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Ca ESA: Cosmic Vision
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* What are the.fundamental ' o
physical laws of the Uni\'/ers‘e ( ()sml(V ISI()H
. —  Matter under exgrenie | T PPN
conditions

* How did the Universe originate
and what is it made of?
— The Universe taking shape

— The evolving violent Universe

= Large X-ray Observatory
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4 A Brief Hlstory of Athena

A 7HENA

e Oct 2007 ESA selects XEUS as«candidate L-mission

* Juné 2008 XEWS and ConzX merge = IXO * '

* Feb 2011 presentation of ESA IXO assessment study
¢ Feb/Mar201Xk Decadal Surveys,’new buddet realities

New Plan Required!

March 14t 2011: ESA announces decision to re-formulate
L-class missions: European-led. )

Mar-Apr 2011: New Study Team formed, rapid SC|ent|f|c
and Technical evaluation of options

April 29t 2011: Baseline mission chosen by Athena Study
Team (AST) - “The Event”

Athena - Advanced Telescope for High Energy Astrophysics
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April 29t 2011: The Event

ATHENA!.

Revealing the Extreme-
Universe from Black Holes N N
to Large Sale Structure

Athena - advanced Telescope for High Energy Astrophysics
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} The Reformulation Process
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A 7HENA

* The Problem' .

— Reduce ESA cos.t (<850M<£) x2 cf. IXQ maximum science

* Solutions:
— Lower Mass.(Mirror Effectlve Area)

* +  Reduced CompIeX|ty (e.d. EOB Mechamsms)
-  Fewer Instru ments

* Tradeoffs: -
—  Which Instruments? (XMS, WFI)
- 1, 2 or 3%telescopes (1 keV, vs 6 kg\,sclence)s

> Process: . ,

— 11 Scientific “Task Teams” set up to investigate science
potential and impact of tradeoffs

— Broad involvement (100+ scientists), very short timescale
—  Presentations and discussion at ESTEC 28 April

Athena - Advanced Telescope for High Energy Astrophysics
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3 Athena Implementation
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, Fixed OB
e > 11.5m Focal length

PIEBR. 5°(¢ ~[oMibed S, Sonvcwor. WO meend o weae

ESA Silicon Pore Optics
“OWL"” design
5-10" resolution
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—# Athena Instruments &\%esa

ATHENA
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Wide Field Imager (WFI) Microcalorimeter (XMS)
JAXA, NASAscontributions

Athena - advanced Telescope for High Energy Astrophysics
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g Athena Science Objectives \

Cosmic evolution of
The physics of SMBH in galaxies and
large-scale structure of
the Universe

Black holes, compact

objects and_accretlon feedback
physics

Determine how SMBH grow,

- Study the physics often in obscured

Stud_y the behaviour of matter of feedba;k on all envrironments and trace the

moving around black holes and astrophysical formation of Large Scale

other compact objects. Probe scales, from stars Structure through the fate of

matter under strong gravity and compact hot baryons in galaxy clusters

and high density conditions. objects to galaxies studying their structure and '
. and clusters. -

Astrophysics of hot cosmic plasmas

Diagnose hot cosmic plasmas on all astrophysical environments via
resolved high resolution X-ray spectroscop

ﬁ"{ Athena - advanced Telescope for High Energy Astrophysics



ATHENA

CJ Black Holes and Accretion Physics \i\&%esa

M. Cappi, C. Reynolds, L. Brenneman

XMM-Newton

Non-spinning o | IXO XMS. 150 ksec Mo -broodenad

=1 F (2101=4x10™ cas M IFengG
- - F {(2-10)=4x10" 0gs r"-uj:cl'!;:.[f.c:r- L:---'
_ — P ll‘l-.'i’ﬂ"".!!i‘.'ﬂ '-_..
i =[ Athena XMS

Rapidly-spennng

F

Hu foourtsrsheV )

AGN, BHB, NS binaries, Sgr A*, ULX, CVs etc.
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G2 The Physics of Feedback

