
UltraVISTA

VISTA: Paranal, Chile VIRCAM: 67 mega-pixel camera 
(1.5 sq. deg)
About ~3-4 more efficient than any 
other current NIR camera

H. J. McCracken for the UltraVISTA consortium



UltraVISTA – deepest public survey with Vista telescope
• PIs Dunlop, Franx, Le Fevre, Fynbo

•  DEEP - 0.73 sq. deg.,    Y=26.7, J=26.6, H=26.1, K=25.6             (1408 hr)

•  WIDE – 1.50 sq. deg.,   Y=25.3, J=25.2, H=24.7, K=24.2             ( 212 hr)

•  Narrow-band survey, at 1.185 microns (z = 8.8 for Lyman-alpha) ( 180 hr)

•  1800 hours over 5 years – started Jan 2010

First ESO data 
release
March 2012
Phase 3 release 
Oct 2012



Finding z ~ 7 Lyman break galaxies
McLure, Dunlop et al. 2010

 z                   Y                  J                  H

ID No. 835 zphot = 7.20



Luminosity function at z = 7 taking shape
Seems that M* fainter by another ~ 0.5 mag since z = 6

UDF

GOODS

UDS

z=7

Dunlop (2012)
see also Bouwens et al. (2011), and Grazian et al. (2011)

Debate over 
faint-end slope

Important for
 reionization

Lack of constraint
on exponential cut-off

Galaxy formation
- onset of feedback?

Can provide 
information
on the star-formation 
efficiency in haloes 
at z~6

May provide 
clustering 
information?



HST Multi-cycle treasury proposal - CANDELS 



Building the wedding-cake……



UltraVISTA + CANDELS 



COSMOS

The COSMOS field is a unique 
region of the sky to study galaxy 
formation and evolution

Broad-band and medium band 
Subaru data, GALEX, VLT, 
Herschel, CFHTLS (D2) (more 
than 25 imaging bands)

Also a unique and large 
spectroscopic sample (the ideal 
laboratory to perfect 
photometric redshift techniques) 



Introducing UltraVISTA DR1

DR1 contains all data taken between 5  December 2009 and 19 
April 2010 - already deeper and with better wavelength coverage 
and seeing compared all previous data NIR data taken on the field 
over the last five years! Covers 1.6 deg2 in COSMOS. 

All 8000 images were visually inspected enabling us to find a few 
percent of images which had doubled PSF due to guiding / tracking 
problems. 
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Data reductions start from the individual non sky-subtracted 
images; double-pass sky-subtraction takes place on the TERAPIX 
cluster (~1 month of cpu time)
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Extensive quality-control checks 
carried out on data products

Individual images are resampled 
directly to the COSMOS pixel 
grid of 0.15’’/pixel, taking 
advantage of excellent seeing / 
image quality of VIRCAM

Y J H Ks NB
24.6 24.4 23.9 23.7 22.9

DEPTH AB 5σ-2”apertures ± 0.1m

Seeing on all stacks is 0.8±0.1”

Stacks, catalogues available from 
ESO Phase 3, CDS Strasbourg

UltraVISTA survey paper: McCracken 
et al. 2012, A&A, 544, 156
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UltraVISTA + COSMOS (25 band) means we 
can now compute reliable bias-free 
photometric redshifts at 1<z<3 (O. Ilbert 
et al + FMOS +zCOSMOS + DEEP2 spectra)

Deep, high quality 
photometry now 
enables new science 
at z~2 (mass function, 
clustering) and 
pushing further down 
the mass function and 
allowing us to see M* 
galaxies out to z~2

addition of Y helps at 
1<zphot<2 

KAB<24

2000 
zspec>1

25 bands+IRAC



Combine UltraVISTA with deep CFHT/Subaru/HST optical imaging 
                  Bowler, Dunlop et al. (2012) 

Objects 
selected on Y+J 
catalogue



First check out previous claims of very luminous (H~23-24)
galaxies at z > 7 Capak et al. (2011)

All are in fact red galaxies at much lower redshifts z = 2 - 4



Other major challenge is distinguishing z = 7 galaxies from T dwarfs

Big problem for ground-based surveys at J ~  25



UltraVISTA robust z ~ 7 galaxies       Bowler, Dunlop et al. (2012)



UltraVISTA robust z ~ 7 galaxies       Bowler, Dunlop et al. (2012)



Stack of best 4 UltraVISTA  z ~ 7 galaxies: z = 6.98 +- 0.05



Bright end of z = 7 Luminosity Function
Bowler., Dunlop et al. (2012)



Other UltraVISTA science:

2

Fig. 1.— Postage stamp optical/NIR images of the lens/source system with a high-contrast stretch. The field-of-view in each image is
12′′ × 10′′. The lensed galaxy is faint in the observed optical, and has an extremely red J - Ks color. The separation between the multiple
images is ∼ 2′′.

