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MaDCoWS:
The Massive Distant Clusters of WISE Survey

Create an All-Sky Sample of High-Mass, High-z 
Galaxy Clusters using WISE

Goal:

Find the extreme z≳1 galaxy clusters that can 
place limits on primordial non-Gaussianity

Main Science Driver:
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Inflation ! Non-Gaussianity ! Clusters

Phase of accelerated expansion in very early Universe

What:

! Scalar field dominating the energy budget of the Universe

! Causes enormous negative pressure

Cause:

1. aend/astart ≳ e60

2. Ensures flatness

3. Ensures large-scale temperature homogeneity

4. Fills Universe with hot matter

5. Imprints initial inhomogeneity spectrum

Results:
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Inflation ! Non-Gaussianity ! Clusters

Initial inhomogeneities don’t follow Gaussian statistics

What:

Cause:

(1) Single scalar “Inflaton” field

(2) Canonical kinetic energy

(3) Slowly-changing field -- “slow roll”

(4) Adiabatic initial vacuum state

Can be caused by violation of any “vanilla” assumptions:
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Inflation ! Non-Gaussianity ! Clusters

– 6 –

these deviations is by a quadratic correction to a purely-Gaussian primordial perturbation

spectrum:

Φ (x) = φg (x) + fNL φ2
g
(x)

where φg (x) is a Gaussian field. Limits on the amount of non-Gaussianity indicated by

various observations are typically given in terms of the fNL parameter.

The main science driver of MaDCoWS is to derive limits on fNL through observations

of the mass- and redshift-dependent abundance of massive galaxy clusters. Other studies

have attempted to do this, but with inconsistent results, possibly owing to differences in

cluster-selection methodology and very small sample sizes (Williamson et al. 2011; Cayón

et al. 2011; Hoyle et al. 2011; Enqvist et al. 2011). MaDCoWS represents the first cluster

survey capable of selecting relevant systems over the full sky, and thus has the potential to

dramatically increase the number of clusters used for this type of analysis.

1.3. The Most-Useful Wavelength Regime – Galaxy Clusters at 3 − 5µm

The shortest two wavebands on Spitzer’s Infrared Array Camera (IRAC) instrument

(Ch1 and Ch2, positioned at approximately 3.6µm and 4.5µm), and the shortest two

wavebands observed by the Wide-Field Infrared Survey Explorer (WISE) mission (W1 and

W2, at approximately 3.4µm and 4.6µm), sample the same regime in wavelength space.

This wavelength range is very-well suited to observing z ! 1 galaxy clusters. Its power

comes primarily from two effects: first, the apparent magnitudes (i.e. observed brightness)

of galaxies, which normally fade as expected with the luminosity distance, nearly stop

fading at redshifts greater than z ∼ 1 when observed at 3 − 5µm (see Fig. 2, Bottom-Left

panel). Secondly, starting at intermediate redshifts (z ∼ 0.6) the relative flux (i.e. the

color) of galaxies at ∼ 3.5µm and ∼ 4.5µm becomes a useful proxy for redshift, with

galaxies getting monotonically redder with increasing z (see 2, Bottom-Right panel).

x  =   spatial scale
!g =  Gaussian density field
! =   total density field
fNL =  correction coefficient

Violation of (1) is parameterized as:

Effect:
Non-zero fNL  modifies power on large scales

Scale dependence:

Redshift dependence:

 ~ 1 / k2

 ~ (1 + z)

Deviation becomes more pronounced at larger scale modes 
and higher-redshift

" 
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Inflation ! Non-Gaussianity ! Clusters

Non-zero fNL and clusters:

Cluster Survey Constraints

 fNL < 0   #  Decreases abundance of high-M, high-z clusters

 fNL > 0   #  Increases abundance of high-M, high-z clusters

Benson+ (2011)Williamson+ (2011)

W
ISE

Reg
im

e

[Short-Term] [Long-Term]
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! Coverage:  3.4, 4.6, 12 and 22µm

The WISE Mission 

All-Sky Release: 14 March 2012

Wright+ (2010) — http://wise.ssl.berkeley.edu/

Upcoming (Funded by NASA):

3-Band Cryo

Post-Cryo
NEOWISE

Mainzer+ (2011)

All-Sky

⧽
AllWISE

http://irsa.ipac.caltech.edu/Missions/wise.htmlData archive:
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Cluster Galaxies in WISEAnthony H. Gonzalez 7

