
PARAMETRIC	
  FITS	
  
•  The	
  parametric	
  fits	
  describe	
  the	
  HRI	
  galaxies	
  
–  i.e.,	
  we	
  describe	
  these	
  galaxies	
  by	
  mathemaAcal	
  
funcAons.	
  

•  Favourite	
  funcAon:	
  Sérsic	
  funcAon	
  
–  BEWARE:	
  Sersic	
  is	
  only	
  an	
  approximaAon	
  
–  BEWARE:	
  We	
  know	
  galaxies	
  are	
  not	
  symmetric	
  

•  Main	
  advantages:	
  
–  Low	
  signal-­‐to-­‐noise	
  objects	
  not	
  so	
  much	
  affected	
  by	
  
noise.	
  

–  Crowding	
  is	
  less	
  important	
  as	
  neighbours	
  are	
  taken	
  
into	
  account	
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“MEGAD”	
  (Buitrago+14,	
  in	
  prep.)	
  

•  “MulA-­‐CPU”	
  IDL+(IRAF+SExtractor+GALFIT)	
  
•  Based	
  on	
  the	
  assumpAon	
  of	
  small	
  k-­‐correcAon	
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Alignment	
  

• Registering	
  all	
  images	
  to	
  the	
  same	
  WCS	
  
• Resampling	
  all	
  images	
  to	
  the	
  same	
  pixel	
  scale	
  

HRI	
  analysis	
  

• GALFITing	
  (SExtractor	
  provides	
  the	
  iniAal	
  condiAons)	
  
• Number	
  of	
  funcAons,	
  masks,	
  PSF,	
  etc	
  at	
  choice	
  +	
  Sky	
  

LRI	
  analysis	
  

• GALFITing	
  (all	
  parameters	
  frozen	
  but	
  mags)	
  
•  Final	
  models	
  (&	
  residuals)	
  and	
  catalogs	
  



HOW	
  THINGS	
  ARE	
  GOING	
  

•  Many	
  surveys	
  abempted	
  (both	
  ground-­‐based	
  and	
  
space)	
  and	
  different	
  number	
  of	
  funcAons,	
  PSFs	
  and	
  
iniAal	
  condiAons	
  
– Flexibility:	
  clear	
  opAmal	
  condiAons	
  but	
  we	
  can	
  tune	
  
•  HRI:	
  K-­‐band	
  UltraVISTA,	
  UDS,	
  CANDELS,	
  HUDF	
  
•  LRI:	
  SCOSMOS,	
  SEDS,	
  SpUDS	
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!

!

ORIGINAL	
   MODEL	
   RESIDUAL	
  

UltraVISTA	
  
K	
  

IRAC	
  3.6	
  



OTHER	
  APPROACHES	
  

•  PyGFIT	
  (Mancone	
  et	
  al.	
  2013)	
  
– Similar	
  to	
  MEGAD,	
  but	
  does	
  not	
  rely	
  on	
  GALFIT,	
  
uses	
  SExtractor	
  segmentaAon	
  map,	
  removes	
  
objects	
  ager	
  their	
  analyses,	
  only	
  a	
  single	
  Sérsic	
  
funcAon	
  and	
  other	
  minor	
  differences.	
  

•  Megamorph	
  (Haeussler	
  et	
  al.	
  2013)	
  
–  In	
  principle	
  it	
  is	
  not	
  thought	
  to	
  perform	
  
deconfusion	
  but	
  mulA-­‐band	
  photometry.	
  
Parameters	
  change	
  among	
  bands	
  according	
  to	
  
Chebysev	
  polinomials.	
  Uses	
  GALAPAGOS.	
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for their purposes (referring as GALFITM to this new version in their documents) and it is utilized by a 
wrap-up package called GALAPAGOS (Barden et al. 2012) which manages object deblending, nearby 
object contamination, which object should be processed next and other technicalities. 
 
The concept that distinguish MegaMorph from the rest of parametric fits software is that, using the 
various photometrical bands to obtain information for fitting the lower signal-to-noise images, it is 
provided the possibility of the structural parameters may change with wavelength, i.e., they allow 
morphological k-corrections in a controlled manner. For ASTRODEEP, this approach may be useful 
by considering the HRI as the high signal-to-noise source and the using this information for exploring 
the LRI permitting a change in the galaxies’ structural parameters. 
 
