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Close collaboration necessary for the success of the WFI instrument for Athena!
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The Hot and Energetic Universe

Nandra	  et	  al.	  2013,	  arXiv	  1306.2307

How	  does	  ordinary	  
ma;er	  assemble	  into	  the	  
large	  scale	  structures	  that	  
we	  see	  today?

How	  do	  black	  holes	  grow	  
and	  shape	  the	  Universe?



•Forma&on	  and	  Early	  Growth	  of	   
Black	  Holes	  
–high-‐z	  popula&on	  and	  seeds	  of	  SMBH	  

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

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

• 	  FormaFon	  and	  EvoluFon	  of	  Groups	  and	  Clusters	  of	  Galaxies	  
– finding	  early	  groups	  
– non-‐gravitaFonal	  heaFng	  processes	  (entropy	  profiles)	  

• 	  AGN	  feedback	  in	  clusters	  
– AGN	  ripples



(Courtesy: A. Merloni)
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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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• FormaFon	  and	  Early	  Growth	  of	   
Black	  Holes	  

– high-‐z	  populaFon	  and	  seeds	  of	  SMBH	  
• AccreFon	  through	  cosmic	  Fme	  

– complete	  census	  of	  AGN	  at	  the	  peak	  of	  acFvity	  of	  the	  universe	  

•Accre&on	  Physics	  
–spins	  of	  compact	  objects	  
–reverbera&on	  mapping	  of	  X-‐ray	  
binaries	  

• 	  FormaFon	  and	  EvoluFon	  of	  Groups	  and	  Clusters	  of	  Galaxies	  
– finding	  early	  groups	  
– non-‐gravitaFonal	  heaFng	  processes	  (entropy	  profiles)	  

• 	  AGN	  feedback	  in	  clusters	  
– AGN	  ripples



(Courtesy: S. Allen)

Reverberation Mapping of Galactic X-ray Binaries
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(Ettori, Pratt et al. 2013)
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(Courtesy: J. Sanders)
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(Croston, Sanders et al. 2013)
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required for: 
high-z AGN, 
Compton Thick AGNs,  
Ultra-fast outflows,  
early groups

Composed of: 
shallow (e.g., ~100x60ks) 
medium (10x600ks, 3x700ks) 
deep (4x1Ms) 

~50 deg2 of ‘famous’ fields 



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



Instrument & 
Development Status



WFImirror

science instruments module
(Credit: ESA CDF)





Detector	  Electronics
Detector	  ElectronicsDetector	  ElectronicsDetector	  ElectronicsDetector	  Electronics

Instrument	  Control	  Unit

S/C	  power	  red

S/C	  power	  nom

Graded-‐Z	  Shield

DEPFET	  
Large	  Sensor	  Array

Fast	  Sensor

	  	  	  	  Camera	  Head

Proton	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Shield

Detector	  Board

CFE AFE

Primary	  
Structure	  

Sp
ac
ec
ra
ft

Detector	  Electronics

Instrument	  Control	  and	  Power-‐
distribution	  Unit

Baffle

Filter	  Wheel

Filter/Cal.	  Sour.

Close/Open

ATHENA
Mirror	  System

FE
E

He
at
pi
pe

DE
PF
ET
	  

He
at
pi
pe

Frame	  Processor

Power	  Conditioner

Centra	  Processing	  Module

Power	  Distribution	  Unit

Science	  Products	  Module

Analog	  Interface	  Board

ATHENA Mirrors



Detector	  Electronics
Detector	  ElectronicsDetector	  ElectronicsDetector	  ElectronicsDetector	  Electronics

Instrument	  Control	  Unit

S/C	  power	  red

S/C	  power	  nom

Graded-‐Z	  Shield

DEPFET	  
Large	  Sensor	  Array

Fast	  Sensor

	  	  	  	  Camera	  Head

Proton	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Shield

Detector	  Board

CFE AFE

Primary	  
Structure	  

Sp
ac
ec
ra
ft

Detector	  Electronics

Instrument	  Control	  and	  Power-‐
distribution	  Unit

Baffle

Filter	  Wheel

Filter/Cal.	  Sour.

