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The Hot and Energetic Universe
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How	
  does	
  ordinary	
  
ma;er	
  assemble	
  into	
  the	
  
large	
  scale	
  structures	
  that	
  
we	
  see	
  today?

How	
  do	
  black	
  holes	
  grow	
  
and	
  shape	
  the	
  Universe?

See X. Barcons’ 
plenary 

presentation on 
Thursday
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Black	
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  and	
  seeds	
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  SMBH	
  

• AccreFon	
  through	
  cosmic	
  Fme	
  
– complete	
  census	
  of	
  AGN	
  at	
  the	
  peak	
  of	
  acFvity	
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  the	
  universe	
  

• AccreFon	
  Physics	
  
– spins	
  of	
  compact	
  objects	
  
– reverberaFon	
  mapping	
  of	
  X-­‐ray	
  binaries	
  

• 	
  FormaFon	
  and	
  EvoluFon	
  of	
  Groups	
  and	
  Clusters	
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  Galaxies	
  
– finding	
  early	
  groups	
  
– non-­‐gravitaFonal	
  heaFng	
  processes	
  (entropy	
  profiles)	
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  feedback	
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– AGN	
  ripples
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2. INTRODUCTION 
Observational studies in the last 15 years suggest a paradigm shift in our understanding of galaxy formation. The 
ubiquity of supermassive black holes in local galaxy spheroids has been established (Magorrian et al. 1998). Scaling 
relations between proxies of the stellar mass of galaxy bulges and the mass of the black holes at their centres have been 
unexpectedly discovered (e.g. Gebhardt et al. 2000). The cosmological evolution of Active Galactic Nuclei (AGN) and 
galaxies were shown to follow very similar patterns (e.g. Hopkins & Beacom 2006; Aird et al. 2010). It is therefore 
argued that the formation of stars in galaxies is related to the growth of supermassive black holes at their centres. In this 
picture, our knowledge of galaxy evolution will remain incomplete unless we understand this interplay. 

The large energy output of AGN relative to the binding energy of their hosts motivated analytical calculations (e.g. 
Fabian 1999; King 2005) and numerical simulations (e.g. Di Matteo et al. 2005) that proposed AGN feedback as the 
process that regulates star-formation. The generic picture emerging is that major black hole accretion events and 
intense star-formation episodes occur nearly simultaneously as the result of gas inflows. The early stages of black hole 
growth take place behind dense, possibly Compton thick, dust and gas cocoons, which are eventually blown away by 
some form of AGN outflow. The result is the depletion of the gas reservoirs and the regulation of both star-formation 
and black hole growth in the galaxy. 

 
Fig. 1: Effectiveness of Athena+/WFI surveys for Compton thick AGN population studies: the plot on the LEFT 
demonstrates the spectral quality that Athena+/WFI surveys will deliver for heavily obscured AGN. The red data-
points are the simulated Athena+/WFI 1Ms spectrum of a Compton thick AGN at z=2.579. The most prominent 
feature in that spectrum is the Fe Ka emission line. The simulated source has been previously identified in the 4Ms 
Chandra Deep Field South by Brightman  & Ueda (2012). The Chandra spectrum is also shown for comparison 
(green points). The blue lines show the Compton thick spectral model convolved with the Athena+/WFI and 
Chandra responses. RIGHT: Predicted cumulative counts of Compton thick AGN at redshifts z=1–4 as a function 
of hard (2-10keV) flux. The blue curve corresponds to the 4Ms Chandra Deep Field South, the deepest X-ray image 
currently available. The red curve is the predicted number counts for an Athena+/WFI survey that consists of 13 
pointings of 300ks each, i.e. the same total exposure time as the 4Ms Chandra Deep Field South. Athena+/WFI has 
the throughput and field-of-view to cover large areas of the sky fast and hence yield, for the same time investment, up 
to a factor of ~100 more Compton thick AGN compared to the current Chandra X-ray surveys. The calculations 
assume the X-ray background synthesis model of Akylas et al. (2012; similar results are obtained for the Gilli et al. 
2007 model) and the WFI sensitivity for the baseline specifications of 5´´ PSF, 2m2 collecting area at 1keV and 
40acrmin2 field-of-view. Confusion is not a problem for 2-10keV sensitivity calculations even for 1Ms WFI 
exposures. Improvements in the Athena+/WFI parameters toward the goal specifications translate to an increase in 
the survey speed. For a 3´´ PSF size for example, the WFI will be a factor ~1.5 faster compared to the 5´´ PSF. 

 

In the current paradigm there are two stages that hold important clues on the relation between AGN and galaxies. The 
early heavily obscured period and the blow-out phase. X-ray observations are a powerful tool for studying both these 
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Athena+ will be sensitive enough to measure high signal to noise spectra from stellar-mass black holes also in nearby 
galaxies. Studying their relativistic iron lines and continua, Athena+ will deliver an order of magnitude more stellar-
mass black hole spin measurements than any prior mission. Whereas we currently have about 10 spin constraints in 
Galactic binaries, the Athena+ mission will increase this number by a factor of 10 due to its significantly larger collecting 
area (note that ~100000 photons are required to detect relativistic lines, e.g., Guainazzi et al., 2006). This larger 
number of spin measurements allows us to study the distribution of spin values of black holes, which is related to 
the supernova mechanism forming them as well as to their accretion history.  