FIG. 4.— Le f t: Figure 2 from Papovich (2008), which shows the Spitzer/IRAC 3.6µm !4.5µm color as a function
of redshift for different galaxy types (cyan dashed = constant SFR with no extinction; black dashed = exponentially
declining SFR with τ = 1 Gyr; solid black = passively evolving 2 Gyr population; solid red = constant SFR with
E(B!V ) = 0.6). The dashed horizontal line denotes the color cut applied to select high redshift galaxies, which is
nearly identical to our WISE cut. The primary contamination is star-forming galaxies at z ∼ 0.4. These low-redshift
galaxies can be minimized by rejecting all sources detected in 2MASS, and completely eliminated using a magnitude
cut in SDSS i!band. Right: A comparison of WISE and Spitzer/ IRAC colors of passively evolving, z f = 3, galaxies
in Channel 1 - Channel 2 for each telescope. The low-redshift galaxies are bluer in WISE, which also reduces the
contamination from low redshift interlopers compared to IRAC.

false detection rates for the two.

• Refine the estimation of local background density, accounting for spatially-variable survey
coverage and assorted systematic overdensities.

• Refine the W1!W2 color cut, extending the search to lower redshift (z ∼ 0.8 ! 0.9) if the
foregrounds can be sufficiently well rejected.

• Quantify the completeness via simulations inserting mock clusters into the data.

• Robustly quantify the relation between detection significance and mass using follow-up ob-
servations.

• Quantify the false positive rate via follow-up imaging.

The latter three of these items are discussed below.

1.3.2. Photometric Confirmation and Redshift Estimation

Deep follow-up observations, at both optical and near-infrared wavelengths, will be obtained for
the 100 highest significance candidates high-redshift WISE clusters in both hemispheres. This
imaging will allow robust cluster confirmation, accurate photometric redshift estimates via the

Papovich 2008

(V
eg

a)

Gettings+ 2012

Eisenhardt+ 2008
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Cluster Galaxies in WISE

(Video)
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Are z~1 Clusters Visible in WISE?

SPT-CL J0546-5345 (z=1.067; Brodwin+ 2010)

Anthony H. Gonzalez 5

FIG. 2.— SPT-CL J0546-5345, a 1×1015M! SZ-selected cluster at z = 1.07 (Brodwin et al. 2010). The left panel
shows an optical-IRAC color image of the cluster, the middle panel is an IRAC 3.6µm image, and the right panel is
the WISE W1 image.

overdensities of super-L∗ galaxies in the most massive clusters out to z ∼ 1.5 (and perhaps be-
yond) with WISE. Our team has undertaken the groundwork necessary to demonstrate the viability
and efficiency of a WISE-based cluster search, including algorithm development, identification of
known clusters, identification of limiting systematics, and initial follow-up.
Cluster Detection. We carried out an initial test to verify that cluster detection is feasible with the
WISE data by inspecting the WISE images for known massive clusters at z > 1. In Figures 2 and
3 we show the WISE and Spitzer/IRAC photometry for two z > 1 clusters from the SPT survey,
which are among the most massive known at this epoch. While the WISE resolution (∼ 6′′) results
in many blended detections, the clusters remain clearly identifiable in the WISE data.
Encouraged, we next consider the best method for cluster detection. Members of our team have

experience with a number of different infrared-based cluster detection techniques gained from past
programs (e.g. Elston et al. 2006; Eisenhardt et al. 2008; Papovich 2008); for this program we
choose to use a color-selection technique. Papovich (2008); Papovich et al. (2010) first demon-
strated the power of this approach in the mid-IR, using Spitzer/IRAC data to identify 103 distant
cluster candidates in the 50 deg2 SWIRE fields, including a spectroscopically confirmed cluster
at z = 1.62. For WISE we have undertaken initial development of a modified version of this de-
tection algorithm optimized for the WISE bands. Starting with the WISE catalog, we first restrict
our attention to |b| > 30◦ and use flags in the catalog to mask artifacts and sources for which
photometry is not robust. We also remove all objects near bright stars at this stage. We next
cross-correlate the remaining sources with 2MASS (K = 14.3, 5σ; Skrutskie et al. 2006), eliminat-
ing all foreground objects detected in this catalog. We then apply a color cut to remove sources
withW1!W2< !0.1. This color selection effectively isolates galaxies at z> 1, with the primary
contamination being from spiral galaxies at z < 0.4 (Fig. 4). Next, the local density of each re-
maining source is estimated, and bootstrap realizations estimate the local background density level.
A friend-of-friends algorithm is then employed to identify the highest significance overdensities
and construct a catalog of cluster candidates.
University of Florida graduate student Dan Gettings has carried out an initial search of 3000

deg2 in the WISE Preliminary Release area using this technique. This initial test yields several
clusters that appear potentially as massive as the two M > 1015M$ SPT clusters found at z = 1.06
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FIG. 2.— SPT-CL J0546-5345, a 1×1015M! SZ-selected cluster at z = 1.07 (Brodwin et al. 2010). The left panel
shows an optical-IRAC color image of the cluster, the middle panel is an IRAC 3.6µm image, and the right panel is
the WISE W1 image.