major open questions in galaxy evolution theory.
Finding gravitationally-lensed examples of these

sources could prove to be valuable for understanding
their evolution. The magnifying effects from lensing will
allow us to potentially resolve the central regions of these
compact sources and understand what their central stel-
lar density profiles are. The brightening effects from lens-
ing will also allow us to obtain higher S/N spectroscopy
of these systems. Currently, even the brightest of these
systems are extremely faint and determining quantities
such as velocity dispersions and dynamical masses re-
quires substantial integration times even on the world’s
largest telescopes (e.g., van Dokkum et al. 2009; Cap-
pellari et al. 2009; van de Sande et al. 2011; Toft et al.
2012).

Unfortunately, these galaxies are much more challeng-
ing to detect as lensed sources and until now none have
been securely identified. The challenge is that while they
comprise ∼ 50% of the population of massive galaxies
(LogMstar/M! > 11.0) at z ∼ 2 (e.g., Kriek et al. 2008;
Brammer et al. 2011), they are still quite rare (∼ 1 ev-
ery 10 arcminute2), making it unlikely to find one in a
favorable alignment with a foreground lensing structure.
Furthermore, they are extremely faint in the observed
optical bands and also have very red J - Ks NIR colors
(e.g., Franx et al. 2003; Kriek et al. 2008) making both
deep and wide-field NIR imaging a requirement for their
detection.

In this paper we report the discovery of the first exam-
ple of a massive ultra-compact quiescent galaxy that has
been strongly lensed by a foreground galaxy. The galaxy
was serendipitously discovered as a set of bright and ex-
tremely red high-redshift galaxies using new data from
the 1.8 deg2 UltraVISTA YJHKs near-infrared (NIR)
survey (see McCracken et al. 2012). The lens/source
system was previously identified as an optically faint
quadruply-lensed galaxy in the COSMOS field using ACS
imaging (Faure et al. 2008, 2011); however, with the ad-
dition of the UltraVISTA NIR data it is now clear that
the source is a massive quiescent galaxy.

This paper is organized as follows, in § 2 we discuss
how the lens/source system was discovered. In § 3 we
present an updated lens model for the system and use
this to constrain the size and Sersic profile of the source
galaxy. In § 4 we present updated twenty-seven band
photometry for the source galaxies that has been de-
blended from contamination from the central source. In
§ 5 we use this photometry to determine an accurate pho-
tometric redshift as well as stellar population parameters

for the galaxy. We conclude in § 6 with a summary and a
discussion and prospects of finding more strongly-lensed
massive ultra-compact quiescent galaxies in future deep,
wide-field NIR surveys. Throughout this paper we as-
sume a ΩΛ = 0.7, Ωm = 0.3, and H0 = 70 km s−1 Mpc−1

cosmology. All magnitudes are in the AB system.

2. IDENTIFICATION OF THE LENS/SOURCE SYSTEM

The lens/source system was serendipitously discov-
ered using photometry from a Ks-selected catalog of
the COSMOS/UltraVISTA field. The catalog contains
photometry in twenty-seven photometric bands includ-
ing the publically-available seven optical broad band
(u∗g+r+i+z+BjVj) and twelve optical medium band
(IA427 – IA827) imaging of the COSMOS field from
Capak et al. (2007). It also includes the public-release
YJHKs NIR imaging of the COSMOS field from the Ul-
traVISTA survey (McCracken et al. 2012), as well as
the public four-channel IRAC imaging is from the S-
COSMOS survey (Sanders et al. 2007). Object detec-
tion for the catalog was performed in the Ks-band, which
has a 5σ depth in a 2′′ aperture of Ks = 23.9 AB (Mc-
Cracken et al. 2012). Photometry was measured using
the Sextractor package (Bertin & Arnouts 1996) in 2.1′′

apertures using PSF-matched images in all bands. Full
details of the COSMOS/UltraVISTA catalog will be pre-
sented in a future paper (A. Muzzin et al., in prepara-
tion).

The system (R.A., 10:00:50.55, Decl, +02:49:01,
J2000) was identified as a strong-lensing system via eye-
examination of the ACS F814W (Koekemoer et al. 2007)
and UltraVISTA Ks-band (McCracken et al. 2012) im-
ages. This process was performed as a quality check of
the catalog for a subsample of galaxies that were were
bright (Ks < 21.0 AB), red (J - Ks > 1.5 AB) and had
photometric redshifts (zphoto) > 2. In Figure 1 we plot
postage stamp images of the system in the ACS F814W,
and UltraVISTA J and Ks bands with a high-contrast
stretch. Sources A and C (see labels in Figure 1) were
the sources in the catalog that matched the selection cri-
teria. Sources B and D lie along the major axis of the
lens galaxy and hence are more blended with the lens and
were not identified as unique sources by SExtractor. The
extraordinary brightness of sources A and C given their
zphoto, combined with the distinct cross-shape pattern of
four sources around the brighter central lens (similar to
quasar strong lenses) made it clear that the system was
not just a very bright set of high-redshift galaxies, but
in fact was a candidate strong-lensing system.