 

 

Figure 1: Simulation of a 10 ks Athena+ 
WFI observation of the black hole binary 
Cyg X-1 (based on XMM-Newton 
observations by Duro et al., 2011). Top: 
predicted count rate (red) and best fit 
model after setting the iron line flux to zero 
(blue). Bottom: ratio between the data and 
the best fit model with a zero iron flux. The 
ratio shows the iron line profile, which 
consists of a skew symmetric relativistic line 
originating close to the black hole, and a 
narrow core from material further away 
from the black hole. Even on such a bright 
(250 mCrab) object, current 
instrumentation can obtain similar high 
quality spectra only in much (>20x) longer 
exposures, where systematics of continuum 
and NH variation become important and 
dominate the uncertainty of the spin and 
continuum shape measurement. 

 

3.3. High Resolution Spectroscopy of Accretion Flows Around 
Compact Objects 

In addition to jets, many Galactic X-ray binaries exhibit outflows in which a significant fraction of the accreted 
materials is driven away from the accretion disk and back into the interstellar medium (e.g., Brandt & Schulz, 
2000; Miller et al., 2008). The amount of mass lost in this wind can be close to the mass accretion rate and in 
black hole binaries the interaction between the disk wind and the jet might quench the jet (Neilsen & Lee, 2009). 
Disk winds are important because they serve to enrich the interstellar medium and because they can influence the 
overall energetics of the accreting system (Diaz Trigo & Boirin, 2012). They are violently variable on timescales of 
hours. Similar winds have also been seen in several AGN (e.g., Dauser et al., 2012). Their mass loss rates are still 
unknown, but if they are of similar power as the winds in Galactic sources they would have significant impact on 
the centres of active galaxies (See Cappi, Done, et al, 2013, Athena+ supporting paper). 
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(Ettori, Pratt et al. 2013)
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(Croston, Sanders et al. 2013)



Key Science 
Requirements



Key science requirements for high-z AGN:

>40’x40’ >0.11m2 (0.2keV)
>1.80m2 (1keV)

0.5-7keV:
<5” on-axis
<10” @20’ off-axis

<1”
0.5-2keV, 450ks:
<2.4x10-17 cgs

1keV:
>0.38m2 deg2



Key science requirements for GBH spin:

1Crab:
<1%

1Crab:
>80% 80µs >0.18m2 (7keV)

>0.04m2 (10keV)

<170eV @7keV



Hardware 
Implementation



Germany, Austria, Denmark, France, Great Britain, 
Italy, Poland, Portugal, Switzerland, Greece, USA 

+ potential partners: Japan

Principal Investigator: Paul Nandra (MPE) 
Project Manager:        Norbert Meidinger (MPE) 
Project Scientist:         Arne Rau (MPE)

WFI Proto-Consortium



WFI

See M. Guainazzi’s 
plenary presentation 

on Thursday

mirror

science instruments module
(Credit: ESA CDF)
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Focal Plane

Large Detector
• 40’x40 
• 4x512x512 pxl 
• <5ms/frame 
   <10µs/row

Fast Detector
• defocused 
• 64x64(/2) pxl 
• <80µs/frame 
   <2.5µs/row

Both
• 130µmx130µm  
• DEPFET  

technology



SIXTE simulation



The WFI uses matrices of DEPFET active pixel sensors where 
all pixels in one active row are read out simultaneously.

𝜸



1st DEPFET Prototype Production (Autumn ’16)

(Courtesy: P. Lechner)



1st production of the WFI DEPFETs finished:
• all technology parameters in spec 
• good pixel yield 
• yield-limiting factor identified 
• counter actions defined, test project started 
• devices tested at MPE 

flight devices
• pre-flight production start in mid-’17 

DEPFET&
64x64&

Veritas(2.1,

Switcher2A&



   σ = 2.3 el. ENC, FWHM(5.9keV) = 130 eV 
   measured @ 2.5µs/row (= req. for FD) 

Excellent spectroscopic performance achieved for 64x64 matrix 
under nominal operation conditions.
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Filter-­‐Wheel:	
    
op&cal	
  blocking	
  filter.	
  	
  
Cri&cal:	
  ac.	
  noise	
  during	
  launch	
  

Detector:	
    
DEPFET	
  sensors	
  +	
  FEE	
  ASICs.	
  
Cri&cal:	
  Performance	
  verifica&on
	
  	
  
Detector	
  Electronics:	
  	
  	
  
power	
  condi&oning	
  +	
    
pre-­‐processing.	
  	
  
Cri&cal:	
  real-­‐&me	
  pre-­‐processing	
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http://www.mpe.mpg.de/ATHENA-WFI/


