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XMM-Newton preparation



Mirror Module:

- grazing-incidence
Wolter 1 telescopes

- each mirror shell consists
of a paraboloid and an
associated hyperboloid

- 58 gold-coated nested
mirrors

1-Newton mirrors during integration

tesy of Doxnier Satellitensystere GrobH European Space Agen




Instruments
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XMM-Newton

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

- 3 CCD cameras (one and two )

- 2 spectrometers ( )

- 1 Optical Monitor (O")



Supermassive Black Holes



The Event Horizon
Telescope Collaboration et
al. 2019 ApJL 875 L1
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Emission in the Strong Gravitational Field of the
Black Hole

Newtonian

Special relativity | Transverse Doppler shift

Beaming

General relativity Gravitational redshift

Fabian et al. (1989);
Laor et al. (1990);

Dovciak et al. (2004);
Beckwith & Done (2005)

Line profile

- Image courtesy A. Fabian




Emission in the Strong Gravitational Field of the

(Kerr) Black Hole

- Image courtesy G. Matt and K. Beckwith

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

..............

Doppler Boosting
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Broad line emission from iron K- and L shell transitions in
the active galaxy 1H 0707-495

104 10-8
Temporal frequency (Hz)

A.C. Fabian, 2009, Nature 459, 540



A rapidly spinning supermassive black hole at the
center of NGC1365

Simultaneous observation of NGC 1365 by
XMM-Newton and NuSTAR:

Counts s~ keV!

Not fitted
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a: XMM-Newton and NuSTAR spectral data and models. The two

models contain a relativistic reflection component plus variable

partial covering (red), and a double partial covering (blue). Both

Risaliti G., et al., Ir1nolc:lels have bee: fitted tﬁ the data belrt‘)w 10dkeIV, and rtlepl;;)duce
the lower-energy data well. However, the models strongly deviate

2013' Nature 494 at higher energies. b, Data-to-model ratio for the double partial

covering (blue) and relativistic reflection plus variable absorber



Variability



1HO0707-495 in low state: An X-ray source within
a gravitational radius of the event horizon

Fabian, A. C. et al.,
2012, MNRAS 416, 116
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'
XMM pn spectra of "4
1H0707-495 in 2008
(black), 2000(red),
2007 (green) and 2011
~—(blue).
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- 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



a gravitational radius e event horizon




An ultrafast inflow in the luminous Seyfert

PG1211+143

K. Pounds,
2018,
MNRAS 481,

183 aligned inner disc

/

tearing region

pn rev2659

Fe :.ya Fe ILy[}
Fe Tiea Fe il‘ie[i

~ [SiHea S Llyo.

- detection of a short-
lived, ultrafast inflow of
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Orbital Motion Close to the Central Black Hole of
Mrk 766

Enexrgy / kev

- Energy-time plane of EPIC pn data in the
4-8 keV band

- Fe Ko emission shows a variation of
photon energy with time consistent with 6.
sinusoidal variation

- 4.9x10° < Mg, < 4.5x107

0 50000 100000

| I
0.04 Q.06

(ct/s/keV)

T. J. Turner, et al., 2006, A&A 445, 59



Flux and Energy Modulation of Iron Emission in
NGC 3516
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First QPO from an AGN

Segment 1 Segment 2
>< .

Gierlinski et al., 2008,
Nature 455, 369

* Since 20 years QPO in X-ray binaries, but never found for AGNs (13y)
* RE J1034+396 nearby (z=0.043) narrow-line Seyfert 1
* Black hole mass: 6.3 x 10° to 3.6 x 107 M,



Outflows



Ultra-fast Outflows in Radio-quiet Active Galactic
Nuclei

PG 1211+143

counts s keV-'

- Ultra-fast outflows (UFOs) are detected through

blueshifted Fe XXV/XXVI K-shell transitions.

- 42 local radio-quiet AGNs observed with XMM- . baci et al. 2012
Newton. MNRAS 422, L1

F. Tombesi, et al., 2011,
Apl 742, 44

F. Tombesi, et al., 2010,
ARA 521, 57

Best—fit model
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Black hole feedback in the luminous quasar PDS 456
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XMM-Newton pn data are shown in black and
NuSTAR data are shown in blue. The green curve
shows a model where the emission and
absorption residuals characterizing the Fe-K
band are described through a self-consistent P-
Cygni profile from a spherically symmetric
outflow.

