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Abstract. At the end of 2013, HST has started its most recent flagship program : the ”Frontier Fields”,
aiming to observe 6 galaxies clusters. These images will reach a depth comparable to the HUDF but
in a cluster field. The first release of Abell 2744, the first Frontier Fields target, has been made public
on December 17 2013. We have used this dataset combined with Spitzer images to search for Lyman
Break galaxy (LBG) at z >6.5 in the 4.9 arcmin2 field of view, bright enough to be observed by current
spectrographs. The brightest high-z object is found at z∼8 with a modest amplification factor (µ∼1.5). Its
SED shows an optical break between ACS and WFC3 data and another one between the two first channels
of IRAC/Spitzer. This ”break” at 4.5 microns can be explained by strong [OIII] and Hβ lines at z ∼8. Its
properties deduced by SED-fitting are the following : SFR of 8-60 M�/yr, stellar mass of (2.5-10)×109M�
and a size of r =0.35±0.15 kpc. Its brightness makes it one of the brightest z∼8 objects to date, and it
could be observed by current NIR-spectrographs installed on 8-10m class telescopes in a reasonable amount
of time.
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1 Introduction

Observations probing the edges of the Universe is one of the most intriguing challenges of the coming decade,
particularly with respect to detecting the first population III stars (e.g. O’Shea & Norman 2007) and the first
galaxies at z>12 (Bromm & Yoshida 2011). Several telescopes and instruments are under development and
have put these topics in their key objectives. Ten years ago, only a dozen objects at z> 6 had been discovered
(Kneib et al. 2004), with none above z>7.5. Nowadays, the number of z∼6, z∼7, and z≥8 galaxies selected in
deep surveys count in the 1000s (e.g. Le Fevre et al. 2014), several 100s (e.g. Bouwens et al. 2011) and ∼300
(e.g. Labbé et al. 2013), respectively. Thanks to these huge numbers of objects, the evolution and properties
of galaxies is relatively well-constrained up to z∼6, with many secure spectroscopic confirmations (Jiang et al.
2013). Beyond z ∼6, however, spectroscopic follow-up remains extremely challenging due to the decreasing
mean brightness of these objects (Finkelstein et al. 2013) and the fact that several z≥8 candidates have been
finally identified as mid-z interlopers (e.g. Hayes et al. 2012). Several theoretical studies have demonstrated the
interest of combining lensing fields and large deep blank fields to search for high-z galaxies over a large range
of luminosities (Maizy et al. 2010). This has been confirmed by most of the current surveys, such as the Hubble
Ultra Deep Field (Beckwith et al. 2006) and CLASH (Postman et al. 2012) carried out with HST.
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Cluster Name RA DEC z Observations
[J2000] [J2000]

Abell 2744 00:14:21.2 -30:23:50.1 0.308 Oct. 2013 - Jul. 2014
MACS0416.1-2403 04:16:08.9 -24:04:28.7 0.396 Jan. 2014 - Sep. 2014
MACS0717.5+3745 07:17:34.0 +37:44:49.0 0.545 Aug. 2014 - Apr. 2015
MACS1149.5+3745 11:49:36.3 +22:23:58.1 0.543 Nov. 2014 - Jun. 2015

Abell S1063 22:48:44.4 -41:31:48.5 0.348 2016 (to be approved)
Abell 370 02:39:52.9 -01:34:36.5 0.375 2016(to be approved)

Table 1. HST Frontier Fields observation schedule

2 The HST Frontier Fields

The new flagship program of HST, the Frontier Fields (hereafter, HFFs) started at the end of 2013, leveraging
deep ACS and WFC3 observations combined with gravitational lensing to observe six massive galaxy clusters
along with six deep blank fields (see Table 1). Thanks to the huge depth of HST images, ultra faint galaxies
at very high-z (mF160W ∼31-32 AB) will be detected in HFF data (Richard et al. 2014). Several studies have
already demonstrated that the number of z≥8 objects expected in the full Frontier Fields survey is ≥130 (Coe
et al. 2014). Six teams have provided lensing models for each cluster (Bradač et al. 2009, Richard et al. 2014,
Merten et al. 2011, Zitrin et al. 2013, Johnson et al. 2014 and Mohammed et al. 2014), and derived amplification
maps at several redshift.

We combined the first full HFF dataset behind Abell 2744 ( 140 orbits in total - ID : 13386, 13495 - PI : S.
Rodney, J. Lotz) with Spitzer Frontier Fields observations (50h on source - PI : T. Soifer and P. Capak) and
HAWKI/VLT Ks image (27h - ID : 092.A-0472 - PI : G. Brammer) to search for bright z≥7.5 objects. The
properties of data we used in this study are presented on table 2.

