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and are being made public to the world-
wide community.

6GX�'4&2��3GD�FDMDQ@K�BNMSDWS

Ultra-deep imaging surveys are of funda-

mental importance for advancing our 

knowledge of the early phases of galaxy 

formation and evolution. In general, each 

technological advance in telescopes  

and/or detectors has been swiftly applied 

to obtain ever deeper images of the 

extragalactic sky over a range of wave-

lengths. An obvious example of this 

 technology-driven progress is the early 

'TAAKD�#DDO�%HDKC��'#%��B@LO@HFMR� 
�HM�SGD�MNQSG��'#%-��@MC�SGD�RNTSG��
'#%2��VGHBG�G@UD�O@UDC�SGD�V@X�ENQ�SGD�
subsequent exploration of the high- 

redshift Universe. Building on the experi-

ence of these surveys, the concepts  

of colour-selection criteria and photo-

metric redshifts have become commonly 

used tools in the exploration of galaxies 

at high redshifts. ESO has been major 

OK@XDQ�HM�SGHR�jDKC��@R�VHSMDRRDC�AX�U@QH-
ous surveys like the New Technology Tel-

escope (NTT) Deep Field (Fontana et al., 

2000), the Very Large Telescope (VLT) 

%.12�#DDO�%HDKC��'DHCS�DS�@K���������SGD�
5+3�'#%2�B@LO@HFM��%NMS@M@�DS�@K��
1999) and the near-infrared (NIR) cover-

@FD�NE�SGD�&..#2�2NTSG�jDKC��1DSYK@EE�DS�
al., 2010).

In recent years, the emphasis has started 

to shift progressively towards undertak-

ing deep imaging surveys in the NIR, 

motivated by the need to sample the 

restframe optical (and even ultraviolet 

[UV]) emission in highly-redshifted galax-

ies in the young Universe. The most 

recent and spectacular case is the long 

RDQHDR�NE�'TAAKD�4KSQ@�#DDO�%HDKC��'4#%��
campaigns (Illingworth et al., 2013 and 

references therein), obtained with the 

infrared channel of the Wide Field Cam-

era 3 (WFC3/IR), the latest and most 

�DEjBHDMS�HMRSQTLDMS�NM�AN@QC�SGD�'TAAKD�
2O@BD�3DKDRBNOD��'23�

3GD�" -#$+2�RTQUDX��/(��2�%@ADQ��
"N�/(��'�%DQFTRNM��HR�SGD�K@SDRS��@MC�
most ambitious enterprise of this kind. 

" -#$+2�HR�@�����NQAHS�'23�,TKSH�"XBKD�
Treasury (MCT) programme delivering 

0.18-arcsecond JF125W and HF160W images 

QD@BGHMF�¶������ !�L@F���m) over 
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A new ultra-deep near-infrared imaging 
survey has been completed using  
the HAWK-I imager at the VLT. It is 
named HUGS (HAWK-I Ultra Deep Sur-
vey and GOODS Survey) and delivers 
the deepest, highest quality images 
ever collected in the K-band. HUGS 
complements the data delivered by the 
HST CANDELS survey over two well-
VWXGLHG�H[WUDJDODFWLF�ĺHOGV��DQG�SURP-
ises to open up exciting new oppor-
tunities to explore the highest redshift 
Universe. The survey is outlined and 
faint galaxy number counts and the 
search for passive galaxies in the early 
Universe are highlighted. The HUGS 
data have been completely analysed 
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���ŰRPT@QD�CDFQDDR��VHSG�DUDM�CDDODQ� 
�¶���� !�L@F���m) three-band (Y, J, H) 

HL@FDR�NUDQ�¶�����RPT@QD�@QBLHMTSDR�
(within GOODS-South and GOODS-

North). It also delivers the necessary 

CDDO�NOSHB@K�'23� CU@MBDC�"@LDQ@�ENQ�
Surveys (ACS) parallels to complement 

the deep WFC3/IR imaging. 

