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XMM-Newton Launch (10t" of December 1999)




Instruments

Focal Plane Platform

X-Ray Mirmor Assemblies




XMM-Newton

3 Mirror Modules / highest effective
collecting area ever

« Six simultaneously observing

instruments:

— 3 CCD cameras (one pn and two S)
— 2 spectrometers ( )

— 1 optical Monitor (O\1)




Optical and UV
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To celebrate the International Year of Astronomy, and as part of the 100 Hours of Astronomy cornerstone project, the
European Space Agency is releasing this magnificent image of the starburst galaxy Messier 82 (M82) obtained with the
XMM-Newton observatory. The image shows bright knots in the plane of the galaxy, indicating a region of intense star
formation, and emerging plumes of supergalactic winds glowing in X-rays.
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Image courtesy of Pedro Rodriguez and ESA



Solar System




C/2000 WM1 (LINEAR)

counts / sec / keV

MOS pn

residuals

Dennerl, K, et al., 2003, SPIE 4851, 277
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17 h of almost uninterrupted observations

channel energy [keV]
>
- mainly oxygen and carbon - and
cometary gas




Stars




XMM-Newton Extended Survey Of The
Taurus Molecular Cloud

e Taurus molecular cloud is a

near star formation region
— Detection of almost all young
stars embedded in the cloud
as X-ray sources, including
many brown dwarfs and
protostars

= ldentification of unusual physical
processes not known before in
forming stars:

, 2007, A&A
| 468; Guedel et al., 2007, A&A 468, 353
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Million-Degree Plasma Pervading The

Extended Orion Nebula

The Orion nebula (near star - o
forming region) is illuminated by
a small group of massive stars
(the Trapezium).

XMM-Newton observations
reveal a hot plasma with a
temperature of 1.7-2.1 106 K
pervading the southwest
extension of the Orion nebula.
The plasma flows into the
adjacent interstellar medium.

M. Guedel et al., Science 319, 309, 2008 Blue: X-ray, red: Spitzer_
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Endpoints Of Stellar Evolution:
Supernovae /| GRB
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Supernova: SN 2002ap

oM UVl

S 2002

ap

in M74 (NGC 628)

SN in general detected in UV, but often
not in X-rays

R. Soria et al., 2002, ApJ 572, L33; F. K.
Sutaria et al., 2003, A&A 397, 1011; R.
Soria et al., 2004, A&A 413, 107; C.-I.
Bjornsson & C. Fransson, 2004, ApJ
605, 823; P. Chandra et al., 2004,
NuPhS 132, 308

Image courtesy P. Rodriguez
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New Class Of Type 1 SN

- DEML238 &
DEM L249

« Thermal spectrum
L-shell lines

 Fe over-
abundance =

Thermo-nuclear
Type la explosions

| « K.J. Borkowski et
DM LT1E X RAY, !-:l'.'ll.Dl =y ] al- 2007, ApJ 652,
1259
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GEB Q31203 XMWM—Newton observation

|

&F

25000 sec

GRB 031203

 S. Vaughan
et al., 2004,
ApJ 603, L5

ESA, S. Yaughan (University of Leicester)
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Supernova Remnants
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SN 1006: Variations Of Cosmic-ray
Acceleration

0.5- 0.8 keV | XMM Newton 2-4skev o R, Rothenflug et al.,
2004, A&A 425,121

XMM Newton

* Prototype of shell
supernova remnants

 Non-thermal
synchrotron emission

= The magnetic field is
amplified where
acceleration is
efficient

XMM Newton SN 1006

=» Relation to the TeV
emission
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RCW 86 / Oldest Recorded Supernova

» Along northeastern shell of

« | RCW 86 the dominant X-ray
. 4 | radiation mechanism changes
\_ I from thermal to synchrotron

J. Vink et al, 2006, ApJ 648,
X

CHANDRA CLOSE-UP
XMM FULL-FIELD
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(Re-)Discovery Of G350.1-0.3: A Young, Luminous
Supernova Remnant And Its Neutron Star

%" (3) VLA 4.8 GHz

>

Gaensler, B. M., et al., 2008, ApJ 680, L37
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"F(b) XMM MOS

DEC (J2000)

rorrayperaad ° XMM-Newton spectra:

RA (J2000)

*Radio images of
‘G350.1-0.3’ shows
irregular knot:
classified as
probable
background galaxy
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White Dwarfs
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RXJ 10648.0-4418: An Ultramassive,

