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CANDELS: The Rest-Frame UV Luminosity Function at z = 4–8 3

TABLE 1
SUMMARY OF DATA

Field Area B435 V606 i775 I814 z850 Y098/105 J125 JH140 H160
(arcmin2) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

GOODS-S Deep 61.6 28.2 28.6 27.9 28.1 27.8 28.2 28.1 — 27.9
GOODS-S ERS 41.4 28.2 28.5 27.9 27.9 27.6 27.6 28.0 — 27.8
GOODS-S Wide 35.6 28.2 28.7 28.1 27.9 27.9 27.3 27.6 — 27.4
GOODS-N Deep 67.6 28.1 28.3 27.9 — 27.7 28.1 28.3 — 28.1
GOODS-N Wide 71.7 28.1 28.4 27.8 — 27.6 27.3 27.4 — 27.4
HUDF Main 5.1 29.5 30.0 29.7 — 29.1 29.9 29.6 29.6 29.7
HUDF PAR1 4.7 — 29.0 28.8 — 28.5 28.9 29.0 — 28.8
HUDF PAR2 4.8 — 29.0 28.7 — 28.3 28.9 29.2 — 28.9

MACS0416 PAR 4.4 28.8 28.9 — 29.2 — 29.2 29.0 29.0 29.0
Abell 2744 PAR 4.3 29.0 29.1 — 29.2 — 29.1 28.8 28.8 28.9
Zeropoints — 25.68 26.51 25.67 25.95 24.87 26.27 26.23 26.45 25.95

NOTE. — The magnitudes quoted are 5σ limits measured in 0.4′′-diameter apertures on non-PSF
matched images.

2011), with H0 = 70.2 km s−1 Mpc−1, ΩM = 0.275 and ΩΛ =
0.725. All magnitudes given are in the AB system (Oke &
Gunn 1983).

2. OBSERVATIONS AND PHOTOMETRY
2.1. Imaging Data

Studying galaxies in the early universe requires extremely
deep imaging, necessitating space-based data. Additionally,
to probe a large dynamic range in luminosities, we need to
combine deep studies over small areas with larger-area sur-
veys with shallower limits. Our study used imaging data from
a number of surveys covering both the Northern and Southern
fields from the Great Observatories Origins Deep Survey (Gi-
avalisco et al. 2004), with both the Hubble Space Telescope
(HST) and the Spitzer Space Telescope.
The deepest imaging comes from two surveys of the Hub-

ble Ultra Deep Field (HUDF): the original HUDF survey
which obtained optical imaging with the Advanced Camera
for Surveys (ACS; Beckwith et al. 2006); and the more recent
HUDF09 (PI Illingworth; e.g., Bouwens et al. 2010a; Oesch
et al. 2010b) and UDF12 surveys (PI Ellis; Ellis et al. 2013;
Koekemoer et al. 2013), which obtained near-infrared imag-
ing with the Wide Field Camera 3 (WFC3). The full HST
dataset over the HUDF comprises imaging in eight bands:
F435W, F606W, F775W and F850LP with ACS, and F105W,
F125W, F140W and F160W with WFC3 (hereafter referred
to as B435, V606, i775, z850, Y105, J125, JH140 and H160, respec-
tively), which cover an area of ∼5 arcmin2. The HUDF09
survey also obtained deep WFC3 imaging over two similarly-
sized flanking fields, first observed with ACS in the UDF05
survey (PI Stiavelli; Oesch et al. 2007), referred to as the
HUDF09-01 and HUDF09-02 fields (Bouwens et al. 2011b).
These fields each have imaging in theV606, i775, z850,Y105, J125,
and H160 bands.
Although shallower, the majority of our galaxy sample

comes from the Cosmic Assembly Near-infrared Deep Ex-
tragalactic Legacy Survey (CANDELS; PIs Faber and Fer-
guson; Grogin et al. 2011; Koekemoer et al. 2011). CAN-
DELS is the largest HST project ever, comprising 902 orbits
over five extragalactic deep fields, including the two GOODS
fields (Giavalisco et al. 2004), which finished in August 2013.
CANDELS is composed of a deep and wide survey. The deep
survey covers the central ∼50% of each of the two GOODS
fields, while the wide survey covers the remainder of the
GOODS-N field, and the southern ∼25% of the GOODS-S
field to depths ∼ 1 mag shallower than the deep survey (the

