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Quasars	
  at	
  redshiFs	
  z	
  >	
  6	
  can	
  be	
  used	
  	
  to:	
  
	
  

•  	
  determine	
  the	
  state	
  of	
  the	
  inter-­‐galacLc	
  medium	
  

•  	
  	
  measure	
  space	
  density	
  of	
  massive	
  black	
  holes	
  

•  	
  	
  study	
  the	
  formaLon	
  of	
  massive	
  hosts	
  

•  	
  	
  locate	
  galaxy	
  overdensiLes	
  in	
  the	
  early	
  Universe	
  

magAB	
  	
  ~	
  	
  20.5	
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50	
  QSOs	
  z	
  ~	
  6	
  (SDSS)	
  
	
  
6  QSO	
  6.5	
  <	
  z	
  <	
  7.0	
  	
  (VIKING,	
  Pan-­‐STARRS)	
  
1  QSO	
  at	
  z=7	
  (UKIDSS-­‐LAS	
  )	
  	
  
	
  

LSST	
  	
  will	
  detect	
  :	
  
	
  
	
  nx1000	
  QSOs	
  at	
  z	
  ~	
  6	
  
	
  nx100	
  	
  	
  QSOs	
  at	
  z	
  ~	
  7	
  

10.1 AGN Selection and Census

i 0.5 1.5 2.5 3.5 4.5 5.5 6.5 Total

16 666 597 254 36 0 0 0 1550
17 4140 4630 1850 400 54 0 0 11100
18 19600 28600 10700 1980 321 19 0 61200
19 68200 131000 53600 8760 1230 115 0 263000
20 162000 372000 194000 35000 4290 441 1 767000
21 275000 693000 453000 113000 14000 1380 34 1550000
22 336000 1040000 756000 269000 41200 3990 157 2450000
23 193000 1440000 1060000 476000 103000 10900 527 3280000
24 0 1370000 1360000 687000 205000 27400 1520 3660000
25 0 314000 1540000 888000 331000 60800 4100 3140000
26 0 0 279000 760000 358000 86800 7460 1490000

Total 1060000 5390000 5720000 3240000 1060000 192000 13800 16700000

Table 10.2: Predicted Number of AGN in 20,000 deg2 over 15.7 < i < 26.3 and 0.3 < z < 6.7 with Mi  �20. The
ranges in each bin are �i = 1 and �zem = 1, except in the first and last bins where they are 0.8 and 0.7, respectively.

Figure 10.4: Number of high-redshift (z > 6) quasars expected to be discovered in a 20,000 deg2 area as a function
of redshift and limiting magnitude. We use the luminosity function (LF) at z ⇠ 6 measured by Jiang et al. (2009).
We assume that the density of quasars declines with redshift as measured in Fan et al. (2001, 2006a) and continues
to z > 6, with the same LF shape. Two vertical dashed lines indicate the 10-� detection limit for LSST for a single
visit and for the final coadd.
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A luminous quasar at z=7.1 in UKIDSS"
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ULAS J1120+0641; Mortlock et al. 2011 

Bright quasar: Kvega=17.7, M1450 = -26.6 
Black hole mass of 2x109 M⊙ 

October 17, 2012 ESO surveys workshop, Garching 10 
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A	
  technical	
  and	
  criLcal	
  	
  point	
  :	
  	
  
	
  
The	
  key	
  point	
  is	
  that,	
  thanks	
  to	
  the	
  depth	
  of	
  the	
  survey,	
  high-­‐z	
  QSOs	
  	
  will	
  be	
  directly	
  
idenLfied	
  	
  in	
  the	
  LSST	
  catalog	
  	
  
	
  
This	
  is	
  a	
  	
  giant	
  improvement	
  with	
  respect	
  to	
  Pan-­‐STARSS	
  and	
  other	
  present	
  surveys	
  

	
  	
  
To	
  idenLfy	
  3	
  QSOs	
  at	
  z~6.7	
  in	
  the	
  PS1	
  catalog	
  500	
  	
  z-­‐y	
  drop-­‐outs	
  have	
  been	
  observed	
  
with	
  	
  4-­‐m	
  telescopes.	
  The	
  3	
  objects	
  for	
  which	
  no	
  opLcal	
  (I,R)	
  counterpart	
  has	
  been	
  
detected	
  at	
  25	
  mag	
  lim.	
  are	
  z~6.7	
  QSO.	
  	
