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X-‐raying	  the	  hot	  and	  energe/c	  Universe	  
with	  Athena	  



The  Hot  and Energet ic  Un iverse  

The science theme of Athena 

•  The Hot Universe: How does the 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 energy output in the 
Universe is in X-rays 

 



How does  o rd inary  mat te r  assemble  in to  the  
la rge  sca le  s t ruc tu res  we see today?  

 

 

Athena Deep Field 

Extended X-ray sources 

Oppenheimer et al. 2009 
Pointecouteau, Reiprich et al., 2013 arXiv1306.2319 

How does ordinary matter assemble into the large-scale structures that we see today? 
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The  fo rmat ion  and evo lu t ion  o f  c lus te r s   
and g roups  o f  ga lax ies   

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

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

Pointecouteau, Reiprich et al., 2013 arXiv1306.2319 



The  fo rmat ion  and evo lu t ion  o f  c lus te r s   
and g roups  o f  ga lax ies   

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

 

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

Simulated Velocity map 
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Ettori, Pratt, et al., 2013 arXiv1306.2322 



The  Warm-Hot  in te rga lact ic  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? 

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

Kaastra, Finoguenov et al., 2013 arXiv1306.2324 



C o s m i c  f e e d b a c k :  t h e  o r i g i n  o f  b l a c k  h o l e   w i n d s  
How do black holes launch winds and outflows?  

How much energy do they carry out to larger scales? 

How do black holes grow and shape the Universe? 

Cappi, Done et al., 2013 arXiv1306.2330 
Dovciak, Matt et al., 2013 arXiv1306.2331 

How do b lack  ho les  g row and shape the  Un iverse?   



Cosmic  feedback:   
the  impact  on  ga laxy  c lus te r  sca les  

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? 

How do black holes grow and shape the Universe? 
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60 arcsec  (22 kpc)

Croston, Sanders et al., 2013 arXiv1306.2323 

5” region 



Cosmic  feedback:  
b lack  ho le  and ga laxy  co-evo lu t ion  

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

 

How do black holes grow and shape the Universe? 

Obscured BH growth Disk instability 

Merger 

Ceverino et al. 2010 

Hopkins et al.2006 

Feedback phase 

Compton thick z=2 Blowout phase z=2 

Quiescent remnant 

Georgakakis, Carrera et al., 2013 arXiv1306.2328 



How do black holes grow and shape the Universe? 

 

a=0	  

a=1	  



B lack  ho le  g rowth  in  the  ear ly  Un iverse  

What was the growth history of black holes in the epoch of reionization? 

 

How do black holes grow and shape the Universe? 

Aird, Comastri et al. 2013 arXiv1306.2325 



Athena:  
Exp lo r ing  the  Hot  and Energet ic  Un iverse  
High redshift galaxy group 
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Black hole feedback at  
peak of activity in Universe 
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Primordial stellar populations 
via GRB afterglow follow up 
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Obscured black hole in  
the early Universe 
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Athena+ Deep Field 
Fe Kα  
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100	  x	  ASTRO-‐H	  

1000	  x	  	  
XMM-‐Newton	  

A Deep Un iverse  X- ray  Observato ry  

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

X-ray spectroscopy at the peak  
of the activity of the Universe 

Deep survey capability into the dark  
ages and epoch of reionization 

Line Sensitivity 

Survey Speed 



Athena in  contex t  
in  the  ~2030  Eu ropean landscape 

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



The  Athena Observato ry  

L2 orbit Ariane V 
Mass < 5100 kg 
Power 2500 W 
5 year mission 

X-ray Integral Field Unit: 
ΔE: 2.5 eV 
Field of View: 5 arcmin 
Operating temp: 50 mk 

Wide Field Imager: 
ΔE: 125 eV 
Field of View: 40 arcmin 
High countrate capability 

Silicon Pore Optics: 
2 m2 at 1 keV 
5 arcsec HEW 
Focal length: 12 m 
Sensitivity: 3 10-17 erg cm-2 s-1 