The core of this algorithm consist of replacing every galaxy model with a wavelength-depend function 
(following the same annotation convention as in the beginning of this Section 3.2) 

I P1,...,Pn( ) = Ii P1 λ;q1,1,....,q1,m1( ),..., Pn λ;qn,1,....,qn,mn( ), x, y( )
i=0

N

∑  

where λ is the wavelength, and Pj-tilde are the functions, with mj variables called qj,k that describe the 
variation of the model parameters. MegaMorph assumes that these parameters change according to 
Chebysev polinomials Tk in such this way 

Pj λ; qj,k{ }( ) = qj,kTk z λ( )!" #$
j=0

n

∑  

being z the variable which changes with the wavelength. The reason behind k ranges from 0 to mk 
resides in the fact that the each parameter may change in a different way. Let’s put an example for the 
sake of clarity. Thinking of a Sérsic functions, the Pj-tilde parameters are magnitude, effective radius, 
Sérsic index, axis ratio and position angle (j=5, although in reality we need to add the position of the 
galaxy’s centroid). You can assume zeroth-order of change for the first parameter (so the magnitude 
must remain constant among the different bands in this case), a quadratic change for the effective 
radius and so forth. The user could choose which kind of variation is permitted per parameter, but the 
authors recommend to use an order one less than the number of photometric bands utilized.  
 
All the free parameters qj,k of the model are fitted to the multi-band data simultaneously by minimizing 
the quantity 

χ 2 =
Datau,v,w −Model Pj λw; qj,k{ }( ), xu, yv( )"
#

$
%
2

σ 2
u,v,w
∑  

 

 
Fig. XXX Plots taken from Häussler et al. (2013) Figure 1. From left to right: magnitudes, effective 
radii (in pixels) and Sérsic indices for the galaxy GAMA-I373420 (cf. GAMA survey, Driver et al. 
2011). MegaMorph outputs are the black stars, while green triangules are SExtractor MAG_AUTO 
results, orange squares are single band fits in Kelvin et al. (2012) and the blue rhombuses are the 
authors’ single fits. The solid lines represent the polynomial variation of the structural parameters and 
the errors bars come from GALFIT results. It is conspicuous that MegaMorph reduces the multiband 
scatter on the outputs. 
 
For a more detailed information, please consult Häussler B. et al. 2013, MNRAS, 430, 330 and Vika 
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Fig. 3.— Three examples of cases where PyGFit can fail. The
top row of panels shows the F160W images used to create the
HRC. The center row of panels shows the LRI with the same field
of view, while the bottom row of panels shows the residuals of the
LRI after fitting. The LRI for the left uses ground-based R band
imaging, while the example in the center is taken from the 4.5µm
imaging and the example on the right is taken from the IRAC
3.6µm imaging. The left column shows a galaxy with extended
features which cannot be described by a Sérsic profile. The center
column shows a galaxy which is isolated in F160W but which is
blended with another source in 4.5µm. The right column shows a
galaxy near the edge of the F160W image which is blended with a
bright source which is outside of the F160W image. Further details
are in the text.

the blend, the total best-fit flux and magnitude of all
objects in the blend, and the fraction of the blend flux
which is accounted for by each object.

3. APPLYING PYGFIT TO REAL DATA

Our initial test case for PyGFit involved measuring
SEDs of galaxies in high redshift galaxy clusters. The
data and project are described in detail in Mancone et al.
(submitted). In summary, we use 13 galaxy clusters
with 1 < z < 1.9 observed with broadband photome-
try in eleven filters. All the clusters were observed with
ground-based optical imaging in the Bw, R, and I bands,
ground-based NIR imaging in the J, H, and Ks bands,
space-based NIR imaging in all four IRAC bands, and
finally HST WFC3/F160W imaging. We use GALAPA-
GOS (Häußler et al. 2011) to run GALFIT and fit a sin-
gle Sérsic profile to every galaxy in our F160W images.
We then run PyGFit on each of the bands using the
GALFIT catalog as the HRC.
Figure 2 illustrates typical results from PyGFit. It

shows the original images in four different bands and
their residuals after fitting in the center of ISCS
J1434.5+3427, a galaxy cluster at z = 1.243. PyGFit
cleanly subtracts all the visible objects. This is very typ-
ical for our ground-based imaging, especially in the NIR
where the residuals are indistinguishable from sky noise
in virtually all cases.
At 4.5µm (far right of Figure 2) there are small resid-

uals visible in the very centers of many objects. These
residuals are common to both our 3.6µm and 4.5µm fil-
ters but are not visible in the 5.8 and 8.0µm filters. The