  	
  	
  
	
  
In	
  the	
  VIKING	
  survey	
  3	
  z~6.7	
  objects	
  have	
  been	
  idenLfied	
  in	
  a	
  sample	
  of	
  45	
  z-­‐y	
  drop-­‐
outs	
  with	
  the	
  same	
  technique	
  
	
  
LSST	
  will	
  provide	
  opLcal	
  (I,R)	
  limit	
  ~	
  mag	
  25	
  aFer	
  	
  few	
  visits:	
  	
  
this	
  will	
  allow	
  for	
  the	
  first	
  Lme	
  to	
  build	
  high-­‐z	
  QSO	
  candidate	
  sample	
  with	
  	
  an	
  
expected	
  contaminaLon	
  of	
  20-­‐30%,	
  to	
  be	
  compared	
  with	
  the	
  current	
  (~95%)	
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Synergies	
  with	
  other	
  faciliLes	
  :	
  	
  
	
  
	
  
LSST	
  will	
  catalog	
  	
  a	
  huge	
  number	
  of	
  typical	
  unabsorbed	
  	
  QSO	
  up	
  to	
  z	
  ~7.5	
  
	
  
From	
  the	
  combinaLon	
  with	
  EUCLID	
  photometric	
  catalog	
  	
  will	
  be	
  possible	
  to	
  search	
  for	
  z~8	
  	
  
unabsorbed	
  QSOs	
  
	
  
From	
  	
  the	
  combinaLon	
  with	
  radio	
  (SKA	
  precursors),	
  near	
  IR	
  (EUCLID	
  photometric	
  catalog)	
  	
  
and	
  X-­‐ray	
  catalogs	
  (XMM	
  and	
  Chandra	
  archives)	
  will	
  be	
  possible	
  to	
  search	
  for	
  mildly	
  
obscured	
  objects	
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AcLviLes	
  in	
  Brera	
  	
  
	
  
UKIDSS-­‐LAS	
  +	
  SDSS	
  +	
  ALLWISE	
  ~	
  3000	
  deg^2,	
  magAB	
  	
  ~	
  	
  20.5	
  
	
  
UKIDSS-­‐LAS	
  +	
  SDSS	
  +	
  ALLWISE	
  +	
  3XMM	
  ~	
  100	
  deg^2	
  magAB	
  	
  ~	
  	
  20.5,	
  fX	
  	
  10^-­‐15	
  [cgs]	
  
	
  
	
  
	
  
We	
  select	
  candidates	
  	
  by	
  SED	
  fi*ng	
  with	
  QSO	
  templates,	
  allowing	
  for	
  different	
  levels	
  of	
  
absorpLon	
  
	
  
	
  
-­‐	
  first	
  pilot	
  proposal	
  with	
  TNG	
  in	
  AOT	
  33	
  (4	
  hours,	
  8	
  candidates)	
  accepted	
  	
  
-­‐	
  new	
  proposal	
  for	
  35	
  QSOs	
  z~7	
  candidates	
  prposed	
  to	
  AOT34	
  
	
  
	
  
	
  	
  	
  

This is not surprising since its spectrum, as already noted by M11, is very well fit by a composite
spectrum derived from lower-redshift quasars, which is very close to the reference model we used in our
selection procedure (Vanden Berk et al 2001).