Fast-Spinning White Dwarf

XMM-Newton observation of the
eclipse of RXJ 10648.0-4418

= Accurate determination of period,
time delay of X-ray pulses

Mereghetti et al., 2009, Science
325, 1222
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Neutron Stars
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RCW 103
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. Strong periodic modulation at » 2000-year-old supernova remnant RCW 103
6.67+/-0.03 hours

De Luca et al., Science 313, 814
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Geminga's Tails: A Pulsar Bow Shock

1 arcmin

Probing The Interstellar Medium

P. A. Caraveo et al.,
2003, Science 301,
1345

Tails aligned with the
object's super-sonic
motion

Electron-synchrotron
emission in the bow
shock between the
pulsar wind and the
surrounding medium
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Polar Caps Of The Three Musketeers

PSR 1055-52

Energio [key

« P.A. Caraveo, et al., 2004, Science

305, 376

« A.De Luca, 2005, 2005, ApJ 623, 1051

Three isolated neutron stars:
Geminga, PSR B0656+14,
PSR B1055-52

Phase-resolved spectros-
copy: two blackbody
components + power-law

Hotter bb coming from a
smaller portion of the star
surface (a "hot spot")
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Isolated Neutron Star RX J0720.4-3125
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F. Haberl et al., 2006 A&A in
press / astro-ph-0603724

XMM-Newton spectra over 4.5 years

Sinusoidal variations in:

— inferred blackbody temperature @
— size of the emitting area

— depth of the absorption line

— period of 7.1 +/- 0.5 years
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Constraining The Equation Of State Of
Supra-Nuclear Dense Matter

Region excluded by causality

 Quiescent X-ray ~ Rodius (km)

binaries in globular - Distance to globular clusters is well known
clusters: w Cen, M13, : _
NGC 2808 « X-ray spectra are from a hydrogen atmosphere.:

* N. Webb & D. Barret,
Didier, 2007, ApJ 671,
727
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Black Holes
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First Black Hole In Globular Star Clusters

 GCs contain 103-106
old stars packed within -

tens of light years . (“. o ‘- e

< Formation of 10° ™.
.. solar mass BH ? e "
| 2Interaction will eject -~ -

BHs ?

NGC 4472

T.J. Maccarone et al.,
2007, Nature 445, 183

| + X-ray source in GC associated with NGC 4472 (in the
| Virgo cluster)

«X-ray luminosity: 4x103° erg s-1

| *Variability excludes composition by several objects

AS



An Intermediate-Mass Black Hole In ESO 243-49

2004-11-23T12:28:21

2008-11-28T07:51:37
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e 2XMM J011028.1-460421
identified in 2XMM Serendipitous
Source catalogue

 Located in the edge- iral . .
g:;i; EISnO 23;’_486; %;ﬁ;ﬁce =» Variability establishes single source

« S. A Farrell, et al., 2009, Nature
460, 73
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Active Galactic Nuclei
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Compact, Conical, Accretion-Disk Warm

Absorber Of The Seyfert 1 Galaxy NGC 4051

Absorber consists of two
different ionization components,
with a difference of ~100 in
ionization parameter and ~5 in
column density

Distances 0.5-1.0 It-days (2200RS-
4400RS) and <3.5 It-days (<15,800 o KfOﬂgOld et al., 2007, ApJ 659, 1022

RS) from the continuum source
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Broad Line Emission From Iron K- And L
Shell Transitions In 1H 0707-495

104 10:2!.

[
Energy (keV) Temporal frequency

 Narrow line Seyfert 1

« A.C. Fabian, 2009, Nature 459, 540
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Flux And Energy Modulation Of Iron
Emlssmn In NGC 3516
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K. lwasawa, G. Miniutti, A.C.
Fabian, 2004, MNRAS 355, 1073

Mass of the BH: (1-5) x 10"M,
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First QPO From An AGN

Count rate (counts s)
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bb

 Gierlinski et al., 2008,
Nature 455, 369

L]

Nermalized power

—_— 1

1o0s

» Since 20 years QPO in X-ray binaries, but no one in AGNs (13y)

* RE J1034+396 nearby (z=0.043) narrow-line Seyfert 1

 Black hole mass: 6.3 x 10°to 3.6 x 10" M_,,,

f[Hz)
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Cluster Of Galaxies
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Origin Of Elements In Galaxy Clusters

