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(or	  in	  between..)	  
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room	  for	  other	  	  
X-‐ray	  missions?	  



eROSITA	  on	  Spektrum	  Röntgen	  Gamma	  (SRG)	  

Launch:	  Spring	  2017	  from	  Baykonour	  	  

eROSITA	  
MPE 

ART-XC	  
IKI  

Navigator	  
NPO Lavochkin 

German/Russian	  collabora;on	  



The	  eROSITA	  telescope	  
www.mpe.mpg.de/eROSITA

FOV	  =	  0.81	  deg2	  (10x	  Chandra	  ,	  5x	  XMM)	  
Energy	  range:	  0.3-‐8	  keV,	  	  
PSF~15-‐30”	  (Chandra	  ~0.5”,	  XMM~15”)	  
Effec;ve	  Area:	  ~1400	  cm2	  @1keV	  (~2x	  Chandra	  ,	  ~XMM/pn)	  	  
Energy	  res:	  ΔE~140	  eV	  @6keV	  (R=ΔE/E=40	  as	  Chandra/XMM	  CCDs)	  

7	  iden;cal	  telescopes	  	  
	  (Wolter-‐I)	  

pnCCDs	  
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eRASS:8	  -‐	  the	  eROSITA	  all-‐sky	  survey	  

first	  4	  years:	  all	  sky	  survey	  	  
1	  pass	  every	  6	  months	  è	  8	  passes	  è	  eRASS:8	  	  
	  
subsequent	  3.5	  years:	  pointed	  observa;on	  phase	  
	  
3millions	  AGN	  expected	  in	  eRASS:8	  ,	  how	  many	  at	  high-‐z	  ??	  
	  

All-‐sky	  exposure	  map	  



High-‐z	  AGN	  in	  eRASS:8	  

eRASS:8	  

z=6	  

Lx	  ~	  1046	  erg/s	  
Lbol	  ~	  8	  x	  1013	  Lsun	  
è	  SDSS	  QSOs	  

logLx	   N(z>3)	  
44-‐45	   3200	  
45-‐46	   21400	  
>46	   472	  

Hasinger	  et	  al.	  2005,	  Merloni	  et	  al.	  2012	  
progress	  at	  z>3	  but	  	  
not	  at	  z>6	  



Athena	  

In	  2014	  Athena	  was	  selected	  by	  ESA	  as	  its	  second	  large	  mission,	  L2	  	  
	  

Athena	  	  
The	  X-‐ray	  observatory	  	  
to	  study	  	  the	  Hot	  and	  
Energe;c	  Universe	  

(L1	  is	  JUICE	  mission	  to	  Jupiter)	  

Launch	  foreseen	  in	  2028	  

hrp://www.the-‐athena-‐x-‐ray-‐observatory.eu	  



The	  science	  themes	  of	  
Athena	  

•  The	  Hot	  Universe:	  How	  does	  the	  
ordinary	  marer	  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	  en;re	  Universe	  

•  The	  Energe1c	  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	  
Nandra	  et	  al.	  2013	  



The 	  A thena 	  Obse r va to r y 	  

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

X-ray Integral Field Unit  
(X-IFU): 
ΔE: 2.5 eV (R=2400) 
Field of View: 5 arcmin 
Operating temp: 50 mk 

Wide Field Imager (WFI): 
ΔE: 125 eV (R=50) 
Field of View: 0.4 deg2 
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 



100	  x	  ASTRO-‐H	  

1000	  x	  	  
XMM-‐Newton	  

A 	  Deep 	  Un i ve r se 	   X -‐ r ay 	  Obse r va to r y 	  

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 



Simula;on	  of	  an	  Athena	  deep	  field	  (~1Ms	  exposure)	  

XIFU	  

WFI	  

40	  arcmin	  

5	  arcmin	  



A thena : 	  
E x p l o r i n g 	   t h e 	  Ho t 	   a nd 	   E ne r g e; c 	  Un i v e r s e 	  

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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but	  how	  many??	  	  	  à	  

X-‐IFU	  



B l a ck 	   ho l e 	   g rowth 	   i n 	   t he 	   ea r l y 	  Un i ve r se 	  

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

Aird, Comastri et al. 2013 arXiv1306.2325 



	   	   	   	  Athena	  requirements	  for	  high-‐z	  AGN	  
	  

	   	   	   	  Aim	  (1):	  10	  AGN	  at	  z=6-‐7	  with	  log	  LX=43-‐43.5	  
	   	   	   	  Aim	  (2):	  10	  AGN	  at	  z=8-‐10	  with	  	  log	  LX=44-‐44.5	  

	  

Aim1	  

Aim2	  

MBH	  ~	  106	  λEdd-‐1	  Msun	  @	  z=6	   MBH	  ~	  107	  λEdd-‐1	  Msun	  @	  z=8	  



total	  of	  >400	  AGNs	  at	  z>6	  in	  ~	  1yr	  	  	  

These	  requirements	  translate	  into	  two	  surveys:	  
	  
2.4	  deg2	  down	  to	  2x10-‐17	  erg/cm2/s	  and	  52.7	  deg2	  down	  to	  7x10-‐17	  erg/cm2/s	  
	  
for	  a	  total	  observing	  ;me	  of	  ~	  1	  yr	  	  



Ea r l y 	   Super -‐Mass i ve 	  B l a ck 	  Ho le s 	  

•  What were the seeds of the early SMBH? How did they grow in 
the early stages after cosmic re-ionisation?  

