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The Athena (just approved!) mission

A science theme approved by ESA for L2 slot (2028!) and which motivates the Athena mission
(November 2013)

Massimo Cappi (IASF-Bologna)
On behalf of the Athena Coordination group and Working groups
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The Hot Universe: How does the ordinary

matter assemble into the large-scale structures
that we see today?

[N.B: >50% of the baryons today are in a hot (>10¢K) phase; and
there are as many hot (> 107 K) baryons in clusters as in stars
over the entire Universe]

The Energetic Universe: How do black

holes grow and influence the Universe?

[N.B: Building a SMBH releases 30 x the binding energy of a
galaxy; and 15% of the energy output in the Universe is in X-rays
(mostly released via accretion)]

The (proposed) Mission: High-throughput
X-ray Observatory (X-IFU + WFI)

A fantastic machine to address the Hot and Energetic
Universe theme at both low-z (astrophysics) and high-z
(cosmology/evolution)
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The Hot Universe: How does the ordinary
matter assemble into the large-scale structures
that we see today?

[N.B: >50% of the baryons today are in a hot (>10¢K) phase; and
there are as many hot (> 107 K) baryons in clusters as in stars
over the entire Universe]

The Energetic Universe: How do black

holes grow and influence the Universe?

[N.B: Building a SMBH releases 30 x the binding energy of a
galaxy; and 15% of the energy output in the Universe is in X-rays
(mostly released via accretion)]

The (proposed) Mission: High-throughput
X-ray Observatory (X-IFU + WFI)

A fantastic machine to address the Hot and Energetic
Universe theme at both low-z (astrophysics) and high-z
(cosmology/evolution)



The Athena (just approved!) mission
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N.B: For Ass.&Def. studies!

(key results from CDF and LFA meeting
end of October...stay tuned!)




ATHENA

Why does the observable universe
look the way it does?




ATHENA

Key questions for observational
astrophysics in 2028

1. How does ordinary matter assemble into the large scale structures we see today?
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Pointecouteau, Reiprich et al., 2013 arXiv1306.2319



ATHENA
The formation and evolution of clusters
and groups of galaxies

How and when was the energy contained in the hot intra-cluster medium generated?
Pointecouteau, Reiprich et al., 2013 arXiv1306.2319
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Athena+ Simulation

How does ordinary matter assemble into the large-scale structures that we see today?



ATHENA

The formation and evolution of clusters
and groups of galaxies

How and when was the energy contained in the hot intra-cluster medium generated?

Simulated Velocity map

Ettori, Pratt, et al., 2013 arXiv1306.2322
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How does ordinary matter assemble into the large-scale structures that we see today?



ATHENA
The chemical evolution of hot baryons

When and how were the largest baryon reservoirs in galaxy

clusters chemically enriched?
Abell 1795 (300 ks)
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How does ordinary matter assemble into the large-scale structures that we see today?



ATHENA
The Warm-Hot intergalactic medium (WHIM)
Where are the missing baryons in the local Universe? What is the underlying mechanism
determining the distribution of the hot phase of the cosmic web?
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How does ordinary matter assemble into the large-scale structures that we see today?



ATHENA . .
Key questions for observational

astrophysics in 2028

1. How does ordinary matter assemble into the large scale structures we see today?

2. How do black holes grow and shape the Universe?
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ATHENA Cosmic feedback and

the origin of black hole winds

How do black holes launch winds and outflows?
How much energy do they carry out to larger scalese

Proga et al. 2000
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How do black holes grow and shape the Universe?¢



ENA i) How do accretion disks around black holes launch winds/outflows,
and how much energy do these carry?
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Only X-rays probe the highest energy outflows, need X-IFU with high effective area to
probe fast outflows on the wind launching regions (few tens ks)



ATHENA ii) How are the energy and metals accelerated in winds/outflows
transferred and deposited into larger galactic scales?

Wagner et al. 2013
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ATHENA Cosmic feedback:
the impact on galaxy cluster scales

How do jets from Active Galactic Nuclei dissipate their mechanical energy in the hot
intracluster medium, and how does this regulate gas cooling and black hole fuelling?
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How do black holes grow and shape the Universe?



ATHENA
Cosmic feedback:

black hole and galaxy co-evolution

How much black hole accretion occurs in the most obscured environments?
How does this relate to the evolution of the host galaxy@e

Disk instability Obscured BH growth Feedback phase Quiescent remnant
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How do black holes grow and shape the Universe?
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Black hole growth in the early Universe

What was the growth history of black holes in the epoch of reionization?
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How do black holes grow and shape the Universe?¢
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ATHENA
The first stars and black holes

When did the first generation of stars explode to form the first seed black holes
and disseminate the first metals in the Universe?