- XMM-Newton and NuSTAR simultaneously
observed PDS 456 on four occasions in 2013

- The emission and absorption residuals of the Fe-
K band are described through a self-consistent P-
Cygni profile

E. Nardini, et al., 2015, Science 347, 860



Thé responsge of relativistic outflowing gas to the .
inner accretion diski@fa black Rols

o
o0

Gas outflows from AGNs release
energy into the interstellar medi
moderating the growth of thei

o
N

0.3 1.0

3-10-keV flux
(102 erg cm=? s7)

o
w

XMM-Newton observations of t
Seyfert-1 galaxy IRAS 13224-380

quivalent width (keV)

o
(V)

e ' . 05 1.0
v 3-10-keV flux (102 erg cm? 5!

= X-ray emission from within a few gravitational

radii of the black hole is ionizing the disk wind

hundreds of gravitational radii further away as the M. L. Parker, et al., 2017

X- ray flux rises: 4 . ‘\ Nature 543, 83 .
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Sgr A*



X-Ray Flare of the Galactic Center BH

counts/(104 s)
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B. Aschenbach et al., 2004, A&A 417, 71

-Power density spectrum peaks at periods of 100s, 219s, 700s, 1150s and 2250s

O.1



Microquasars / Galactic Center BH

- GRO 11655-40, XTE J1550-564 and GRS 1915+105 e Sl

show twin high frequency quasi-periodic oscillations i

with a ratio of 3:2 and/or 3:1 0.576 |-

- resonance between vertical and radial epicyclic g C

oscillations and Kepler orbits § o L
0.574 ——
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PHYSICAL REVIEW D 71, 024037 (2005)
Aschenbach effect: Unexpected topology changes in the motion of particles and fluids orbiting
rapidly rotating Kerr black holes
Zdenék Stuchlik r Slany.'>" Gabriel k“ 2% and Marek A. Abramowicz

‘Institute of Physics, Si Ini am. 13, -746 01 Opava, Czech Republic
7 100 Co penhagen, Denmark

3Theoretical Phys Cdte & ners Universities, S-412 96 Gdoteborg, Sweden
(Received 12 November 2004; published 28 January 2005)

radius

B. Aschenbach, 2004,
ARA 425, 1075
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A powerful flare from Sgr A* confirms the

synchrotron nature of th@*X-ray emission ;
. -

- multiwavelength monltorlng campaign of Sgr A* W|th Ponti et al., 2017

XMM-Newton, NuSTAR and SINFONL 9 ' .MNRAS 468, 2447

-«first fully S|multaneou'observat|o' in near-infrared

(NIR) and ‘ qf.a very bright T

The red and blacki@@ints show the mean NIR and X-ray
(XMM-Newton and™NUSTAR) emission during a flare. " &
The dotted red and black straight lines show the 'ty
uncertainties on the determination of the NIR and X-ray .~
power-law slope, respectively. The solid line shows*the _ .
best-fitting synchrotron with cooling break model. " 10"
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An X-ray chimney extending hundreds
of parsecs above and below the
Galactic Centre

"+ . light years

- y-ray observations revealed the ' Fermi
bubble' implying relativistic particles
populating huge cavities on both sides of
the Galactic plane

- ROSAT X-ray maps show that the edges
of these cavities are bright in X-rays

Southern . ¥

 chimney JREESS e o

G. Ponti et al., 2019 Nature567, 347
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Tidal Disruption Events



Huge Drop in the X-Ray Luminosity of the Nonactive
Galaxy RX J1242.6-1119A

Dec. (J2000)

20 1900 40
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- ROSAT, Chandra and XMM-Newton

g e T e bt : - ~200 drop in X-ray luminosity

Folganant St g9 GEs g g8 gge
R. A. (J2000)

S. Komossa et al., 2004, Ap] 603. L17



A tidal disruption event from an intermediate- E
mass 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 {

1,000 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
I

D. Lin et al., 2017 Nature

Astronomy 1. 33 1,000 2,000 3,000
I I
MID - 53574 (days)
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Tidal Disruption: Swift 1164449.3+573451

| XMM-Newton i
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Time (days since 28 March 2011

- tidal disruption of a star by a
dormant black hole

- bright X-ray flares
- galaxy at redshift z = 0.3534

R.C. Reis et al., 2012, Science, 337, 949



Quasi-Periodic Oscillations after a Star is A XU Crancr Pover Spectum _

T T T T T

Ipted by a Massive Black Hole y e s

99.9999426697% (50)

3.5

Leahy Power

0. 001

0.010 0.100
Frequency (Hz)

- tidal forces close to black holes can rip apart stars

that come too close to them.