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

Willingale  et al, 2013 
arXiv1308.6785 



Optics 

16 

~ 900 mirror modules 
~136.000 mirror plates 
~ 408 m2 mirror area 

 
Mass production using 

semiconductor tool-chain 
Figure	  courtesy	  D.	  Willingale	  

•  ESA	  responsibility	  



Wide Field Imager 

FoV = 40 arcmin  ↔  Size = 140 mm 

4 large DEPFET sensor chips  
512 x 512 pixels with 130 µm x 130 µm  

sensitive area → 67 x 67 mm2 

Time resolution: 1.28 ms 

 

1 fast timing DEPFET sensor 
64 x 64 pixels with 130 µm x 130 µm  

sensitive area → 8.3 x 8.3 mm2  

Time resolution: 160 µs (or 80 µs with 2-line readout option) 

Window mode: 8+8 lines (36 arcsec ≈ 7 x PSF): 20 µs (or 10 µs with 2-line readout option) 
 
 
 
 

WFI	  consor/um	  lead:	  Germany	  	  



X-Ray Integral Field Unit 
ü  XIFU	  consor/um	  lead:	  France	  (PI),	  

Italy	  &	  Holland	  (CoPI)	  	  
ü  Transi/on	  Edge	  Sensor	  

microcalorimeter	  in	  cryo	  (50	  mK)	  
ü  4-‐kpixel	  array	  	  	  
ü  Large	  TES-‐based	  CryoAC	  for	  	  
ü  Low	  instrumental	  background 



Programmatics  

• ESA led missions, but international collaboration allowed 
(<20%) 
• NASA and JAXA are partners 

• ESA responsible of mission systems, spacecraft,  launcher, 
mirror, operations and SOC 

• Instruments and Science Ground Segment  elements to be 
provided by the Member States < ~ 400 M€ 

• ESA Cost at Completion ~ 1 B€ 

                                              Schedule 
ü Hot&Energe/c	  Univ.	  Theme	  selected	  for	  ESA	  L2	  	  	  	  	  	  	  	  	  	  Nov.	  2013	  
ü  	  Athena	  Mission	  selected	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	   	   	   	  Jun.	  2014	  
ü  	  Phase	  A	  and	  B1 	   	   	  	   	   	   	   	   	   	   	  on	  going	  	  
ü  Implementa/on	  	  Phase	  	  	  	  	  	  	  	  	  	   	   	   	   	   	   	   	  2019	  
ü  	  Launch	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	   	   	   	   	   	  2028	  
ü Opera/ons:	   	   	   	   	   	   	   	   	   	   	   	  5	  +5	  years	  
	  



Italy	  in	  ATHENA	  
Science,	  Mission	  and	  Instruments	  with	  a	  leading	  role	  of	  Italian	  

scien/sts	  and	  industry.	  
	  XIFU	  CoPI	  +	  synergical	  par/cipa/on	  to	  WFI	  	  

Roles	  &	  Community:	  1	  in	  the	  ESA	  Study	  Team,	  9	  Italian	  co-‐chairs	  
of	  Mission	  &Science	  WGs	  +	  160	  Italian	  members	  	  

	  Italian	  Key	  ins/tu/ons	  are:	  	  
INAF:	  IAPS(RM),	  IASF-‐MI,	  IASF-‐Bo,	  IASF-‐Pa,	  OABrera,	  OABo,	  OATo,	  OAPa,	  OaTs,	  

OAArcetri,	  OARM,	  OANa	  
Univ.	  &INFN	  Genova,	  Univ	  Rm1,Rm2Rm3,	  Univ.	  Bo,	  Univ.	  Pa,	  Un.Mi	  

CNR,	  IFN-‐RM	  	  

Industrial	  role	  from	  mission	  prime-‐ship,	  subsystems,	  instrument	  
cubng-‐edge	  technologies,	  mirror	  assembly	  (TAS,CGS,FBK,	  

Mediolario,..)	  
Italian	  contribu/ons	  formalized	  at	  the	  ESA-‐Leading	  Funding	  

Agencies	  mee/ng	  in	  Otc.	  2014	  