overdensities of super-L∗ galaxies in the most massive clusters out to z ∼ 1.5 (and perhaps be-
yond) with WISE. Our team has undertaken the groundwork necessary to demonstrate the viability
and efficiency of a WISE-based cluster search, including algorithm development, identification of
known clusters, identification of limiting systematics, and initial follow-up.
Cluster Detection. We carried out an initial test to verify that cluster detection is feasible with the
WISE data by inspecting the WISE images for known massive clusters at z > 1. In Figures 2 and
3 we show the WISE and Spitzer/IRAC photometry for two z > 1 clusters from the SPT survey,
which are among the most massive known at this epoch. While the WISE resolution (∼ 6′′) results
in many blended detections, the clusters remain clearly identifiable in the WISE data.
Encouraged, we next consider the best method for cluster detection. Members of our team have

experience with a number of different infrared-based cluster detection techniques gained from past
programs (e.g. Elston et al. 2006; Eisenhardt et al. 2008; Papovich 2008); for this program we
choose to use a color-selection technique. Papovich (2008); Papovich et al. (2010) first demon-
strated the power of this approach in the mid-IR, using Spitzer/IRAC data to identify 103 distant
cluster candidates in the 50 deg2 SWIRE fields, including a spectroscopically confirmed cluster
at z = 1.62. For WISE we have undertaken initial development of a modified version of this de-
tection algorithm optimized for the WISE bands. Starting with the WISE catalog, we first restrict
our attention to |b| > 30◦ and use flags in the catalog to mask artifacts and sources for which
photometry is not robust. We also remove all objects near bright stars at this stage. We next
cross-correlate the remaining sources with 2MASS (K = 14.3, 5σ; Skrutskie et al. 2006), eliminat-
ing all foreground objects detected in this catalog. We then apply a color cut to remove sources
withW1!W2< !0.1. This color selection effectively isolates galaxies at z> 1, with the primary
contamination being from spiral galaxies at z < 0.4 (Fig. 4). Next, the local density of each re-
maining source is estimated, and bootstrap realizations estimate the local background density level.
A friend-of-friends algorithm is then employed to identify the highest significance overdensities
and construct a catalog of cluster candidates.
University of Florida graduate student Dan Gettings has carried out an initial search of 3000

deg2 in the WISE Preliminary Release area using this technique. This initial test yields several
clusters that appear potentially as massive as the two M > 1015M$ SPT clusters found at z = 1.06
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FIG. 2.— SPT-CL J0546-5345, a 1×1015M! SZ-selected cluster at z = 1.07 (Brodwin et al. 2010). The left panel
shows an optical-IRAC color image of the cluster, the middle panel is an IRAC 3.6µm image, and the right panel is
the WISE W1 image.

overdensities of super-L∗ galaxies in the most massive clusters out to z ∼ 1.5 (and perhaps be-
yond) with WISE. Our team has undertaken the groundwork necessary to demonstrate the viability
and efficiency of a WISE-based cluster search, including algorithm development, identification of
known clusters, identification of limiting systematics, and initial follow-up.
Cluster Detection. We carried out an initial test to verify that cluster detection is feasible with the
WISE data by inspecting the WISE images for known massive clusters at z > 1. In Figures 2 and
3 we show the WISE and Spitzer/IRAC photometry for two z > 1 clusters from the SPT survey,
which are among the most massive known at this epoch. While the WISE resolution (∼ 6′′) results
in many blended detections, the clusters remain clearly identifiable in the WISE data.
Encouraged, we next consider the best method for cluster detection. Members of our team have

