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Why is “El Gordo” Interesting?
WHY IS “EL GORDO” 

INTERESTING?
A pink elephant? Another “bullet”?

We need to know where and how much dark matter is.
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Figure 5. Two dimensional mass reconstruction of ACT-CL J0102�4915. The “whisker” plot in the upper-left panel shows the smoothed
ellipticity variation of background galaxies. The orientation and length of the sticks represent the position angle and magnitude of the
ellipticity, respectively. The stick inside the circle above the plot illustrates the size of a 10% shear whereas the diameter of the circle shows
the size (FWHM=3000) of the Gaussian smoothing kernel used here. The upper-right panel displays the resulting two-dimensional mass
reconstruction. We performed the mass-sheet degeneracy ( ! 1 � � + �) transformation in such a way that  becomes zero near the
map boundaries. We overlay the mass contours on the smoothed optical luminosity and X-ray emission in the lower-left and -right panels,
respectively.
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Figure 12. Concentration and Virial Mass of ACT-CL J0102�4915. The results are obtained from our 80,000 MCMC samples by treating
the cluster as a sum of two NFW halos. We show 1- and 2-� contours. The mass-concentration relation of Du↵y et al. (2008) is used, and
thus if we know the result in one panel, the one in the other is determined.

Figure 13. Centroid distribution obtained from our 80,000 MCMC samples. We show 1- and 2- � contours. We model ACT-
CL J0102�4915 as a superposition of two NFW halos. Flat priors are assumed for the centroids with no boundary constraint. The
results are displayed in the observed orientation (i.e., the same as in Figure 5).

Table 3
Luminosity and mass-to-light ratio of ACT-CL J0102�4915.

NW subcluster SE subcluster

B-band Luminosity 3.22⇥ 1012h�2
70 LB� 3.40⇥ 1012h�2

70 LB�
Column Mass (r < 386h�1

70 kpc) 4.20± 0.34 (3.92± 0.36)⇥ 1014h�1
70 M� 2.98± 0.25 (3.42± 0.31)⇥ 1014h�1

70 M�
Mass-to-light Ratio 130± 10 (122± 11)h70M�/LB� 88± 7 (101± 9)h70M�/LB�

a
The numbers in parentheses are derived from aperture mass densitometry.

NW Halo: (1.6±0.2)x1015 M
SW Halo: (0.9±0.2)x1015 M

Together: (3.1±0.6)x1015 M

Consistent with velocity !
dispersion and X-ray 

temperature



Limitation of HST WL
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Figure 9. Reduced tangential shear profile. Filled circles rep-
resent the tangential shear while open diamonds show the 45-deg
rotation test results. The vertical dot-dashed line shows the cut-o↵
radius, inside which the signal is not used to constrain the models.
The solid and dashed lines represent the best-fit SIS and NFW
models, respectively. The black lines are the results when we use
this 1D tangential shear profiles whereas the red lines show the re-
sults from our simultaneous 2D fits (see text). The displayed con-
centration and predicted velocity dispersions are the results from
the 1D fits.

a legitimate choice because the interference of the lens-
ing signal from the two subclusters should extend be-
yond this value; clearly, the shape of the radial profile
at r < 10000 cannot be modeled by the profile of a single
halo. For this choice of center, our 1D SIS fit predicts
�
v

= 1347+58

�60

km s�1, which is also consistent with the
direct measurement 1321± 106 km s�1 (M12).
From the NFW fits, we estimate M

200c

= (1.17 ±

0.17)⇥1015h�1

70

M� and (0.79±0.14)⇥1015h�1

70

M� for the
NW and SE mass clumps, respectively. Note that M

200c

refers to a mass within a sphere inside which the mean
density equals 200 times the critical density of the uni-
verse at the cluster redshift. The circles traced by the
corresponding r

200c

values (⇠1.6h�1

70

Mpc and ⇠1.4h�1

70

Mpc for the NW and SE, respectively) are greater than
the size of our ACS field. Thus, a more relevant mass
might be M

500c

, whose defining radius is a factor of two
smaller. Table 1 summarizes our 1-D mass estimation
results including these M

500c

values.
Our full 2D analysis (simultaneous fitting of two ha-

los with freed centroids) produces cluster mass values
that are slightly di↵erent from the above 1D fitting re-
sults, although with overlapping error bars; the pre-
dicted amplitudes are compared in Figure 9. Because
it is obvious that the interference of the lensing signal
between the two halos is non-negligible, we are confi-
dent that this second method should produce more unbi-
ased results. We estimate the NW and SE components’
masses to be M

