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Table 3. Near-infrared photometric information for all 49 galaxies in our high-redshift sample.

ID RA (J2000) Dec. (J2000) z850 Y 105 J125 H160

1735i 03 32 39.86 !27 46 19.1 27.81 ± 0.21 28.17 ± 0.22 28.00 ± 0.18 28.14 ± 0.20
1955i 03 32 39.46 !27 45 43.4 27.90 ± 0.22 28.28 ± 0.24 28.10 ± 0.19 28.22 ± 0.21
1719i 03 32 44.70 !27 46 45.6 28.14 ± 0.27 28.08 ± 0.21 28.09 ± 0.19 28.48 ± 0.26
2217 03 32 40.56 !27 48 02.7 28.54 ± 0.36 28.67 ± 0.32 28.18 ± 0.21 28.40 ± 0.24
962i 03 32 35.05 !27 47 40.1 27.90 ± 0.22 27.69 ± 0.16 27.25 ± 0.12 27.33 ± 0.12

1189i 03 32 36.98 !27 45 57.6 27.72 ± 0.20 27.70 ± 0.16 27.59 ± 0.14 27.58 ± 0.14
2830 03 32 34.58 !27 46 58.0 28.77 ± 0.44 28.69 ± 0.32 28.80 ± 0.32 28.73 ± 0.31
2498 03 32 35.04 !27 47 25.8 28.81 ± 0.45 28.27 ± 0.24 29.00 ± 0.38 29.12 ± 0.42
2719 03 32 40.59 !27 45 56.9 29.24 ± 0.65 29.07 ± 0.44 28.75 ± 0.31 29.00 ± 0.39

1625i 03 32 43.03 !27 46 23.8 27.98 ± 0.24 27.85 ± 0.18 28.08 ± 0.19 28.19 ± 0.21
1398i 03 32 36.63 !27 47 50.1 27.96 ± 0.23 27.73 ± 0.16 27.89 ± 0.17 27.91 ± 0.17
1760 03 32 40.25 !27 46 05.2 28.57 ± 0.37 28.25 ± 0.23 28.47 ± 0.25 28.45 ± 0.25
934i 03 32 37.48 !27 46 32.5 27.88 ± 0.22 27.30 ± 0.13 27.36 ± 0.12 27.26 ± 0.12
2791 03 32 36.64 !27 47 50.2 28.56 ± 0.37 28.09 ± 0.21 28.36 ± 0.23 28.44 ± 0.25
1464 03 32 42.19 !27 46 27.9 28.72 ± 0.42 28.03 ± 0.20 27.91 ± 0.17 27.90 ± 0.17
2003 03 32 36.46 !27 47 32.4 29.37 ± 0.73 28.50 ± 0.28 28.71 ± 0.30 28.36 ± 0.23
2514 03 32 39.79 !27 46 33.8 29.32 ± 0.69 28.70 ± 0.33 28.91 ± 0.35 29.10 ± 0.42
837i 03 32 37.46 !27 46 32.8 28.01 ± 0.24 27.23 ± 0.12 27.24 ± 0.12 27.07 ± 0.11
1855 03 32 43.79 !27 46 33.8 28.84 ± 0.46 28.02 ± 0.20 28.09 ± 0.19 28.30 ± 0.22
1864 03 32 34.52 !27 47 34.8 29.14 ± 0.59 28.37 ± 0.25 28.48 ± 0.26 28.43 ± 0.25

1911z 03 32 36.77 !27 47 53.6 28.61 ± 0.39 27.76 ± 0.17 28.08 ± 0.19 28.15 ± 0.20
1915z 03 32 39.58 !27 46 56.5 29.02 ± 0.54 27.97 ± 0.19 28.20 ± 0.21 28.54 ± 0.27
2195 03 32 43.05 !27 47 08.1 >29.3 29.27 ± 0.52 30.72 ± 1.66 29.23 ± 0.46

1880z 03 32 37.44 !27 46 51.3 29.20 ± 0.62 28.02 ± 0.20 28.17 ± 0.20 28.36 ± 0.23
1958z 03 32 36.38 !27 47 16.2 29.25 ± 0.65 28.07 ± 0.20 28.26 ± 0.22 28.35 ± 0.23
2206z 03 32 40.58 !27 46 43.6 29.59 ± 0.87 28.35 ± 0.25 28.66 ± 0.29 28.76 ± 0.32
1064 03 32 34.93 !27 47 01.3 28.58 ± 0.37 27.43 ± 0.14 27.35 ± 0.12 27.41 ± 0.13
688z 03 32 42.56 !27 46 56.6 28.14 ± 0.27 26.84 ± 0.10 26.69 ± 0.09 26.68 ± 0.09
2794 03 32 36.75 !27 46 48.2 29.84 ± 1.08 28.59 ± 0.30 28.30 ± 0.22 28.41 ± 0.24

1144z 03 32 42.56 !27 47 31.5 29.29 ± 0.67 27.64 ± 0.15 27.59 ± 0.14 27.53 ± 0.14
2395 03 32 44.31 !27 46 45.2 >29.3 28.63 ± 0.31 28.36 ± 0.23 28.84 ± 0.34

1092z 03 32 39.55 !27 47 17.5 29.69 ± 0.96 28.05 ± 0.20 27.70 ± 0.15 27.48 ± 0.13
2560z 03 32 37.80 !27 47 40.4 >29.3 28.86 ± 0.37 28.87 ± 0.34 29.13 ± 0.43
2826 03 32 37.06 !27 48 15.2 >29.3 28.34 ± 0.25 28.43 ± 0.25 27.89 ± 0.17

1678z 03 32 43.14 !27 46 28.6 >29.3 28.30 ± 0.24 28.22 ± 0.21 28.08 ± 0.19
2502z 03 32 39.73 !27 46 21.4 >29.3 28.85 ± 0.37 28.54 ± 0.27 28.95 ± 0.37
1574z 03 32 37.21 !27 48 06.1 >29.3 28.52 ± 0.28 28.26 ± 0.22 28.13 ± 0.20
835z 03 32 38.81 !27 47 07.2 >29.3 27.74 ± 0.16 27.28 ± 0.12 27.03 ± 0.10

2066z 03 32 41.05 !27 47 15.6 >29.3 28.92 ± 0.39 28.40 ± 0.24 28.73 ± 0.31
2888 03 32 44.75 !27 46 45.1 >29.3 29.57 ± 0.66 28.98 ± 0.37 28.83 ± 0.34
2940 03 32 36.52 !27 46 41.9 >29.3 29.68 ± 0.73 29.01 ± 0.38 29.51 ± 0.58

