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Introduction: SRG/eROSITA

A eROSITA: Soft Xay_telescope on German
Russian SRG satellite S P s,

U Original mission goakygar aiky xray survey, Y lf’
i \\ : ‘

Predehl et al. 2020

~ 25 times deeper than precursor ROSAT
U 2.2 years achieved until mission interruption
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A 7 identical telescope modules (TMs) with single |.. |
chip CCD detectors

\

EAU “&»\. 29.07.2024 Martin Mayer * mgf.mayer@fau.de
«@v

Y J “?h;Q’ ~ \ .

o
- \ %\_‘ y.
v\
.
%

«««« —

5/20

Predehl et al. 2020

L e



Introduction: SRG/eROSITA

A eROSITA: Soft Xay telescope on German
Russian SRG satellite Predehl et al. 2020

U Original mission goaky&ar albky Xray survey, g | sosns omeaes s ce o e 2o oo
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A Telescope specifics: s A T\ Y
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A 7 identical telescope modules (TMs) with single & P \ \
chip CCD detectors s | fi ‘11
Ll? 1 fuly - L 1o 1 I I L
Energy range 0210 keV 0.1 0.5 1 5 10
Energy [keV]
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A Large combined effective area
A Field of view ~ 1 degree
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Introduction: SRG/eROSITA

eROSITA first light press release

A eROSITA: Soft Xay telescope on German N 10gTA g e
Russian SRG satellite ———— —
L e
U Original mission goakygar alkky Xray survey, i fﬁ
~ 25 times deeper than precursor ROSAT 6 fﬁH* \ eROSITA combined -
: e : Uy XMM-N PN
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Energy range 0810 keV \n,m, b .
Large combined effective area o e ]
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Field of view ~ 1 degree Energy (keV)
Good spectral resolution (cf. XMM ERG)
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Introduction: SRG/eROSITA

Credit: MPE/IKI

SRG/eROSITA - o 0.3-2.3 keV - RGB
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Introduction: SRG/eROSITA

Credit: MPE/IKI
Russian =~ German - 0.3-2.3 keV - RGB

Consortium #@enSortium -
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eROSITA DR1: The First AlBky Survey (eRASSl)

eRA SSl dlffuse emission (Merloni et al. 2024) eRASSl point sources(l\/lertqnl e‘t af 20-23)
: : Credlt J. Sanders (MPE) -
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eROSITA DR1: The First AlBky Survey (eRASSl)

BRASS1 dlffuse emission (Merloni et al. 2024) eRASSl point sources(l\/lertom e‘t a[ 20’23)
Xy Credlt J. Sanders (MPE) %

100 000 000 diffuse X ray photons 900 000 X-ray point sources
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Motivation: The Fermi-LAT Source Catalog

Distribution of 4FGL-DR4 Sources
Ballet et al. 2023
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Motivation: Identifying Unassociated 4FGL Sources

AGoal Identify unassociated sour@#spulsaitype) T T SR S PO P

based on their-xay counterparts
U Precise positions allow for radio/optiwahfirmation

A Crossmatchwith eROSITA AHSky Survey
(eRASS:Ayatalog (see Merloni et al. 2024
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Motivation: Identifying Unassociated 4FGL Sources

AGoal Identify unassociated SOUrGESPUISAItYPE) . - . o g . Fo7Ee SRASSH mase ot aFGLerorglise

based on their-xay counterparts
U Precise positions allow for radio/optimahfirmation

A Crossmatchwith eROSITA AHSky Survey
(eRASS:Ayatalog (see Merloni et al. 2024

U Challenges
A Large gammuey error ellipses (~ 5 arcmin)
A X-ray pulsar counterparts typically faint (~ 10 counts)
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Search Strategy: Prior Classification

7 Mayer & Becker 2024 5!
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Results: Catalog of Pulsar Candidates

Mayer & Becker 2024 0.70

AFinal cleaned catalog of candidate
X-ray pulsar counterparts to
FermiLAT sources

U Around 160 candidates with

U Predict ~ 25 new pulsars in top 100 :
candidate matches

U Expect similar numbers of young
(squares) and millisecond (triangle) .,
pulsars
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Followup example: Multiwavelength view of PSR* Y Bd787K

Clark et al. 2023
eRASSI1Perspective

L)
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Followup example: Multiwavelength view of PSR* Y Bd787K

Clark et al. 2023
eRASSI1Perspective

L)
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Followup example: Multiwavelength view of PSR* Y Bd787K

Radio pulsations

Clark et al. 2023
eRASSI1Perspective

Flux Density

L)

Pulse Phase
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Followup example: Multiwavelength view of PSR* Y Bd787K

N-ray pulsations Radio pulsations
(Clark et al. 2023)
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Followup example: Multiwavelength view of PSR* Y Bd787)K

N-ray pulsations Radio pulsations
(Clark et al. 2023)
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Vela X & The Vela Supernova Remnant

