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Luminosity Function Steeper at Early Times

Faint-End 
Slope

Bouwens+2014



UV LF follows a clear power law at the faint end, but 
shows an apparent cut-off at the bright end

Bouwens+2011



UV LF follows a clear power law at the faint end, but 
shows an apparent cut-off at the bright end

Bouwens+2014

z~7



Bright End cut off (M*) does not evolve rapidly
(but becomes fainter at high redshift?)

Bouwens+2014
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Schematically how does the LF evolve?
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What does the Frontier Fields 
parallel program add?
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Incorporating Observations First Two 
Frontier Field Parallels
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Update z~9 and z~10

Situation better at z=9 and z=10!



Important to have good constraints on volume 
density of luminous galaxies 

Particularly at z=9 and z=10! 



CANDELS Observations completed August 2013 

Same fields covered with WFC3 Grism in AGHAST & 3D-HST 
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To obtain the best constraints, we fold in the 
widest area data that are available...
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Question: Can We Use Full CANDELS program? 
(as all do not have contiguous wavelength coverage with HST):

Redshift

P(z)

End-to-End Simulations Show Accurate Redshift 
Discrimination is Possible
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Question: Can We Use Full CANDELS program? 
(as all do not have contiguous wavelength coverage with HST):



Also want good constraints on bright galaxies 
at z=9 and z=10! 
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To obtain the best constraints, we fold in the 
widest area data that are available...

5 CANDELS fields

+ deeper Spitzer/IRAC 
S-CANDELS
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from full CANDELS + S-CANDELS

6 bright z=9-10 from Oesch+2014 
➞ 16 z=9-10 candidates
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Add z=9 and z=10 bright galaxies
from full CANDELS + S-CANDELS

Preliminary
6 bright z=9-10 from Oesch+2014 

➞ 16 z=9-10 candidates



Follow-up of bright z=9-10 candidates over CANDELS WIDE
fields



More bright z~9-10 candidates using ambitious pure-parallel 
program BoRG[z910]



HUDF 
+ parallels

McLure
+2013

CANDELS
South 

CANDELS
North 

CANDELS
UDS 

CANDELS
COSMOS 

CANDELS
EGS 

Bouwens+2007

McLure+2013

Oesch+2014

McLure
+2013

BORG 

z = 4

z = 5

z = 6

z = 7

z = 8

z = 9

Future z~4, 5, 6, 7, 8, 9, 10 LF Results?

z = 10

Hubble 
FF parallels

Future paper...



Summary / Conclusions
Current HST data allow us to select large numbers of galaxies at z~4-10 

(>10000) and draw the following two conclusions about the evolution of the 
UV LF:

The faint-end slope flattens significantly from -2.1 to -1.6 
(z=8 to z=4). 

The bright-end cut-off M* remains fixed at ~-21 (z=4-6) 
and starts becoming fainter at z>6

To maximize value of FF program, remember improvements coming at 
bright end from the analysis and follow-up of z=9-10 candidates over the 

full CANDELS program.    This comes from an approved cycle-22 
program (PI: Bouwens) and the BoRG[z910] (PI: Trenti).

How does the new FF program improve the situation?

Formally only modest improvements expected for z=4-8 
galaxies from the parallels...

But useful gains at z=9-10, given the small number of 
sources in current samples



Large Areas Required to Overcome Large Field-to-Field 
Variance Observed at High Redshift

Bouwens+2014

Estimated field-to-
field variance for 
z~4-8 samples.

Field-to-field 
variance is 
substantial,  

especially at high 
redshifts and at 
the bright end of 

the LF.