2079y 03 32 37.63 !27 46 01.5 >29.3 29.62 ± 0.69 29.01 ± 0.38 29.33 ± 0.50
1107z 03 32 44.71 !27 46 44.4 >29.3 28.30 ± 0.24 27.58 ± 0.14 27.70 ± 0.15
1422 03 32 39.52 !27 47 17.3 >29.3 28.90 ± 0.38 28.07 ± 0.19 27.83 ± 0.16
2487 03 32 33.13 !27 46 54.4 >29.3 29.73 ± 0.76 28.59 ± 0.28 29.18 ± 0.44

1765y 03 32 42.88 !27 46 34.6 >29.3 29.44 ± 0.60 28.23 ± 0.21 28.11 ± 0.20
2841y 03 32 43.09 !27 46 27.9 >29.3 >30.0 28.98 ± 0.37 29.41 ± 0.54
1939y 03 32 37.80 !27 46 00.1 >29.3 >30.0 28.33 ± 0.23 28.49 ± 0.26
1721y 03 32 38.14 !27 45 54.0 >29.3 >30.0 28.41 ± 0.24 28.16 ± 0.20

Note. As a result of our selection criteria, all objects are by definition undetected (at >2! ) in the i band, and so here we list the AB
magnitudes measured at longer wavelengths, i.e. z850, Y 105, J 125 and H160. All magnitudes were measured through a 0.6-arcsec diameter
aperture, with the WFC3/IR values decreased (i.e. brightened) by the small systematic relative correction factors given in Section 4.1.
The quoted limits are all 2! .

(2009). In general, inspection of the additional objects reveals
that they lie just outside or on the edge of the colour selection
boxes adopted in these alternative studies. However, use of our
own 0.6-arcsec photometry would also lead us to locate several
of the objects selected by Oesch et al. and Bouwens et al. out-
side their adopted selection boxes, and in general the " 2 plots
shown in Appendix A do not suggest that our additional can-

didates are any less robust than those selected via strict colour
criteria.

In addition to providing a new, more complete list of candi-
dates, our analysis of course yields quantitative constraints on the
redshifts of all sources and information to allow the reader to prop-
erly assess the robustness of each individual high-redshift galaxy
candidate.
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ID RA (J2000) Dec. (J2000) z850 Y 105 J125 H160

1735i 03 32 39.86 !27 46 19.1 27.81 ± 0.21 28.17 ± 0.22 28.00 ± 0.18 28.14 ± 0.20
1955i 03 32 39.46 !27 45 43.4 27.90 ± 0.22 28.28 ± 0.24 28.10 ± 0.19 28.22 ± 0.21
1719i 03 32 44.70 !27 46 45.6 28.14 ± 0.27 28.08 ± 0.21 28.09 ± 0.19 28.48 ± 0.26
2217 03 32 40.56 !27 48 02.7 28.54 ± 0.36 28.67 ± 0.32 28.18 ± 0.21 28.40 ± 0.24
962i 03 32 35.05 !27 47 40.1 27.90 ± 0.22 27.69 ± 0.16 27.25 ± 0.12 27.33 ± 0.12

1189i 03 32 36.98 !27 45 57.6 27.72 ± 0.20 27.70 ± 0.16 27.59 ± 0.14 27.58 ± 0.14
2830 03 32 34.58 !27 46 58.0 28.77 ± 0.44 28.69 ± 0.32 28.80 ± 0.32 28.73 ± 0.31
2498 03 32 35.04 !27 47 25.8 28.81 ± 0.45 28.27 ± 0.24 29.00 ± 0.38 29.12 ± 0.42
2719 03 32 40.59 !27 45 56.9 29.24 ± 0.65 29.07 ± 0.44 28.75 ± 0.31 29.00 ± 0.39

1625i 03 32 43.03 !27 46 23.8 27.98 ± 0.24 27.85 ± 0.18 28.08 ± 0.19 28.19 ± 0.21
1398i 03 32 36.63 !27 47 50.1 27.96 ± 0.23 27.73 ± 0.16 27.89 ± 0.17 27.91 ± 0.17
1760 03 32 40.25 !27 46 05.2 28.57 ± 0.37 28.25 ± 0.23 28.47 ± 0.25 28.45 ± 0.25
934i 03 32 37.48 !27 46 32.5 27.88 ± 0.22 27.30 ± 0.13 27.36 ± 0.12 27.26 ± 0.12
2791 03 32 36.64 !27 47 50.2 28.56 ± 0.37 28.09 ± 0.21 28.36 ± 0.23 28.44 ± 0.25
1464 03 32 42.19 !27 46 27.9 28.72 ± 0.42 28.03 ± 0.20 27.91 ± 0.17 27.90 ± 0.17
2003 03 32 36.46 !27 47 32.4 29.37 ± 0.73 28.50 ± 0.28 28.71 ± 0.30 28.36 ± 0.23
2514 03 32 39.79 !27 46 33.8 29.32 ± 0.69 28.70 ± 0.33 28.91 ± 0.35 29.10 ± 0.42
837i 03 32 37.46 !27 46 32.8 28.01 ± 0.24 27.23 ± 0.12 27.24 ± 0.12 27.07 ± 0.11
1855 03 32 43.79 !27 46 33.8 28.84 ± 0.46 28.02 ± 0.20 28.09 ± 0.19 28.30 ± 0.22
1864 03 32 34.52 !27 47 34.8 29.14 ± 0.59 28.37 ± 0.25 28.48 ± 0.26 28.43 ± 0.25

1911z 03 32 36.77 !27 47 53.6 28.61 ± 0.39 27.76 ± 0.17 28.08 ± 0.19 28.15 ± 0.20
1915z 03 32 39.58 !27 46 56.5 29.02 ± 0.54 27.97 ± 0.19 28.20 ± 0.21 28.54 ± 0.27
2195 03 32 43.05 !27 47 08.1 >29.3 29.27 ± 0.52 30.72 ± 1.66 29.23 ± 0.46

1880z 03 32 37.44 !27 46 51.3 29.20 ± 0.62 28.02 ± 0.20 28.17 ± 0.20 28.36 ± 0.23
1958z 03 32 36.38 !27 47 16.2 29.25 ± 0.65 28.07 ± 0.20 28.26 ± 0.22 28.35 ± 0.23
2206z 03 32 40.58 !27 46 43.6 29.59 ± 0.87 28.35 ± 0.25 28.66 ± 0.29 28.76 ± 0.32
1064 03 32 34.93 !27 47 01.3 28.58 ± 0.37 27.43 ± 0.14 27.35 ± 0.12 27.41 ± 0.13
688z 03 32 42.56 !27 46 56.6 28.14 ± 0.27 26.84 ± 0.10 26.69 ± 0.09 26.68 ± 0.09
2794 03 32 36.75 !27 46 48.2 29.84 ± 1.08 28.59 ± 0.30 28.30 ± 0.22 28.41 ± 0.24