experience with a number of different infrared-based cluster detection techniques gained from past
programs (e.g. Elston et al. 2006; Eisenhardt et al. 2008; Papovich 2008); for this program we
choose to use a color-selection technique. Papovich (2008); Papovich et al. (2010) first demon-
strated the power of this approach in the mid-IR, using Spitzer/IRAC data to identify 103 distant
cluster candidates in the 50 deg2 SWIRE fields, including a spectroscopically confirmed cluster
at z = 1.62. For WISE we have undertaken initial development of a modified version of this de-
tection algorithm optimized for the WISE bands. Starting with the WISE catalog, we first restrict
our attention to |b| > 30◦ and use flags in the catalog to mask artifacts and sources for which
photometry is not robust. We also remove all objects near bright stars at this stage. We next
cross-correlate the remaining sources with 2MASS (K = 14.3, 5σ; Skrutskie et al. 2006), eliminat-
ing all foreground objects detected in this catalog. We then apply a color cut to remove sources
withW1!W2< !0.1. This color selection effectively isolates galaxies at z> 1, with the primary
contamination being from spiral galaxies at z < 0.4 (Fig. 4). Next, the local density of each re-
maining source is estimated, and bootstrap realizations estimate the local background density level.
A friend-of-friends algorithm is then employed to identify the highest significance overdensities
and construct a catalog of cluster candidates.
University of Florida graduate student Dan Gettings has carried out an initial search of 3000

deg2 in the WISE Preliminary Release area using this technique. This initial test yields several
clusters that appear potentially as massive as the two M > 1015M$ SPT clusters found at z = 1.06

WISEIRAC

4 Anthony H. Gonzalez

and labor plan for this effort.

1.3. Technical Approach and Methodology

FIG. 1.— Apparent magnitude versus redshift for
a passively evolving L∗ galaxy with z f = 3 in the W1
band.The 5σ detection limit of the median coverage
W1 data is shown by the dashed line (from Stanford,
who is a WISE team member). The M> 1015 M"

clusters targeted in this program should all have a sig-
nificant number of galaxies more massive than 2 L∗
that WISE will easily be able to detect to z = 1.5. All
candidates that make our final sample have at least 8
WISE color-selected galaxies contributing to the de-
tection.

Large area surveys afford the opportunity to
identify well-defined samples of the most mas-
sive, rarest galaxy clusters. The ROSAT All-Sky
Survey has yielded several notable catalogs of
massive X-ray selected galaxy clusters to mod-
erate redshifts (e.g. BCS at z < 0.3 and MACS
at z < 0.7; Ebeling et al. 1998, 2001), and the
SDSS has produced large catalogs of nearby clus-
ters covering a wider range of cluster masses
(e.g. Koester et al. 2007, ; 0.1 < z < 0.3). The
Planck mission also provides an all-sky catalog
of massive galaxy clusters at low redshift (z <
0.6 presently, Planck Collaboration et al. 2011),
while the SPT, ACT, and Dark Energy Survey
can provide complementary samples reaching to
z ! 1 drawn from 2000-5000 deg2 (Vanderlinde
et al. 2010; Sánchez & the Des collaboration
2010). Here we propose a search within the
23,600 deg2 WISE Preliminary Release area to
identify the most massive high-redshift clusters
at 1.0" z" 1.5 – an initial step towards the first
all-sky survey of clusters at this epoch. The only
other planned wide area survey at this epoch is
eROSITA (planned 2013 launch; Predehl et al.
2006); as discussed below, eROSITA and our pro-
posal are in many ways complementary.

1.3.1. An Efficient Cluster Survey with WISE

The Mission. The NASA Wide Field Infrared Explorer (WISE) is an all-sky infrared survey
mission covering the entire sky in four bands, 3.4, 4.6, 12 and 22 µm (designated W1-W4). WISE
has completed its observing, and the Preliminary Release on 14 April 2011 covers 57% of the sky,
roughly equally split between the northern and southern hemispheres. Critically for this program,
the sensitivity of the two shortest wavebands (W1 and W2) is better than anticipated, with a me-
dian 5σ limit of 50 µJy at 3.4µm.1 This depth is sufficient to detect L∗ galaxies to z! 1 in W1 and
the brightest galaxies in clusters out to z∼ 2 (Fig. 1; Stanford, WISE team member). The relative
flatness of the magnitude-redshift relation in W1 at z> 1 implies that we should be able to identify
1 Two of the co-Is, Stanford and Eisenhardt, were in charge of determining completeness and reliability, and their

results regarding the depth in W1 are shown in section VI.4.a of the Explanatory Supplement http://wise2.
ipac.caltech.edu/docs/release/prelim/expsup/
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Are z~1 Clusters Visible in WISE?