Determine	  the	  nature	  of	  the	  seeds	  	  
of	  high	  redshi+	  (z>6)	  SMBH,	  which	  
processes	  dominated	  their	  early	  
growth,	  and	  the	  influence	  of	  accre;ng	  
SMBH	  on	  the	  forma;on	  of	  galaxies	  in	  
the	  early	  Universe.	  
	  	  	  
Trace	  the	  first	  genera;on	  of	  stars	  to	  
understand	  cosmic	  re-‐ioniza;on,	  the	  
forma;on	  of	  the	  first	  seed	  black	  holes,	  
and	  the	  dissemina;on	  of	  the	  first	  
metals	  in	  the	  Universe.	  



X-‐ray	  surveyor	  

Mission	  concept	  study	  supported	  by	  NASA	  for	  submission	  to	  the	  Decadal	  2020	  survey	  
	  
launch	  >	  2030	  	  	  (>>2030??)	  	  	  



A	  Vikhlinin	  



A	  Vikhlinin	  

Chandra	  PSF	  



A	  Vikhlinin	  10-‐19	  erg/cm2/s	  in	  4(10??)	  Ms	  





A	  Vikhlinin	  

4Ms	  CDFS	  





The Wide Field X-ray Telescope (WFXT)
hrp://www.wfxt.eu	  
hrp://wfxt.pha.jhu.edu	  

Mission	  Concept	  Study	  
	  
Possible	  descope	  of	  X-‐ray	  surveyor	  or	  	  
NASA	  Explorer	  mission	  (smaller	  op;on	  =	  WFXT/3)	  	  
	  

WFXT	  white	  book	  

hrp://lanl.arxiv.org/html/1010.5889v3	  



Constant	  PSF	  (<=	  5”	  HPD)	  across	  1	  degree	  FOV	  

Effec;ve	  area	  ~	  15	  X	  Chandra	  at	  1	  keV	  (goal	  1	  m2)	  

Bandpass:	  ~	  0.4-‐7	  keV	  

Dedicated	  survey	  mission,	  calibrated	  data	  products	  released	  with	  no	  proprietary	  
period	  

	  

Science	  goals:	  discovery	  and	  characteriza;on	  of	  groups	  and	  clusters	  up	  z~1-‐2,	  
evolu;on	  of	  AGN	  and	  growth	  of	  earliest	  AGN,	  star	  forming	  galaxies	  traced	  up	  to	  
z>1,	  halo	  stars,	  SNR	  and	  compact	  Galac;c	  objects	  

	  

Will	  serve	  as	  a	  target	  finder	  for	  future	  X-‐ray	  missions	  

WFXT	  Key	  Features	  



Why	  WFXT?	  
The	  only	  so+	  X-‐ray	  all-‐sky	  survey	  has	  
been	  the	  ROSAT	  All-‐Sky	  Survey	  (RASS)	  
	  
Chandra	  and	  XMM-‐Newton	  are	  not	  
survey	  instruments	  
	  
eRosita	  is	  slated	  to	  launch	  in	  2017	  but	  
has	  ~	  30”	  avg.	  PSF	  
	  
Athena	  WFI	  will	  have	  1.4-‐2	  m2	  eff.	  area	  
but	  will	  have	  a	  40’	  FOV	  and	  may	  only	  
spend	  ~	  1	  year	  on	  surveys	  	  
	  

We	  need	  a	  dedicated	  survey	  mission	  to	  cover	  large	  areas	  (>	  100	  sq.	  deg.)	  with	  flux	  
depths	  matched	  to	  LSST	  and	  WFIRST:	  WFXT	  would	  be	  the	  X-‐ray	  SDSS	  

Brandt	  &	  Alexander	  (2015)	  



	  	  	  	  	  Wide-‐and-‐deep	  X-‐ray	  surveys	  with	  WFXT	  

3	  surveys	  in	  5	  yrs:	  
	  
1Ms	  CDFS	  	  x1000	  

	  	  	  	  +	  	  
Cosmos	  x1000	  

	  	  	  	  +	  
XBootes	  x1000	  	  
	  

	  	  	  	  =	  	  
	  
~1800	  AGN	  at	  z>=6	  	  
	  
[	  ~900	  obscured	  and	  	  	  	  	  
~70	  at	  z>8	  ]	  	  

è obscured/unobscured	  AGN	  XLF	  and	  clustering	  at	  z>6	  
	  	  



	  	  	  	  	  	  Match	  with	  next-‐genera;on	  mul;-‐band	  surveys	  