1144z 03 32 42.56 !27 47 31.5 29.29 ± 0.67 27.64 ± 0.15 27.59 ± 0.14 27.53 ± 0.14
2395 03 32 44.31 !27 46 45.2 >29.3 28.63 ± 0.31 28.36 ± 0.23 28.84 ± 0.34

1092z 03 32 39.55 !27 47 17.5 29.69 ± 0.96 28.05 ± 0.20 27.70 ± 0.15 27.48 ± 0.13
2560z 03 32 37.80 !27 47 40.4 >29.3 28.86 ± 0.37 28.87 ± 0.34 29.13 ± 0.43
2826 03 32 37.06 !27 48 15.2 >29.3 28.34 ± 0.25 28.43 ± 0.25 27.89 ± 0.17

1678z 03 32 43.14 !27 46 28.6 >29.3 28.30 ± 0.24 28.22 ± 0.21 28.08 ± 0.19
2502z 03 32 39.73 !27 46 21.4 >29.3 28.85 ± 0.37 28.54 ± 0.27 28.95 ± 0.37
1574z 03 32 37.21 !27 48 06.1 >29.3 28.52 ± 0.28 28.26 ± 0.22 28.13 ± 0.20
835z 03 32 38.81 !27 47 07.2 >29.3 27.74 ± 0.16 27.28 ± 0.12 27.03 ± 0.10

2066z 03 32 41.05 !27 47 15.6 >29.3 28.92 ± 0.39 28.40 ± 0.24 28.73 ± 0.31
2888 03 32 44.75 !27 46 45.1 >29.3 29.57 ± 0.66 28.98 ± 0.37 28.83 ± 0.34
2940 03 32 36.52 !27 46 41.9 >29.3 29.68 ± 0.73 29.01 ± 0.38 29.51 ± 0.58

2079y 03 32 37.63 !27 46 01.5 >29.3 29.62 ± 0.69 29.01 ± 0.38 29.33 ± 0.50
1107z 03 32 44.71 !27 46 44.4 >29.3 28.30 ± 0.24 27.58 ± 0.14 27.70 ± 0.15
1422 03 32 39.52 !27 47 17.3 >29.3 28.90 ± 0.38 28.07 ± 0.19 27.83 ± 0.16
2487 03 32 33.13 !27 46 54.4 >29.3 29.73 ± 0.76 28.59 ± 0.28 29.18 ± 0.44

1765y 03 32 42.88 !27 46 34.6 >29.3 29.44 ± 0.60 28.23 ± 0.21 28.11 ± 0.20
2841y 03 32 43.09 !27 46 27.9 >29.3 >30.0 28.98 ± 0.37 29.41 ± 0.54
1939y 03 32 37.80 !27 46 00.1 >29.3 >30.0 28.33 ± 0.23 28.49 ± 0.26
1721y 03 32 38.14 !27 45 54.0 >29.3 >30.0 28.41 ± 0.24 28.16 ± 0.20

Note. As a result of our selection criteria, all objects are by definition undetected (at >2! ) in the i band, and so here we list the AB
magnitudes measured at longer wavelengths, i.e. z850, Y 105, J 125 and H160. All magnitudes were measured through a 0.6-arcsec diameter
aperture, with the WFC3/IR values decreased (i.e. brightened) by the small systematic relative correction factors given in Section 4.1.
The quoted limits are all 2! .

(2009). In general, inspection of the additional objects reveals
that they lie just outside or on the edge of the colour selection
boxes adopted in these alternative studies. However, use of our
own 0.6-arcsec photometry would also lead us to locate several
of the objects selected by Oesch et al. and Bouwens et al. out-
side their adopted selection boxes, and in general the " 2 plots
shown in Appendix A do not suggest that our additional can-

didates are any less robust than those selected via strict colour
criteria.