SPT-CL J0546-5345 (z=1.06; Brodwin+ 2011)

Anthony H. Gonzalez 5

FIG. 2.— SPT-CL J0546-5345, a 1×1015M! SZ-selected cluster at z = 1.07 (Brodwin et al. 2010). The left panel
shows an optical-IRAC color image of the cluster, the middle panel is an IRAC 3.6µm image, and the right panel is
the WISE W1 image.

overdensities of super-L∗ galaxies in the most massive clusters out to z ∼ 1.5 (and perhaps be-
yond) with WISE. Our team has undertaken the groundwork necessary to demonstrate the viability
and efficiency of a WISE-based cluster search, including algorithm development, identification of
known clusters, identification of limiting systematics, and initial follow-up.
Cluster Detection. We carried out an initial test to verify that cluster detection is feasible with the
WISE data by inspecting the WISE images for known massive clusters at z > 1. In Figures 2 and
3 we show the WISE and Spitzer/IRAC photometry for two z > 1 clusters from the SPT survey,
which are among the most massive known at this epoch. While the WISE resolution (∼ 6′′) results
in many blended detections, the clusters remain clearly identifiable in the WISE data.
Encouraged, we next consider the best method for cluster detection. Members of our team have

experience with a number of different infrared-based cluster detection techniques gained from past
programs (e.g. Elston et al. 2006; Eisenhardt et al. 2008; Papovich 2008); for this program we
choose to use a color-selection technique. Papovich (2008); Papovich et al. (2010) first demon-
strated the power of this approach in the mid-IR, using Spitzer/IRAC data to identify 103 distant
cluster candidates in the 50 deg2 SWIRE fields, including a spectroscopically confirmed cluster
at z = 1.62. For WISE we have undertaken initial development of a modified version of this de-
tection algorithm optimized for the WISE bands. Starting with the WISE catalog, we first restrict
our attention to |b| > 30◦ and use flags in the catalog to mask artifacts and sources for which
photometry is not robust. We also remove all objects near bright stars at this stage. We next
cross-correlate the remaining sources with 2MASS (K = 14.3, 5σ; Skrutskie et al. 2006), eliminat-
ing all foreground objects detected in this catalog. We then apply a color cut to remove sources
withW1!W2< !0.1. This color selection effectively isolates galaxies at z> 1, with the primary
contamination being from spiral galaxies at z < 0.4 (Fig. 4). Next, the local density of each re-
maining source is estimated, and bootstrap realizations estimate the local background density level.
A friend-of-friends algorithm is then employed to identify the highest significance overdensities
and construct a catalog of cluster candidates.
University of Florida graduate student Dan Gettings has carried out an initial search of 3000

deg2 in the WISE Preliminary Release area using this technique. This initial test yields several
clusters that appear potentially as massive as the two M > 1015M$ SPT clusters found at z = 1.06
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FIG. 2.— SPT-CL J0546-5345, a 1×1015M! SZ-selected cluster at z = 1.07 (Brodwin et al. 2010). The left panel
shows an optical-IRAC color image of the cluster, the middle panel is an IRAC 3.6µm image, and the right panel is
the WISE W1 image.

overdensities of super-L∗ galaxies in the most massive clusters out to z ∼ 1.5 (and perhaps be-
yond) with WISE. Our team has undertaken the groundwork necessary to demonstrate the viability
and efficiency of a WISE-based cluster search, including algorithm development, identification of
known clusters, identification of limiting systematics, and initial follow-up.
Cluster Detection. We carried out an initial test to verify that cluster detection is feasible with the
WISE data by inspecting the WISE images for known massive clusters at z > 1. In Figures 2 and
3 we show the WISE and Spitzer/IRAC photometry for two z > 1 clusters from the SPT survey,
which are among the most massive known at this epoch. While the WISE resolution (∼ 6′′) results
in many blended detections, the clusters remain clearly identifiable in the WISE data.
Encouraged, we next consider the best method for cluster detection. Members of our team have

experience with a number of different infrared-based cluster detection techniques gained from past
programs (e.g. Elston et al. 2006; Eisenhardt et al. 2008; Papovich 2008); for this program we
choose to use a color-selection technique. Papovich (2008); Papovich et al. (2010) first demon-
strated the power of this approach in the mid-IR, using Spitzer/IRAC data to identify 103 distant
cluster candidates in the 50 deg2 SWIRE fields, including a spectroscopically confirmed cluster
at z = 1.62. For WISE we have undertaken initial development of a modified version of this de-
tection algorithm optimized for the WISE bands. Starting with the WISE catalog, we first restrict
our attention to |b| > 30◦ and use flags in the catalog to mask artifacts and sources for which
photometry is not robust. We also remove all objects near bright stars at this stage. We next
cross-correlate the remaining sources with 2MASS (K = 14.3, 5σ; Skrutskie et al. 2006), eliminat-
ing all foreground objects detected in this catalog. We then apply a color cut to remove sources
withW1!W2< !0.1. This color selection effectively isolates galaxies at z> 1, with the primary
contamination being from spiral galaxies at z < 0.4 (Fig. 4). Next, the local density of each re-
maining source is estimated, and bootstrap realizations estimate the local background density level.
A friend-of-friends algorithm is then employed to identify the highest significance overdensities
and construct a catalog of cluster candidates.
University of Florida graduate student Dan Gettings has carried out an initial search of 3000