Close/Open

ATHENA
Mirror	  System

FE
E

He
at
pi
pe

DE
PF
ET
	  

He
at
pi
pe

Frame	  Processor

Power	  Conditioner

Centra	  Processing	  Module

Power	  Distribution	  Unit

Science	  Products	  Module

Analog	  Interface	  Board



Detector	  Electronics
Detector	  ElectronicsDetector	  ElectronicsDetector	  ElectronicsDetector	  Electronics

Instrument	  Control	  Unit

S/C	  power	  red

S/C	  power	  nom

Graded-‐Z	  Shield

DEPFET	  
Large	  Sensor	  Array

Fast	  Sensor

	  	  	  	  Camera	  Head

Proton	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Shield

Detector	  Board

CFE AFE

Primary	  
Structure	  

Sp
ac
ec
ra
ft

Detector	  Electronics

Instrument	  Control	  and	  Power-‐
distribution	  Unit

Baffle

Filter	  Wheel

Filter/Cal.	  Sour.

Close/Open

ATHENA
Mirror	  System

FE
E

He
at
pi
pe

DE
PF
ET
	  

He
at
pi
pe

Frame	  Processor

Power	  Conditioner

Centra	  Processing	  Module

Power	  Distribution	  Unit

Science	  Products	  Module

Analog	  Interface	  Board



Detector	  Electronics
Detector	  ElectronicsDetector	  ElectronicsDetector	  ElectronicsDetector	  Electronics

Instrument	  Control	  Unit

S/C	  power	  red

S/C	  power	  nom

Graded-‐Z	  Shield

DEPFET	  
Large	  Sensor	  Array

Fast	  Sensor

	  	  	  	  Camera	  Head

Proton	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Shield

Detector	  Board

CFE AFE

Primary	  
Structure	  

Sp
ac
ec
ra
ft

Detector	  Electronics

Instrument	  Control	  and	  Power-‐
distribution	  Unit

Baffle

Filter	  Wheel

Filter/Cal.	  Sour.

Close/Open

ATHENA
Mirror	  System

FE
E

He
at
pi
pe

DE
PF
ET
	  

He
at
pi
pe

Frame	  Processor

Power	  Conditioner

Centra	  Processing	  Module

Power	  Distribution	  Unit

Science	  Products	  Module

Analog	  Interface	  Board



Large Detector Array
• 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.

𝜸



All pixels in one active row are read out simultaneously.
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• Variety of prototype WFI DEPFET sensors produced at MPG HLL   
      → tested at MPE 
• Aim: determine best technology option + best transistor 

design  
     by systematic measurements using 64x64 pixel matrices
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64x64 pxl (FD): 
• σ ≈ 2.0 - 2.5 el. rms  + FWHM(5.9keV)≈130eV for 2.5 µs/row  

(= FD req.) 

256x256 pxl (1/2 LD): 
• σ ≈ 2.5 el. rms  + FWHM(5.9keV)≈134eV for 8.7 µs/row
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• 170x170mm2  
• FW without vacuum 

enclosure  
• Critical: acoustic noise 

loads during launch  
• mesh + cross-shaped 

stiffening 

1 - ON-CHIP:  90nm Al+30nm Si3N4+20nm SiO2 

2 - FW: 30nm Al on 150nm polyimide
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Detector	  Electronics	  BBCamera	  Head	  BB

DEPFET	  
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VERITAS	  2	  
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Pre-‐Processing	  
Memory
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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	  
(52Gpx/s	  per	  LDA-‐DE)	  

2015-2018 WFI Technology Development Activity
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Bright Sources with the WFI Fast Detector



Bright Sources with the WFI [Update]

how does pile-up distort the power law (E��) observed spectrum?
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Thomas Dauser , Remeis Observatory & ECAP 8from

Bright Sources with the WFI Fast Detector



Bright Sources with the WFI [Update]

Example of a science observation: black hole spin measurements

(a)

w16

0.5

0

-0.5

10.01

10

-4

5

2

10

1

(a)

w64df

10.01

10

-4

(a)

fast

10.01

10

-4

S
p

i
n
a

Flux [mCrab]

�
�

2 re
d

Flux [mCrab] Flux [mCrab]

! reliable estimate of spin parameter up to 1 Crab

Thomas Dauser , Remeis Observatory & ECAP 10from

Bright Sources with the WFI Fast Detector
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Availability and Documentation

Download and Support:
• Source code:

(Works on Linux and Mac, git and

release versions.)

• Support at
.

Documentation on WWW-pages
• SIXTE manual: 66 pages –

background of simulations,
tutorials

• slides from SIXTE talks and 1st
SIXTE workshop

Thomas Dauser , Remeis Observatory & ECAP 15from



http://www.mpe.mpg.de/ATHENA-WFI/