wide survey also covers three additional fields not used in this
study). We use ACS imaging from the original GOODS sur-
vey in the B435, V606, i775 and z850 bands. We use the most
recent ACS mosaics in these fields, which is version 3 in
the GOODS-S field, which includes all ACS imaging in that
field prior to the ACS repair on Servicing Mission 4 in 2009,
and version 2 in the GOODS-N field, which includes all ACS
imaging from the GOODS survey. The CANDELS imaging
in both the deep and wide regions of both GOODS fields in-
cludes the Y105, J125 and H160 bands. We add to our GOODS-
S dataset imaging over the northern ∼25% of the GOODS-S
field from the WFC3 Science Oversight Committee’s Early
Release Science (ERS) program (PI O’Connell; Windhorst
et al. 2011), which also includes J125 and H160 imaging, as
well as the F098M (hereafter referred to as Y098) band. Unless
otherwise distinguished, throughout the paper we will refer to
Y098 and Y105 together as the Y -band.
Finally, we complete our dataset with the recently obtained

deep HST observations near the galaxy clusters Abell 2744
and MACS J0416.1-2403 (hereafter MACS0416) from the
Hubble Frontier Fields (HFF) program. For this study, we use
only the parallel (unlensed) fields. Both fields have been ob-
served in the B435, V606, I814, Y105, J125, JH140 and H160 bands.
We use these data to complement our galaxy samples at z = 5,
6, 7 and 8.
In parallel to the primary WFC3 observations, CANDELS

obtained extremely deep imaging in the F814W band (here-
after I814) in both of the GOODS fields. As these data were
obtained recently, they suffers from poor charge transfer effi-
ciency. Although algorithms have been devised to correct for
this (Anderson & Bedin 2010), as the CANDELS fields have
imaging in both the i775 and z850 bands, we do not include the
CANDELS I814 photometry in the initial photometric redshift
fitting (though we do explore its inclusion in §3.5). However,
we did use these very deep data during our visual inspection
step, which was highly useful at z = 8, where true z = 8 galax-
ies should be completely undetected in the I814-band. In the
HFF parallel fields, where the I814 band is the only imaging
covering the red end of the optical, we used these data in the
photometric redshift fitting.
The description of the CANDELS HST imaging reduction

is available from Koekemoer et al. (2011). These reduction
steps were also followed for the ERS, HUDF (?) and HFF
data we use here. We make use of the mosaics with 0.06′′
pixels, and their associated weight and rms maps. The com-
bined imaging dataset covers an area of 301.2 arcmin2, with



S A M P L E  S E L E C T I O N

• >3.5σ in J125 and H160, or >5σ 
detection in H160 (for z=9,10). 

• Satisfy thresholds on P(z) 
quality.
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H F F  PA R A L L E L  F I E L D S
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T H E  L U M I N O S I T Y  F U N C T I O N

• The distribution of galaxy luminosities is one of the most fundamental measures of 
galaxy evolution. 

• In the distant universe, we see only the rest-frame UV light, so much work has been 
done to parametrize the UV luminosity function.  It has a characteristic shape.
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C O N C L U S I O N S

• C o m b i n i n g  w i d e - a r e a  s h a l l o w e r  d a t a  w i t h  d e e p  
p r o g r a m s  i s  t h e  b e s t  w a y  t o  c o n s t r a i n  t h e  f u l l  
s h a p e  o f  t h e  l u m i n o s i t y  f u n c t i o n .  

• T h e  f a i n t - e n d  s l o p e  s t e e p e n s  w i t h  i n c r e a s i n g  
r e d s h i f t ,  f r o m  - 1 . 5  a t  z = 4 ,  t o  - 2  a t  z = 7  ( a n d  
p o s s i b l y  b e y o n d  a t  z = 8 ) .  

• T h i s  p r o v i d e s  a  s c e n a r i o  f o r  r e i o n i z a t i o n  w h i c h  
b e g i n s  a t  z ~ 1 0 ,  c o m p l e t e s  a t  z ~ 6 ,  a n d  h a s  a  
m i d p o i n t  a t  6 . 7  <  z  <  9 . 4 .  

• U n c e r t a i n t i e s  a r e  s t i l l  h i g h .  

• T h e  H F F  p a r a l l e l  f i e l d s  s i g n i f i c a n t l y  a d d  t o  
c o n s t r a i n t s  o n  a l p h a ,  a n d  t h e  f u l l  s e t  o f  s i x  f i e l d s  
w i l l  b e  v a l u a b l e .