3GD�L@INQ�RBHDMSHjB�FN@KR�NE�SGD�" -#$+2�
,"3�OQNFQ@LLD�@QD��SGD�@RRDLAKX�NE�
statistically useful samples of galaxies at 

6 < z < 9; the measurement of the mor-

phology and internal colour structure of 

galaxies at z = 2–3; the detection and 

 follow-up of supernovae at z > 2 for vali-

dating their use as cosmological distance 

indicators; and the study of the growth of 

black holes in the centres of high-redshift 

galaxies.

As soon as CANDELS was approved, it 

was immediately realised that the addi-

tion of an adequately deep K-band cover-

@FD�NE�SGD�" -#$+2�jDKCR�LHFGS�RHFMHj-
B@MSKX�DWO@MC�SGD�RBHDMSHjB�DWOKNHS@SHNM� 
of this wonderful dataset. It is worth 

remembering that, at z = 6, the wave-

length gap between H�A@MC�@MC����ƅL�
is comparable to the gap between the 

observed Z- and K-bands at z = 3. Thus, 

bridging this large spectral range with 

deep K-band photometry is crucial for an 

accurate determination of the restframe 

physical quantities (e.g., stellar age, stel-

lar mass and dust content) of galaxies at 

very high redshifts. 

3GD�RBHDMSHjB�FN@KR�NE�'4&2

3N�jKK�SGHR�F@O��VD�CDBHCDC�SN�TMCDQS@JD�
an ambitious programme designed to 

make optimum use of the most advanced 

NIR imager available at any current 

FQNTMC�A@RDC�SDKDRBNOD��' 6*�(��SGD�
'HFG� BTHSX�6HCD�jDKC�K-band Imager; 

Kissler-Patig et al., 2008) at the VLT. On 

account of its unprecedented combina-

SHNM�NE�CDOSG�@MC�@QD@�BNUDQ@FD��' 6*�(�
is the ideal choice to deliver the ultra-

deep and wide K-band images that are 

MDDCDC�NUDQ�SGD�" -#$+2�jDKC

 KSGNTFG�'4&2�HR�CDRHFMDC�SN�BNLOKD-

ment the WFC3 CANDELS observations, 

it is a free-standing survey that will ena-

AKD�HMCDODMCDMS�RBHDMSHjB�HMUDRSHF@SHNMR��
thanks to the depth of the K-band images. 

The K-band is indeed considered an 

excellent proxy for the selection of mass-

selected samples of galaxies at high red-

shift (Fontana et al., 2006). A primary goal 

NE�'4&2�HR�GDMBD�SGD�LD@RTQDLDMS�NE�
the evolution of the galaxy mass function 

at high redshift, especially at the faint end 

where K-band selected samples are re -

quired to be as complete in mass as pos-

sible. As another example, the wavelength 

shift from the HF160W band (the longest 

@BBDRRHAKD�VHSG�'23��SN�SGD�K-band ena-

bles us to extend the redshift coverage  

of the restframe B-band from zŰ¶����SN� 
z�¶���3GHR�VHKK�@KKNV�@M@KXRHR�NE�SGD�QDRS-
frame optical morphology and spectral 

energy distribution of z�¶���F@K@WHDR�

The data

3GD�'4&2�RTQUDX�G@R�ADDM�DWDBTSDC�
over the last three years as an ESO Large 

/QNFQ@LLD����� �������/(�� �%NMS@M@��
It consisted of 208 hours of observations 

VHSG�' 6*�(��LNRSKX�HM�SGD�K-band. The 

jM@K�'4&2�C@S@RDS�HMBKTCDR�@KRN�@KK�SGD�
previous imaging programmes that have 

ADDM�DWDBTSDC�VHSG�' 6*�(�HM�QDBDMS�
XD@QR�NUDQ�SGD�&..#2�2NTSG�jDKC��ANSG�
in the Y-band and K-band. These are an 

earlier Large Programme designed to 

select z�¶���F@K@WHDR����� ������/(�
 Fontana; see Castellano et al., 2010) as 

VDKK�@R�D@QKX�' 6*�(�2BHDMBD�5DQHjB@SHNM�
data (60.A-9284). Our survey targets two 