200c

= (1.38 ± 0.22) ⇥ 1015h�1

70

M� and
(0.78±0.20)⇥1015h�1

70

M�, respectively. These values are
obtained with the same (r < 3000) cluster-core-exclusion
radius as used in our 1D fitting. The predicted velocity
dispersions are �

v

= 1133+58

�61

km s�1 and 1064+62

�66

km s�1

for the NW and SE subclusters, which are also in good
agreement with the spectroscopic measurements. We
summarize our 2D fitting results in Table 2.
As mentioned above, the di↵erence between our 2D

and 1D results is small. Considering the potential sources
of bias in the 1D analysis discussed above, we note that
this small di↵erence is interesting, although it is prema-
ture to draw any general conclusion from this single case.
Because most weak-lensing studies in the literature do
not use this 2D simultaneous fitting to constrain cluster
masses (despite the fact that most clusters possess non-
negligible substructures), it will be an important subject
of future studies to examine the size and direction of the
bias from a large sample.
Although we consider that our simultaneous 2D fit-

ting procedure is the better method for cluster mass es-
timation given the small field size, the accuracy of the
mass estimate depends on the degree that the real clus-
ter mass distribution resembles our parametric descrip-
tion of it. To assess the validity of our assumption, we
create a mock galaxy catalog based on our best-fit model
and compare the result with the source catalog obtained
from our HST images. The predicted ellipticity pat-
tern is displayed in the upper-left panel of Figure 10.
Also shown is the resulting convergence field (lower-left
panel). The overall patterns in the ellipticity and conver-
gence distributions are similar to those seen in our data
(Figure 5). In particular, the ratio of the significance be-
tween the two mass peaks and their individual centroids
are in good agreement. Detailed comparison is possi-
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DECam Observation of El Gordo

El Gordo

g, r, and  z color 
composite





Exp Time Seeing

g 900 s ~1.05”

r 1800 s ~0.94”

i 900 s ~0.87”

z 900 s ~0.85”

y 1400 s ~0.84”

DECam Data of El Gordo



DECam Image Reduction - Bias Subtraction/Trim

Bias Subtraction Residual Bias Subtraction



DECam Image Reduction - Sky Flat

Tree Rings

CCD #1

Edge Rolloff

Tape bumps

CCD #2



DECam Image Reduction - Distortion Correction

• Reference star catalog: 2MASS.!

• Third order polynomial.!

• Assume that the frames from the same CCD share identical 

geometric distortion. However, each frame is allowed to shear and 

rotate. !

• Photometric calibration is done with matching stars.!

!



DECam Image Reduction - Crosstalks



PSF Modeling Through PCA



PSF Modeling - Continued

Observed Model



PSF Ellipticity Correlation



RESIDUAL PSF SIZE



Mass Reconstruction

NW

SE



Mass Reconstruction with DECam
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Figure 7. Mass contours overlaid on the VLT-SOAR color-composite image (using the z, i, and r filters for red, green, and blue,
respectively). Various measures of the cluster centroids are shown as illustrated. The mass contours are depicted using solid white lines.
North is up and east is left.

mass estimate of ACT-CL J0102�4915 is near the 95%
exclusion curve of Mortonson et al. (2011) when the full
ACT+SPT 2800 deg2 survey area is considered, although
M12 caution that, because of the large mass uncertainty,
it would be premature to regard the cluster as a challenge
to the current ⇤CDM paradigm.
The mass distribution of ACT-CL J0102�4915 is bi-

modal, and thus we must take care in determining the
virial mass of the system. Because the current ACS data
covers a small area, it is not feasible to use a model-
independent method such as aperture mass densitome-

try, which requires shear measurement over a consider-
ably larger area. Therefore, in this study we use para-
metric models and compare the expected shears with the
observed galaxy ellipticity.
Conventionally, this parametric approach is imple-

mented by first measuring a one-dimensional (1D) az-
imuthally averaged tangential shear profile around the
center of each mass component and then fitting an inde-
pendent model to each profile. Although our presenta-
tion below includes the results from this approach, in the
study of ACT-CL J0102�4915 we regard this method as

~16 galaxies per sq. arcmin ~100 galaxies per sq. arcmin



Degraded HST !
(~16 galaxies per sq. arcmin) DECam

After Throwing Away ~80% of Galaxies !
from the HST Sources



Mass of El Gordo

1 Mpc

Preliminary

Tangential Shear Aperture Mass Densitometry



Things to Address

❖ Depth variation due to lensing!

❖ Astrometric effects of tree rings and tape bumps!

❖ Crosstalks!

❖ Shear calibration



Conclusions
❖ Lensing signal of El Gordo at z=0.87 is clearly detected by 

DECam. !

❖ The DECam mass reconstruction resolves the two mass 
clumps of El Gordo, consistent with the HST study.!

❖ No significant lensing signal is seen beyond r>1 Mpc, 
perhaps due to either Truncation of mass profile or lensing-
induced depth variation.!

❖ The projected mass within r<1 Mpc with DECam WL is 
consistent with the HST parametric model.


