
3D-Herschel (3D-HST + Herschel)IRAC Photometry in the CANDELS fields

4  

 
 

 

Figure 3: Left: Comparison between the empirical PSFs built from combining point sources in the 
S-CANDELS GOODS-S IRAC 3.6 and 4.5 µm mosaics (top) and our ‘base PSFs’ built from by- 
AOR mosaics (bottom; see Section 1.3.2 for details). Note the preserved information on the shape 
of the PSF (i.e., deviation from rotational symmetry) and well-determined wings in the latter, which 
are washed out in the former. Rather than building a single empirical PSF in the final IRAC mosaics, 
we can build position-dependent PSFs in high SNR that are optimized for each source, by first 
constructing these ‘base PSFs’ and then mimicking the visits of the telescope over the field. Right: 
Example of our position-dependent PSFs in grid of 3′ over a sub-region in the GOODS-S field. Note 
the spatial variations over the field, in both the core and extended wings of the PSF. Compared to 
the common practice of using a single empirical PSF as a kernel, using these PSFs customized 
for each source in the IRAC deblending photometry can make significant improvement in the flux 
estimation, especially for faint sources, which will result in significantly better measurements of 
galaxies’ photometric redshifts and physical properties. 

 
being blended with nearby bright sources in IRAC imaging makes simple aperture photometry 
unreliable. Several studies have shown that in such cases PSF-matched deblending photometry can 
achieve sensitivity below the classical confusion limit (Merlin et al., 2015, 2016). This deblending 
photometry uses information in a high-resolution image (e.g., HST H-band), such as morphology 
and position, as priors. Then, the high-resolution image is convolved with transfer kernels (e.g., 
IRAC PSF) to generate low-resolution model image while leaving the flux of each source as a free 
parameter. The IRAC fluxes of sources are then determined by the best-fit model. The key element 
for accurate IRAC deblending photometry is thus to build reliable IRAC PSF, and the common 
practice to build one has been to construct an empirical PSF for a given field by combining point 
sources on the final mosaics. 

 
1.3.1 The need for more sophisticated PSF characterization 
Even with deblending photometry, in practice, achieving high-quality IRAC photometry is not 
always guaranteed, as there is a significant variation in the actual IRAC PSFs across the field. This 
stems from the intrinsic shape of the IRAC PSF, combined with the way data are collected in deep 
fields. That is, it is common that data in deep extragalactic fields are collected from several surveys 
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Figure 4: Left: original S-CANDELS 3.6µm (top) and HST H-band (bottom) imaging of a sub- 
region in the GOODS-S field. Middle: the best-fit 3.6µm model (top) and residual (bottom) images 
with a single empirical PSF. Right: same as in the middle panels, but here with position-dependent 
PSFs. We perform PSF-matched deblending photometry on the IRAC data (top-left) using the HST 
H-band imaging (bottom-left) as a prior on the position and morphology of sources. Specifically, 
we convolve the H-band image with kernels to generate IRAC model images (top-middle & top- 
right), allowing the flux of each source to vary. In both the middle and right panels, deblending 
photometry was done using the same data set and parameters, but with different kernels, i.e., with 
a single empirical PSF in the middle panels and with our updated position-dependent PSFs in the 
right panels. Thus, the difference in the results is attributed to the updated PSF modeling. The 
improvement in the residual image in the bottom-right panel shows the importance of sophisticated 
modeling of the PSF for reliable IRAC photometry. Utilising the position-dependent PSFs and 
deeper IRAC data that incorporate all archival data, we will make high-quality IRAC catalogs. 

 
over the course of time. Thus the final collection of data are what is obtained from multiple visits 
of the telescope over the field, each having different mapping parameters in, e.g., position angle 
and exposure time.* Combined with the fact that the intrinsic IRAC PSF deviates from rotational 
symmetry, this results in PSFs varying with the position within the field (see Figure 3). 

The consequence is that using a single empirical PSF for a given field that is built from com- 
bining point sources in the final mosaics is not ideal, as it does not reflect properly the variations 
of the shape of the PSF over the field. Moreover, as the number of ‘clean’ point sources iden- 
tified in the final mosaics of low-resolution pencil-beam extragalactic surveys is limited, proper 
characterization of the extended wings of the PSF is difficult. Achieving more reliable IRAC 
photometry requires constructing more sophisticated PSFs and using them in the deblending 
process, beyond the common practice of using a single empirical PSF. 

 

*This basic scheduling unit for Spitzer is called Astronomical Observation Request (AOR). 
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Figure 5: The UV-MIR fit for photometry of the local merging galaxy Arp220 cannot be relied upon
to make robust predictions of the FIR photometry, as the obscured star formation is completely invisible
at these wavelengths. The observed FIR fluxes (red) are o↵set by nearly an order of magnitude from the
UV-MIR predictions. In these cases, even low SNR FIR photometry would provide important constraints.