Gamma Ray Burst at z=7
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How do black holes grow and shape the Universe?
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The Athena Observatory  wiingde etal 2013
arXiv1308.6785

L2 orbit Ariane V
Mass < 5100 kg
Power 2500 W

\ .
5 year mission ’
‘

£ A Ay

Silicon Pore Optics:
2m2at 1 keV
5 arcsec HEW
Focal length: 12 m
a Sensitivity: 3 1077 erg cm2s!

A
X-ray Integral Field Unit:
AE: 2.5 eV . .
Field of View: 5 arcmin Wide Field Imager:
Operating temp: 50 mk y AE: 125 eV .
S Field of View: 40 arcmin

High countrate capability

Barret et al., 2013 arXiv:1308.6784
Rau et al. 2013 arXiv1307.1709



ATHENA

The first Deep Universe X-ray Observatory

Athena+ has vastly improved capabilities compared to current or planned facilities, and
will provide transformational science on virtually all areas of astrophysics

Figure of merit (m kev-1/2)
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Technical Maturity
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5 to 2 instruments Angular resolution now 5"
Extendible to fixed OB Fields of view increase x 4
i - Effective area increase x 4

(per instrument)



4.2 SUMMARY OF MAIN SCIENCE REQUIREMENTS

Performance parameter Requirement Level 2 Science Goal

Core of the mission proposal is:

Effective area at 1 keV* 2 m? SG1.1 Finding early groups; SG4.1 Census of warm-hot baryons;

SG4.2 Physical properties of the WHIM; SG5.1 High 3 AGN
population; SG5.2 Probing the first generation of stars; SG6.1
Complete census of AGN at the peak of activity of the Universe;

Performance parameter Requirement

Level 2 Science Goal

Effective area at 1 keV* 2 m?

SG1.1 Finding early groups; SG4.1 Census of warm-hot baryons;
SG4.2 Physical properties of the WHIM; SG5.1 High 7 AGN
population; SG5.2 Probing the first generation of stars; SGO6.1
Complete census of AGN at the peak of activity of the Universe;
SG6.2 Incidence of outflows in z=1-4 AGN; SG6.3 Mechanical
energy of AGN outflows at 3=1-4; SG06.4 Incidence of ultrafast
outflows at >1; SG8.1 AGN reverberation mapping

ical
fast

first
eak
WS
H
ting
GN
dio

lete

rion
X-

ray cooling cores; SG4.2 Physical properties of the WHIM;

SG5.2 Probing the first generation of stars, 3 eV]

WFI field of view

SG1.1 Finding early groups; SG1.3 Non-gravitational heating
processes; SG2.1 Metal production and dispersal; SG3.2 AGN
ripples in clusters; SG3.4 Cumulative energy deposited by radio
galaxies; SG5.1 High gz AGN population; SG6.1 Complete

census of AGN at the peak of activity of the Universe.

e e ) Cf i o e e S e
PSF HEW 5” on axis SG1.1 Finding early groups; SG1.3 Non-gravitational heating |
(at E<8 keV) 10 at 25’ radius ~ processes; SG3.1 Jet energy dissipation in clusters; SG3.2 AGN ey
ripples in clusters; SG3.4 Cumulative energy deposited by radio of
galaxies; SG5.1 High z AGN population; SG6.1 Complete 1:;
census of AGN at the peak of activity of the Universe. [
ﬁl_ter ttnain SO 1200A o outﬂ.ows; S(;17.21nacti_onofins \’Vith t};eir envronmnt o
X-IFU spectral resolution 2.5¢eV SG1.2 Matter assembly in clusters; SG3.1 Jet energy dissipation E“Ng
on cluster scales; SG4.1 Census of warm-hot baryons; [SG3.3 X-  fdio
ray cooling cores; SG4.2 Physical properties of the WHIM; [
SG5.2 Probing the first generation of stars, 3 eV] ing
Of X-tdy DINArics
WFI count rate capability at 1 Crab? SG8.3 Measuring spins in GBH; SG8.4 reverberation mapping
80% throughput of X-ray binaries

isational

6.1
rse

of

tive

first

TOO reaction time < 4 hours SG4.1 Census of warm-hot baryons; SG5.2 Probing the

generation of stars

first

Table 4.1: Key parameters and requirements for the Azhena prime science goals. Those are achievable within
a 5 year mission lifetime with a conservative 75% obsetving efficiency (see section 5.3).




