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The Hot and Energetic Universe

Key Questions:

= How does ordinary matter
assemble info the large-scale
stfructures we see today?

= How do black holes grow and
shape the Universe?

A White Paper presenting the
“asclence theme motivaging
the Athena+ mission

= Requires sensifive high resolution
X-ray spectroscopy and deep
wide field imaging

= Science theme selected by ESA in
2013 based on Senior Survey
Committee recommendation

= Athena selected in 2014 as next
large mission of ESA’'s Cosmic
Vision program

. Nandra, Barret, Barcons, Fabian, den Herder, Piro, Watson et al. 2013 arXiv 1306.2307



The Hot Universe

The first groups Thermal history
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The Energetic Universe

Typlcol AGN z~6-8
How do black holes grow

WFI

and influence the Universe? ” aﬁf ;;g,:gg
- The early history of SMBH £ :
growth at z>6 7 s

= Obscured AGN census z~1-3

The Epoch df Re |on|zat|on
E%%I Wlde

(predicted)

1
Chandra/XMM surveys m
Athena WFI survey ¢

1

- SMBH ouftflows z~0-3 C O ey

= SMBH growth: accretion vs. E g g Clmmmzmenesd
mergers

= BH & SMBH accretion physics ¢ | |

= Luminous extragalactic .
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Black Holes in the Early Universe

X-ray luminosity

AGN Ly versus z plane
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Aird, Comastri et al. 2013 arXiv1306.232
Updated by Andrea Merloni (MPE) (2017)



The first stars and blackholes

Fast response to transients opens up new window to early Universe




***MISSION AS PROPOSED***

The Athena Observatory

Willingale et al, 2013 arXiv1308.6785
L2 orbit Ariane V | ‘ ; .
| R

Mass < 5100 kg \
Power 2500 W

5 year mission —— ’ \\ WA

Silicon Pore Optics:

2m2at 1 keV

5 arcsec HEW

Focal length: 12 m
Sensitivity: 3 10-17 erg cm-2s-

X-ray Integral Field Unit:

AE: 2.5 eV : : .

Field of View: 5 arcmin XVéFi]eQIgeel\C/I Imager:

Operating temp: 50 mk ‘ . . .
Barret et al., 2013 arXiv:1308.6784 W Field of View: 40 arcmin

High countrate capability
. Rau et al. 2013 arXiv1307.1709



| *TMISSION AT END OF PHASE A™™*
The Athena Observatory

Willingale et al, 2013

L2 orbit Ariane 64 Movable mirror array (MMA) Bavdaz ef al. 2016,2018

Mass ~7100 kg
Power ~10,000 W
>4 yedr mission

Silicon Pore Optics:
1.4 m2 (goal 2 m2)@ 1 keV
5 arcsec HEW

Science Instrument Module (SIM) Focal length: 12 m

Sensitivity: 3 10-17erg cm-2s-1
/ camerahead —— ——

primary structure
(incl. filter wheel)

CNES project team detector electronic
boxes

X-ray Integral Field Unit:
TES-based calorimeter
AE: 2.5 eV

Field of View: 5 arcmin
Operating temp: 50 mk

Barret et al., 2016, 2018 SPIE

Wide Field Imager:

Si DEPFET-based detector
AE: 125 eV

Field of View: 40 arcmin
High countrate capability

Meidinger et al. 2016, 2018, SPIE



Athena: a revolutionary observatory

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

= Successful I-PRR completed Dec 2018. Instrument in Phase B.

= DEPFET Sensor manufacture and performance:

= Prototype performance demonstrated, flight-like DEPFETs manufactured

= Real-time performance of frame processor

= Demonstrated via event emulator and lab breadboard

= Flight-worthiness of large, thin-filter assembly (CBK, Palermo)

=  Acoustic noise tests successfull

Flight-like DEPFETs FPM breodboord Acoustic Noise fests
Pl: K. Nandra (MPE)




X-IFU Status S IFU

= Successful I-PRR completed April 2019

= Baseline instrument and cryogenic chain shown to be feasible (e.qg.
mass, power, redundancy)

= Spectral resolution 2.6 eV (? pixel multiplex) demonstrated

= Further optimizations ongoing

Akamatsu et al.

GSFC-A6 9 pixels MUX, 200 kHz separation
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Silicon Pore Optics (SPO)

= Innovative technology using robotic
stacking of high-fidelity Si plates

= Lightweight, high throughput, good
angular resolution

= Key optics requirements:
= 5" HEW on-axis, <10" @ 15’
= 1.4 m? effective area @ 1 keV

= Recent (10-plate) HEW

measurements:
T Willingale et al 2013, arXiV: 1308.6785
<
127 HEW for 100% of area Bavdaz et al. 2018, Proc. SPIE
= 80" HEW for 70% area Collon et al. 2019, Proc. SPIE

= 5.0" HEW for 10% of area

Q&sesa cosine



HEW [arcsec])
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SPO Angular Resolution progress

34-plate Performance

SPO XOU middle-radius performance summary (34 plates)
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SPO Angular Resolution

HPO-1288-plate-34-ID00884-11-stack-released_004 HPO-1288-plate-34-ID00884-11-stack-released_004
Residual gradient X map Residual gradient Y map
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Much progress understanding issues affecting HEW

Axial edge effects can be addressed by cutting away areas of poor
performance: demonstrated experimentally

Entrance and exit effects (e.g. anticlastic curvature) being studied
~ infensively

. Q&‘iesa cosine



Mirror Design and Effective Area

= Current reference mirror design has 15 SPO rows

= Critical Issues for mirror performance
= Packing scheme, stack size, inner and outer radii
= Rib Pitch: Tmm baseline; >2mm greatly improves performance
= Coafings: optimal B4C difficult, alternatives being investigated
= Stray Light Baffling: large effect off-axis, mitigation under study

le Layout SPO Module Aperture

1500 &\:\;esa



The Athena Community Structure

ESA Athena Science Study Team (ASST)
M. Guainazzi (Chair), K. Nandra (Lead & WET), D. Barret (X-IFU),A. Decourchelle,
J-W. den Herder, A.C.Fabian, H. Matsumoto (JAXA), L. Piro, R. Smith (NASA), R. Willingale

Total ~800 members with roughly annual call
Supported by Athena Community Office@IFCA, Spain (F. Carrera)



Athena Synergy Exercises

ESO-Athena Synergy White Paper

Chair: P. Padovani
Chair: R. Cassano

SKA-Athena Synergy White Paper

SKA-Athena Synergy Team

Athena-LISA Synergies

Athena-LISA Synergy Working Group:

Monica Colpi, Andrew C. Fabian, Matteo Guainazzi,
Paul McNamara, Luigi Piro, Nial Tanvir
(with contributions by J.Aird, A.Klein, A.Mangiagli, E.M.Rossi, A.Sesana)

20 February 2019

Next Synergy activities already in progress:
* Multi-messenger and gamma-ray (L. Piro)
« LSST/wide area surveys (M. Watson)



Athena: Summary

= Athena addresses key questions in high energy astrophysics via
high resolution spectroscopy and wide-field imaging

= Flagship observatory with capabilities far exceeding current
facilities in many respects

= Schedule and Milestones

= Instfrument Consortium Consolidation, feams confirmed Dec 2018
WFI Instrument I-PRR successfully completed Dec 2018
X-IFU I-PRR successfully completed in April 2019
Mission Formulation Review (MFR) just started; ends Phase A
Mission Adoption Review (MAR) Nov 2021; ends Phase B1
Launch currently expected ~2031
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