NE�SGD�SGQDD�" -#$+2�jDKCR�@BBDRRHAKD�
from Paranal, namely GOODS-South and 

the UKIRT Infrared Red Deep Sky Survey 

(UKIDSS) Ultra-Deep Survey (UDS), since 

the ongoing UltraVISTA survey is already 

delivering ultra-deep Y-, J-, H- and 

K-band imaging within the COSMOS 

" -#$+2�jDKC�

The depth of the images in the K-band 

has been tuned in order to match the 

depth of the WFC3/IR images produced 

in the JF125W and HF160W�jKSDQR�(M�OQ@BSHBD��
the target depth was chosen to be 

��ŰL@F�RG@KKNVDQ�SG@M�NAS@HMDC�VHSG�
WFC3/IR in HF160W, as appropriate to 

match the average (H - K ) colour of faint 

galaxies.

The pointing strategy is also designed  

SN�ADRS�BNUDQ�SGD�" -#$+2�jDKCR�(M�SGD�
4#2�jDKC��SGQDD�CHEEDQDMS�ONHMSHMFR�@QD�
@AKD�SN�BNUDQ�����NE�SGD�jDKC��VHSG�@�RL@KK�
overlap that has been used to cross-

check photometric calibration. The cover-

@FD�NE�SGD�&..#2�2NTSG�jDKC�VHSG�
 CANDELS is more complex, and forced 

us to adopt a more complicated pattern 

ENQ�SGD�'4&2�NARDQU@SHNMR�3GD�6%"��
observations are deeper in a rectangular 

QDFHNM�@S�SGD�BDMSQD��VGDQD�SGD�'4#%� 
is also located, and shallower in the upper 

Figure 1. 3GD�jM@K�'4&2�HL@FD�NE�SGD�&..#2�
2NTSG�jDKC��HM�SGD�K-band is shown (left image). On 

SGD�QHFGS��SGD�DWONRTQD�L@O�HR�RGNVM��C@QJDQ�QDFHNMR�
correspond to longer exposure. Overlaid are also the 

L@HM�6%"��QDFHNMR��" -#$+2�CDDO��K@QFD�FQDDM�
rectangle), CANDELS-wide (blue rectangle), Early 

1DKD@RD�2BHDMBD��$12�@R�QDC�QDBS@MFKD��@MC�'4#%�
(smaller green box).
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@MC�KNVDQ�O@QS�NE�SGD�jDKC�6D�G@UD�
SGDQDENQD�@CNOSDC�@�������FQHC�NE�ONHMS-
HMFR��VHSG�RHFMHjB@MS�NUDQK@OR�3GD�QDRTKS-
ing image is shown in Figure 1, including 

the position of the six individual pointings 

overlaid upon the WFC3 exposure map 

(that also includes the position of the 

'4#%�@MC�SGD�NSGDQ�O@Q@KKDK�CDDO�jDKCR��
@R�VDKK�@R�SGD�jM@K�DWONRTQD�L@O

It is immediately appreciated that the 

coverage of the GOODS-Deep area is  

not uniform, because of the combined 

effects of the pointing locations and the 

' 6*�(�F@OR�(S�QD@BGDR�@ANTS����GNTQR�
of net exposure time in the most central 

@QD@�SG@S�BNUDQR�LNRS�NE�SGD�'4#%��@MC�
still reaches more than 40 hours of expo-

sure time over the remaining part of the 

GOODS-Deep area. 

All the data have been collected and 

 analysed. We initially used two pipelines 

(one developed in Rome and one in 

 Edinburgh) to independently reduce the 

HL@FDR�@BPTHQDC�HM�SGD�jQRS�XD@Q�NE�
 observations. We then compared the two 

pipelines and the resulting reduced 

HL@FDR��SGD�SVN�QDRTKSR�@FQDDC�UDQX�VDKK�
and this comparison was utilised to help 

XHDKC�@�jM@K��NOSHLHRDC�UDQRHNM�NE�SGD�
Rome pipeline that has been used in the 

jM@K�OQNBDRRHMF�NE�@KK�SGD�C@S@�6D�DUDM-

tually cross-checked the relative cali-

bration, not only internally (in the regions 

where the different pointings overlap),  

but also against wider area but shallower 

surveys (obtained with UKIDSS or the 

2.%(�HMRSQTLDMS���jMCHMF�SG@S�HL@FDR�@QD�
calibrated at the 1–2% level.