ATHENA
Athena: a powerful observatory

Planets
(interaction of solar wind with

planet environment and comets) 0.6 Fe XV
Exoplanets Solar scattered | V| ¢
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Stellar physics brosd ‘ ,
Supernovae 0.4 e

(explosion mechanism, heavy
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(physics of outflows and winds
in X-ray binaries) 0.1
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Interstellar dust and medium Wavelength (Ang)

Branduardi-Raymont, Sciortino, et al., 2013 arXiv 1306.2332; Sciortino, Rauw et al., 2013 arXiv1306.2333;
Motch, Wilms, et al., 2013 arXiv1306.2334; Decourchelle, Costantini et al., 2013 arXiv1306.2335



ATHENA

Athena science in context

ATHENA+ JWST
i ' | ALMA

CTA

Y-RAY X-RAY

Athena+ is a crucial part of the suite of large observatories needed to
reach the science objectives of astronomy in the coming decades
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People involved

(as of today)

(only EU for now, but NASA and JAXA may also join)

The Athena+ Co-ordination Group: Xavier Barcons (ES), Didier Barret (FR), Andy Fabian (UK), Jan-Willem den
Herder (NL), Kirpal Nandra (DE), Luigi Piro (IT), Mike Watson (UK)

The Athena+ Working Groups: Christophe Adami (FR), James Aird (UK), Jose Manuel Afonso (PT), Dave
Alexander (UK), Costanza Argiroffi (IT), Monique Arnaud (FR), Jean-Luc Atteia (F), Marc Audard (CH), Carles
Badenes (US), Jean Ballet (FR), Lucia Ballo (IT), Aya Bamba (JP), Anil Bhardwaj (IN), Elia Stefano Battistelli (IT),
Werner Becker (DE), Michaél De Becker (BE), Ehud Behar (IL), Stefano Bianchi (IT), Veronica Biffi (IT), Laura
Birzan (NL), Fabrizio Bocchino (IT), Slavko Bogdanov (US), Laurence Boirin (FR), Thomas Boller (DE), Stefano
Borgani (IT), Katharina Borm (DE), Hervé Bourdin (IT), Richard Bower (UK), Valentina Braito (IT), Enzo Branchini
(IT). Graziella Branduardi-Raymont (UK), Joel Bregman (USA), Laura Brenneman (USA), Murray Brightman
(DE), Marcus Briggen (DE), Johannes Buchner (DE), Esra Bulbul (USA), Marcella Brusa (IT), Michal Bursa (CZ),
Alessandro Caccianiga (IT), Ed Cackett (USA), Sergio Campana (IT), Nico Cappelluti (IT), Massimo Cappi
(IT), Francisco Carrera (ES), Maite Ceballos (ES), Finn Christensen (DK), You-Hua Chu (US), Eugene Churazov
(DE), Nicolas Clerc (DE), Stephane Corbel (F), Amalia Corral (GR), Andrea Comastri (IT), Elisa Costantini
(NL), Judith Croston (UK), Mauro Dadina (IT), Antonino D'Ai (IT), Anne Decourchelle (FR), Roberto Della Ceca
(IT), Konrad Dennerl (DE), Klaus Dolag (DE), Chris Done (UK), Michal Dovciak (CZ), Jeremy Drake (US),
Dominique Eckert (S), Alastair Edge (UK), Stefano Ettori (IT), Yuichiro Ezoe (JP), Eric Feigelson (US), Rob Fender
(UK), Chiara Feruglio (FR), Alexis Finoguenov (Fl), Fabrizio Fiore (IT), Massimiliano Galeazzi (IT), Sarah
Gallagher (CA), Poshak Gandi (UK), Massimo Gaspari (IT), Fabio Gastaldello (IT), Antonis Georgakakis (DE),
loannis Georgantopoulos (GR), Marat Gilfanov (DE), Myriam Gitti (IT), Randy Gladstone (USA), Rene
Goosmann (FR), Eric Gosset (BE), Nicolas Grosso (FR), Manul Guedel (AT), Martin Guerrero (ES), Frank Haberl
(DE), Martin Hardcastle (UK), Sebastian Heinz (US), Aimudena Alonso Herrero (ES), Anthony Hervé (FR), Mats