While we expect to find some of the 12 high redshift QSOs foreseen in this sample, most of the objects
are interloopers, probably brown dwarfs stars and absorbed type II QSOs at lower redshift. With
respect to previous works in our selection procedure we make an effort to exploit all the available
information, in order to enhance the purity of our sample. To check our selection procedure against
brown dwarf contamination we examined the 1200 stars from the M, L, T, and Y dwarf compendium
housed at DwarfArchives.org and detected in the UKIDDS and SDSS survey with a z-Y>0(this is the
typical value of our sample). The vast majority (95%) of these stars does not survive to our selection
procedure, typically falling short in reproducing the QSO template at WISE wavelength (left panel of
Fig. 2). Then we considered the type II QSO catalog of Zakamska et al. (2003). Among the 25 objects
with z-Y>0 only two (10%) would meet our selection requirement (right panel of Fig. 2), while ∼

80% have photometry consistent with the high z QSO template only considering UKIDSS bands. This
shows that while we expect that our sample is still contaminated by stars and low redshift interloopers,
supplementing Y, J, H, K data with photometry at 2.4 and 4.5 µm is very effective in reducing their
number.

The goal of this proposal is to significantly improve the purity of the high z QSO candidate list. To this
aim deep optical photometry is an extremely efficient tool. For example, Venemans et al 2013 selected
45 candidates from the VIKING survey on the basis of their color Y-J and I-Z: among the four cases
with no optical counterpart at the level I > 24, three eventually resulted to be z>6.5 QSO. Similarly,
Venemans et al (2015) imaged 194 high z QSO candidates from the Pan-STARRS1 survey. They found
that the only 2 objects without I detection at I>24 were both QSO at ∼ 6.5.
Following this approach, we plan to observe all our candidates in the i-sdss filter. The ones for which
we will be able to exclude a counterpart at the quoted level in the i band, are, with high probability,
QSOs at redshift >5.8. For these objects, observations with z filter and the measure of z-Y color will
give tighter limit on the redshift: z-Y>1.5 is expected for object at redshift >6.4. Since the prediction
on the number of objects for which we won’t find any optical counterpart is highly uncertain, we do not
ask any time for z observation at this stage. If the required time, as expected will be in the order of few
hours, we plan to ask z observations in Directory Discretionary time, once the i filter observations and
data analysis have been concluded. Finally, sources without optical counterpart and with z-Y >1.5 will
be eventually proposed for spectroscopy, which will definitely assess their real nature. Given their low
flux an 8 meter class telescope is required to accomplish this task.
In the previous semester we obtained time to observe with z filter a list of 8 high z QSO candidates,
selected from the cross-correlation of the 3XMM and UKIDSS-LAS catalogs. For three of them we
measured z-Y color >1.5 . We add these 3 objects to the present list to be observed with the i-sdss
filter. We note that these objects are not within the selected sample, since the adopted filtering criteria
on photometric points. were looser in presence of the X-ray emission.

Figure1: An example of our typical dataset. In the left panel the 6 IR photometric points in addition
to the SDSS upper limits are plotted. The black line is the QSO template shifted at z=6.7, with the
dashed part corresponding to the absorbed part, where no flux is expected from high redshift sources.
In the right panel the corresponding images are shown.
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CONCLUSIONS	
  
	
  
LSST	
  	
  will	
  significantly	
  transform	
  the	
  high-­‐z	
  QSO	
  field,	
  providing	
  for	
  the	
  
first	
  Lme	
  luminosity	
  and	
  mass	
  funcLons	
  of	
  z~7	
  unobscured	
  	
  
accreLng	
  black	
  holes.	
  
	
  
Synergy	
  with	
  EUCLID	
  will	
  extend	
  the	
  search	
  to	
  z	
  ~8-­‐9	
  	
  
	
  
Synergies	
  with	
  radio	
  and	
  X-­‐ray	
  catalogs	
  	
  will	
  provide	
  	
  insights	
  	
  on	
  the	
  
obscured	
  accreLon	
  	
  
	
  
In	
  Brera	
  we	
  are	
  developing	
  the	
  skills	
  to	
  exploit	
  the	
  LSST	
  database	
  
	
  
	
  
	
  	
  	
  

	
  
	
  
	
  	
  


