B0833+45 0.7 — 1.1 keV ayereta

A Nearby (~ 290 pc; Dodson+03)

A Age ~ 118 30 kyr (Aschenbach+95, Lyne+96, e _
Espinoza+17) . ¥\ vela Jr ineRASS:4

Camilloni+23

U Vela Jr: Purely nonthermal synchrotron SNF

\
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Vela and Friends

AVela: Very extended (¢)&orecollapse SNR | eRASS:4 Image of Vela (inear scale)
A Central energetic pulsar BO833+45 0.7—1.1keV jlavgret al. 20es
A Nearby (~ 290 pc; Dodson+03) 1.1-2.3keV
A Age ~ 118 30 kyr (Aschenbach+95, Lyne+96, , X T
Espinoza+17) ol .

U Vela Jr: Purelyonthermal synchrotrddNR
U Vela X: Pulsar wind nebwlfacentral pulsar

“Vela X
(Mayer+23)
#

\
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Vela and Friends

Avela: Very eXtended (2)8:OreCO”apse SNR eRASS:4 image of Vela (linear scale)
A Central energetic pulsar BO833+45 0.7—1.1 Y jlavgret al. 20es
A Nearby (~ 290 pc; Dodson+03) 1.1-2.3keV
A Age ~ 118 30 kyr (Aschenbach+95, Lyne+96, | X T
Espinoza+17) ol .

U Vela Jr: Purelyonthermal synchrotrddNR
U Vela X: Pulsar wind nebwlfacentral pulsar

g C “velax
U eROSITA allow$or disentangling thermal & . v ',‘(Mai-yeér+23)

nonthermak-rays on large scales

\
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Vela SNRz Intervening ISM

1 1 1 I | I I I I 1 1 1

) Foreground absorption column density
- Mayer+23

‘:& 13.11.2025
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Vela SNRz Intervening ISM

— 0.80

0.72

0.64
0.56

0487

m

0.40=%

C

(10

I

0.32 ..

N

0.24

0.16

0.08

| ] ] ] ] ] ] ] ] ] ] ] ] ] 0.00
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Vela SNRz Intervening ISM

— 0.80

0.72

0.64

0.56

0487

1

Hn line emission
(SHASSA; Gaustad+0)

orrelation with warm

(1

0.08
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Vela SNRz Ejecta

ACorrelated abundance pea
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X-ray Synchrotron Emission from Vela X

Vela PWN core

AVe|a X |n Xl’ayS (pI’IOF tO eROSITA) (Durant et al. 2013, chandra.si.edu)
Compact PWN core
equatorial torus (e.g., Helfand+2001
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X-ray Synchrotron Emission from Vela X

AVela X in Xrays (prior t@ROSITA):
CompacPWN core wi't
equatorial torus (e.g., Helfand+200
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X-ray Synchrotron Emission from Vela X

AVela X in Xrays (prior t@ROSITA):

CompacPWN cor e wi

equatorial torus (e.g., Helfand+200

U eROSITA reveals extendeday
PWN (~ 15 pc)

U Diffusionof mult-TeV electrons In

ambient magnetfeld
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