Early accreting SMBHs:
forecasts for the next decade with
the Wide Field X-ray Telescope

R. Gilli (INAF-OABo),
P. Tozzi, P. Rosati, S. Borgani, M. Paolillo,
M. Brusa, A. Comastri, F. Marulli, C. Vignali
and the WFXT-team.

QSOs at z>6
where do we stand
About 40 QSOs at z>5.7, ~15 at z>6, mostly from
SDSS and CFHQZ.
They are already “mature”: high metallicity and dust
content and large, ~109 Msun , BH masses
(Beelen+06, Juarez +09, Kurk +09)

Lamastra+10

L~Ledd
MBH/M* larger than in the local Universe
Highly biased
They are luminous L>L* QSOs
(logLx>44, logLbol>45.5)
But SDSS and CFHQZ QSOs likely NOT
representative of whole z>6 population

Willott+09

Optical vs X-ray selection
X-ray selection can pick up fainter (low-lum or obscured) AGN
Obscured AGN more abundant than unobscured by a factor up to ~10
X-rays sample the bulk of the AGN population
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Optical z>6 QSOs: 1/500 deg2 ;1/30 deg2
X-ray surveys still limited by
sensitivity over solid angle

NEED LARGE SKY AREAS TO
DEEP X-RAY SENSITIVITY!

The Wide-Field X-Ray Telescope (WFXT)
An X-ray survey mission submitted to the Decadal Survey
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3 mirror/CCD modules
1 deg2 FOV
1 m2 Aeff @ 1 keV
5-10” HEW resolution
constant across FOV

5 years operations
launch 2016?

A key feature for surveys: constant PSF
Polynomial perturbation
of standard design
(Burrows, Burg, Giacconi 92
Conconi+10)

Chandra

HEW = 10” @ 0.1 keV
Proven technology:
need to improve on PSF

Ghigo+99

GRASP @ 1.5 keV (deg2 cm2)

Aeff ×Ω = grasp = etendue = survey speed
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WFXT simulations
of the COSMOS field

Figure 3: Simulated WFXT image of the COSMOS field
observed with Chandra (1 deg2 , Elvis et al. 2009) and
XMM (∼ 2 deg2 , Cappelluti et al. 2009). The flux limit
of the three images is similar (∼ 5×10−16 erg s−1 cm−2
in the 0.5-2 keV band for WFXT and Chandra, somewhat
higher for XMM which is confusion limited). However
the WFXT image (1 deg2 ) is obtained with a single 13
ksec exposure (as part of the Medium survey), with an
angular resolution (5"" HEW) closer to Chandra’s average
""
(∼ 3"" ) than XMM (>
∼ 15 ). The WFXT simulation was
constructed from the Chandra COSMOS catalog (Elvis et
al. 2009),2using the WFXT physical model. Bluer sources
emit harder X-rays in the 0.5–7 keV band.
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Sky coverage and survey strategy
Three WFXT surveys
Wide 20000 deg2
Medium 3000 deg2
Deep
100 deg2
Total sample of
1.5 107 AGN
5 105 clusters
105 galaxies

Space densities of X-ray AGN

Completely uncharted
territory:
predictions for high-z
Universe very uncertain,
even by a few orders
of magnitude
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Wild range of predictions for high-z AGN
Observations of significant
samples at z>6 would
constrain the physics of early
BH formation disentangling
between several scenarios

How many WFXT will see?
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XMM- and Chandra- COSMOS
Civano+10 in prep.
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High-z AGN yield in the decline scenario
Fig. 2. Left: Expected number counts in the 0.5-2 keV band for z > 6 AGN according to different models

~1600
at z>6
as labeled (see text for details). The datapoints and shaded regions
show AGN
the observed,
total logN-logS of
X-ray sources. The sensitivity limits of the three WFXT surveys are
shown
as vertical
~70
AGN
atdashed
z>8lines. Right:
as in the left panel but for z > 8 AGN.
The accreting SMBHs at z > 6 known to
date have been all selected as i-band dropouts
(i−z ! 2) in optical surveys. The sky density of
the bright zAB < 20.2 objects in the SDSS main
survey is 1/470 deg2 . Fainter objects have densities of 1 every ∼30-40 deg2 (Jiang et al. 2009;
Willott et al. 2009). The discovery of significant samples of objects therefore relies on the
large areas covered by these surveys (>8000
deg2 for the SDSS, ∼900 deg2 for the CFHQS).
Based on the SDSS and CFHQS samples, a
few attempts to measure the luminosity function of z ∼ 6 QSOs have been performed,
the most recent of which are those Jiang et al.
(2009) and Willott et al. (2010). While the uncertainties at low luminosities (M1450 > −25)
are still substantial, the space density of luminous QSOs (M1450 < −26.5; Lbol > 1047
erg s−1 ) is relatively well constrained, decreasing exponentially from z ∼ 3 to z ∼ 6 (see
Fig. 1). Furthermore, multiwavelength studies

down to L<L*,

Table 1. Number and minimum 0.5-2 keV
lessofbiased
AGN
luminosity
high-z AGN
expected in the
WFXTimportant
surveys according
to the
also
fortwo evolution
models (decline and max LF) described in the
text. re-ionization studies
Quantity
z>6
logLmin (0.5-2 keV)
N. AGN (decline)
N. AGN (max LF)
z>8
logLmin (0.5-2 keV)
N. AGN (decline)
N. AGN (max LF)

Deep

Survey
Medium

Wide

43.1
300
15000

44.3
1000
2300

45.1
300
300

43.4
20
4300

44.6
45
210

45.4
5
10

Most of the multiwavelength studies mentioned above refer to optical QSOs above the
knee of the luminosity function. These likely
represent a minor fraction of the active BH
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Synergies with multi-λ wide area surveys
Surveys on ~1500-3000 deg2 or more

WFXT medium:
1000 AGN expected at z>6
600 unobscured,
all seen as dropouts by LSST

Brown dwarfs are 300 times
fainter in the X-rays than AGN
Any match between an optical
dropout and an X-ray source
will pick a high-z AGN
Perfect synergy with eg. LSST

Final remarks
•

~15 millions AGN detected by WFXT

•

WFXT will break through the high-z Universe: 1600 AGN at z>6
representative of the whole population * UNIQUE *

•

WFXT surveys match in area and sensitivity next-generation
multi-wavelength surveys (Pan-STARRS, LSST, VISTA, …)

http://wfxt.pha.jhu.edu
http://www.wfxt.eu