deg2 in the WISE Preliminary Release area using this technique. This initial test yields several
clusters that appear potentially as massive as the two M > 1015M$ SPT clusters found at z = 1.06
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FIG. 2.— SPT-CL J0546-5345, a 1×1015M! SZ-selected cluster at z = 1.07 (Brodwin et al. 2010). The left panel
shows an optical-IRAC color image of the cluster, the middle panel is an IRAC 3.6µm image, and the right panel is
the WISE W1 image.

overdensities of super-L∗ galaxies in the most massive clusters out to z ∼ 1.5 (and perhaps be-
yond) with WISE. Our team has undertaken the groundwork necessary to demonstrate the viability
and efficiency of a WISE-based cluster search, including algorithm development, identification of
known clusters, identification of limiting systematics, and initial follow-up.
Cluster Detection. We carried out an initial test to verify that cluster detection is feasible with the
WISE data by inspecting the WISE images for known massive clusters at z > 1. In Figures 2 and
3 we show the WISE and Spitzer/IRAC photometry for two z > 1 clusters from the SPT survey,
which are among the most massive known at this epoch. While the WISE resolution (∼ 6′′) results
in many blended detections, the clusters remain clearly identifiable in the WISE data.
Encouraged, we next consider the best method for cluster detection. Members of our team have

experience with a number of different infrared-based cluster detection techniques gained from past
programs (e.g. Elston et al. 2006; Eisenhardt et al. 2008; Papovich 2008); for this program we
choose to use a color-selection technique. Papovich (2008); Papovich et al. (2010) first demon-
strated the power of this approach in the mid-IR, using Spitzer/IRAC data to identify 103 distant
cluster candidates in the 50 deg2 SWIRE fields, including a spectroscopically confirmed cluster
at z = 1.62. For WISE we have undertaken initial development of a modified version of this de-
tection algorithm optimized for the WISE bands. Starting with the WISE catalog, we first restrict
our attention to |b| > 30◦ and use flags in the catalog to mask artifacts and sources for which
photometry is not robust. We also remove all objects near bright stars at this stage. We next
cross-correlate the remaining sources with 2MASS (K = 14.3, 5σ; Skrutskie et al. 2006), eliminat-
ing all foreground objects detected in this catalog. We then apply a color cut to remove sources
withW1!W2< !0.1. This color selection effectively isolates galaxies at z> 1, with the primary
contamination being from spiral galaxies at z < 0.4 (Fig. 4). Next, the local density of each re-
maining source is estimated, and bootstrap realizations estimate the local background density level.
A friend-of-friends algorithm is then employed to identify the highest significance overdensities
and construct a catalog of cluster candidates.
University of Florida graduate student Dan Gettings has carried out an initial search of 3000

deg2 in the WISE Preliminary Release area using this technique. This initial test yields several
clusters that appear potentially as massive as the two M > 1015M$ SPT clusters found at z = 1.06

WISEIRAC

4 Anthony H. Gonzalez

and labor plan for this effort.

1.3. Technical Approach and Methodology

FIG. 1.— Apparent magnitude versus redshift for
a passively evolving L∗ galaxy with z f = 3 in the W1
band.The 5σ detection limit of the median coverage
W1 data is shown by the dashed line (from Stanford,
who is a WISE team member). The M> 1015 M"

clusters targeted in this program should all have a sig-
nificant number of galaxies more massive than 2 L∗
that WISE will easily be able to detect to z = 1.5. All
candidates that make our final sample have at least 8
WISE color-selected galaxies contributing to the de-
tection.