Final images and catalogues

3GD�jM@K�PT@KHSX�NE�SGD�NTSOTS�C@S@�HR�RHL-

OKX�RODBS@BTK@Q��@MC�RGNVR�SG@S�' 6*�(�
on the VLT is capable of approaching 

'23�R�ODQENQL@MBD��DUDM�HM�SGD�B@RD�NE�
-(1�CDDO�HL@FHMF�VGDQD�'23�HR�TMQH-
valled. In the K-band the seeing is excep-

tional and homogeneous across the 

�U@QHNTR�ONHMSHMFR��BNMjMDC�SN�SGD�Q@MFD�
0.38–0.43 arcseconds, the former value 

holding in particular in the ultra-deep 

area with 85 hours of exposure. In this 

deepest region (which includes most of 

SGD�'4#%��VD�QD@BG�@��m magnitude limit 

ODQ�RPT@QD�@QBRDBNMC�NE�¶����� !�L@F�
(M�SGD�4#2�jDKC�SGD�RTQUDX�HR�@ANTS� 
one magnitude shallower (to match the 

correspondingly shallower depth of  

the  CANDELS images), but also includes 

Y-band imaging, which also has an excel-

KDMS�RDDHMF�ADSVDDM�����@MC���Ű@QB�
RDBNMCR� �RTLL@QX�NE�SGD�jM@K�PT@KHSX�
of the data is presented in Table 1.

A visual comparison of the WFC3/IR and 

' 6*�(�C@S@�HR�NEEDQDC�HM�%HFTQD����VGDQD�
we compare the deepest region from 

'4&2�@MC�" -#$+2�(S�B@M�AD�HLLDCH-
ately appreciated that the depth and 

PT@KHSX�NE�SGD�'4&2�HL@FDR�HR�BNLO@Q@-

ble in all aspects to the WFC3 data.

(M�@CCHSHNM�SN�jM@K�HL@FDR��VD�G@UD�@KRN�
obtained high-quality photometric cata-

logues in both areas. These have been 

obtained using the WFC3 H-band image 

from CANDELS as the detection image, 

@MC�'4&2�L@FMHSTCDR�G@UD�ADDM�
obtained using a point spread function 

(PSF) matched photometry technique 

that takes into account the morphology 

of each object during the deblending pro-

cess. The photometry was accomplished 

using the TFIT package (Laidler et al., 

2007). 

It may be of some interest to use these 

catalogues to show how effective the 

'4&2�HL@FDR�@QD�HM�OQNUHCHMF�TR�VHSG�
useful information on the CANDELS-

detected objects, since that is one of the 

L@HM�@HLR�NE�SGD�'4&2�RTQUDX�(M�SGD�
case of GOODS-S, it is seen that as 

much as 90% of the H-band detected 

F@K@WHDR�G@UD�RNLD�kTW�LD@RTQDC�@S�RHF-

nal-to-noise (S/N) > 1 in the K-band, 

down to the faintest limits of the H-band 

catalogue, and that nearly 50% of the 

HŰ¶����F@K@WHDR��@MC�����NE�SGD�H�¶����
galaxies) have a solid K-band detection 

with S/N > 5. As a practical example, we 

show in Figure 3 the spectral energy dis-

Astronomical Science

Table 1. 2TLL@QX�NE�'4&2�NARDQU@SHNMR�ENQ�SGD�U@QHNTR�ONHMSHMFR

Field

GOODS-DEEP1,2

GOODS-WIDE1,2,3,4

UDS1,2,3

UDS1,2,3

Band

K�����ƅL�
K�����ƅL�
K�����ƅL�
Y������ƅL�

Exposure time

31.5 hours

11.3–13 hours

12.5–13.5 hours

8 hours

Seeing (arcsec)

0.38–0.39

0.38–0.42

0.37–0.43

0.45–0.5

Lim. mag (AB, 1m arcsec–2)

