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In late fall 2011, the next generation large sky survey in the southern hemisphere, the Dark Energy Survey (DES), will begin surveying 5000 sqdeg of the sky in five photometric bands (grizY) to depths around 24th magnitude. There are several cluster finding algorithms
that can be used to detect clusters in these data. Understanding their selection functions and relative levels of systematic uncertainty is essential to constructing an optimal cluster catalog for cosmological analysis. The DES Cluster Working group has developed a

uniform f rk for testing and different cluster-finding

procedure and describe how the Portal makes the cluster finder comparison project possible.

on an equal footing. There is an on-going effort to perform this comparison for several cluster finders simultaneously through the DES Brazil Science Portal. We introduce the details of the

Deep, wide-field imaging surveys are the most efficient means to detect large numbers of galaxy clusters. Upcoming
large photometric surveys therefore hold great potential for constraining cosmology by measuring the evolution of the
cluster mass function. The Dark Energy Survey (DES) will survey 5000 square degrees of the southern sky,
yielding hundreds of thousands of galaxy clusters out to z~1.3. For the full statistical power of this sample to be
realized, it is essential to ly ch ize the purity, mass-observable relation, and selection
function of the observed cluster catalog. Each of these quantities depends sensitively on the method used to detect
clusters in the photometric data, so great care must be taken in
the development and calibration of cluster-finding through
extensive tests on simulated catalogs.

Since Zwicky's first cluster catalog (1952), there are over
50 optical/NIR galaxy cluster catalogs all of which feature
modified version of existing cluster finders with Independently
measured selection functions. Without coherent understanding
of their selection functions, we arrive at different cluster samples
by different cluster finders even on the same data. This
motivates this cluster finder comparison project.

*

» Membership matching: The best match to a cluster is the

halo that contains the largest fraction of the cluster

galaxies, and vice-versa. When a cluster finder (CF) does

not explicitly assign members to detected clusters,

a membership-assignment algorithm called Lambda is run

on the clusters, which assigns each galaxy a probability

of belonging to a particular cluster. Even when a CF

produces memberships for each cluster, we also assign
membership by Lambda to test the relative effectiveness of different
algorithms' cluster detections on an equal footing.
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» Run cluster-finders on mock catalogs (see Section Mock Catalogs) to determine cluster positions.
» Determine cluster membership.

» Rank-order clusters by observables.

» Match up reconstructed clusters with “real” halos.
» Determine success rates (completeness and purity)
as a function of halo mass and redshift.

All procedures are connected by a workflow on the Portal for the simplicity for any user.
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The DES Brazil Science Portal is a comprehensive, web-based eScience Analysis Center for the Dark Energy Survey
Collaboration. Itis designed to be very general, allowing sharing of code, data and results world-wide in a virtual
environment.
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Galaxy properties are assigned to an N-body simulation using the ADDGALS algorithm (Adding Density Determined
GAlaxies to Lightcone Simulations; Wechsler, Busha et al 2011).  The algorithm assigns galaxy luminosities and colors
to DM particles using an empirical procedure that takes as inputs the galaxy LF, the luminosity-dependent correlation
function, and the distribution of galaxv colors aiven luminositv and environment.

Current cluster finders are being b )
run on a Gpc simulation that
produces a 220 sq. degree EAS
lightcone to full DES depth;

a full 5000 sq. degree mock to
DES depth is underway.

Figure shows the performance
of one cluster finder on the

mock catalog.

Mock catalogs will be made
available to the community in the
near future, to allow comparison
and testing of additional cluster
finders.
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Red sequence

« C4 (Baruah et al.)

* GMBCG (Hao et al.?)

« Voronoi Tessellation & Percolation
(Barkhouse et al.%)

« Lambda (Rykoff et al.)

« 2+1 Voronoi Tellation
(Soares-Santos et al.?)

« Matched Filter (Ogando et al.)
 Wavelet-based (Benoist et al.)
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Effectiveness of CFs is described in terms of the selection function, s(c,p) and the scatter in the mass-observables, where c is
[ and p is purity.
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Ultimate goal of the cluster finder comparison project through the DES science
portal is understanding the participating CFs through minimizing scatter while
imizing purity and 1ess.

o
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Here we present screen snapshots of the workflow to demonstrate the procedure. For a CF, we iterate this workflow to meet the
ultimate goal of scatter : purity and by explore within physically
motivated ranges.
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» Optimal use of optically selected clusters for cosmology requires a well understood selection function with the highest possible purity
and completeness and the lowest possible scatter in mass-observables.

» To this end, we have developed an automated framework (within the context of the “DES Brazil Science Portal’) which can run
several distinct cluster finders on either observed or simulated data in an automated fashion.

» Automated runs allow for detailed calibration of the selection function in simulations. Running several algorithms in the same
simulation allows cluster finder comparisons in a controlled setting, allowing us to evaluate the relative performance of the various
algorithms, and the relative performance of user-specified parameters for a given cluster finder. This will improve the quality of the
resulting cluster catalogs as a whole.

> Afull cosmological analysis of mock data, for the purpose of jointly constraining cosmological parameters and the cluster selection
function, will be run on each of the different cluster finders, to understand the impact of cluster finding on the inferred cosmology. This
analysis proceeding on a known cosmological model, to understand systematic biases, and will subsequently be performed on several
cosmological models unknown to the Cluster Working Group (the DES Blind Cosmology Challenge).
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