Large area surveys afford the opportunity to
identify well-defined samples of the most mas-
sive, rarest galaxy clusters. The ROSAT All-Sky
Survey has yielded several notable catalogs of
massive X-ray selected galaxy clusters to mod-
erate redshifts (e.g. BCS at z < 0.3 and MACS
at z < 0.7; Ebeling et al. 1998, 2001), and the
SDSS has produced large catalogs of nearby clus-
ters covering a wider range of cluster masses
(e.g. Koester et al. 2007, ; 0.1 < z < 0.3). The
Planck mission also provides an all-sky catalog
of massive galaxy clusters at low redshift (z <
0.6 presently, Planck Collaboration et al. 2011),
while the SPT, ACT, and Dark Energy Survey
can provide complementary samples reaching to
z ! 1 drawn from 2000-5000 deg2 (Vanderlinde
et al. 2010; Sánchez & the Des collaboration
2010). Here we propose a search within the
23,600 deg2 WISE Preliminary Release area to
identify the most massive high-redshift clusters
at 1.0" z" 1.5 – an initial step towards the first
all-sky survey of clusters at this epoch. The only
other planned wide area survey at this epoch is
eROSITA (planned 2013 launch; Predehl et al.
2006); as discussed below, eROSITA and our pro-
posal are in many ways complementary.

1.3.1. An Efficient Cluster Survey with WISE

The Mission. The NASA Wide Field Infrared Explorer (WISE) is an all-sky infrared survey
mission covering the entire sky in four bands, 3.4, 4.6, 12 and 22 µm (designated W1-W4). WISE
has completed its observing, and the Preliminary Release on 14 April 2011 covers 57% of the sky,
roughly equally split between the northern and southern hemispheres. Critically for this program,
the sensitivity of the two shortest wavebands (W1 and W2) is better than anticipated, with a me-
dian 5σ limit of 50 µJy at 3.4µm.1 This depth is sufficient to detect L∗ galaxies to z! 1 in W1 and
the brightest galaxies in clusters out to z∼ 2 (Fig. 1; Stanford, WISE team member). The relative
flatness of the magnitude-redshift relation in W1 at z> 1 implies that we should be able to identify
1 Two of the co-Is, Stanford and Eisenhardt, were in charge of determining completeness and reliability, and their

results regarding the depth in W1 are shown in section VI.4.a of the Explanatory Supplement http://wise2.
ipac.caltech.edu/docs/release/prelim/expsup/
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FIG. 2.— SPT-CL J0546-5345, a 1×1015M! SZ-selected cluster at z = 1.07 (Brodwin et al. 2010). The left panel
shows an optical-IRAC color image of the cluster, the middle panel is an IRAC 3.6µm image, and the right panel is
the WISE W1 image.

overdensities of super-L∗ galaxies in the most massive clusters out to z ∼ 1.5 (and perhaps be-
yond) with WISE. Our team has undertaken the groundwork necessary to demonstrate the viability
and efficiency of a WISE-based cluster search, including algorithm development, identification of
known clusters, identification of limiting systematics, and initial follow-up.
Cluster Detection. We carried out an initial test to verify that cluster detection is feasible with the
WISE data by inspecting the WISE images for known massive clusters at z > 1. In Figures 2 and
3 we show the WISE and Spitzer/IRAC photometry for two z > 1 clusters from the SPT survey,
which are among the most massive known at this epoch. While the WISE resolution (∼ 6′′) results
in many blended detections, the clusters remain clearly identifiable in the WISE data.
Encouraged, we next consider the best method for cluster detection. Members of our team have

experience with a number of different infrared-based cluster detection techniques gained from past
programs (e.g. Elston et al. 2006; Eisenhardt et al. 2008; Papovich 2008); for this program we
choose to use a color-selection technique. Papovich (2008); Papovich et al. (2010) first demon-
strated the power of this approach in the mid-IR, using Spitzer/IRAC data to identify 103 distant
cluster candidates in the 50 deg2 SWIRE fields, including a spectroscopically confirmed cluster
at z = 1.62. For WISE we have undertaken initial development of a modified version of this de-
tection algorithm optimized for the WISE bands. Starting with the WISE catalog, we first restrict
our attention to |b| > 30◦ and use flags in the catalog to mask artifacts and sources for which
photometry is not robust. We also remove all objects near bright stars at this stage. We next
cross-correlate the remaining sources with 2MASS (K = 14.3, 5σ; Skrutskie et al. 2006), eliminat-
ing all foreground objects detected in this catalog. We then apply a color cut to remove sources
withW1!W2< !0.1. This color selection effectively isolates galaxies at z> 1, with the primary
contamination being from spiral galaxies at z < 0.4 (Fig. 4). Next, the local density of each re-
maining source is estimated, and bootstrap realizations estimate the local background density level.
A friend-of-friends algorithm is then employed to identify the highest significance overdensities
and construct a catalog of cluster candidates.
University of Florida graduate student Dan Gettings has carried out an initial search of 3000

deg2 in the WISE Preliminary Release area using this technique. This initial test yields several
clusters that appear potentially as massive as the two M > 1015M$ SPT clusters found at z = 1.06
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and labor plan for this effort.