(Observed — Model) / Model

Sersic 159-03 2A 0335+096

N. Werner, et al. , | Enerqy (keV)
2006, A&A 446, 475;  * Abundances =

J. de Plaa, et al.

2006, A&A 452, 397
& 2007, A&A 465,
345
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Cooling Flows In Clusters Of Galaxies:
Abell 1835, Abell 1795, Sérsic 159-03

SAbell 1H35 MKt Spechruom ond Models
' 1 1 - v - r '

T T T

Strong cooling flow missing for low . ;R peterson, et al., 2001, A&A 365, L104

temperatures
T. Tamura, et al., 2001, A&A 365, L87

J.S. Kaastra, et al., 2001, A&A 365, L99
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Cosmology And Early Universe

e ....WHIMs ...
° L..... Dark matter and

. .. Dark energy
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Detection Of Hot Gas In The filament

Connecting Two Clusters Of galaxies

S R ' Ky N 1%
» @ -\ « About 50% of the M ean

H‘u | baryons in the local B o
| 14 Universe are expectedto - ', . .
r . % < resides in filaments pisiien B ‘% P
e = X connecting clustersof .~ ¢ T
;Ao galaxies in formof low = s
"X ¢ 0 & 4.+ " density gas with R
/. ¢ ¢ temperatures of G _

: 1 L BT S . s X : v
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";”5* s NN g )._,#.._M e SN

* Filament connecting the clusters of galaxies A 222 and A 223 (z = 0.21) has been
previously detected using weak lensing data

>

Werner et al., 2008, A&A 482, 29




Dark Matter Maps Reveal Cosmic Scaffolding

. % T— COSMOS Field:

TEN A W T 1.637 degree?

B A% SR 1000 h (HST)

R W .‘ &« 400 h (XMM)

‘, %" & Matter:

S N . 1/6 baryonic

i '~ ‘ ‘ (hot and cold)
- ¥ a8k 5/6 dark

. W Gravitational

lensing: total
amount of matter
(hot and cold)

EHA  Amn2 AR A
Right ascension ()

Optical & infrared:
cold baryonic
matter

XMM-Newton:
hot matter (red
in picture)

Massey
et al,,
2007,
Nature -
445, 286 S
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XMMXCS J2215.9-1738

- Massive galaxy . . ¢ °

cluster at z=1.45 - L S
. L
. . a ..
Of . ¢ . - ’ , @
XMMXCS J2215.9- - . .
1738 L
., ® o - ®
e " -
spectroscopically *.\ N ‘ .
confirmed . OF * %!
L] ’ o . |
- L]

» Stanford et al.,
2006 ApJ 646, L13
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What's past is prologue(!)

(1) W. Shakespeare, 1623, The Tempest, Act 2, Scene 1



Status Of The Spacecraft

Spacecraft status is very good

In May 2007 Mission Extended Operations Review concluded that
XMM-Newton can operate at least up to 2018

All systems are running on their primary unit, i.e. full redundancy
still available

The solar array is generating around 1950 W and between 800-1200
W are used.

All other consumable are fine, too

On November 2007, the SPC approved operations until end of 2012.
Further extensions will be reviewed in 2 years time
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Reflection Grating Spectrometers

2 CCDs were lost early in the mission (full wavelength coverage due to redundancy
between RGS1 and RGS2)

RGS 2 single readout mode since August 2007 to avoid ADC errors (no impacts for large
majority of sources)

Reduction in EPIC MOS and RGS operating T in 2002 resulted in far fewer hot pixels

45



Reflection Grating Spectrometers
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RGS Offset Evolution

Offsets pretty smooth
after “cooling” in rev
532

Only change in last
period due to R1-CCD
2 new operational
voltages from rev
1400 on
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EPIC Cameras

The Nov 2002 reduction in EPIC MOS (and RGS) operating T resulted in far
fewer hot pixels, and decreased energy resolution degradation rates.

4 micrometeoroid impact events in 9 yrs have resulted in the loss of 1 in
14 of the MOS CCDs — a 5% reduction in the EPIC area.