Avela X: PU|Sar ermbbl'“a (PWNQ)f | . ’ : eRASS:4 image of Vela (Iogarithrﬁic scale) =
energetic PSR B0833 0.7~ 1.1keV . © Mayeretal. z;ozs

A Embedded in vergxtended/elaSNR
A Nearby (~ 290 pc; Dodson+03)

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

AeRASS:4 data allow for disentangling therm
& nonthermal Xrays

U First view of Xray synchrotron emitting
electrons on large scales
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Vela X & The Vela Supernova Remnant

Avela X: PU|Sar ermbbl'“a (PWNQ)f | . ’ : eRASS:4 image of Vela (Iogarithrﬁic scale) =
energetic PSR B0833 0.7~ 1.1keV . © Mayeretal. z;ozs

A Embedded in vergxtended/elaSNR
A Nearby (~ 290 pc; Dodson+03) ~
Puppis A

A Age ~ 118 30kyr (Aschenbach+95, Lyne+96, . , A ' o ayer+22)
Espinoza+17) - N OA .

AeRASS:4 data allow for disentangling therm
& nonthermal Xrays

U First view of Xray synchrotron emitting
electrons on large scales
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Vela X & The Vela Supernova Remnant

AVela XZ PUlsar W”“lbbUIa (PWNQ)f eRASS:4 image of Vela (linear scale)
energetic PSR B0833 0.7 — 1.1keV ever st al. 2028
A Embedded in vergxtended/elaSNR Ll —2 38V
A Nearby (~ 290 pc; Dodson+03) , Rice
A Age ~ 118 30kyr (Aschenbach+95, Lyne+96, - w. - .
Espinoza+17) . '

AeRASS:4 data allow for disentangling therm
& nonthermal Xrays

U First view of Xray synchrotron emitting
electrons on large scales
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Analysis: X-ray Spectroscopy

1.1 —2.3 eV
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Analysis: X-ray Spectroscopy

A Adaptive Voronoi binning
(Cappellari+03

U Around 500 spectra with uniform
statistics (~ ¥0X-ray photons)
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Analysis: X-ray Spectroscopy

—_
(]
I

A Adaptive Voronoi binning
(Cappellari+03

U Around 500 spectra with uniform

Normalized Counts (s7'keV 1)
o
]

' TBabs*(vapec+vapec+powerlaw )
a + background|

N

statistics (~ ¥0X-ray photons)

| |
o WP, O R, NMW
o [T—F—F 1

A Characterizhermal& nonthermal

: HH U IH HHH‘ ”i“ﬁmlﬂ|| + | #

‘!WMHMwM<'WmHH%+++

components via spectral modelling

U Nonthermal flux & photon index,
(absorption, plasma temperature,
abundances, ...)
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Results: Nonthermal Emission

AVelaX in X-rays: L. ' Faui Vel PN core
ACompact PWN: or e \A\DI tah'] déj ‘ 2 ! ; b : (Durant et al. 2013, chandra.si.edu)
equatorial torus (e.g., Helfand+2001) . |-
2= Il
A X-ray synchrotron emission in P ey
aCocoono visible wl
XMM (e.g. Markwardt+1995, | il
Slane+2018)
= L Lu+2000.|
\ SAT wiew.of Velacenter (0:92.4 keV)
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Results: Nonthermal Emission

. 1 I 1 1 1 1 I ] I I I 1 1 1 _
AVelaX N X-rays: ) eROSITA: Nonthermal intensity (1.65.0 keV)1 13.2
ACompactPWN or e wi tamddj et ~13.4
equatorial torus (e.g., Helfand+2001) |
—13.69}7‘
A X-ray synchrotron emission in [ — 1338 E
aCocoono visible |wi -
XMM (e.g. Markwardt+1995, 140
Slane+2018) - '
_ s
14.2 Eﬂ
e . E
U Now: Observe much larger size of| \& ~144 ¢
diffuse synchrotron emission of a0
PWN; radiaéxtent of 2- 3° 146
—-14.8
I | 1 1 1 1 | ] 1 1 1 i l I l _150
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Results: Nonthermal Emission
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Results: Particle Diffusion in Vela X

1 1 1 1 1 1 1 1 | 1 |
\
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Results: Particle Diffusion in Vela X
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Results: Particle Diffusion in Vela X

A Synchrotron emission fromlativistic

electrongliffusing through ambient ] §°
medium % (% '! . - 315°
) f13.5—§ : m a
' ) - . 225° 5
Synchrotron  Inverse Compton > L i =
‘0 —14.0 7] 180°
o - - S
E i i 135° 3
o . _ o
5 -5} - 90°
s [ ’
(% I
_15_0_| [ R R R I R B | | ni
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Radius from pulsar (arcmin)
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Results: Particle Diffusion in Vela X

