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Nandra	  et	  al.	  2013,	  arXiv	  1306.2307

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

How	  do	  black	  holes	  grow	  and	  shape	  the	  
Universe?

The Hot and Energetic Universe - Science 
Theme for ESA’s L2 Mission 
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• For	  more	  informa:on	  please	  listen	  to	  talks	  in	  the	  	  
Plenary	  Session	  on	  Thursday	  

!
• The	  Hot	  and	  Energe:c	  Universe	  &	  The	  Athena	  Mission	  
• Kirpal	  Nandra	  

!
• The	  X-‐ray	  Integral	  Field	  Unit	  
• Didier	  Barret	  

!
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Measurement Principle
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Ac#ve	  pixel	  sensor	  
	  	  	  	  	  	  	  	  Depleted	  P-‐channel	  Field	  Effect	  Transistor	  
!
p-‐FET	  on	  depleted	  n-‐bulk	  

• signal	  charge	  collected	  in	  poten:al	  minimum	  
below	  FET	  channel	  

!
combined	  func#on	  of	  sensor	  &	  amplifier	  

• low	  capacitance	  (20	  fF)	  and	  noise	  
– excellent	  spectroscopic	  performance	  

• charge	  storage	  capability	  
– readout	  on	  demand	  

• back-‐illuminated,	  fully	  depleted	  
– excellent	  quantum	  efficiency
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Integra(on*(me*

readout	  sequence	  
• 1st	  measurement:	  signal	  +	  baseline	  
• clear:	  removal	  of	  signal	  charges	  
• 2nd	  measurement:	  baseline	  
• difference	  =	  signal	  
!

matrix	  organisa#on	  	  
• common	  bulk	  &	  back	  contact	  

– thin	  homogeneous	  entrance	  window	  
– 100%	  filling	  factor	  

• row	  connec:on	  of	  ext.	  gate	  +	  reset	  
• column	  connec:on	  of	  r/o	  nodes	  (drain)	  

–windowing	  op:on	  
!

opera#on	  philosophy	  
• one	  ac:ve	  row	  

– fast,	  parallel	  processing	  
• all	  other	  rows	  turned	  off	  

–minimum	  power	  consump:on	  
– signal	  charge	  integra:on
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Problem:	  photon	  hits	  during	  signal	  sampling	  →	  Emeas	  (<EX)	  	  !
Step	  1:	  gateable	  DEPFET	  
• Electronic	  shuRer	  built-‐in	  in	  each	  pixel	  	  

– suppresses	  signals	  during	  sampling	  period	  	  
– 10	  x	  lower	  background	  	  

!
!

Problem:	  e-‐shuIer	  →	  dead	  #me	  	  
!
Step	  2:	  gateable	  DEPFET	  with	  	  intermediate	  storage	  region	  	  

– e¯ˉ	  are	  stored	  for	  later	  processing	  
– low	  background	  &	  dead	  :me	  	  

!
!
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Advantages	  wrt	  CCD	  
– no	  charge	  transfer	  

» less	  sensi:ve	  to	  radia:on	  damage	  
» faster	  readout	  
»flexible	  windows	  

!
!
!
!

DEPFETs	  developed	  for	  
– SIMBOL-‐X,	  XEUS,	  IXO,	  Athena	  prototypes	  
–MIXS	  on	  ESA’s	  BepiColombo	  
!

!
!
!
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Conceptual Design
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Focal Plane Layout
WFI:	  	  Wide	  field	  survey	  power	  +	  high	  count-‐rate/#ming	  capability	  

• FoV	  =	  40	  arcmin	  	  
• fast	  +	  4	  large	  DEPFET	  APS	  	  

!
Fast	  chip:	  	  

• 256	  x	  256	  pixels;	  	  =	  7.7	  arcmin	  
• Pixel:	  100	  x	  100	  µm2	  (	  =	  1.8	  arcsec)	  	  
• on-‐axis	  PSF	  =	  5	  arcsec	  	  →	  oversampling:	  x	  2.8	  
• two	  hemisphere	  readout	  
• gateable,	  intermediate	  storage	  DEPFET	  
!

Large	  chips:	  	  
• 448	  x	  640	  pixels	  
• Pixel:	  130	  x	  130	  µm2	  →	  58	  x	  83	  mm2	  
• non-‐gateable	  DEPFET	  	  	  	  	  	  	  	  	  	  	  
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Instrument Performance
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Effective Area (on-axis)

detector

mirror

~2m2 @ 1keV
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Survey Power

(Nandra	  et	  al	  2013)simula:on	  of	  CDFS
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Spectral Resolution
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BH Growth from Compton Thick AGN

The Hot and Energetic Universe: Understanding the build-up of supermassive black holes and galaxies at the heyday of the Universe 
 

 

Page 2 

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 

(Georgakakis,	  Carrera	  et	  al	  2013)
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High Count Rate Capabilities
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Incident Photon Rate [photons/s]

Source Brightness [Crab]

4x2.5µs
4x3.0mus
2x2.5mus

(simula:ons	  by	  C.	  Schmid/ECAP)

relevant	  Metric:	  	  
Aeff	  	  	  x	  	  	  frac:on	  of	  :me	  the	  
detector	  registers	  events

for	  0.2	  Crab	  @	  6.4keV:	  
~30	  cm2:	  	  	  	  	  	  XMM,	  Chandra	  
~250	  cm2:	  	  	  	  ASTRO-‐H	  
~2500	  cm2:	  	  Athena/WFI

for	  variable	  sources:	  	  
no	  compensa:on	  from	  
longer	  observa:ons	  
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Summary

DEPFET	  Ac#ve	  Pixel	  Sensor	  based	  wide	  field	  
camera	  
!
combines	  wide	  field	  survey	  power	  with	  high	  
count	  rate	  and	  #ming	  capabili#es	  
!
designed	  to	  address	  ques#on	  of	  the	  Hot	  and	  
Energe#c	  Universe	  science	  theme	  	  
!
Proto-‐Consor#um	  lead	  by	  MPE	  with	  
Partners	  in	  Germany,	  UK,	  Poland,	  Austria,	  
Denmark,	  Italy,	  France,	  (US)	  