- stellar debris spirals toward the black hole

= stable 131-second x-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 Tidal Disruption event

T A Swift 11644+57 is a super-Eddington accreting
source, with a thick disk (blue) and a relativistic
radio jet (orange). The blue arrows represent the
13 keV ( continuum) vary first, and dynamics in the disk: the accretion flow rotates
the iron line from ~7-8 keV responds Al around the central black hole and the walls of the

~100s later. \\ /‘_.(a funnel are outflowing at ~0.1c-0.5c. g
M i isi itati y
Swil L cuass 7 tidal disruption Vet = Reverberation arising from grawtatlonally Y
redshifted iron Ka photons reflected off the mpél‘/

- reIativistic 1et pointed in line of sight T | / ‘o

The emission from ~4-5 keV and 8-

~

Kara et al., 2016, Nature 535 388 > Accretlon rate of 100 tlmes theEddmgton I|m|t ,

rise from the relativistic jet ~
S
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Flows of X-ray gas reveal the disruption of a

star by a massive black hole

- XMM-Newton observation of the tidal
disruption event ASASSN-14li

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

- variability indicates that the gas is
close to the black hole

- narrow line widths indicate a low
volume filling factor

- outflow speeds are below the escape

speed from the radius set by
variability

Wavelength (&)

The high-resolution X-ray spectra of ASASSN-
14li reveal blue-shifted absorption lines. XMM-
Newton spectra from the RGS1 and RGS2 units
are shown in black and blue.

J.M. Miller et al., 2015,
Nature 526, 542



Distance Scale with Quasars
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Cosmological Constraints from the Hubble
Diagram of Quasars at High Redshifts

Distance modulus

- distances esti
-z < 1.4 agree

G. Risaliti & E. Lusso, 2019, Nature Astronomy 3, 272
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Cosmological Constraints from the Hubble
Diagram of Quasars at High Redshifts
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STATUS OF SPACECRAFT

O Spacecraft status is very good

a All important sYstems are running on their primary unit, i.e. full
redundancy still available.

O Currently 42 kg of fuel remain with usage of around 3 kg per year

a Thedsolar array is generating around 1790 W and between 800-1350W are
used.

O All other systems susceptible to wear are in good condition

= XMM-Newton can well be operational up to 2030/2031

ESA UNCLASSIFIED - For Official Use XMM-Newton| N. Schartel | Slide 42

s A mrewmy T sl Lo MReiRn g 1 11 = = S5 =m I S 82 m ¥ RiERpaR Jlce Agency



—
—

V=

=
17

ESA MISSION EXTENSION -@Ssa

0 ESA extensions: Every two years comparing all missions: 2+2 schema:
» 2 years operations financed
> 4 years planning envelope (indicative extension)

0 The ESA Science Programme Committee (14 November 2018)
unanimously approved operations of XMM-Newton from 1. January 2019
to 31 December 2020.

0 The ESA Science Programme Committee (14 November 2018) approved
the indicative extension of operations of XMM-Newton from 1. January
2021 to 31 December 2022.

...... + further extensions

ESA UNCLASSIFIED - For Official Use XMM-Newton| N. Schartel | Slide 43
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FUTURE ESA XMM-NEWTON EXTENSIONS II
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ESA UNCLASSIFIED - For Official Use
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FUTURE ESA XMM-NEWTON EXTENSIONS III

XMM-Newton Refereed Papers per year Status: 13 Jun 2019

XM M in Na me 1200 (Class 1 - 9)

XMM & Citatio

--- SPC --- :
- = —— = = = .| — 2 ! m
Describes = B - N B E g E &
Predicts
Uses Data
ESA UNCLASSIFIED - For Official Use vear . . artel | Slide 45

— 00 e cz W - ] W

i
I

Il D R == BEII 2B i I+



—

V=
("7
D
»
[V

—
=
17

f—

FUTURE ESA XMM-NEWTON EXTENSIONS 1V

2018: 391

18 June 2019: 175
refereed publications
inline with SPC criteria

o O

W P

e Q O O
QO O O
o o o O

2000
1000

0 A T A T Y N A O O
2000 2005 2010 2015 2020

Year

ESA UNCLASSIFIED - For Official Use XMM-Newton| N. Schartel | Slide 46
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XMM-Newton the next Decade” Workshop EEEEEEREEEE

02-03 R
Bl - May 2016, ESAC with 148 Participants . 2017

BE'2l - Presentations:

http://www.cosmos.esa.int/web/xmm-newton/2016-workshop
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EVOLUITON OF SCIENTIFIC STRATEGY

Scientific Strategy:
2006:

2007:
2007:
2008:
2010:
2010:
2012:
2013:
2016:
2016:

e esa

B Astronomical Notes
Astronomlsche Nachrichten

TOO time budget expanded 0203 "
Workshop XMM-NEWTON THE NEXT DECADE ' '

Users’ Group supports large programs

1st observation of a very large program '. B,
~259% of A&B observing time to large programs