No effects of contamination visible
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EPIC Resolution

Extrapolation
In 2015:
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Users

e Users:

— All scientific topics are addressed
» from comets and planets up to the most distant quasars
— Most of the users are “external”’ to the XMM-Newton project,
e.g. they do not belong to instrument institutes nor the
Survey Science Center)

= Observatory type mission:

— Annual call for observing time proposals

— Peer review process (OTAC)

— Support for users: from definition of observation details,
enhancement, scheduling/coordination, TOO request
evaluation and TOO implementation ... help-desk,
...analysis...to ... (SAS) ... calibration ... archiving ... SAS
workshops, documentation, conferences and public outreach

50



Requests And Users

Announcement of Opportunity (AO8): « Archive: XSA

— 555 valid proposals were submitted —

— 397 different principal investigators

— 1430 individual scientists from 25 —
countries

— 10 proposals joint XMM/Chandra

2700 external registered uses
120 external users per month
(typical value)

3300 data sets (ODF and PPS)
per month (typical value)

— 5 proposals joint XMM/VLT  Analysis Software: SAS:

Observing Time Allocation

Committee: OTAC —
— 66 scientists (rotation every 2 AQOS) —
— Chaired by Prof. B. McBreen

Version 8.0 (July 2008 — June
2009)

~2000 downloads

~1500 scientists have access to
SAS 8.0 (not counting
downloads with only one user)

e Ph.D.:

> 85
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Publications

~300 refereed papers
per year based on
XMM- Newton data

'_\.
i
-
-

1000

500

o
QL
L
-
L

T
L
-

g
i
C
C

L
)
O

O
—

al

O |

2002 2004 2006
Y ear

52



Citations

Analysis of XMM-Newton papers (1 July 2008, L. Valencic, GSFC, NASA)

XMM-Newton Top 1% Astro- Top 10% Astro-

Papers from: physical Papers: physical Papers:
1 year ago: 8.3% 45%
2 year ago: 5.6% 41%
3 year ago: 3.7% 31%
4 year ago: 0.7% 29%
5 year ago: 2.4% 33%

6 year ago 9.2% 37%
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“XMM-Newton: The Next Decade”

tical oes | « Workshop at ESAC from 4th -
. Astronomlsche Nachrlchten 6th June 2007

<L 02 .-« 125 participants (more than
2008 S )
P T twice the expected number)

© Editors : .

]
) .~ K.G.Strassmeier [Po'.sdamffditur-‘n-(‘hiefi. :
6. Hasinger (Garching), R.-P. Kudritzki (Honolulu),
T. Montmerle (Grenable), H. W. Yorke (Pasadena)

o .

' WWILEY
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Understanding Formation Of Stars And Planets

Combination of Herschel and
XMM-Newton observation of
proto-stars and forming
young stellar systems:

— Unique insights into the
accretion and outflow
processes

— The relationship between
the two

— The role played by magnetic
fields

Combining ALMA and XMM-
Newton results will provide
complementary views on the
effects of stellar radiation on
proto-planetary disks.
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New Classes Of Rare Galactic Objects

Discovery of a new class
of type la supernova in

2007 illustrates the |
importance of complete #§
samples of rare galactic §
objects

Best established through careful
mapping of nearby galaxies

XMM-Newton is uniquely suited
to this task, as the other current
(Chandra, Swift and Suzaku) or
planned missions lack the M31
required spatial resolution, XMM-Newton
effective area, or large field of EPIC Colour
view.

30 arcmin
_—
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Relativistically Broadened Iron Lines

Astronomlcal
"Notes

Astronomlsche
uNathnchten |

" Founded by H. C’Schumacber in ‘[821 0

, * Volume 327
- “10f2008

Ed rt ors:
© K. G. Strassmeier
'[Pbt m;'E or-in-Chi f]
G Hasinge (Garching)
.. ReP.Kudritzki (Hon 1|). )
N. 0. Weiss” (Cambridge) | .
© o HoW.Yorke (h_sadénn_) - wt

www.an.-ji:}l_frna_iro.r_g L e
- @WILEY-VCH = .~

155N 0004-8337 Astron. Nechr, AN
" Barlin 327, 10, 339-1102 2008) -

The October 2006 issue of
Astronomical Notes was entirely
devoted to relativistically
broadened iron lines emitted in
the vicinity of black holes, where
strong gravitational fields affect
the physics of line production
and their variability:

=» Unique ability of XMM-Newton to

generate long, uninterrupted,
high signal-to-noise time series
which are essential for this type
of study
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WHIM

XMM-Newton has made the first
detection of the warm-hot
intergalactic medium (WHIM)
between Abell 222/223

Observations of other cluster
pairs will be crucial this medium
to be better characterised and to
investigate whether it contains
the “missing” baryons in the
local Universe

Since the spectral features
imprinted by the WHIM are very
faint the high throughput of XMM-
Newton will be essential to
secure the required high-quality
spectra.