27.8

27.3–27.4

27.3–27.4

28.2–28.4

0.04 0.16 0.36 0.64 1 1.4 2 2.6 3.2 0.003 0.012 0.027 0.048 0.075 0.11 0.15 0.19 0.24

Figure 2. 3GD�BDMSQD�NE�SGD�CDDODRS�&..#2�2�jDKC�
@R�NARDQUDC�VHSG�' 6*�(�HR�RGNVM�HM�SGD�K-band 

(left) and with WFC3/IR in the H-band (right). The 

displayed area is 1 arcminute wide. Objects encir-

cled have H�¶����L@F�@MC�@�BNKNTQ��H - K ��¶�����
typical of faint galaxies.

%NMS@M@� �DS�@K��6GDM�5+3�,DDSR�'23��3GD�'4&2�2TQUDX
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tribution of a galaxy at spectroscopic 

redshift z�¶����HM�SGD�&..#2�2NTSG�jDKC�
(adapted from Castellano et al., 2014).  

(S�HR�BKD@QKX�RDDM�SG@S�SGD�' 6*�(�A@MC�
data is crucial to sample, at high S/N, the 

region immediately long-ward of the 

Balmer break. A full analysis of this and 

other z�¶���F@K@WHDR�B@M�AD�ENTMC�HM�
 Castellano et al. (2014).

The faintest galaxies as observed in the 

K-band

 M�HLLDCH@SD�FKHLORD�NE�SGD�RBHDMSHjB�
LDQHS�NE�@�CDDO�jDKC�HR�SGD�CDQHU@SHNM�NE�
the number counts. In the K-band, these 

@QD�RBHDMSHjB@KKX�HLONQS@MS�RHMBD�HS�G@R�
been claimed that the total extragalactic 

background light (EBL), as measured by 

satellite observations, exceeds the inte-

grated contribution of observed galaxies, 

if the number counts are as shallow as 

those obtained by the deepest available 

observations so far (Subaru Super Deep 

%HDKC�:22#%<��,HMNV@�DS�@K��������3GDRD�
galaxy number counts have been com-

puted from adaptive-optics-assisted 

Subaru observations on quite a small 

jDKC��������@QBLHMTSD��(E�BNMjQLDC��SGHR�
would imply the existence of some exotic 

population of primeval galaxies that 

@OOD@Q�@S�UDQX�E@HMS�kTWDR�

3GD�'4&2�NARDQU@SHNMR�QD@BG�SGD�R@LD�
depth as the Subaru observations, but 

over a much larger area, and are hence 

perfectly suited to address this issue. 

Number counts have been derived inde-

pendently from each pointing on both 

UDS and GOODS-S images, and a 

weighted average of these has then been 

TRDC�SN�NAS@HM�SGD�jM@K�MTLADQ�BNTMSR�
After trimming the outer regions of the 

HL@FDR��SGD�jM@K�@QD@�NUDQ�VGHBG�VD�
compute the number counts is 340.58 

square arcminutes, i.e. about 1/10th  

NE�@�RPT@QD�CDFQDD�'NVDUDQ��SGD�CDDO-

est number counts (i.e., those determined 

at K > 25) are in practice determined from 

a sub-area of 50.17 square arcminutes 

VHSGHM�SGD�&..#2�2�jDKC

Central to a robust determination of the 

number counts is a thorough and reliable 

estimate of the incompleteness and other 

systematics, which must be obtained 

through the use of simulations. The esti-

mate of the size and magnitude depend-

ence of the correction depends on a 

 critical assumption, namely the distribu-

tion of galaxy sizes. At the exquisite reso-

KTSHNM�NE�SGD�'4&2�HL@FDR�SGD�CHEEDQDMBD�
between compact and point-like sources 

is indeed measurable. We therefore com-

puted the correction for incompleteness 

HM�SVN�B@RDR��H��@RRTLHMF�ONHMS�KHJD�
sources; and ii) assuming a distribution  

in size between 0.1 and 0.3 arcseconds, 

the typical size that we measure in the 

H�A@MC�'23�HL@FDR�3GD�CDQHUDC�MTL-

ber counts are shown in Figure 4, for 

both assumptions about galaxy size (blue 

symbols for point sources, red for 

ex tended), compared with a number of 

recent results from the literature. As 

expected, the number counts agree very 

well with previous results from the litera-

ture. It is immediately appreciated that 

SGD�'4&2�MTLADQ�BNTMSR�DWBDDC�HM�
depth and statistical accuracy of all previ-

ous estimates at faint magnitudes, the 

only exception being the very faintest bin 

from the SSDF (Minowa et al., 2005).