3 Lyman Break Galaxies behind Abell 2744

We applied the Lyman Break Galaxy technique (Steidel et al. 1999) combining non-detections in F435W,
F606W, F814W and detections in F125W, F140W, as well as color criteria on Abell 2744 images. After
visual inspection, 2 sources, well detected in F125W, F140W and F160W, appear as excellent z ∼8 candidates
with mH160

=26.2±0.1 AB. Moreover these two galaxies are located in a clean region of the data making the
photometry free of contamination by neighboring objects. These objects have been selected independently and
confirmed in several recent studies (Atek et al. 2014, Coe et al. 2014 and Zheng et al. 2014). In the following
we will focus on Abell2744 Y1, which is not detected at 3.6µm, but is clearly detected at 4.5µm (Figure 1),
suggesting contribution of strong [OIII]+Hβ at z ≥7.5 (Labbé et al. 2013, Smit et al. 2014, Finkelstein et al.
2013).

Y1 

F435W+F606W
+F814W F105W F125W F140W F160W Ks 3.6µm 4.5µm 

> 29.7 27.5 ± 0.1 26.3 ± 0.1  26.3 ± 0.1  26.2 ± 0.1  > 25.8 > 25.5 25.2 ± 0.2  

Fig. 1. Thumbnail images of the brightest z∼8 candidate selected behind Abell 2744. The size of each stamp is 4”×4”

and the position of Abell2744 Y1 is displayed by a black 0.4” radius circle (white circle at 4.5µm for clarity purpose)

4 Properties of the brightest z∼8 candidate

We computed the photometric redshift of Abell2744 Y1 using an adapted version of Hyperz (Bolzonella et al.
2000) and templates including nebular emissions. The best SED-fit is found at z≈8, with the 1σ confidence
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Filter λcentral ∆λ texp m(5σ) Instrument
[µm] [µm] [ks] [AB]

F435W 0.431 0.073 16.16 28.5 ACS
F606W 0.589 0.156 13.25 28.7 ACS
F814W 0.811 0.166 13.25 28.7 ACS
F105W 1.050 0.300 46.52 29.1 WFC3
F125W 1.250 0.300 16.32 28.7 WFC3
F140W 1.400 0.400 22.43 28.8 WFC3
F160W 1.545 0.290 46.57 28.8 WFC3
Ks 2.146 0.324 97.4 25.5 HAWKI
3.6 3.550 0.750 90.9 25.5 IRAC
4.5 4.493 1.015 90.9 25.0 IRAC

Table 2. Properties of HST, VLT and Spitzer data on Abell 2744. - ACS limiting magnitudes are deeper than those

published in Laporte et al. (2014) because in that proceeding we use the full dataset.

interval spanning z∼7.5 - 8.5, and no low-z solution in the redshift probability distribution. The best solution is
always found at high-z no matter which library templates we used or what the Spitzer non-detection limits we
assumed at 3.6µm (2 or 3σ). If we force a low-z solution by limiting the redshift range to 0-3, a value of z∼2 is
found (although with poor χ2). For instance, the Spitzer detections are incompatible with this solution (Laporte
et al. 2014). We estimated an amplification factor of µ≈1.5 using the public lensing model provided by the
CATS group (Richard et al. 2014). This factor is consistent with those found using other public lensing models
produced by Merten (µ=1.50), Sharon (µ=1.91), Williams (µ=1.16) and Zitrin (µ=1.33-2.11), suggesting a
moderate amplification regime.

The Star Formation Rate (SFR) estimated from the best SED-fit ranges from 8 to 60 M�/yr depending
on the adopted metallicity and minimum age imposed, its stellar mass M?∼(2.5-10)×109 M� and the specific
SFR deduced is sSFR∼1Gyr−1. We derived its size following two methods: SExtractor half light radius (Bertin
& Arnouts 1996) corrected for PSF broadening and GALFIT modeling (Peng et al. 2002) assuming a Sersic
profile. The results are similar suggesting r∼0.3±0.1 kpc after correction for magnification, that is consistent
with values published in recent studies (e.g. Ono et al. 2013)

Fig. 2. Best SED-fit of the brightest z∼8 candidate selected in the first HFF dataset. The black line displays the best

fit without any constraints on the redshift, the magenta line shows the best fit assuming a low-z solution (z≤3). Upper

limits are plotted at 1σ, 5σ and 3σ for ACS, HAWKI and IRAC data respectively. The P(z) is over-plotted.
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5 Discussion and Conclusions

The SED of Abell2744 Y1 is comparable to the recent z ∼7.5 LBG confirmed by spectroscopy (Finkelstein et al.
2013) regarding its spectral break between optical and NIR data (F125W-F606W > 2mag) and the detection at
4.5µm in conjunction with a non-detection at 3.6µm with similar depth. Furthermore the H160-[3.6] <0.5 and
J125 - H160 are in good agreement with the trend observed by (Labbé et al. 2013) (cf. figure 2 of that paper) for
z ∼8 objects. The colors of these 2 objects fulfill the color criteria defined by Oesch et al. (2012) and Lorenzoni
et al. (2011) and their intrinsic SEDs are similar to the z ∼ 8 candidates selected in the CANDELS survey
(Grogin et al. 2011).

The brightness of this z ∼8 object makes it observable by most of the current spectrographs installed on
8-10m class telescopes. Spectroscopic follow-up with MMIRS/Magellan (McLeod et al. 2012) is on-going and
should reveal the nature and properties of this object at short term.
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