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Mirror Module:

- grazing-incidence
Wolter 1 telescopes

- each mirror shell consists
of a paraboloid and an

associated hyperboloid

- 58 gold-coated nested
mirrors
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XMM-Newton mirrors during integration
Image cowetesy of Dorniex Satellitensysterne GrobH European Space Agency E
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Instruments

Focal Plane Platform

Mirror Support Platform

Optical Monitor

X-Ray Mirror Assemblies
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XMM-Newton

- 3 Mirror Modules / highest effective collecting area ever
- Six simultaneously observing instruments:

- 3 CCD cameras (one 11 and two )

- 2 spectrometers ( )

- 1 Optical Monitor (1)
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S. Vaughan et al., 2004, ApJ

2 THE EUROPEAN SPACE AGENCY



Optical and UV
' q“.

V+B
(540nm, 434 nm)

N

U+UVW1
(348nm, 294nm)

UvM2+UVW?2
(234nm, 218nm)
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-

Messier 82 /

X-Ray

1.2-7.0keV

'

0.7-1.2keV

0.3-0.7keV

Image courtesy of Pedro Rodriquez and E
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esa

Second Nature Review!

Vol 462|24/31 December 2009|d0i:10.1038/nature08690

« Nature published a review highlighting the
scientific results based on XMM-Newton and
Chandra observations achieved during the second RE\/| E\/\/S
decade after satellite launch.

« The article resumes a previous Nature for the fist

decade. The first decade of science with Chandra

and XMM-Newton

Maria Santos-Lleo', Norbert Schartel', Harvey Tananbaum?, Wallace Tucker* & Martin C. Weisskopf’

NASA's Chandra X-ray Observatory and the ESA's X-ray Multi-Mirror Mission (XMM-Newton) made their first
observations ten years ago. The complementary capabilities of these observatories allow us to make high-resolution images

Review

X-ray astronomy comes of age

https://doi.org/10.1038/s41586-022-04481-y  Belinda J. Wilkes"?*, Wallace Tucker', Norbert Schartel® & Maria Santos-Lleo®
Received: 30 December 2019

Accepted: 28 January 2022 The Chandra X-ray Observatory (Chandra) and the X-ray Multi-Mirror Mission
(XMM-Newton) continue to expand the frontiers of knowledge about high-energy

Published online: 8 June 2022
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Tidal Disruption Events
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Huge Drop in the X-Ray I_'umino.sity of the Noha‘gf“‘al
J1242.6-11 1’9! < 1] — o, =9
- .

.
.

- »
» g .
- - “
..
- ROSAT, Chandra and XMM-Newton . _
- ~200 drop in X-ray luminosity
S. Komossa et al., 2004, ApJ 603. L17 - ’ ’ .
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A tidal disruption event rom an intérmediate-mass E
black hole in an off-centre star cluster

- |luminous X-ray outburst from a
massive star cluster

- luminosity peaked at 1043 erg/s
and decayed systematically over
10 years

Gal i |

2,000 3,000 4,000 5,000
MJD 52930 (day)

Lin et al, 2018 Nature Astronomy 2, 656
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A likely decade-long suStained tidal disruption event

XMM-Newton, Chandra and Swift
observations:

2006 2008 2010 2012 2014 2016

D. Lin et al., 2017 Nature
Astronomy, 1, 33 1,000 2,000 3,000 4,000

MJD - 53574 (days)
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Tidal Disruption: Swift J1644498F813451
| R O T XMMNewton ]
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- al., 2012, Science, 337, 949 ‘ Freol;‘:nc o 0.1

- bright X-ray flares b
0.3534

- galaxy at redshift
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Quasi-Periodic Oscillations after a Star is A" UM + Chandra Power Specium _

[rrrT T T T

pted by a Massive Black Hole P

99.9999426697% (50)

D [ 99.9937% (40) ]
3.5} 3

99.73% (30

Leahy Power

s 1. A B 1
0.001

0.010 0.100
Frequency (Hz)

- tidal forces close to black holes can rip ap\art stars
that come too close to them.

- stellar debris spirals toward the black hole

=» stable 131-second Xx-ray quasi-periodic oscillation
from the tidal disruption event ASASSN-14li

=» periodicity originates from close to the event
horizon and that the black hole is rapidly spinning
D. R. Pasham, et al., 2019, Science 363, 531
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Relativistic Reverberation in the Accretion Flow of
a Tldal Disruption event

| }'i

: ;‘;y;s«

1

Swift J164457 is a super-Eddington accreting
source, with a thick disk (blue) and a relativistic
radio jet (orange). The blue arrows represent the

Rest-frame energ

The emission from ~4-5 keV and 8-

13 keV ( continuum) vary first, and : g . dynamics in the disk: the accretion flow rotates =
- the iron line from ~7-8 keV responds il z a around the central black hole and the walls of. the /
- ~100s later. A\ N - i‘ funnel are outflowing at ~0.1c-0.5c.
\\ 9

: . . e = Reverberation arising from gravitationall redshlfted
Swift J1644+57 tidal disruption event 9 9 y ~
FoooR _ g _ iron Ka photons reflected off the inner accretlon flow /,;, _
- relativistic jet pointed in line of sight i
. : = Accretion rate of 100 times the Eddmgton I|m|t

Kara et al., 2016, Nature 535,388 " ') X-rays do not arlse from the relatIVlsjlg {e’t 4 % 7 -

: /’.'/"
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Flows of X-ray gas reveal the disruption of a star by a

massive black hole |
J.M. Miller et al., 2015,

_ ! : o Nature 526, 542
- tidal disruption event ASASSN-14li :

- detection of blue-shifted absorption lines of hi
ionized atoms

- variability indicates that the gas is : gh-resolution (RGS1 & RGS2) X-ray
black hole | : y P pectra of ASASSN-14Ili reveal blue-shifted
absorption lines.