� ���

��

��

��

��

��

(# �� �����
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h��Ä�
���� ������

Figure 3. Spectral energy distribution of a galaxy  

at spectroscopic redshift z�¶�����@LNMF�SGD�GHFG-

est-redshift galaxies with measured metallicity 

(Castellano et al., 2014). The magnitudes (in the  

AB system) are H�¶�����@MC�K�¶����"X@M�ONHMSR�
QDOQDRDMS��OGNSNLDSQHB�LD@RTQDR�EQNL�'23��SGD�
FQDDM�ONHMS�EQNL�SGD�'4&2�K-band; red points are 

2OHSYDQ�C@S@�2ODBSQ@K�jSR�HM�KHFGS�FQDX�@QD�ADRS�
�jSSHMF�!QTYT@K�@MC�"G@QKNS��������LNCDKR�VHSG�MN�
MDATK@Q�DLHRRHNM�KHMDR��jSR�HM�C@QJ�FQDX�@QD�!QTYT@K�
and Charlot models with nebular emission 

included.

��

�

�KN
F
-
��L

@F
l�
C
DF

l
� �

�

'4&2��ONHMS�RNTQBD�
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*�� !�

��

'4&2��DWSDMCDC�RNTQBD�

Figure 4. The K-band galaxy number counts derived 

EQNL�SGD�'4&2�RTQUDX��BNQQDBSDC�ENQ�HMBNLOKDSDMDRR�
and other systematic effects as described in the text. 

'4&2�ONHMSR�HM�AKTD�G@UD�ADDM�BNQQDBSDC�ENQ�HMBNL-

pleteness with point sources; those in red by 

extended sources. Data from other deep surveys are 

also included.
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ings, as images of full mosaics, as well as 

multi-wavelength catalogues. Data are 

available from the ASTRODEEP website1 

as well as from the ESO archive as Phase 

3 data products2. We look forward to  

the science that will be possible with this 

wonderful dataset.

References

Bruzual, G. & Charlot, S. 2003, MNRAS, 344, 1000

Castellano, M. et al. 2010, A&A, 511, A20

Castellano, M. et al. 2014, A&A, in press,  

� @Q7HU���������
Daddi, E. et al. 2004, ApJ, 617, 746

Fontana, A. et al. 1999, A&A, 343, 19

Fontana, A. et al. 2000, AJ, 120, 2206 

Fontana, A. et al. 2006, A&A, 459, 745

Fontana, A. et al. 2014, A&A, in press

'DHCS��)�DS�@K������� � ���������
Kissler-Patig, M. et al. 2008, A&A, 491, 941

Illingworth, G. D. et al. 2013, ApJS, 209, 6

Laidler, V. G. et al. 2007, PASP, 119, 1325 

Menci, N. et al. 2005, ApJ, 632, 49

,DQRNM�� �(�DS�@K�������@Q7HU���������
Retzlaff, J. et al. 2010, A&A, 511, A50

Somerville, R. S. et al. 2012, MNRAS, 423, 1992

Sommariva, V. et al. 2014, A&A, submitted

Links

1� 231.#$$/�VDARHSD��www.astrodeep.eu
2��$2.�/G@RD���OQNCTBSR��GSSOR���VVVDRNNQF�RBH�

observing/phase3.html

RS@Q�ENQL@SHNM�@BSHUHSX�HR�LTBG�KDRR�DEj-
cient below this mass limit.

Comparing our observed number counts 

with a population of quiescent galaxies 

extracted from three different theoretical 

LNCDKR�NE�F@K@WX�ENQL@SHNM��VD�jMC�SG@S�
only two of these models reproduce even 

qualitatively the observed trend in the 

number counts, and that none of the 

models provides a statistically accept- 

able description of the number density of 

quiescent galaxies at these redshifts. 