In addition to providing a new, more complete list of candi-
dates, our analysis of course yields quantitative constraints on the
redshifts of all sources and information to allow the reader to prop-
erly assess the robustness of each individual high-redshift galaxy
candidate.
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Figure 1 | Two representations of the spectrumofUDFy-38135539 showing
its significance. a, The spectrum shows a faint emission line detected at 6s
significance at a wavelength of 11,615.6 Å, corresponding to a redshift of
z5 8.55496 0.0020 for Lya. The integrated spectrum was extracted from a
square aperture of 53 5 pixels, corresponding to 0.625993 0.62599, which is
approximately the size of the seeing disk. The measured line full-width at half-
maximum is 9.26 1.2 Å, which is about 1s greater than the instrumental
resolution. The line flux is (6.16 1.0)3 10218 erg cm22 s21, detected at 6s
significance. All of the line parameters (redshift, width, flux and significance)
were estimated with a Monte Carlo simulation assuming a Gaussian line and
randomly generated Gaussian noise similar to that estimated for the observed
spectrum. We note that the absolute flux calibration may have a significant
systematic uncertainty of up to 30–40%, but this does not affect the estimate of
the significance of the line detection. The night sky spectrum, scaled arbitrarily,
is shown in grey. Regions of particularly deviant values in the spectrum
correspond to strong night sky lines. The emission line from the source lies
fortuitously in a region relatively free of night sky contamination. We estimate
that the percentage of regions in the night sky with a background as low as that
near the detected line is approximately 50% for 1.15–1.35mm and is generally
lower over the rest of the SINFONI J passband. b, The sky-subtracted two-
dimensional spectrum shows the projection of the spectrum along the spectral
and right-ascension axes of the data cube. It corresponds to a two-dimensional
long-slit spectrum obtained with a slit width of 0.62599 positioned along right
ascension on the sky. The object is indicated by the white circle, the regions
affected by the night sky lines are labelled and the range in the expected position
of the source is marked.
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Figure 2 | Lya line image of UDFy-38135539. The line image was
constructed by summing the region containing the emission in the wavelength
direction. The inset shows the expected morphology of a point source with the
same signal-to-noise ratio in its centre as that of the source, and the circle shows
the size of the point spread function (PSF). The colour bar shows the
significance relative to the root mean squared noise in the data set. The image
has been smoothed using a Gaussian with the same width as the point spread
function. The size of the line image is consistent with the expected size of an
intrinsically unresolved sourcewhose image is smeared out by the turbulence in
the Earth’s atmosphere and distortions induced by the telescope and
instrument optics.
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Figure 3 | The predicted Lya flux for a given ultraviolet flux density. The
Lya flux, fLya, is predicted assuming a range of characteristics for the stellar
population within UDFy-38135539. The characteristics — age, metallicity and
distribution of stellar masses — determine the relationship between the non-
ionizing ultraviolet continuum at 1,500 Å (with flux density fn) and the ionizing
continuumwith l, 912 Å. We adopted a range of ages from 10 to 300Myr for
a metal-poor stellar population given by a Scalo initial mass function26. Our
other initial mass function is the one that only contains massive stars,
.100M[, which have zero metallicity18. For this top-heavy initial mass
function, we only considered ages of 10 and 100Myr because it is unrealistic for
metal-free star formation to persist after the first supernova explosions, which
are expected after a few to a few tens of megayears. For all the calculations, we
have assumed an escape fraction of ionizing photons of 10%. Estimates of the
escape fraction in the local Universe up to about z< 3.3 suggest modest
fractions of,10% or less27–29. The black circle represents the ultraviolet
continuum flux density and Lya flux of UDFy-38135539. The uncertainties in
this data are shown in the inset (the 1s random uncertainty and the systematic
uncertainty added in quadrature). The uncertainty in the Lya flux is dominated
by the systematic uncertainties, which are included in the error bars. Under our
assumptions, the Lya flux of UDFy-38135539 is greater than that expected if it
alone was responsible for ionizing its local volume. Because the recombination
time is long at z< 8.6,,600Myr, many of the sources responsible for ionizing
this region could have easily faded or may simply be of lower luminosity.
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Figure 1 | Two representations of the spectrumofUDFy-38135539 showing
its significance. a, The spectrum shows a faint emission line detected at 6s
significance at a wavelength of 11,615.6 Å, corresponding to a redshift of
z5 8.55496 0.0020 for Lya. The integrated spectrum was extracted from a
square aperture of 53 5 pixels, corresponding to 0.625993 0.62599, which is
approximately the size of the seeing disk. The measured line full-width at half-
maximum is 9.26 1.2 Å, which is about 1s greater than the instrumental
resolution. The line flux is (6.16 1.0)3 10218 erg cm22 s21, detected at 6s
significance. All of the line parameters (redshift, width, flux and significance)
were estimated with a Monte Carlo simulation assuming a Gaussian line and
randomly generated Gaussian noise similar to that estimated for the observed
spectrum. We note that the absolute flux calibration may have a significant
systematic uncertainty of up to 30–40%, but this does not affect the estimate of
the significance of the line detection. The night sky spectrum, scaled arbitrarily,
is shown in grey. Regions of particularly deviant values in the spectrum
correspond to strong night sky lines. The emission line from the source lies
fortuitously in a region relatively free of night sky contamination. We estimate
that the percentage of regions in the night sky with a background as low as that
near the detected line is approximately 50% for 1.15–1.35mm and is generally
lower over the rest of the SINFONI J passband. b, The sky-subtracted two-
dimensional spectrum shows the projection of the spectrum along the spectral
and right-ascension axes of the data cube. It corresponds to a two-dimensional
long-slit spectrum obtained with a slit width of 0.62599 positioned along right
ascension on the sky. The object is indicated by the white circle, the regions
affected by the night sky lines are labelled and the range in the expected position
of the source is marked.
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Figure 2 | Lya line image of UDFy-38135539. The line image was
constructed by summing the region containing the emission in the wavelength
direction. The inset shows the expected morphology of a point source with the
same signal-to-noise ratio in its centre as that of the source, and the circle shows
the size of the point spread function (PSF). The colour bar shows the
significance relative to the root mean squared noise in the data set. The image
has been smoothed using a Gaussian with the same width as the point spread
function. The size of the line image is consistent with the expected size of an
intrinsically unresolved sourcewhose image is smeared out by the turbulence in
the Earth’s atmosphere and distortions induced by the telescope and
instrument optics.
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Figure 3 | The predicted Lya flux for a given ultraviolet flux density. The
Lya flux, fLya, is predicted assuming a range of characteristics for the stellar
population within UDFy-38135539. The characteristics — age, metallicity and
distribution of stellar masses — determine the relationship between the non-
ionizing ultraviolet continuum at 1,500 Å (with flux density fn) and the ionizing
continuumwith l, 912 Å. We adopted a range of ages from 10 to 300Myr for
a metal-poor stellar population given by a Scalo initial mass function26. Our
other initial mass function is the one that only contains massive stars,
.100M[, which have zero metallicity18. For this top-heavy initial mass
function, we only considered ages of 10 and 100Myr because it is unrealistic for
metal-free star formation to persist after the first supernova explosions, which
are expected after a few to a few tens of megayears. For all the calculations, we
have assumed an escape fraction of ionizing photons of 10%. Estimates of the
escape fraction in the local Universe up to about z< 3.3 suggest modest
fractions of,10% or less27–29. The black circle represents the ultraviolet
continuum flux density and Lya flux of UDFy-38135539. The uncertainties in
this data are shown in the inset (the 1s random uncertainty and the systematic
uncertainty added in quadrature). The uncertainty in the Lya flux is dominated
by the systematic uncertainties, which are included in the error bars. Under our
assumptions, the Lya flux of UDFy-38135539 is greater than that expected if it
alone was responsible for ionizing its local volume. Because the recombination
time is long at z< 8.6,,600Myr, many of the sources responsible for ionizing
this region could have easily faded or may simply be of lower luminosity.
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Figure 1 | Two representations of the spectrumofUDFy-38135539 showing
its significance. a, The spectrum shows a faint emission line detected at 6s
significance at a wavelength of 11,615.6 Å, corresponding to a redshift of
z5 8.55496 0.0020 for Lya. The integrated spectrum was extracted from a
square aperture of 53 5 pixels, corresponding to 0.625993 0.62599, which is
approximately the size of the seeing disk. The measured line full-width at half-
maximum is 9.26 1.2 Å, which is about 1s greater than the instrumental
resolution. The line flux is (6.16 1.0)3 10218 erg cm22 s21, detected at 6s
significance. All of the line parameters (redshift, width, flux and significance)
were estimated with a Monte Carlo simulation assuming a Gaussian line and
randomly generated Gaussian noise similar to that estimated for the observed
spectrum. We note that the absolute flux calibration may have a significant
systematic uncertainty of up to 30–40%, but this does not affect the estimate of
the significance of the line detection. The night sky spectrum, scaled arbitrarily,
is shown in grey. Regions of particularly deviant values in the spectrum
correspond to strong night sky lines. The emission line from the source lies
fortuitously in a region relatively free of night sky contamination. We estimate
that the percentage of regions in the night sky with a background as low as that
near the detected line is approximately 50% for 1.15–1.35mm and is generally
lower over the rest of the SINFONI J passband. b, The sky-subtracted two-
dimensional spectrum shows the projection of the spectrum along the spectral
and right-ascension axes of the data cube. It corresponds to a two-dimensional
long-slit spectrum obtained with a slit width of 0.62599 positioned along right
ascension on the sky. The object is indicated by the white circle, the regions
affected by the night sky lines are labelled and the range in the expected position
of the source is marked.

