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* Based on PP, F. Combes, M. Diaz Trigo, S. Ettori, E. Hatziminaoglou, P. Jonker, M. Salvato, S. 
Viti, et al., ESO-Athena Synergy White Paper, arXiv:1705.06064  



! The ESO-Athena Synergy Team (EAST): 

Ø PP (chair), Françoise Combes (Observatoire de Paris, 
France), Maria Díaz Trigo (ESO), Stefano Ettori (INAF-
OABO, Italy), Evanthia Hatziminaoglou (ESO), Peter 
Jonker (SRON, The Netherlands), Mara Salvato (MPE, 
Germany), and Serena Viti (UCL, UK) 

! EAST tasked by the Athena Science Study Team 
and ESO to study synergies between Athena and 
optical/NIR and sub/mm (ESO) ground based 
facilities (VLT and ELT, ALMA and APEX) 

The ESO-Athena White Paper   
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! White Paper to identify: 
1.  needs to access ESO facilities to achieve Athena 

science 
2.  needs to access Athena to achieve ESO science   
3.  science areas where the synergetic use of Athena and 

ESO facilities in the late 2020s will result in scientific 
added value 

The ESO-Athena White Paper   
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The ESO-Athena Synergy Workshop
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ESO, Sept. 14 – 16, 2016  



 
ESO-Athena Synergy Topics 

(compiled around Athena science) 
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Early groups and clusters Physics of the ICM AGN outflows 

Missing baryons in cosmic  
filaments  

Accretion physics 

Star formation  

High-energy emiss. from stars  

Transients  

SMBH history  



 
The ESO-Athena astronomical scene in 

the 2020s: the Extremely Large Telescope 
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The ESO-Athena astronomical scene 

in the 2020s 
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ELT/MICADO + MAORY 
(imager 0.8-2.4 µm + low-
R spectrograph + AO) 

ELT/METIS 
(imager 3-20 µm + 

spectrograph + IFU)   

ELT/HARMONI 
(IFU spectrograph 

0.5-2.4 µm)   ELT/HIRES 

ELT/MOSAIC 

Running contracts  

Phase A  

Plus: Science Priorities at ESO document  
(ESO/STC-551)  



 
 The ESO-Athena astronomical scene 

in the 2020s: ELT science cases  
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Transient Universe 

Physics of high-z galaxies Intermediate-mass BH 

Re-ionization of the Universe 

IGM tomography 

AGN and SMBH growth 



 
 The ESO-Athena astronomical scene 
in the 2020s: Science Priorities at ESO   
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Large-scale structure 

Time-domain astronomy 

Structure and evolution of galaxies Life cycle of interstellar matter 

Extreme states of matter Life cycle of stars 
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Science Priorities at ESO document  
(ESO/STC-551)  



 
SMBH History 
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Madau & Dickinson (2014)   

Star formation history 

BH accretion history 

Kormendy & Ho (2013)   

X-ray 
IR 



 
SMBH History: Athena’s role 
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Barret et al. (2013)   

The missing part:  
the host galaxy 
à ESO facilities! 



 
SMBH History: ESO-Athena synergies 
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! Host galaxy starlight and structure, star 
formation distribution: 
Ø high spatial resolution optical/MIR imaging 

(e.g., ELT/MICADO and METIS) 

! Dust obscured star formation, cold 
molecular gas (CO): 
Ø high spatial resolution sub-mm imaging 

(ALMA)  

! Host galaxy chemical abundance and 
kinematics: 
Ø Integral Field Unit spectroscopy (e.g., ELT/

HARMONI and MOS) [See V. Mainieri’s talk] 



! Integral Field Units (VLT/MUSE, ELT/HARMONI) 
! ALMA 
! Multi-object spectrographs (VISTA/4MOST, VLT/

MOONS, ELT/MOS) 
! NIR imagers (ELT/MICADO) 
! High-resolution spectrographs (VLT/UVES, ELT/HIRES) 

! ESO archives (LaSilla Paranal, ALMA, ELT) 
! Plus (missing and needed by 2-3 cases): 

Ø single dish sub-mm telescope, wide field of view  
Ø polarimetric facility @ ELT 

 
Athena’s most needed ESO facilities
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Summary 
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! The ESO-Athena Synergy White Paper is available  

! It deals with a variety of astronomical topics ranging from 
star formation to clusters of galaxies 

! The synergies are real! 
! Much more can be found here:  



Want to know more about the ELT? 
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Thursday, June 29, Special Session 18  