This result clearly shows that the mass 

and luminosity distribution of quiescent 

galaxies at high redshift continues to 

 present a key and demanding challenge 

for proposed models of galaxy formation 

and evolution. Full details are given in a 

dedicated paper (Sommariva et al., 2014).

A wealth of data made public

We are fully aware that the data described 

here may have a much larger impact if 

the whole astronomical community is 

allowed access to them. The survey strat-

egy and all the details of data reduction 

and the number counts are presented  

in Fontana et al. (2014). All the data from 

SGD�'4&2�RTQUDX�@QD�@U@HK@AKD�HM�U@QHNTR�
forms — as images for individual point-

At the faint limit, it is immediately clear 

how dramatic is the impact of the 

assumptions on galaxy size. Assuming 

ONHMS�KHJD�RNTQBDR�VD�BNMjQL�SGD�k@SSDM-

ing of the number counts at K�¶���l���
reported by Minowa et al. (2005), in our 

case with a much larger statistical accu-

Q@BX��CTD�SN�SGD����SHLDR�K@QFDQ�jDKC�NE�
UHDV�NE�NTQ�HL@FDR���'NVDUDQ��@RRTLHMF�
instead a more real istic, typical galaxy 

size in the range 0.1–0.3 arcseconds, we 

jMC�SG@S�SGD�RKNOD�NE�SGD�MTLADQ�BNTMSR�
remains essentially unchanged up to 

KŰ¶Ű����VHSG�@�RKNOD�NE�@ANTS�¶������RDD�
Figure 4). If we assume that the steep 

RKNOD�SG@S�VD�jMC�ENQ�QDRNKUDC�F@K@WHDR�
holds to even fainter limits, the conse-

quence is that most of the diffuse EBL 

observed from space can be ascribed to 

ordinary galaxies, without the need to 

invoke more exotic populations.

Passive galaxies in the early Universe

 MNSGDQ�D@QKX�RBHDMSHjB�QDRTKS�SG@S�VD�
have obtained from these data, in con-

junction with the other CANDELS data,  

is related to the study of passively evolv-

ing galaxies at z�¶��� CNOSHMF�SGD�pBzK 

criterion proposed by Daddi et al. (2004) 

to identify such objects, and thanks to 

the unprecedented depth of our obser-

vations, we have now extended the 

selection of these objects at magnitudes 

(KŰ¶Ű�����E@HMSDQ�SG@M�V@R�ONRRHAKD�HM�@MX�
previous analysis. We have demonstrated 

ENQ�SGD�jQRS�SHLD�SGQNTFG�RHLTK@SHNMR�SG@S�
we can select passive galaxies down to 

KŰ¶Ű���VHSGNTS�ADHMF�RHFMHjB@MSKX�@EEDBSDC�
by incompleteness, and that the latter is 

still treatable down to K�¶����

Our central result (shown in Figure 5) is 

that the pBzK number counts show a 

�k@SSDMHMF�@S�K�¶�����@MC�@�STQM�NUDQ�@S�
KŰ®Ű����DPTHU@KDMS�SN�QDRSEQ@LD�@ARNKTSD�
I-band magnitudes of MI = –23 and –22 

respectively. Converted into stellar mass, 

our result corresponds to a decrease in 

the number density of passive-evolving 

galaxies at stellar masses below 

1010.8ŰM! for a Salpeter initial mass func-

tion. As judged against the still steeply 

rising number counts of the overall galaxy 

population at these redshifts, this turn-

over is fairly abrupt, indicating that at high 

redshift the mechanism that quenches 

Figure 5. Number 

counts of passively 

evolving galaxies at  

z�¶����AK@BJ��Q@V�BNTMSR��
QDC��BNQQDBSDC�ENQ�
incompleteness), from 

SGD�'4&2�RTQUDX�HR�
illustrated. Comparison 

of the observed points 

to three different semi-

analytic galaxy models 

(SAM) are shown.
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