3

PSF

2

1

0

–1

–2

–3
–3 –2 –1 0

Offset (#)

O
ffs

et
 (#

)

1

6

5

4

3

2

1

2 3

Figure 2 | Lya line image of UDFy-38135539. The line image was
constructed by summing the region containing the emission in the wavelength
direction. The inset shows the expected morphology of a point source with the
same signal-to-noise ratio in its centre as that of the source, and the circle shows
the size of the point spread function (PSF). The colour bar shows the
significance relative to the root mean squared noise in the data set. The image
has been smoothed using a Gaussian with the same width as the point spread
function. The size of the line image is consistent with the expected size of an
intrinsically unresolved sourcewhose image is smeared out by the turbulence in
the Earth’s atmosphere and distortions induced by the telescope and
instrument optics.
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Figure 3 | The predicted Lya flux for a given ultraviolet flux density. The
Lya flux, fLya, is predicted assuming a range of characteristics for the stellar
population within UDFy-38135539. The characteristics — age, metallicity and
distribution of stellar masses — determine the relationship between the non-
ionizing ultraviolet continuum at 1,500 Å (with flux density fn) and the ionizing
continuumwith l, 912 Å. We adopted a range of ages from 10 to 300Myr for
a metal-poor stellar population given by a Scalo initial mass function26. Our
other initial mass function is the one that only contains massive stars,
.100M[, which have zero metallicity18. For this top-heavy initial mass
function, we only considered ages of 10 and 100Myr because it is unrealistic for
metal-free star formation to persist after the first supernova explosions, which
are expected after a few to a few tens of megayears. For all the calculations, we
have assumed an escape fraction of ionizing photons of 10%. Estimates of the
escape fraction in the local Universe up to about z< 3.3 suggest modest
fractions of,10% or less27–29. The black circle represents the ultraviolet
continuum flux density and Lya flux of UDFy-38135539. The uncertainties in
this data are shown in the inset (the 1s random uncertainty and the systematic
uncertainty added in quadrature). The uncertainty in the Lya flux is dominated
by the systematic uncertainties, which are included in the error bars. Under our
assumptions, the Lya flux of UDFy-38135539 is greater than that expected if it
alone was responsible for ionizing its local volume. Because the recombination
time is long at z< 8.6,,600Myr, many of the sources responsible for ionizing
this region could have easily faded or may simply be of lower luminosity.
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PROPERTIES ASSUMING IT’S LYA
• Lya flux and DL imply a typical Lya luminosity (5.5+/-1.0+/-1.8 x 1042 

erg/s)

• Assuming ranges for stellar mass distribution, metallicity, & age

• mH => Lnu,1700A => SFR=2-4 suns/yr

• If Lya => surrounding IGM must be ionized beyond ~1 Mpc

• Assuming above SFR and ranges => much smaller ionized region 

• Between 0.1(fesc/0.1)1/3 & 0.5(fesc/0.1)1/3 Mpc

• Likely other nearby undiscovered sources helped ionize IGM
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Figure 1 | Two representations of the spectrumofUDFy-38135539 showing
its significance. a, The spectrum shows a faint emission line detected at 6s
significance at a wavelength of 11,615.6 Å, corresponding to a redshift of
z5 8.55496 0.0020 for Lya. The integrated spectrum was extracted from a
square aperture of 53 5 pixels, corresponding to 0.625993 0.62599, which is
approximately the size of the seeing disk. The measured line full-width at half-
maximum is 9.26 1.2 Å, which is about 1s greater than the instrumental
resolution. The line flux is (6.16 1.0)3 10218 erg cm22 s21, detected at 6s
significance. All of the line parameters (redshift, width, flux and significance)
were estimated with a Monte Carlo simulation assuming a Gaussian line and
randomly generated Gaussian noise similar to that estimated for the observed
spectrum. We note that the absolute flux calibration may have a significant
systematic uncertainty of up to 30–40%, but this does not affect the estimate of
the significance of the line detection. The night sky spectrum, scaled arbitrarily,
is shown in grey. Regions of particularly deviant values in the spectrum
correspond to strong night sky lines. The emission line from the source lies
fortuitously in a region relatively free of night sky contamination. We estimate
that the percentage of regions in the night sky with a background as low as that
near the detected line is approximately 50% for 1.15–1.35mm and is generally
lower over the rest of the SINFONI J passband. b, The sky-subtracted two-
dimensional spectrum shows the projection of the spectrum along the spectral
and right-ascension axes of the data cube. It corresponds to a two-dimensional
long-slit spectrum obtained with a slit width of 0.62599 positioned along right
ascension on the sky. The object is indicated by the white circle, the regions
affected by the night sky lines are labelled and the range in the expected position
of the source is marked.
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Figure 2 | Lya line image of UDFy-38135539. The line image was
constructed by summing the region containing the emission in the wavelength
direction. The inset shows the expected morphology of a point source with the
same signal-to-noise ratio in its centre as that of the source, and the circle shows
the size of the point spread function (PSF). The colour bar shows the
significance relative to the root mean squared noise in the data set. The image
has been smoothed using a Gaussian with the same width as the point spread
function. The size of the line image is consistent with the expected size of an
intrinsically unresolved sourcewhose image is smeared out by the turbulence in
the Earth’s atmosphere and distortions induced by the telescope and
instrument optics.
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Figure 3 | The predicted Lya flux for a given ultraviolet flux density. The
Lya flux, fLya, is predicted assuming a range of characteristics for the stellar
population within UDFy-38135539. The characteristics — age, metallicity and
distribution of stellar masses — determine the relationship between the non-
ionizing ultraviolet continuum at 1,500 Å (with flux density fn) and the ionizing
continuumwith l, 912 Å. We adopted a range of ages from 10 to 300Myr for
a metal-poor stellar population given by a Scalo initial mass function26. Our
other initial mass function is the one that only contains massive stars,
.100M[, which have zero metallicity18. For this top-heavy initial mass
function, we only considered ages of 10 and 100Myr because it is unrealistic for
metal-free star formation to persist after the first supernova explosions, which
are expected after a few to a few tens of megayears. For all the calculations, we
have assumed an escape fraction of ionizing photons of 10%. Estimates of the
escape fraction in the local Universe up to about z< 3.3 suggest modest
fractions of,10% or less27–29. The black circle represents the ultraviolet
continuum flux density and Lya flux of UDFy-38135539. The uncertainties in
this data are shown in the inset (the 1s random uncertainty and the systematic
uncertainty added in quadrature). The uncertainty in the Lya flux is dominated
by the systematic uncertainties, which are included in the error bars. Under our
assumptions, the Lya flux of UDFy-38135539 is greater than that expected if it
alone was responsible for ionizing its local volume. Because the recombination
time is long at z< 8.6,,600Myr, many of the sources responsible for ionizing
this region could have easily faded or may simply be of lower luminosity.
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• Predicted Lya flux for a given UV 
flux density

