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UV Luminosity Function at z~7
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 by a factor of 5
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Bouwens et al. (2014)

Constraints from Blank Field Surveys

more than 800 galaxies at z >7 
from all HST legacy fields 

better constraints on the overall 
shape of the luminosity function. redshift evolution of the 

UV LF faint-end slope 

see Rychard’s talk
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Cosmic Telescopes
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Slide courtesy J. LotzThe Hubble Frontier Fields
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Lensing Model
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3. The Core of MACSJ0416
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Magnification to the 2% level : 
!
µ  = 6.75 ± 0.12 

pre-HFF 
pre-HFF 

HFF

Magnification map (mags)

More SL constraints for the whole core : 
!
- correction of pre-HFF model 
- more reliable estimation of the 
magnification 
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Dropout candidates at z>6

High-z Candidate selection
Lyman Break Selection

Photometric Redshifts

Fitting galaxy SED templates with stellar 
population models
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Image Plane

~5 arcmin2

Critical Line at z~7

Completeness Simulations in the Source Plane

Source Plane

0.6 arcmin2
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Fig. 3.— Postage stamps of the z ∼ 6− 7 candidates in the ACS
F435W,F606W,F814W , WFC3 F105W,F125W,F140W , F160W
and IRAC 3.6 µm, 4.5 µm bands. The size of each cutout is about
5′′and the white circle denotes the source position. Sources show
a strong I814 − J105 and remain undetected at a 2− σ level in the
B435 and V606 bands.
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Fig. 4.— same as Fig. 3 for a z ∼ 8 candidate. The source has
a strong J105 − J125 break with no detection at a 2 − σ level in
the B435, V606, and I814 bands. It is detected in all WFC3 filters
redward the break with at a minimum of 5− σ significance.

2004) as well as the robustness of our lens modeling pro-
cedure.

4. THE UV LUMINOSITY FUNCTION AT Z = 7− 8

We now turn to estimating the rest-frame UV luminos-
ity function (LF) at redshift z ∼ 6 − 7 and 8 using the
two galaxy samples assembled above. We first determine
the absolute magnitude of each source in the J125 band
at a mean redshift of z ∼ 6 − 7 and in the H140 filter
at z ∼ 8. The observed values need to be corrected for
the gravitational lensing magnification. While amplify-
ing the intrinsic flux of a given source, strong lensing also
distorts and stretches the source plane volume where it
lies. The resultant drawback is that therefore a higher-
magnification region will necessarily probe a smaller co-
moving volume. Therefore, we need to account for these
two effects in our LF estimates. The LF is given by

φ(M)dM =
Ni

Veff (Mi)
(3)

where Ni is the number of galaxies in the ith bin and
Veff is the associated effective survey volume. Our ef-
fective volume is also determined by the shape of the
redshift selection function, which is computed by simu-
lating our selection procedure with artificial source galax-
ies. We generated starburst templates from Kinney et al.
(1996) library, which were shifted to the desired redshifts,
then we applied attenuation of AV = 0−1, and calculated
synthetic fluxes using filter throughputs before applying
our selection criteria 1 and 2. Finally, we incorporate in-
completeness correction in the selection function by per-
forming our selection procedure on simulated galaxies.
This is done by creating artificial galaxies using ARTDATA
package in IRAF, exploring the parameter space of ob-
served magnitudes, colors and position in the image. We
assume a gaussian profile for the galaxy shape and add
the simulated galaxies to the actual optical and IR im-
ages. We then apply our source extraction and color-
color selection on the new images. Given our stringent
selection criteria, the incompleteness function is domi-
nated by the contamination of the photometry by bright
sources in the crowded field.
The effective survey volume for each magnitude bin is

calculated according to the following equation

Veff =

∫ ∞

0

∫
Ω>Ωmin

dVcom

dz
f(z,m, µ) dΩ(µ, z) dz (4)

where Ωmin is the source plane area with a minimum
magnification µmin required to detect a galaxy with an
apparent magnitude m. f(z,m, µ) is the completeness
function including the redshift selection function, and
dΩ(µ) is the area element in the source plane as a func-
tion of the magnification factor.
The results are shown in Fig. 5 where our luminosity

distribution is compared with previous results at z ∼ 6
to 8. At redshifts z = 6 − 7 we use three bins in mag-
nitude (-18.5,-19.5,-20.5), whereas we only have one can-
didate at z ∼ 8. Overall, our derived LF is in good
agreement with blank field results from the Hubble Ultra
Deep Field (HUDF, Bouwens et al. 2006) and HUDF12
(Schenker et al. 2012). The uncertainties on the LF de-
termination are dominated by poisson errors due to the

Luminosity distribution of the sources:

- Completeness is a function of magnification  
e.g., source area reduction, sky position ...

The UV Luminosity Function at z>6

and lensing distortion
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Fig. 3.— Postage stamps of the z ∼ 6− 7 candidates in the ACS
F435W,F606W,F814W , WFC3 F105W,F125W,F140W , F160W
and IRAC 3.6 µm, 4.5 µm bands. The size of each cutout is about
5′′and the white circle denotes the source position. Sources show
a strong I814 − J105 and remain undetected at a 2− σ level in the
B435 and V606 bands.
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Fig. 4.— same as Fig. 3 for a z ∼ 8 candidate. The source has
a strong J105 − J125 break with no detection at a 2 − σ level in
the B435, V606, and I814 bands. It is detected in all WFC3 filters
redward the break with at a minimum of 5− σ significance.