Planck Clusters

~459% of A&B observing time to large programs

1.5 Ms simultaneous with NuSTAR

up to 3.0 Ms simultaneous with NuSTAR

Workshop XMM-NEWTON THE NEXT DECADE (May 2016)

2017 Legacy Programs (~6 Ms over 3 years)

ESA UNCLASSIFIED - For Official Use XMM-Newton| N. Schartel | Slide 48
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5.0 Ms XMM-SERVS: Pushing Beyond COSMOS K eSa

d AO15: W. Brandt / 48 Obs. / 1.2 Ms : Going Beyond COSMOS with the
XMM-SERVS Survey of W-CDF-S, XMM-LSS, and ELAIS-S1

] Very Large Program

d AO17: W. Brandt / 78 Obs. / 3.4 Ms Completing and Ensuring Major
Impact from the XMM-SERVS Survey

) Multi-Year Heritage Program: Observation in AO17, AO18 & AO19
O Science:

> 50 ks XMM-Newton depth,
= expect 12,000 AGNs and 760 X-ray groups/clusters.

= SMBH growth across the full range of cosmic environments and
SMBH/galaxy connections.

ESA UNCLASSIFIED - For Official Use XMM-Newton| N. Schartel | Slide 50
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Active Galactic Nuclei (AGN)

Ultra-deep X-ray reverberation
observations of AGNs have a
massive untapped potential:
geometry of the X-ray

remitting corona, returning
radiation, jet & wind launching,
quasi-periodic-oscillation, disk
structure, innermost stable orbit.

Kara et al., 2016, Nature 535, 388

Large multi-wavelengths monitoring
campaigns of AGNs allow to study the

Only XMM-Newton has the required physics of the outer disk e.g. the
effective area to perform such studies launching of outflows and winds.
(preferably with simultaneous NuSTAR XMM Newton is the preferred X-ray
observations) facility due to its high throughput and
high spectral resolution capacity
ESA UNCLASSIFIED - For Official Use XMM-Newton| N. Schartel | Slide 51
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Iron Line Studies:

Why is iron so interesting?

- isolated emission line
e.g. reflection spectrum
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+ high ionization parameter
+ high abundance

ESA UNCLASSIFIED - For Official Use
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A Continuing Success

O Only XMM-Newton has the ‘
AR

required high effective area in
combination with the ability to
make long uninterrupted
observations.

O In addition, simultaneous
observations with NuSTAR enable
an accurate determination of the
underlying continuum,- something
that cannot be easily achieved by
any other combination of satellites,
especially for weak sources.

O 25% of XMM-Newton high
priority time (priority A and B) in
AO-17 is being observed
simultaneously with NuSTAR

— 101l - o IF == B 1] T ==

=t

Spectroscopic
Telescope Array,
NASA

GOING TO EXTREMES

Compared with other X-ray telescopes, NuSTAR
has a larger collecting surface at higher energies.

—XMM-Newton pn

1,000 -worooorrseo gl
. \x NuSTAR
5 N\,
3 \
= \
2 \
e e) \
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g \
2 I
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Chandra
10 = ’ Y .
0.1 1.0 10 100
Energy (kiloelectronvolts)
XMM-Newton| N. Schartel | Slide 52
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- from early
2030
onwards
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Athena Q\k eSa

www.the-athena-x-ray-observatory.eu

. Science theme: The Hot and Energetic Universe

* How does baryonic matter assemble in large-scale structures? How do they evolve from the formation epoch to the present day?
* How do black holes grow and shape galaxies?
» Observatory science: 2/3 (TBC) of the Athena nominal operational life allocated through a competitive peer review process

. Single telescope, Silicon Pore Optics technology, 12 m focal length (f.l.), 21.4 m2 @1 keV, 0.25 m2 @6 keV
. WFI (Active Pixel Sensor Si detector): wide-field (40'x40") spectral-imaging, 120-150 eV @6 keV resolution
. X-IFU (cryogenic imaging spectrometer): 2.5 eV energy resolution (R>2000 @5 keV),
5’ diameter effective field-of-view, <5” pixel size
. Performance exceeding by =1 order-of-magnitude any existing or planned X-ray missions
* Area, spatially-resolved high-resolution spectroscopy, weak line sensitivity, survey speed, transient source spectroscopy ...

. Mid-Phase A

* Instrument Preliminary Requirement Reviews passed in 2018/9
* Next milestone: Mission Formulation Review (Q3/2019)
* Adoption Q3/2021. Launch early 2030s courtesy Matteo Guainazzi

ESA UNCLASSIFIED - For Official Use XMM-Newton| N. Schartel | Slide 54
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