- narrow line widths indicate a low

factor

o
o

4y
41

- outflow speeds are below the escape sp
the radius set by variability
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Destructlon and Recreatlon of thb X Ray Corona |n
a Changmg Iook AGN 1ES 1927-!1,_6;5

Ricci et al. 2020, ApJ 898, L1

- after optical/ultraviolet outburst the power-law component disappeared
=» corona was destroyed
- increase in luminosity to lgvels exceeding the pre-outburst level =300 days

R T o ) = X-ray corona is recreated
a = D EEE=E . I5 e o =W 5 W § Nz L _ - > THE EUROPEAN SPACE AGENCY




"- several flux dips during th dec
unusual for standard TDE
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Nine-hour X-ray quasi-periodic eruptions from a
low-mass black hole galactic nucleus

Seyfert 2 4
galaxy GSN q
069

z =0.0189

MBHzZX 1O6M@ 4 1 H

Miniutti et al.,
2019, Nature 573,
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Quasi-Periodic Eruptions from Quiescent Galaxies esa

R. Arcodia et al. (2021,
Nature 592, 704)
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d 2 sources detected by SRG/eROSITA
L Characterization with XMM-Newtaon
and NICER

eRO-QPE1, XMM-Newton, 6 August 2020

— EPIC-pn, 0.2-10 keV
— MOS2, 0.3-10 keV
--- MOS1, 0.3-10 keV

— U, 344 nm
UVW1, 291 nm
UVM2, 231 nm
UvVWw2, 212 nm
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Imminent Merger of a Supermassive Black Hole Binary

40

20

Flux (10~"7erg s~! em=2 A1)

—— SDSS (2005-05-04)
—— P200 (2022-01-03)
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Supermassive Black Holes - AGN
Variability




1H0707-495 in low state: An X-ray source within a
gravitational radius of the event horizon

¥ Fabian, A. C. et al., 2012,
Aok MNRAS 416, 116
L o #-‘l‘ ‘
. + + + f‘-
E’\ ™ m m;*?#ﬁ%ﬁqw++F‘+t‘ﬁ+.{Fﬂ,+f'+f

TRy

keV-!

*;*r:'&& + . “.‘._.+.. ". w
XMM pn spectra of i
1H0707-495 in 2008 ',
(black), 2000(red), ‘' i,
2007 (green) and 2011
. ()bslue).- P
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-
o

Normalised countrate (0.5-10keV, ct s'l_)
Flux (05--10keV, 10" erg em® 5™, T=3)

55400 55450 55550 55600 55650
Modified Julian Date

- The Narrow Line Seyfert 1 Galaxy 1H0707-495 was in a low state from 12/2010 to
2/2011, discovered by monitoring of Swift

- 100 ks XMM-Newton observation of the low state: flux has dropped by a factor of 10 in
the soft band, and a factor of 2 at 5 keV, compared with a long observation in 2008

Fe Emission

- The spectrum is well fit by a relativistically-blurred reflection spectrum

Energy
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a gravitational radius e event horizon




. Gierlinski et al., 2008,
First QPO from an AGN Nature 455, 369
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* RE J1034+396 nearby (z=0.043) narrow-line
* Black hole mass: 6.3 x 10°to0 3.6 x 10" My,
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Black Holes / General Relativity




Emission in the Strong Gravitational Field of the
(Kerr) Black Hole

nnnnnnnnnnnnnn

Doppler Boosting

Gravitational and
Doppler transverse redshiflt

L ssss—

- Image courtesy G. Matt and K. Beckwith

K. Beckwith & C. Done, 2005,
MNRAS 359, 1217
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Ratio

Flux and Energy Modulation of Iron Emission in
NGC 3516 =m——
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Broad line emission from iron K- and-L shell tran.sit'i'ons in the active
galaxy 1H 0707-495 |

104
Temporal frequenc

. .A.C. Fabian, 2009, Nature 459, 540
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Dynamic Black Hole Corona in an AGN through X-
ray Reverberation Mapping

Alston et al., 2020, Nature Astronomy 4, 597

2-10 keV luminosity (107 erg s™')

X-ray reverberation based on a long XMM-Newton observation of the IRAS 13224-3809
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0.3-10 keV rate (ct s7)

3-50 keV rate (ct s°)

nght bending and X -ray echoes from behlnd a supermasswe black hole 1Zw1
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Thank you very much !
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