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From EXOSAT ... to XMM-Newton

to ATHENA!
All three missions bringing about
a scientific revolution
All three from a special vantage
point to peer at the Universe

Credit: ESA

ATHENA: Advanced Telescope for High Energy Astrophysics
Second Large (L2) mission of ESA
Cosmic Vision 2015-2035
■ Science theme:
The Hot and Energetic Universe
- How does ordinary matter assemble
in the large-scale structures?
- How do black holes grow and shape
galaxies?
■ In addition:
- ToO capability to study transient
sources
- Observatory science

More info at: http://www.the-athena-x-ray-observatory.eu

ATHENA mission concept
• Single telescope, Silicon Pore Optics (SPO) technology, 12 m focal length,
≥1.4 m2 area @1 keV, 0.25 m2 @6 keV, 5 – 10” HEW PSF over FOV –
Movable mirror assembly to switch between two instruments
Optics provision is
ESA responsibility

Credit: R. Willingale and ACO Team
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ATHENA mission concept
• Single telescope, Silicon Pore Optics (SPO) technology, 12 m focal length,
≥1.4 m2 area @1 keV, 0.25 m2 @6 keV, 5 – 10” HEW PSF over FOV –
Movable mirror assembly to switch between two instruments
• WFI (Active Pixel Sensor Si detector): wide-field (40’x40’) spectral-imaging,
CCD-like energy resolution (120-150 eV @6 keV)
Consortium led by MPE,
with other European
partners and NASA

Rau et al. 2013

Georgakakis et al. 2013
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ATHENA mission concept
• Single telescope, Silicon Pore Optics (SPO) technology, 12 m focal length,
≥1.4 m2 area @1 keV, 0.25 m2 @6 keV, 5 – 10” HEW PSF over FOV –
Movable mirror assembly to switch between two instruments
• WFI (Active Pixel Sensor Si detector): wide-field (40’x40’) spectral-imaging,
CCD-like energy resolution (120-150 eV @6 keV)
• X-IFU (cryogenic imaging spectrometer): 2.5 eV energy resolution,
5’ diameter effective FOV,
~5” pixel size
Consortium led by CNES/IRAP-F,
with SRON-NL, INAF-IT and other
European partners, NASA and JAXA
Barret et al. 2016

ATHENA concept, ESA CDF

ATHENA mission concept
• Single telescope, Silicon Pore Optics (SPO) technology, 12 m focal length,
≥1.4 m2 area @1 keV, 0.25 m2 @6 keV, 5 – 10” HEW PSF over FOV –
Movable mirror assembly to switch between two instruments
• WFI (Active Pixel Sensor Si detector): wide-field (40’x40’) spectral-imaging,
CCD-like energy resolution (120-150 eV @6 keV)
• X-IFU (cryogenic imaging spectrometer): 2.5 eV energy resolution,
5’ diameter effective FOV, ~5” pixel size
• ≤4 hours response with a ~50% efficiency to observe a Target
of Opportunity (ToO) in a random position in the sky
• Launch ~2030, Ariane 6.4, L2 halo orbit (TBC)
• Lifetime 4 years + extensions

ATHENA concept, ESA CDF

Effective area (cm2)

ATHENA is a very large effective area mission

Courtesy: A. Rau (MPE)

Energy (keV)
Courtesy: D. Barret (IRAP)

ATHENA is a powerful survey machine

ATHENA survey over the nominal 4 year mission: 4x1 Ms – 3x700ks – 10x600 ks - 103x60ks

The Hot and Energetic Universe
The Hot Universe: How does ordinary matter
assemble into the large-scale structures that
we see today?
• >50% of the baryons today are in a hot
(>106 K) phase
• 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?
• Building a SMBH releases 30 × the binding
energy of a galaxy
• 15% of the Universe energy output is in X-rays

The Hot Universe with ATHENA
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ATHENA will trace the evolution of heavy elements
from z~2 to the local Universe

Kaastra et al. 2013

• Cosmological hydro simulations show ~50%
of baryons at T~105-107 K in the IGM
- Un-virialised and filamentary distribution
- How can they be detected?
In absorption:
Against a bright background sources
In emission:
Tenuous and extended
• Key to understand circumgalactic medium and
feedback

Courtesy: F. Nicastro

Missing baryons: The WHIM (Warm-Hot Intergalactic Medium)

redshift
The cosmological history of black hole accretion
is uncertain at z>3, unknown at z>6

AGN LX versus z plane

Aird et al., 2013, arXiv:1306.2325. Courtesy A.Rau (MPE)

star formation
BH accretion (X-rays; Shankar+09)
BH accretion (X-rays; Aird+10)
BH accretion (IR)

X-ray luminosity

Madau & Dickinson, ARA&A, 52, 415

The Energetic Universe with ATHENA

AGN disk wind feedback with ATHENA
• Possible evidence for "AGN feedback" regulating the
star formation history and ISM chemical enrichment
- AGN outflows with Lmech≳1%Lbol may be the
"feedback messenger"
- Relativistic (v≳0.1c) disk outflows discovered at X-ray
CCD-resolution
• However:
- no plasma diagnostic possible
- no estimate of mass and kinetic energy outflow possible
• High-resolution in the Fe band (6-7 keV) is the key
• ATHENA will make this possible, up to z~4

XMM-Newton/EPIC data vs ATHENA
simulation of PDS456 (nearby quasar)

Chasing the transient Universe with ATHENA
~2030: Athena/X-IFU

Probing the first generation of star and the primordial IMF

Jonker et al. 2013, arXiv:1306.2336

Courtesy L.Piro (IAPS/INAF)

2017: Swift/XRT

~2/3rd (TBC) of the ATHENA nominal operational life will be allocated to
the international astronomical community through a competitive peer
review process

Decourchelle et al., 2013

Planets and solar system bodies
Exoplanets: magnetic interplay
Star formation, brown dwarfs
Massive stars: mass loss
Supernovae: explosion mechanisms
Supernova remnants: shock physics
Interstellar medium dust composition
X-ray counterparts of GRB and NS-NS mergers
(GW)
• Dark Matter candidates
•…
•
•
•
•
•
•
•
•

20 ks

Branduardi-Raymont et al. 2013

Observatory and discovery science with ATHENA

Outlook

• ATHENA will be a transformational X-ray observatory
- Designed to address the Hot and Energetic Universe science theme
- Will impact virtually every corner of astronomy
• It will be an essential part of the observational landscape in the late
2020s, together with ALMA, E-ELT, SKA, CTA, etc.
• Vibrant community supporting it
• Good progress with Phase A
- Key milestone in 2020: Mission adoption by ESA
for a launch in ~2030