2004) as well as the robustness of our lens modeling pro-
cedure.

4. THE UV LUMINOSITY FUNCTION AT Z = 7− 8

We now turn to estimating the rest-frame UV luminos-
ity function (LF) at redshift z ∼ 6 − 7 and 8 using the
two galaxy samples assembled above. We first determine
the absolute magnitude of each source in the J125 band
at a mean redshift of z ∼ 6 − 7 and in the H140 filter
at z ∼ 8. The observed values need to be corrected for
the gravitational lensing magnification. While amplify-
ing the intrinsic flux of a given source, strong lensing also
distorts and stretches the source plane volume where it
lies. The resultant drawback is that therefore a higher-
magnification region will necessarily probe a smaller co-
moving volume. Therefore, we need to account for these
two effects in our LF estimates. The LF is given by

φ(M)dM =
Ni

Veff (Mi)
(3)

where Ni is the number of galaxies in the ith bin and
Veff is the associated effective survey volume. Our ef-
fective volume is also determined by the shape of the
redshift selection function, which is computed by simu-
lating our selection procedure with artificial source galax-
ies. We generated starburst templates from Kinney et al.
(1996) library, which were shifted to the desired redshifts,
then we applied attenuation of AV = 0−1, and calculated
synthetic fluxes using filter throughputs before applying
our selection criteria 1 and 2. Finally, we incorporate in-
completeness correction in the selection function by per-
forming our selection procedure on simulated galaxies.
This is done by creating artificial galaxies using ARTDATA
package in IRAF, exploring the parameter space of ob-
served magnitudes, colors and position in the image. We
assume a gaussian profile for the galaxy shape and add
the simulated galaxies to the actual optical and IR im-
ages. We then apply our source extraction and color-
color selection on the new images. Given our stringent
selection criteria, the incompleteness function is domi-
nated by the contamination of the photometry by bright
sources in the crowded field.
The effective survey volume for each magnitude bin is

calculated according to the following equation

Veff =

∫ ∞

0

∫
Ω>Ωmin

dVcom

dz
f(z,m, µ) dΩ(µ, z) dz (4)

where Ωmin is the source plane area with a minimum
magnification µmin required to detect a galaxy with an
apparent magnitude m. f(z,m, µ) is the completeness
function including the redshift selection function, and
dΩ(µ) is the area element in the source plane as a func-
tion of the magnification factor.
The results are shown in Fig. 5 where our luminosity

distribution is compared with previous results at z ∼ 6
to 8. At redshifts z = 6 − 7 we use three bins in mag-
nitude (-18.5,-19.5,-20.5), whereas we only have one can-
didate at z ∼ 8. Overall, our derived LF is in good
agreement with blank field results from the Hubble Ultra
Deep Field (HUDF, Bouwens et al. 2006) and HUDF12
(Schenker et al. 2012). The uncertainties on the LF de-
termination are dominated by poisson errors due to the

Effective survey volume
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The Best Constraints on the UV LF at z~7

Atek et al. 2015b, arXiv:1509.06764
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The Faint-end of the UV LF at z>6
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- Evolution of the UV luminosity density: 
depends on faint-end slope + integration limit

- Ionizing emissivity from galaxies : 
depends on fesc, clumping factor, ionizing conversion factor

UV Luminosity density and Reionization
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Evolution of the SFR Density at z>8 

see also Zheng et al (2012), McLure et al. (2013), Coe et al. (2013), Bouwens et al. 
(2015), Ishigaki et al. (2015)

Oesch et al. (2015)
see Pascal’s talk
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Too Many to Fail ?
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Kimm & Cen (2014)
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JWST Imaging:  Wide wavelength coverage and very reliable photometry
requirement for accurate photometric redshifts and SED fitting to access the 
formation of early galaxies z>20 
- Crucial for the Stellar mass estimate 

HST/WFC3 & ACS reaching AB=30 mag (5-σ ) between 0.2–1.7 µm   

JWST/NIRCam imaging to AB=31.5 mag at 1–5 µm

Oesch et al. (2014)

JWST 0.03–0.2” FWHM

JWST Imaging
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If we want to target other clusters, there will be a coordinated effort with 
HST to obtain optical imaging in order to calibrate these cosmic lenses  

Now what ?

The JWST Ultra Deep Field Imaging Survey will reach 31-31.5 AB in the UDF

But Lensing is already achieving similar depths 

Need to combine JWST with Gravitational lensing

• Probe the faintest galaxy population at the epoch of reionization
• Detailed study of the first generation of galaxies

Multiple Spectroscopic solutions in the IR, an important shift from HST (and a much 
better spitzer)  
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Summary
• Gravitational lensing helps reach the faintest galaxies likely 

responsible for cosmic reionization 

• Now the galaxy UV LF extends down to Muv ~-15 at z~7. This is 
about 2 mag deeper than the deepest observations in blank 
fields 

• The faint-end slope remains steep (alpha =-2.04) down to very 
faint luminosities of 0.005L*. JWST will be able to probe down to 
0.001L*  

• The integrated UV luminosity density is sufficient to maintain 
reionization (with standard assumptions) 

• Any progress in this direction with JWST will need the use of 
Gravitational lensing. 

Credit: M. Alvarez et al.
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