While the vast majority of 3D-HST objects will be faint at FIR wavelengths, there is
still critical information to be gathered at low SNRs. Fundamentally, this is because the
UV-MIR SED is a unreliable predictor of the FIR fluxes (see bottom panels in Figure 3). In
this regime, even an order of magnitude constraint on the total IR luminosity can translate
into significantly tighter constraints on physical galaxy parameters.

The majority of galaxies at “cosmic noon” (z⇠1-3) have similar IR luminosities to the
local merging galaxy Arp 220 at z=0.02 (Magnelli et al., 2009). Arp 220 therefore serves as an
excellent case study to motivate the necessity of FIR photometry in SED modeling. Figure 5
shows the predicted FIR fluxes (blue) based on the Prospector UV to MIR SED modeling
analysis. This fit includes an impressive amount of NIR and MIR photometry, compiling
data from WISE, Spitzer/IRAC and Spitzer/MIPS 24µm. Despite the best e↵orts of the
modeling analysis, the observed FIR fluxes for Arp 220 (red) are nearly an order of magnitude
higher than the predictions. Even including FIR fluxes with SNR⇠2 would markedly change
the Prospector output, reducing the posteriors on key physical parameters.

To drive this point home, Figure 6 shows a simulation including Herschel PACS and
SPIRE imaging in a Prospector SED fit for a typical galaxy in GOODS-N. This simulation
includes the uncertainty from introducing two new parameters controlling the range of dust
temperatures. Even at very low SNRs of 0.1, the 1� errors on SFR, metallicity, and fAGN,MIR

are reduced by &0.1 dex. Adding FIR forced photometry to the complete 3D-HST sample
has the power to dramatically improve our current census of physical galaxy properties.

Whitaker: The 3D-Herschel Legacy Project, Page 7

UV-FIR analysis with Herschel deblending 
photometry and self-consistent modeling 
of SEDs with prospector (w/ Kate 
Whitaker & Joel Leja)

Courtesy of Whitaker
Figure 6: Simulations with Prospector reveal that adding Herschel FIR photometry (even at low SNRs) to
the UV-MIR SED modeling improves constraints on key parameters (e.g., SFR, metallicity, fAGN,MIR, dust
attenuation, and PAH features). The red point is the 1� error bar without FIR photometry.

3.2 GOAL II: Self-Consistent Investigations of Galaxy Correlations

The 3D-Herschel photometric and value-added SPS catalogs will serve as a treasure trove for
extragalactic science investigations. In the following section, we explore a series of specific,
focused questions that will naturally be answered by 3D-Herschel. Given the reliable uncer-
tainties on physical galaxy parameters that Prospector yields, in many cases these studies
will facilitate a more realistic diagnosis of our current understanding. Such practical mea-
surements will help guide future directions of the galaxy formation and evolution field as the
next generation of space telescopes fast approaches.

3.2.1 Understanding Discrepancies between the Stellar Mass Function and the
Cosmic Star Formation History

The combination of the CANDELS/3D-HST legacy surveys with Spitzer/MIPS 24µm deep
imaging have revolutionized our understanding of the demographics of galaxies at cosmic
noon. Perhaps one of the most surprising results is that the shape of the SFR-M? relation is
evolving with redshift (Whitaker et al., 2014). But even with this well characterized relation,
there exists a mild disagreement at z=2 between the cosmic SFR and recent observations
of the growth of the stellar mass density of order ⇠0.3 dex (Leja et al., 2015). When using
a single IR template to measure SFRs (e.g., Wuyts et al., 2008), this issue persists even if
Herschel photometry is included (Tomczak et al., 2016). It remains unclear whether this
problem stems from errors in stellar mass estimates, errors in SFRs, or other e↵ects.

Prospector uses a di↵erent methodology than these previous works. Specifically, Prospec-
tor allows a flexible IR template and self-consistently estimates the contribution of AGN and
heating from old stars to the IR flux. With this technique, the errors on SFRs as derived
from Spitzer/MIPS 24µm photometry alone are much higher: this is a natural consequence
of a more flexible physical model. As demonstrated in Figure 3 and 6, this means that even
a low SNR Herschel detection translates into much tighter constraints on the total IR lumi-
nosity and therefore the SFR. Combining this new statistical machinery with precious FIR
flux density measurements has the potential to dramatically alter our picture of the stellar
mass growth in star-forming galaxies at high-redshift.

3.2.2 Disentangling the Role of Dust in Star Formation Evolution

While galaxies more massive than 1011 M� have >95% of their star formation obscured by
dust, this fraction of obscured star formation (fobscured⌘ SFRIR/SFRUV+IR) is increasingly

Whitaker: The 3D-Herschel Legacy Project, Page 8