Fig. 4.— (Top) The magnitude differences between measured
4′′ aperture magnitudes and the input magitudes as measured for
simulated galaxies in three filters: R (left), J (center), and 3.6µm
(right). No aperture corrections have been applied; the mean off-
sets from zero correspond to the necessary aperture corrections.
(Bottom) Magnitude error as a function of magnitude. The open
circles show the standard deviation as a function of aperture mag-
nitude, which is significantly affected by outliers. The solid line
corresponds to the limit of Poisson sky noise in the absence of
crowding for a 4′′ aperture.

primary difference between the IRAC images is the size
of the PSF, which varies from 1.66′′ to 1.98′′ (Fazio et al.
2004). Our IRAC images have been dithered and resam-
pled to have a pixel scale of 0.865′′/pixel. For this pixel
scale the 3.6µm and 4.5µm PSFs are slightly undersam-
pled, while the longer wavelengths are Nyquist sampled.
Without a fully resolved PSF, interpolation (which

PyGFit performs during model generation and fitting)
can introduce artifacts, and this is likely the source of the
small residuals observed in our blue IRAC bands. How-
ever, our simulations (Section 4) conclusively demon-
strate that PyGFit can reliably extract magnitudes and
fluxes from the observations, and that the primary source
of uncertainty is simply sky noise.
An examination of our residuals images reveals a few

classes of problems which can result in PyGFit failures.
We show a few examples of these cases in Figure 3. One
source of difficulty arises when a galaxy is not well rep-
resented by a Sérsic function. In the example in Figure
3 (far left) a galaxy has extended features which cannot
be modeled by a single Sérsic profile. As a result, the
central region of the galaxy is over-subtracted, while the
outer region is under-subtracted. As long as the galaxy
does not have a substantial amount of flux outside of the
model radius, PyGFit can still return an approximately
correct total flux. If the galaxy does have substantial flux
outside of the model radius, PyGFit will underestimate
the total flux of the galaxy. However, any error intro-
duced by a mismatched model will be the same for all
filters. Therefore, when using PyGFit to measure SEDs,
this class of problem can lead to an underestimated SED
normalization but will not introduce any additional filter-
to-filter uncertainty in the SED.
PyGFit can fail catastrophically when objects in the

LRI are missing from the HRC. If, in the LRI, an object
in the HRC is blended with another object which is not
in the HRC, then PyGFit will assign flux from the second
object to the first, overestimating its flux. This can hap-
pen in a number of ways, two of which are illustrated in
Figure 3. The top central panel of Figure 3 shows a faint
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Fig. 5.— (Top) The magnitude differences between PyGFit
model magnitudes and the input magitudes as measured for sim-
ulated galaxies in three filters: R (left), J (center), and 3.6µm
(right). (Bottom) Magnitude error as a function of magnitude. The
solid circles show the standard deviation as a function of aperture
magnitude. For comparison, the solid line corresponds to the limit
of Poisson sky noise in the absence of crowding for a 4′′ aperture.

galaxy. The center panel shows that, in the 4.5µm image,
there appears to be a significant elongation towards the
bottom right, which cannot be accounted for from the
F160W image. After subtraction (bottom center) there
appears to be an object left over below and to the right
of the F160W source. The only way to explain this is
with the presence of an object which is bright in 4.5µm
but nearly invisible in F160W, and which happens to be
blended with the object visible in F160W. As a result,
the object from the HRC is overfit to account for the flux
from the additional low-resolution object, and therefore
its fit is unreliable.
The right set of panels in Figure 3 show the same class

of problem in another context. This shows what can
happen when the LRI extends past the HRC. The top
right panel shows an object which is near the edge of
the F160W image. In the 3.6µm image (center right) a
bright object happens to be nearby but is just outside of
the F160W field of view, and is therefore missing from
the HRC. Although this second object is outside of the
F160W field of view, it is bright enough to contribute
substantially to the flux near the object of interest. As a
result, PyGFit overestimates the 3.6µm flux of the object
which is in the HRC. While this particular problem can
likely occur for any image, we see it most commonly in
our IRAC images. This is because our IRAC images have
the highest source densities and the largest PSF of all of
our images, and this combination increases the likelihood
of having such a blend.
Obviously, PyGFit cannot account for objects which

are missing from the HRC. This fact should be kept in
mind when using PyGFit and care must be taken to in-
clude all sources which will be visible in the LRI, or to
reject sources that are blended with objects missing from
the HRC. The residual image generated by PyGFit can
be used to identify drop-outs, and the χ2 statistics re-
turned by the code can be used to identify objects that
are poorly fit due to blends with objects that are missing
in the HRC.