• Stellar pop characteristics 
determine relationship between 
non-ionizing UV continuum 
(1500A) & ionizing continuum

• fesc estimates up to about z < 3.3 
suggest 10% or less

• Has Lya flux > expected if alone 
is responsible for its local volume

PROPERTIES ASSUMING IT’S LYA
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ALTERNATIVES

•Night-sky residuals

•Detector noise

• Another astrophysical line at lower z
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NIGHT-SKY RESIDUALS
• Dithering + mechanical instabilities 

of instrument => wl shifts 
(fractions of a pixel, 1.875A/pixel) 
=> sky line residuals

• Line in region relatively free of 
contamination (~50% of regions in 
night sky between 1.15-1.35um 
have background that low)

• Line is not near edges of slitlets of 
slicer where residuals are worse

• Line position is consistent with 
expected source position (within 
0.4’’)
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Figure 1 | Two representations of the spectrumofUDFy-38135539 showing
its significance. a, The spectrum shows a faint emission line detected at 6s
significance at a wavelength of 11,615.6 Å, corresponding to a redshift of
z5 8.55496 0.0020 for Lya. The integrated spectrum was extracted from a
square aperture of 53 5 pixels, corresponding to 0.625993 0.62599, which is
approximately the size of the seeing disk. The measured line full-width at half-
maximum is 9.26 1.2 Å, which is about 1s greater than the instrumental
resolution. The line flux is (6.16 1.0)3 10218 erg cm22 s21, detected at 6s
significance. All of the line parameters (redshift, width, flux and significance)
were estimated with a Monte Carlo simulation assuming a Gaussian line and
randomly generated Gaussian noise similar to that estimated for the observed
spectrum. We note that the absolute flux calibration may have a significant
systematic uncertainty of up to 30–40%, but this does not affect the estimate of
the significance of the line detection. The night sky spectrum, scaled arbitrarily,
is shown in grey. Regions of particularly deviant values in the spectrum
correspond to strong night sky lines. The emission line from the source lies
fortuitously in a region relatively free of night sky contamination. We estimate
that the percentage of regions in the night sky with a background as low as that
near the detected line is approximately 50% for 1.15–1.35mm and is generally
lower over the rest of the SINFONI J passband. b, The sky-subtracted two-
dimensional spectrum shows the projection of the spectrum along the spectral
and right-ascension axes of the data cube. It corresponds to a two-dimensional
long-slit spectrum obtained with a slit width of 0.62599 positioned along right
ascension on the sky. The object is indicated by the white circle, the regions
affected by the night sky lines are labelled and the range in the expected position
of the source is marked.
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Figure 2 | Lya line image of UDFy-38135539. The line image was
constructed by summing the region containing the emission in the wavelength
direction. The inset shows the expected morphology of a point source with the
same signal-to-noise ratio in its centre as that of the source, and the circle shows
the size of the point spread function (PSF). The colour bar shows the
significance relative to the root mean squared noise in the data set. The image
has been smoothed using a Gaussian with the same width as the point spread
function. The size of the line image is consistent with the expected size of an
intrinsically unresolved sourcewhose image is smeared out by the turbulence in
the Earth’s atmosphere and distortions induced by the telescope and
instrument optics.
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Figure 3 | The predicted Lya flux for a given ultraviolet flux density. The
Lya flux, fLya, is predicted assuming a range of characteristics for the stellar
population within UDFy-38135539. The characteristics — age, metallicity and
distribution of stellar masses — determine the relationship between the non-
ionizing ultraviolet continuum at 1,500 Å (with flux density fn) and the ionizing
continuumwith l, 912 Å. We adopted a range of ages from 10 to 300Myr for
a metal-poor stellar population given by a Scalo initial mass function26. Our
other initial mass function is the one that only contains massive stars,
.100M[, which have zero metallicity18. For this top-heavy initial mass
function, we only considered ages of 10 and 100Myr because it is unrealistic for
metal-free star formation to persist after the first supernova explosions, which
are expected after a few to a few tens of megayears. For all the calculations, we
have assumed an escape fraction of ionizing photons of 10%. Estimates of the
escape fraction in the local Universe up to about z< 3.3 suggest modest
fractions of,10% or less27–29. The black circle represents the ultraviolet
continuum flux density and Lya flux of UDFy-38135539. The uncertainties in
this data are shown in the inset (the 1s random uncertainty and the systematic
uncertainty added in quadrature). The uncertainty in the Lya flux is dominated
by the systematic uncertainties, which are included in the error bars. Under our
assumptions, the Lya flux of UDFy-38135539 is greater than that expected if it
alone was responsible for ionizing its local volume. Because the recombination
time is long at z< 8.6,,600Myr, many of the sources responsible for ionizing
this region could have easily faded or may simply be of lower luminosity.
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DETECTOR NOISE
• Randomly choose spatial region of 5 x 5 pixels 

(~1 seeing disk)

• Only in the regions where sky line residuals are 
comparable to Lya line

• Randomly choose a wl and fit gaussian profile to 
each of 25 spectra

• In 301/25,000 (1.2%) of cases, 1 or more of 25 
spectra had a fit comparable to the detected 
feature

• Max of 11/25

• Feature had 25/25

• Probability of generating feature from noise is < 
1/25,000 (confidence level of > 99.99%)

SUPPLEMENTARY INFORMATION

4  |  W W W. N A T U R E . C O M / N A T U R E

RESEARCH

SUPPLEMENTARY INFORMATION
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RESEARCH
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• Non-Gaussian noise originating from individual frames

• 2 cubes of 1/2 of frames

• For Gaussian expect SNR=6/sqrt(2)=4.6

• They get 4.3 & 3.5

• Consistent given that estimates only accurate to ~25%

• Constructed individual line images of all 89 frames (sum over 30A)

• Combined the 20 that could be contaminated (had non-gaussian 
noise near source)

• Found strong, narrow spike at nearby sky line consistent with full 
data set

DETECTOR NOISE
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OTHER LINES
• Lower z unlikely given Y-J>1.4, B,V,i>30AB & z>29AB (2sig)

• Ha at 6563A (z=0.77)

• [OIII] at 5007A (z=1.32)

• [OII] emission doublet at 3,726A & 3,729A (z=2.12)

Galaxies at z = 6–9 from WFC3/IR imaging 983

Figure A1 – continued

This paper has been typeset from a TEX/LATEX file prepared by the author.