=» The WHIM acts also as a tracer of

large-scale structures in the
Universe and will undoubtedly be
a prime target for future X-ray
missions XMM-Newton will thus
serve as a precursor and
pathfinder for such missions.
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Ultra-Deep Field

4

XMM-Newton 3 Msec ultra-deep
field:

The most sensitive view of the
hard X-ray sky ever

Many new Compton-thick AGN at
the epoch of their peak activity,

Investigates the role of accreting
super-massive black holes in
galaxy evolution

Targets an unexplored discovery
space

= Pathfinder for future X-ray

missions.
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Dark Matter, Structure Formation And Dark Energy

XMM-Newton, Planck, ALMA and South Pole «
Sunyaev-Zel’ dovich experlment data will allow a !
major step in our understanding of dark matter, |

structure formation, and dark energy.

Planck will increase by a factor >50 the number . "+
of massive clusters known at intermediate red- | %
shifts, providing a powerful tool for precision i g
cosmology. A

=2 XMM-Newton observations are crucial in
exploiting this sample and setting new
constraints on the dark energy equation of
state and its evolution with cosmic time

= Independent measurements of distances are
crucial for testing the consistency of the ACDM
cosmological model

= Combined data-set will allow precise calibration
of the mass/Sunyaev-Zel’dovich relation,
thereby providing completely independent
constraints on cosmological parameters
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Call Is Open!

 Due date for proposals is
the 9t" of October 2009
(12:00 UT):




	10 Years Of XMM-Newton: Scientific Achievements And Future Prospects
	Contents
	XMM-Newton Launch (10th of December 1999)
	Instruments
	XMM-Newton
	Solar System
	C/2000 WM1 (LINEAR)
	Stars
	XMM-Newton Extended Survey Of The Taurus Molecular Cloud
	Million-Degree Plasma Pervading The Extended Orion Nebula
	Endpoints Of Stellar Evolution: Supernovae / GRB
	Supernova: SN 2002ap
	New Class Of Type 1 SN
	GRB 031203
	Supernova Remnants
	SN 1006: Variations Of Cosmic-ray Acceleration
	RCW 86 / Oldest Recorded Supernova
	(Re-)Discovery Of G350.1-0.3: A Young, Luminous Supernova Remnant And Its Neutron Star
	White Dwarfs
	RXJ 10648.0-4418: An Ultramassive, Fast-Spinning White Dwarf
	Neutron Stars
	RCW 103
	Geminga's Tails: A Pulsar Bow Shock Probing The Interstellar Medium
	Polar Caps Of The Three Musketeers
	Isolated Neutron Star RX J0720.4-3125
	Constraining The Equation Of State Of Supra-Nuclear Dense Matter
	Black Holes
	First Black Hole In Globular Star Clusters
	An Intermediate-Mass Black Hole In ESO 243-49
	Active Galactic Nuclei
	Compact, Conical, Accretion-Disk Warm Absorber Of The Seyfert 1 Galaxy NGC 4051
	Broad Line Emission From Iron K- And L Shell Transitions In 1H 0707-495
	Flux And Energy Modulation Of Iron Emission In NGC 3516
	First QPO From An AGN
	Cluster Of Galaxies
	Origin Of Elements In Galaxy Clusters
	Cooling Flows In Clusters Of Galaxies: Abell 1835, Abell 1795, Sérsic 159-03
	Cosmology And Early Universe
	Detection Of Hot Gas In The filament Connecting Two Clusters Of galaxies
	Dark Matter Maps Reveal Cosmic Scaffolding
	XMMXCS J2215.9-1738
	What’s past is prologue(1)
	Status Of The Spacecraft
	Reflection Grating Spectrometers
	Reflection Grating Spectrometers
	RGS Offset Evolution
	EPIC Cameras
	EPIC Resolution
	Users
	Requests And Users
	Publications
	Citations
	“XMM-Newton: The Next Decade”
	Understanding Formation Of Stars And Planets
	New Classes Of Rare Galactic Objects
	Relativistically Broadened  Iron Lines
	WHIM
	Ultra-Deep Field
	Dark Matter, Structure Formation And Dark Energy
	Call Is Open!