A Synchrotron emission fromlativistic

electrongliffusing through ambient . [~~~ " T T
medium ¢ I A ..
~135
_ 2 0 [ @
dE/dt o UB+E & - o~ 14 po
Synchrotron  Inverse Compton = i ‘
g —14.0 : & < -
U Characteristiphysical extent gt . 3% --,;_..;;-.;f 524
(Abeysekara+1Tnited by energgss 2 _sf Ll -
rp = (4D1)'/? § *
A i
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Results: Particle Diffusion in Vela X

A Synchrotron emission fromlativistic

electrongliffusing through ambient s o] g
medium - T o 5 % 315°
dE/dt < — (JU + E? § wF iy W;%b",«"{ 2700
— < c E 0 b % e T
= ~ 5 ssF o&e}? i’ :E Y o i : 225° 3
Synchrotron  Inverse Compton E “E ¢ _?o‘_m@-,,‘,' ',.’ i %ﬁ ] %
) . . - % 3.0 E { o,’_o .,‘:;;;f-. IE‘:Q ‘:f j“é" !;E " L &7 1 180° 5
U Characteristighysical extent s Wl EL 1 s 3
i 3 - = R L b r
(Abeysekara+1Tnited by energpss = 2sf-p A daees ¢ 11l °
c ~ =1, om-:. ! . o B &
b = (4D7)'7 Faoft [T 1l
U Spectral softening consistent with e T e AL L
radiative energy losses (Tang+12) Radius from pulsar (arcmin)
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Results: Particle Diffusion in Vela X

A Synchrotron emission fromlativistic

electrongliffusing through ambient s o] g
medium - F s & € 315°
o 4.0 *d 119 % T%sn ! et o
dE/dt o« —({Up + E? [ E e‘i’ L[5 & Tg ﬁ."' 1 270
‘ S 3s5F of | Lot tigete Upr T il Moo 2
Synchrotron  Inverse Compton ° - e o7 © 40 Pio o 94 i1, allllig mT 1 c
. L 3 0F 1 ogeeadern e T s
U Characteristighysical extent R 111 Y ca gt & 1 s @
. RS paeti| % oY || @ ]
(Abeysekara+1Hnited by energpss £ =sf- A lmey & b 11l °
= (4D7)'/2 a0 IR L] 18
U Spectral softening consistent with e T e AL L

radiative energy losses (Tang+12) Radius from pulsar (arcmin)

U Assuming ISM &ield:
D = 3.6f8:g x 10?" cm? s~!
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Results: Multiwavelength View of Vela X

X-ray synchrotron emission originates fromdmargy electron population

170 — 231 MHz

1.95 —2.30keV >1.0TeV

3

Nonthermal X-rays (eROSITA) TeV gammarays (H.E.S.S.+16)

Radio (Hurley- Walker+17)
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Results: Multiwavelength View of Vela X

X-ray synchrotron emission originates fromdmargy electron population
U No apparent counterpart in the north in TeV & radio bands

U TeV emission would be crucial ¢onstraining magnetic field & particle population

170 — 231 MHz 1.95 —2.30keV >1.0TeV

?

3

Radio (Hurley- Walker+17) Nonthermal X-rays (eROSITA) TeV gammarays (H.E.S.S.+16)
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Summary » B
eROSITA alkky survey data sensitive 0 nofitherrral>emission at
E <2 keV s a5
™ ’ v
ASystematic search for new puls
crossmat

‘ U Candidateatalogue designed for opt /radio followup

. - sl
ADiscovery: extended componeqﬁp Vela X PWN
u Physical unclear without multiwavelength analysis

y - .

U Mayeret al, (2023), A& 76,A68
Mayer& Becker (2024), A&A, 684208
o '



Extra Slides Fermi Pulsars
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Introduction: Neutron Star Zoo

- _AcAUGIKUO AURGEGCAREES AE  ~ AL

ARotationpowered pulsars: Energy for
emission supplied by sfglawn
0 Young energetic pulsars (Emb, Vela)

oMi I |l i second (arecycl e
due to accretiomduced sphup

U Around3000known, mostly observed through
radio pulsations

U Magnetospheric emission atay & gammaay
energies

AGExoticoO types: Mag
objects, isolated neutrons stars, ...

A Accretionpowered Xray binaries
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Introduction: Neutron Star Zoo

Zoo of non-accreting neutron stars
(Credit: ATNF pulsar database, Manchester et al. 2005)

ARotationpowered pulsars: Energy for
emission supplied by sfglawn
0 Young energetic pulsars (Emb, Vela)

oMi I Il i second (arecycledo) pulsars: Small per |
due to accretiomduced sphup

U Around3000known, mostly observed through
radio pulsations

U Magnetospheric emission atay & gammaay
energies

AiExoticoO types: Magnetars, central com
objects, isolated neutrons stars, ...

A Accretionpowered Xray binaries
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