4. SIMULATIONS

We use simulations to estimate the errors for the best-
fit magnitudes and fluxes from PyGFit, as well as to
evaluate its fidelity and limitations. To aid in this pro-

Fig. 6.— Difference between input and output magnitude for
simulated galaxies as a function of flux ratio (left) and separation
relative to the size of the PSF (right). To cleanly separate the two
competing effects the left panel only includes galaxies separated by
at least 1 PSF FWHM, and the right panel only includes galaxies
which are the brightest galaxy in the pair.

cess we developed a companion routine to PyGFit named
PyGSTI (Python Galaxy Simulation Tool for Images).
PyGSTI uses the same model generation routines de-
veloped for PyGFit, generates simulated galaxies, and
inserts them into images. We have designed PyGFit to
use PyGSTI in a fully automated fashion. We note that
while PyGSTI is packaged with PyGFit, it can also run
as a stand-alone program and is convenient for generating
simulated galaxies and stars for any number of applica-
tions.
When running simulations, PyGFit randomly selects

galaxies from the HRC, assigns them magnitudes from
the magnitude distribution of the LRC, places them into
random locations in the original image, runs PyGFit
on the simulated frame, and repeats this process many
times. PyGFit limits the number of artificial galaxies
placed into each simulated frame to prevent an exces-
sive increase of crowding. By default, the source den-
sity in PyGFit’s simulated frames is 2.5% higher than
in the original LRI, and PyGFit generates 100 simulated
frames. Both of these parameters are easily configurable.
Once PyGFit runs on all simulated frames, a final cat-

alog is created with input and output magnitudes and
fluxes for the simulated galaxies, along with all of the out-
put parameters normally recorded by PyGFit (Section
2.5). This includes information on the number of objects
the simulated galaxy was blended with, how close and
bright the nearest neighbor is, and other environmental
indicators.

4.1. Simulation Results

The simulations show that for a small percentage
(∼ 2%) of galaxies, PyGFit dramatically underfits the
model, effectively assigning them zero flux. This occurs
only for faint galaxies blended with brighter neighbors.
In the simulations these galaxies are easily recognized
as having a best-fit magnitude more than five magni-
tudes (100 times) fainter than the brightest galaxies in
the blend. We find similar galaxies in our real data and
note that they are easily detected by the same criteria.
Such galaxies should always be removed from any real
sample as their magnitudes are completely unreliable.
Similarly, we remove them from our simulated galaxy

4	
  arcsec	
  apertures	
   PyGFIT	
  

Megamorph	
  



SCIENCE	
  

•  Mass	
  funcAons	
  improve	
  greatly	
  by	
  having	
  best	
  
IRAC	
  photometry	
  (plus	
  the	
  added	
  value	
  of	
  
morphological	
  informaAon).	
  

•  Very	
  old	
  galaxies	
  (and	
  very	
  red	
  as	
  well).	
  
•  This	
  is	
  really	
  one	
  of	
  the	
  ways	
  of	
  gehng	
  “super-­‐
resoluAon”	
  in	
  2-­‐5	
  microns	
  before	
  JWST!!	
  
– we	
  must	
  be	
  cauAous	
  when	
  sizes	
  <<	
  FWHM	
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Figure 1 Left side: Size evolution for massive galaxies split by Sérsic index (Buitrago et al. 2008).
Massive galaxies at high galaxies exhibit a factor of ∼ 5 smaller sizes than their local counterparts
(Buitrago et al. 2008, > 160 citations). Right side: Number density evolution for massive galaxies
split by Sérsic index (Buitrago et al. 2013a) . Massive galaxies are better described as disks at z >
2, while early-type galaxies have been the predominant morphological class for massive galaxies since
only z ∼ 1.

Figure 2 Comparison between the typical CANDELS wide field observations (H = 26.5, 5σ) and IRAC
SEDS (IRAC3.6µm = 26, 5σ) depths. Plotted is the age of the stellar population that could be observed
as a function of the galaxy mass and redshift. The solid line represents the age of the Universe at
that redshift. It is assumed a single stellar population model created with Bruzual & Charlot (2003)
models, Chabrier (2003) IMF and solar metallicity. It is clearly seen the IRAC is far more efficient on
detecting evolved stellar populations at z>3, and this situation will improve with forthcoming surveys,
such as SPLASH or SCANDELS.
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