Holmstrom (SE), Kazushi Iwasawa (ES), Peter Jonker (NL), Jelle Kaastra (NL), Erin Kara (UK), Vladimir Karas
(CZ), Joel Kastner (US), Andrew King (UK), Daria Kosenko (FR), Dimita Koutroumpa (FR), Ralph Kraft (US), Ingo
Kreykenbohm (D), Rosine Lallement (FR), J. Lee (US), Marianne Lemoine-Goumard (FR), Andrew Lobban
(UK), Giuseppe Lodato (IT), Lorenzo Lovisari (DE), lan McCarthy (UK), Brian McNamara (CA), Antonio Maggio
(IT), Roberto Maiolino (UK), Barbara De Marco (DE), Silvia Mateos (ES), Giorgio Matt (IT), Ben Maughan (UK),
Pasquale Mazzotta (IT), Mariano Mendez (NL), Andrea Merloni (DE), Giuseppina Micela (IT), Marco Miceli
(IT). Robert Mignani (IT), Jon Miller (US), Giovanni Miniutti (ES), Silvano Molendi (IT), Rodolfo Montez (ES),
Alberto Moretti (IT), Christian Motch (F)R, Yaél Nazé (BE), Jukka Nevalainen (Fl), Fabrizio Nicastro (IT), Paul
Nulsen (US), Takaya Ohashi (JP), Paul O'Brien (UK), Julian Osborne (UK), Lida Oskinova (DE), Florian Pacaud
(DE), Frederik Paerels (US), Mat Page (UK), lossif Papadakis (GR), Giovanni Pareschi (IT), Robert Petre (US),
Pierre-Olivier Petrucci (FR), Enrico Piconcelli (IT), Ignazio Pillitteri (IT), C. Pinto (UK), Jelle de Plaa (NL), Etienne
Pointecouteau (FR), Trevor Ponman (UK), Gabriele Ponti (DE), Delphine Porquet (FR), Ken Pounds (UK),
Gabriel Pratt (FR), Peter Predehl (DE), Daniel Proga (US), Dimitrios Psaltis (US), David Rafferty (NL), Miriam
Ramos-Ceja (DE), Piero Ranalli (IT), Elena Rasia (US), Arne Rau (DE), Gregor Rauw (BE), Nanda Rea (IT), Andy
Read (UK), James Reeves (UK), Thomas Reiprich (DE), Matthieu Renaud (FR), Chris Reynolds (US), Guido
Risaliti (IT), Jerome Rodriguez (FR), Paola Rodriguez Hidalgo (CA), Mauro Roncarelli (IT), David Rosario (DE),
Mariachiara Rossetti (IT), Agata Roszanska (PL), Emmanouil Rovilos (UK), Ruben Salvaterra (IT), Mara Salvato
(DE), Tiziana Di Salvo (IT), Jeremy Sanders (DE), Jorge Sanz-Forcada (ES), Kevin Schawinski (CH), Joop
Schaye (NL), Salvatore Sciortino (IT), Paola Severgnini (), Francesco Shankar (FR), Stuart Sim (IE), Christian
Schmid (DE), Randall Smith (US), Andrew Steiner (US), Beate Stelzer (IT), Gordon Stewart (UK), Tod Strohnmayer
(US). Lothar Strider (DE), Ming Sun (US), Yoh Takei (JP), Andreas Tiengo (IT), Francesco Tombesi (US), Ginevra
Trinchieri (IT), Asif ud-Doula (US), Eugenio Ursino (NL), Lynne Valencic (US), Eros Vanzella (IT), Simon Vaughan
(UK), Cristian Vignali (IT), Jacco Vink (NL), Fabio Vito (IT), Marta Volonteri (FR), Daniel Wang (US), Natalie
Webb (FR), Richard Wilingale (UK), Joern Wilms (DE), Michael Wise (NL), Diana Worrall (UK), Andrew Young
(UK), Luca Zampieri (IT), Jean In't Zand (NL), Andreas Zezas (GR), Yuying Zhang (DE), Irina Zhuravleva (US)

Bold Face Denotes Working Group Chairs

Athena Coordination Group:
K. Nandra, D. Barret, X. Barcons, J.-W.
den Herder, A. Fabian, L. Piro, M. Watson

Athena Working Groups (12)
(~250+ people)

Athena supporters
(~ 1500+ astronomers)

More information, white paper, mission
proposal, 15 supporting papers, 10
technical supplements, etc. at:
http://the-athena-x-ray-observatory.eu/
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THE END...NO, THE BEGINNING!

Thank you very much
for your attention