C! 2010 The Authors. Journal compilation C! 2010 RAS, MNRAS 403, 960–983
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[OII] DOUBLET

W W W. N A T U R E . C O M / N A T U R E  |  7

SUPPLEMENTARY INFORMATION RESEARCH

• Subtract off best fit profile (blue)

• Add artificial doublet 

• Delta functions convolved with 
Gaussian with width of spectral 
resolution (7.3A at 1.16um)

• Line ratio of R3726/3729=1

• Monte Carlo sim 10^6 artificial data 
sets with same noise characteristics

• In 99% see resolved doublet

• In 100% width is significantly larger 
than detected line (avg 15+/-1.2A)

• Rule out [OII] at z=2.12 at > 99.9% 
or 3 sigma because wider line measured line width 9.2+/-1.2A
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SUMMARY
• The authors are fully convinced it is Lya

• Only ~ 6 sigma

• Only slightly wider (9.2+/-1.2 A) than spectral resolution (7.3 A)

• Probably astrophysical but not convinced it’s not another line

• Various assumptions to exclude other lines

• e.g. R3726/3729=1

• Needed analysis: e.g., if [OII] look for other lines in the spectrum

• If subtract measured line flux: J=28.41±0.24 to Jcorr=29.7±0.3 => Y-J 
>1.0±0.3 (1σ) => lower z is possible

• But 30-40% uncertainties in absolute flux measurement
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OTHER SPECTRA

• Vanzella 2010

• 20 sigma

• Asymmetry: exhibit sharp decline on blue side and tail 
on red side

2 Vanzella et al.

2. TARGET SELECTION AND SPECTROSCOPIC
OBSERVATIONS

The targets were selected according to the criteria de-
scribed extensively in C10b: besides the three z–band
dropout candidates listed in Table 3 of that paper, other
slits were filled with less secure z = 7 candidates as well
as i–band dropouts.
Observations were taken in service mode with the

FORS2 spectrograph on the ESO Very Large Telescope,
during July-August 2010. We used the 600Z holographic
grating, that provides the highest sensitivity in the range
8000! 10000Å with a spectral resolution R " 1390 and
a sampling of 1.6Å per pixel for a 1!! slit. The data pre-
sented here come from the co-addition of 86 spectra of
665 seconds of integration each, on a single mask, for
a total of 57120 s (15.9 hr), with median seeing around
0.8!!. The two sources have been observed through slitlets
1!! wide by 12!! long. Series of spectra were taken at two
di!erent positions, o!set by 4” (16 pixels) in the direc-
tion perpendicular to the dispersion.
Standard flat-fielding, bias subtraction and wavelength

calibration have been applied as in Vanzella et al. (2009)
and F10. The sky background has been subtracted be-
tween consecutive exposures, exploiting the fact that the
target spectrum is o!set due to dithering. Before com-
bining frames, particular care has been devoted to the
possible o!set along the wavelength direction, by mea-
suring the centroids of the sky lines in the wavelength
interval 9400-9900Å. We have also carried out the sky
subtraction by fitting a polynomial function to the back-
ground. The two approaches provide consistent results.
Finally, spectra were flux-calibrated using the obser-

vations of spectrophotometric standards. Slit losses are
small, given the extremely compact size of the targets
and have been neglected in the subsequent discussion.

3. RESULTS

3.1. Redshift determination

We detect a prominent emission line in the spectra of
two galaxies, candidates BDF ! 521 and BDF ! 3299
(C10b), at wavelengths of 9735Å and 9858Å respectively.
In Figures 1 and 2 we present the sky-subtracted ex-
tracted 1-dimensional spectra and 2-dimensional spectra
for both objects. No other lines are detected in the rest
of the spectra and no continuum is detected for either
object.
The total line fluxes are 1.2#10"17ergs"1cm"2 and

1.0#10"17ergs1"cm"2 respectively. Both emission lines
show a clear asymmetric profile with a sharp decline on
the blue side and a prominent tail on the red side. This
asymmetric line profile, which we attribute to absorption
by neutral hydrogen, is the best and in many cases unique
diagnostic of high-z Ly! emission. Indeed most LAEs
and LBGs at high redshift are too faint to detect the
break in the continuum caused by IGM attenuation, with
the exception of few very bright objects (Kodaira et al.
2003).
We have also investigated the possibility that the lines

are instead due to other features, such as H!, H",
[O iii]#5007 or the doublet [O ii]##3726 ! 3729 in the
spectra of lower redshift objects. If the detected emis-
sion lines were H" or [O iii]#5007 at lower redshift (z$1.0
and $0.95), then both emission lines should be seen in

Fig. 1.— 1-dimensional spectra of candidates BDF–521 and
BDF–3299. On the left panels spectra are shown with super-
imposed the z–band and Y–band filters. In the bottom the 1-
dimensional (flux calibrated) spectrum of the sky is shown (the
position of the Ly! lines are marked with triangles). On the right
side the zoomed Ly! lines are shown with the position of the peak
marked with a vertical dotted line. The two lines are significant
at around 20 sigma level. In all panels units in the Y-axis are
10!18 erg s!1 cm!2Å!1. The red dashed lines superimposed to
the zoomed Ly! (on the right) show the spectrum of the sky in
arbitrary units.