AGN feedback via outflows

PDS 456, Athena2/XMS, 100ks
- hy 8]
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3 Cosmic Evolution

A. Comastri
o | S " Mergers Only

Compton thick plus Accretion

| AGN@z~2

|
| H‘ﬁ hﬂﬂﬁ,ﬂ’ﬂ

1 LR NS T
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Spin Distribution
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CJ Large- Scale Structure g&‘i‘:esa

A THENA

Clusters - - Missing Baryons/WHIM

J De Plaa Abell 1795 (100 ks)

O Fe-
Mg  Si
N e/Na

S
Al Athena XMS
P Ar FelK

Cl
K Ca
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qaprtto e W
" e St it W,

e
XMM-Newton EPIC MOS ™,

Ly
-

055 0.60 0.65
Energy (keV)

WEI:.group, clusters census to z>2
XMS: baryon physics, mass proxies
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G Astrophysics of hot cosmic plasmas &éﬁ;esa

ATHENA

0=

Accretion-Fed Stellar Wind?
k2

Accreting Material

Charge exchange in Solar System bodies:
planetary atmospheres, comets, etc.

Stellar evolution:
Yyoung Stellar Objects

(3 MK, 6 x10"2cm®)

c 00 I Sta rS Post-shock F:Iasma

(2MK,2x10"" em’)
m

Massive stars, mass loss, magnetic fields, etc.
Supernovae and Supernova remnants

Winds and absorption studies in X-ray binaries .
Cataclysmic variables , ) e, | "

X-ray binary populations in external galaxies f- ' s
The ISM of our galaxy

And many many more....
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Athena Science Requirements

Effective
Area

Spectral
Resolution
(FWHM)

Angular
Resolution

Count Rate

Astrometry

Absolute
Timing

1 m2 @1.25 keV (goal 1.2 m?)
0. 5 m2 @ 6 keV (goal 0.7 m?)

AE = 3 eV (@6keV) within 2 x 2 arc
min

(goal 2.5 eV and 4x3 arc min)

AE =150 eV at 6 keV within 25 arc
min diam

10 arc sec HPD (0.1 - 7 keV)
(goal of 5 arc sec)

1 Crab with >90% throughput.
AE < 200 eV @ 6keV (0.3 - 15 keV)

1.5 arcsec at 30 confidence

100 psec

@-esa

Black hole evolution,
large scale structure

Strong gravity,
cosmic feedback

Large scale structure,
Cosmic Feedback
Black Hole evolution,
Large scale structure

Black hole evolution,
Cosmic feedback,
Large Scale Structure

Strong gravity

Black hole evolution

Compact Objects

Athena - advanced Telescope for High Energy Astrophysics




",5' Figure of Merit: Telescope Area

ATHENA

Collecting area vs. time

lExplonellwtiaIl gréwtr: in colllectilng ared
Factor 10 increase every 27.5 years
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Effective area evolution
high spectral resolution instruments (E/AE>100)
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Figure of Merit: Spectroscopy

Y XMS relative to
Athena XMS RGS & HETG

XMS relative to pn _

7~/

XMS relative
to SXS
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Spectroscopy Figure of Merit =
Effective Area x Resolution

1
Energy (keV)
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:‘F Figure of Merit: Imaging Sensitivity

Power law AGN at high latitude

ATHENA WFI
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ATHENA WFI (5")

1.0E+05 1.0E+06

Observation Time (s)
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Industry
Study

ESTEC
Review

AWG
Review

JAXA
MDR

Document Pack
Yellow Book

SPC Decision
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3 Athena: Summary

ATHENA

L

Athena is the next generation
facility-class X-ray observatory

Will address key topics in
astrophysics; but broad based *

Major opportunity for European
Ieadershi_p In X-ray astronomy

Stiff Competition (LISA, Laplace)
Community support essential

Lots of work/help needed!*

Sign up as an Athena supporter here:

https://lists.mpe.mpg.de/mailman/listinfo/athena-
supporters
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THE END
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