Muzzin et al 2012: three 
background z~2 lensed 
by foreground elliptical

+ at least another six COSMOS-
related articles in press or being 
prepared

Willott et al 2012: z~6 galaxies: 
UltraVISTA+CFHTLS+VIDEO
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Stellar mass-halo mass relationship at z~2

No. 2, 2010 STELLAR-TO-HALO MASS RELATIONSHIP 909

Figure 4. Derived relation between stellar mass and halo mass. The light shaded
area shows the 1σ region while the dark and light shaded areas together show
the 2σ region. The upper panel shows the SHM relation, while the lower panel
shows the SHM ratio.

mainly the slope of the low mass end of the SMF, it is strongly
related to the parameter α of the Schechter function. A small
value of β corresponds to a high value of α.

If we change γ , this mainly impacts the slope of the massive
end of the SMF. For larger values of γ than for its best-fit value,
the slope of the massive end becomes steeper. As γ affects
mainly the slope of the massive end of the SMF, it is not coupled
to a parameter of the Schechter function though it is related to
the high-mass cutoff, assumed to be exponential in a Schechter
function.

Figure 5 shows the contours of the two-dimensional proba-
bility distributions for the parameters pairs. We see a correlation
between the parameters [M1, γ ] and [(m/M)0, γ ] and an anti-
correlation between [β, γ ], [β,M1], and [(m/M)0,M1]. There
does not seem to be a correlation between [β, (m/M)0].

4.5. Introducing Scatter

Up until now we have assumed that there is a one-to-one,
deterministic relationship between halo mass and stellar mass.
However, in nature, we expect that two halos of the same mass M
may harbor galaxies with different stellar masses, since they can
have different halo concentrations, spin parameters, and merger
histories.

For each halo of mass M, we now assign a stellar mass m
drawn from a lognormal distribution with a mean value given
by our previous expression for m(M) (Equation (2)), with a
variance of σ 2

m. We assume that the variance is a constant for
all halo masses, which means that the percent deviation from
m is the same for every galaxy. This is consistent with other

Figure 5. Correlations between the model parameters. The panels show contours
of constant χ2 (i.e., constant probability) for the fit including constraints from
the SMF only. The parameter pairs are indicated in each panel.

Table 2
Fitting Results for Stellar-to-halo Mass Relationship

log M1 (m/M)0 β γ χ2
r (Φ) χ2

r (wp)

Best fit 11.899 0.02817 1.068 0.611 1.42 4.21
σ + 0.026 0.00063 0.051 0.012
σ− 0.024 0.00057 0.044 0.010

Notes. Including scatter σm = 0.15. All masses are in units of M".

halo occupation models, SAMs and satellite kinematics (Cooray
2006; van den Bosch et al. 2007; More et al. 2009b).

Assuming a value of σm = 0.15 dex and fitting the SMF only,
we find the values given in Table 2. These values lie within the
(2σ ) error bars of the best-fit values that we obtained with no
scatter. The largest change is on the value of γ , which controls
the slope of the SHM relation at large halo masses. The SMF
and the projected CFs for the model including scatter are shown
in Figures 1 and 2, respectively, and show very good agreement
with the observed data.

In Figure 6, we compare our model without scatter with the
model including scatter. We have also included the relation
between halo mass and the average stellar mass. Especially
at the massive end scatter can influence the slope of the SMF,
since there are few massive galaxies. This has an impact on γ
and as all parameters are correlated scatter also affects the other
parameters. We thus see a difference between the model without
scatter and the most likely stellar mass in the model with scatter
in Figure 6.

Data is complete enough to 
make this measurement right 
out to z~2! 

How does the characteristic mass 
where galaxy formation efficiency 
reaches a maximum vary with 
redshift?

z~0

Wolk et al, in prep, Ilbert et 
al. in prep



Upcoming DR2 data release

DR2 will contain all data taken between 5  December 2009 and 
April 2012, in total around 22,000 images

The total amount of Ks data in DR2 contains a significant fraction 
of the total amount of Ks data which will be taken for UltraVISTA

Over 0.73 deg2

DR2 now goes much deeper on the “deep 
stripes area”:

Wide survey component is now complete

Y J H Ks NB
25.3 24.8 24.5 24.8 23.8

Almost surpasses the final UDS DR10 and 
includes Y-band data and with better seeing

Survey completion now expected in 2017

0.15 mag makes a big 
difference because of 
the steep mass 
function at z~7


