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Previous z~9-10 Searches

HUDF12 (PI Ellis) 

Six z~9 candidates found 
(McLure+13) 

Constraints on the faint end 
of the LF at z=9



Previous z~9-10 Searches

CANDELS GOODS-North: 
Bright z~10 candidates 
(Oesch+14,15; Bouwens
+15) 

Steep decline in the 
luminosity density at z>8 

CLASH: Three z=9-10 
candidates found 
(Bouwens+14)

hubblesite.org

http://hubblesite.org


Previous Studies at z~9

Oesch + (2014) 



Hubble Frontier Fields

Six lensing clusters with six 
blank parallel fields 
!
Deep imaging of area ~4.5 
square arcminutes in seven 
filters 
!
Benefit of magnification due 
to gravitational lensing 
!
Parallel fields provide 
significant extra cosmic 
area to search 
!



Hubble Frontier Fields

First two data releases 
Abell2744 and MACS0416 
and their parallels 
!
Discovery of twelve z>8.4 
galaxies in these four fields 
(McLeod+15) 
!
Further constraints on LF at 
z=9 and evidence for 
smooth decline in luminosity 
density at z>8

spacetelescope.org

http://spacetelescope.org


Previous z~9-10 Searches

CANDELS GOODS-North: 
Bright z~10 candidates 
(Oesch+14,15; Bouwens
+15) 

GN-z11 (Oesch+16) 



Hubble Frontier Fields

A new search for z=9-10 
galaxies in the first four HFF 
data releases 
!
Supplemented with a search 
in twenty CLASH fields 
!
Total raw search area of 
~130 sq. arcmin. 
!

hubblesite.org

http://hubblesite.org


z~9-10 Galaxies



z~9 galaxies in MACS0416: see McLeod et al. (2015)

z~9-10 Galaxies



z~9-10 Galaxies



Results

~30 galaxies found at z>8.4 within a raw search 
area of around 130 sq. arcmin. 

Includes five galaxies with photo z~10 

Able to place constraints on the LF and luminosity 
density at z=9-10



Luminosity Function
~30 galaxies found at 
z>8.4 within a raw search 
area of around 130 sq. 
arcmin. 

Includes five galaxies at 
z~10 

Able to place constraints 
on the LF and luminosity 
density at z=9-10



Luminosity Function
~30 galaxies found at 
z>8.4 within a raw search 
area of around 130 sq. 
arcmin. 

Includes five galaxies at 
z~10 

Able to place constraints 
on the LF and luminosity 
density at z=9-10



Luminosity Density
Shallower drop in luminosity 
density than previous 
studies!
!
blue filled circle:!
Oesch + (2014)!
!
blue open circle:!
Ellis + (2013)!
!
blue filled triangle:!
Ishigaki + (2015)!
!
blue open triangle:!
McLure + (2013)



Luminosity Density

Comparison with theoretical 
models:!
!
Behroozi & Silk (2015)!
Khochfar et al. (in prep.)!
Genel et al. (2014)!
Mason et al. (2015) 
Cai et al. (2014) 
Dayal et al. (2015) 
Henriques et al. (2015) 



Summary

Discovery of ~30 galaxy candidates at z~9-10 
within the first four HFF releases + twenty CLASH 
fields 

Further constraints on the LF at z=9-10 

Evidence for continued smooth decline in 
luminosity density at z>8, following a linear relation 


