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Ultraviolet Observations of 
the Hubble Ultra Deep Field 

We present details of an 90-orbit HST treasury program to obtain Ultraviolet (UV) imaging of the Hubble Ultra Deep Field (UDF) using the WFC3-UVIS detector 
with the F225W, F275W, and F336W filters. These UV images will reach point source detection limits of AB=29 at 10 sigma. These data will be used to investigate 
the episode of peak star formation activity in galaxies at 1 < z < 2.5, and will enable identification of galaxies in this epoch via the Lyman break. They will also 
allow us to trace the rest-frame FUV luminosity function and measure the internal color structure of galaxies. We will study the star formation properties of 
moderate redshift starburst galaxies including the UV slope. The high spatial resolution of UVIS (a physical scale of about 700 pc at 0.5 < z < 1.5) will enable an 
investigation of the evolution of massive galaxies by resolving sub-galactic clumps. We will also measure (or set strict limits on) the escape fraction of ionizing 
radiation from galaxies at z~2-3 to better understand how star-forming galaxies reionized the Universe. Lastly, we will measure the star formation rate efficiency of 
neutral atomic-dominated hydrogen gas at z~1-3. In addition to our WFC3 data, we present details of the ACS parallels, where we obtain two deep B-band fields in 
and around GOODS south. The deeper B-band field will reach depths almost comparable to the current optical UDF. We have currently obtained more than half of 
the data, and plan to have all the data in hand by mid October. The images below only include data from epoch 1, which is one fifth of the final dataset. 
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2. Coverage of UDF and Parallels 

1. Filter coverage of UDF 3. Lyman break dropout galaxies at z~1-3 

4. Star Formation Rate Efficiency of DLAs 

Fig 1: Transmission of the filters of the UDF corrected for the CCD quantum efficiency. The left 
panel shows all the UDF filters. The black regions correspond to the original UDF filters obtained 
with ACS (Beckwith 2006). In addition to the NICMOS data, NIR data were obtained with WFC3 
IR as part of the HUDF09 program (GO 11563; P.I. Illingworth) and are shown in red. The new 
WFC3 UVIS filter transmissions are shown in blue. The right panel is a close up of the WFC3 
UVIS filters: F225W in blue, F275W in green, and F336W in red. All observations obtained for the 
UV UDF are in 2x2 binned mode since we are read noise limited, and can therefore obtain the 
same depth in significantly less time. We are currently working on improving the 2x2 binned 
calibrations, which will result in better image quality.  

Fig 2: The coverage of the UV UDF and its parallels are shown. The left figure shows the coverage 
overlap of the UV UDF and the optical UDF. Since WFC3 has a smaller footprint than ACS, we do 
not cover the UDF completely. The red box outlines the FOV of the IR data from the HUDF09. 
The observations have three different orients to facilitate obtaining the UV observations as soon as 
possible to mitigate CTE issues. The first two epochs are complete, while epoch 3 & 4 will occur 
in a few months. We have requested that epochs 3 and 4 will have the same orient. The right figure 
shows the locations of the  ACS parallels which we simultaneously obtain. Parallel 1 is in the ERS 
UV field (and GOODS south). We selected filters to match previous observations in the ERS to 
complement the UV observations. For the other two parallel fields, we primarily obtain B-band 
data to obtain two very deep B-band fields. These fields offer great legacy value, as the James 
Webb Space Telescope can not observe in the B-band. In fact, by combining the parallels 3&4 with 
data already obtained by the HUDF09 parallels, we will obtain a B-band field almost as deep as 
that in the optical UDF. The table below the figures summarizes the 4 epochs and their parallels.  

E-mail: marcar@ipac.caltech.edu	  

Fig 4: Using ground based u-band data and the optical UDF data, we found that the SFR efficiency 
of neutral atomic-dominated hydrogen gas (i.e. Damped Lyman-alpha systems; DLAs) at z~3 is 
drastically lower than that expected from the KS relation (Wolfe & Chen 2006, Rafelski et al. 
2011). The left panel shows this result, with the points all falling significantly below the black 
dashed line. The green upper limits are from Wolfe and Chen (2006) for isolated DLAs, where the 
different points correspond to different possible DLA sizes. The shaded region and black points are 
from Rafelski et al. 2011 for the outskirts of z~3 LBGs. The dashed black line is the local KS 
relation, and the pink line is a 10% SFR efficiency. Recent theoretical work suggest that the most 
important part in determining the amplitude and slope of the KS relation is the dust abundance, and 
therefore the metallicity. Gnedin & Kravtsov (2010) investigate the KS relation at high redshift 
using a metallicity dependent model of molecular hydrogen and predict a steeper and lower 
amplitude in the KS relation. They find that the primary driver for the lower efficiency is the 
metallicity, which suggests that metallicity may be the cause for the lower SFR efficiencies 
measured. The right panel shows the metallicity evolution of DLA gas from Rafelski et al. 2012, 
and there is a clear trend with redshift. Therefore, if metallicity is driving the reduced SFR 
efficiencies, then we would expect a higher efficiency at lower redshift. The UV UDF data will 
enable us to measure the SFR efficiency of DLA gas at z~1 and 2, and improve the current 
measurement at z~3. To find out how, find Marc and ask him! 
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Orbits	  per	  
WFC3	  filter	  

Orient	  
Parallel	  
Filters	  

Orbits	  per	  
Parallel	  filter	  

Loca;on	  

1	   March	  2	  –	  March	  11	   6	   96	   B:V:I	   4:3:11	   ERS	  &	  GOODS	  
2	   May	  28	  –	  June	  4	   10	   197.25	   B:V:i:z	   24:2:2:2	   GEMS	  

3	   August	  27	  –	  Sep.	  10	   12	   264	   B	   36	   HUDF09	  Par.	  
4	   Sept.	  19	  –	  Oct.	  10	   2	   264?	   B	   6	   HUDF09	  Par.	  
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Fig 3: The left panel shows example dropout galaxies for each of the UVIS filters, along with the B 
and I bands from the optical UDF. This only includes data from epoch 1, and we are still improving 
the image quality; the final UV UDF will be substantially deeper. The top right is a (F336W − V) 
vs. (V − z) color-color diagram depicting different model galaxies at different redshifts, where the 
solid lines are z > 2.5, the dashed lines are z < 2.5, and the symbols represent redshifts of 2.5, 2.8, 
3.0, and 3.2 which increase with increasing (F336W − V) color. We include galaxy SED templates 
from Kinney et al. (1996) for star bursting galaxies with different reddening (SB2, SB3), from 
Coleman et al. (1980) for star-forming galaxies (Im), spiral galaxies (Scd, Sbc), and elliptical 
galaxies (El). In addition, we use two faint blue galaxy SEDs with ages of 25 and 5 Myr and 
metallicities of Z = 0.08 (25 Myr, 5 Myr), and a 2.0 Gyr Elliptical Galaxy (E2G) from the Bruzual 
& Charlot (2003) synthesis code. The area above and to the left of the dashed black line is the 
region selecting z~3 LBGs.  The bottom right panel is a prediction of the number of galaxies with 
unambiguous redshifts for different filter combinations at different redshifts, and you can see a 
significant improvement with the NUV data. We will resolve redshift ambiguities for over 1000 
galaxies by sampling their Lyman break.  