the observed wavelength range. Actually the other com-
ponent of the [O iii] doublet (at #4959) should also be
observed, although with lower S/N. No other lines are
detected in the spectra. We also checked that the posi-
tions of the expected lines were not coincident with any
bright skylines.
In case of H! emission from z$ 0.50 galaxies, the rest-

frame EW of the line would be exceeding 210Å, a value
that is very rarely observed in large samples of star form-
ing galaxies at low redshift (Salzer et al. 2005). Fur-
thermore, we note that these objects would have a rel-
atively bright continuum also at wavelengths below 1µ,
and should therefore be observed in the deep R, I, z–
bands, where instead we set very stringent upper limit
for non-detection (AB = 28!29 depending on the band,
see Table 1 of C10b).
Finally, in the case of [O ii] emitters, the resolution of

our spectra (R=1390) would be enough to distinguish
the two components of the doublet, which at z = 1.6 are
separated by 8Å. Indeed we searched for examples in our
masks, and we do detect the [O ii] doublet in two galaxies
at z$1.6, one at z$1.5 and two at z%1.3. In particular
the two [O ii] at z$1.6 fall in the same wavelength re-
gion as the lines discussed here and have a lower flux
compared to our candidates. In all cases we can clearly
distinguish the two components: three examples at red-
shift 1.3, 1.5 and 1.6 are shown in the inset of Figure 2
(top right).
Since the correct identification of the line is a critical

issue when no other spectral features are present, the
asymmetry can also be used to distinguish high-z Ly!
emission from foreground [O ii], [O iii], or H! emitters
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Fig. 2.— Spectrum of the candidate G2 1408, showing a tenta-
tive emission line at 9691.5Å. The two upper panels show the 2–D
spectrum of the sky emission and of the sky-subtracted object, as
indicated. The x-axis is in wavelength, in the same range of the
three spectra below. The 2-D spectrum of the galaxy has been
divided by the r.m.s. to remove obvious spikes due to bright sky
lines, and slightly filtered with an adaptive mesh. The three 1-D
spectra in the lower part show the extracted spectrum (over 4 pix-
els) with the two different techniques for sky subtraction, and the
sky emission at the same wavelengths (see legend). In these panels
the spectra have not been divided by the r.m.s., nor filtered.

ent cases, assuming continuum magnitudes of m =
25.5, 26.5, 27.5, to span the luminosity range of our tar-
gets. For the computation we assume that the flux profile
is a Gaussian with FWHM= 10Å. The resulting limiting
EW is shown in the upper panel of Fig.1, computed at the
10σ level. We could detect weak (EW � 5Å) Lyα lines
in our brightest galaxies, and even for the faintest ones
we are able to reach EW � 50Å over a significant frac-
tion of the redshift interval. This range of sensitivity is
similar to that of z � 5−6 surveys (S07, V09, D10, S10).

2.2. Results

We detect only one weak emission line, centered at
9691.5 ± 0.5Å in the spectrum of the object G2 1408.
This galaxy is the brightest candidate identified in the
Hubble Ultradeep Field (HUDF) area, and one of the
brightest in C10. It was first detected by Bouwens
et al. (2004) in the NICMOS HUDF data, and subse-
quently identified also by C10 and in the HUDF WFC3
data (Bouwens et al. 2010a; Oesch et al. 2010; McLure
et al. 2010; Bunker et al. 2009). From the clear elon-
gation observed in the WFC3 images, one can exclude
the possibility that it is a brown dwarf. The 2-D and
1-D spectra of G2 1408 are shown in Fig.2 The spec-
tral feature is extended over 4 pixels in the spatial di-
rection, consistent with the average seeing. The FWHM
is � 10Å, significantly larger than any feature due to
noise. The weak emission line has a total observed flux
of 3.4×10−18erg cm−2s−1. The formal S/N is 7, but this
estimate does not include systematic errors, and should
be considered as an upper limit. We made extensive tests
to verify the reliability of this detection. We verified that

the feature is present both in the Polyn and in the ABBA
reductions, as shown in Fig.2. We then inspected all the
75 individual spectra to ensure that the feature is not
due to an artifact, and that it is still detected when we
separately summed the data in two halves. Because of
the large color break (z − Y > 2.1) measured in the
HUDF data and the non–detection in the BV I bands,
an identification of this line with a lower redshift [OII]
or Hα would imply a very peculiar SED, unlike that of
currently known galaxies. This cannot be excluded a
priori.
We note that there is no evidence of the asymmetry

that is expected (but not required, see discussion below)
for a z � 7 galaxy, although the S/N is too poor to reach
any firm conclusion about this.
Based on these tests, we conclude that the feature is

likely real and due to Lyα emission from a z = 6.972
galaxy (z = 6.970 if computed at the blue edge of the
line), although this should be validated by independent
and possibly deeper observations. No continuum is de-
tected in the spectrum: if we estimate it from the Hawk–I
Y-band magnitude (Table 1), the line flux translates into
an observed EW of 103Å, corresponding to 13Å if placed
at z = 6.972.
We do not identify any other emission lines from ob-

jects in our sample. We only detect a faint continuum
from two objects, namely G2 2370 (the brightest in our
sample) and the brown dwarf candidate of Mannucci
et al. (2007). In both cases, the continuum is consis-
tent with the broad–band magnitudes but the low S/N
prevents us from deriving any robust information about
their spectral type or redshift.

3. THE EXPECTED NUMBER OF Lyα DETECTIONS

The key result of our observations is the lack of promi-
nent Lyα emission lines in our sample, which may im-
ply a rapid evolution in the physical properties of z > 6
galaxies and/or in the surrounding IGM. To quantify this
issue, we have carried out the following Monte Carlo sim-
ulations under the assumptions that a) all our 7 candi-
dates are indeed z � 7 galaxies; and b) the distribution
of the Lyα intensity in galaxies as a function of their
rest–frame continuum magnitude MUV does not change
significantly from z = 4− 6 to z = 7.
For the redshift distribution expected for our sample

we use the result by C10 (see their Fig 7), which has
a broad maximum from z = 6.4 to z = 7.1 and tails
that extend to z = 6 and z = 7.5. The distribution of
the Lyα intensity in galaxies at z = 3 − 6 has been in-
vestigated in a number of studies (S07, V09, S10, D10),
showing that the intensity of Lyα is anti–correlated with
rest–frame UV luminosity. No measure of the depen-
dence of the EW distribution as a function of MUV has
been obtained, however. We model the EW distribution
assuming that at EW> 0 it is represented by a Gaus-
sian centered on EW=0 with an additional constant tail
up to 150Å, and at EW< 0 by a constant level down to
some EWmin value, and null below. We take the width
of the Gaussian and the two tails to reproduce the re-
sults of V09 and S10 at different rest–frame magnitudes.
Specifically, we derive from the bright galaxies in V09 a
standard deviation for the Gaussian of 10Å, and assume
that it is constant at all magnitudes. We then divide
our sample in two luminosity bins (−20.5 < MUV and

• Fontana 2010

• < 7 sigma
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