1.3. Technical Approach and Methodology

FIG. 1.— Apparent magnitude versus redshift for
a passively evolving L∗ galaxy with z f = 3 in the W1
band.The 5σ detection limit of the median coverage
W1 data is shown by the dashed line (from Stanford,
who is a WISE team member). The M> 1015 M"

clusters targeted in this program should all have a sig-
nificant number of galaxies more massive than 2 L∗
that WISE will easily be able to detect to z = 1.5. All
candidates that make our final sample have at least 8
WISE color-selected galaxies contributing to the de-
tection.

Large area surveys afford the opportunity to
identify well-defined samples of the most mas-
sive, rarest galaxy clusters. The ROSAT All-Sky
Survey has yielded several notable catalogs of
massive X-ray selected galaxy clusters to mod-
erate redshifts (e.g. BCS at z < 0.3 and MACS
at z < 0.7; Ebeling et al. 1998, 2001), and the
SDSS has produced large catalogs of nearby clus-
ters covering a wider range of cluster masses
(e.g. Koester et al. 2007, ; 0.1 < z < 0.3). The
Planck mission also provides an all-sky catalog
of massive galaxy clusters at low redshift (z <
0.6 presently, Planck Collaboration et al. 2011),
while the SPT, ACT, and Dark Energy Survey
can provide complementary samples reaching to
z ! 1 drawn from 2000-5000 deg2 (Vanderlinde
et al. 2010; Sánchez & the Des collaboration
2010). Here we propose a search within the
23,600 deg2 WISE Preliminary Release area to
identify the most massive high-redshift clusters
at 1.0" z" 1.5 – an initial step towards the first
all-sky survey of clusters at this epoch. The only
other planned wide area survey at this epoch is
eROSITA (planned 2013 launch; Predehl et al.
2006); as discussed below, eROSITA and our pro-
posal are in many ways complementary.

1.3.1. An Efficient Cluster Survey with WISE

The Mission. The NASA Wide Field Infrared Explorer (WISE) is an all-sky infrared survey
mission covering the entire sky in four bands, 3.4, 4.6, 12 and 22 µm (designated W1-W4). WISE
has completed its observing, and the Preliminary Release on 14 April 2011 covers 57% of the sky,
roughly equally split between the northern and southern hemispheres. Critically for this program,
the sensitivity of the two shortest wavebands (W1 and W2) is better than anticipated, with a me-
dian 5σ limit of 50 µJy at 3.4µm.1 This depth is sufficient to detect L∗ galaxies to z! 1 in W1 and
the brightest galaxies in clusters out to z∼ 2 (Fig. 1; Stanford, WISE team member). The relative
flatness of the magnitude-redshift relation in W1 at z> 1 implies that we should be able to identify
1 Two of the co-Is, Stanford and Eisenhardt, were in charge of determining completeness and reliability, and their

results regarding the depth in W1 are shown in section VI.4.a of the Explanatory Supplement http://wise2.
ipac.caltech.edu/docs/release/prelim/expsup/

SPT-CL J0205-5829 (z=1.322; Stalder+ 2012)XDCP J0044.0-2033 (z=1.579; Santos+ 2011a)

12



Daniel Gettings (U. Florida) — MaDCoWS — ESAC Clusters 2012

4 Anthony H. Gonzalez

and labor plan for this effort.

1.3. Technical Approach and Methodology

FIG. 1.— Apparent magnitude versus redshift for
a passively evolving L∗ galaxy with z f = 3 in the W1
band.The 5σ detection limit of the median coverage
W1 data is shown by the dashed line (from Stanford,
who is a WISE team member). The M> 1015 M"

clusters targeted in this program should all have a sig-
nificant number of galaxies more massive than 2 L∗
that WISE will easily be able to detect to z = 1.5. All
candidates that make our final sample have at least 8
WISE color-selected galaxies contributing to the de-
tection.

Large area surveys afford the opportunity to
identify well-defined samples of the most mas-
sive, rarest galaxy clusters. The ROSAT All-Sky
Survey has yielded several notable catalogs of
massive X-ray selected galaxy clusters to mod-
erate redshifts (e.g. BCS at z < 0.3 and MACS
at z < 0.7; Ebeling et al. 1998, 2001), and the
SDSS has produced large catalogs of nearby clus-
ters covering a wider range of cluster masses
(e.g. Koester et al. 2007, ; 0.1 < z < 0.3). The
Planck mission also provides an all-sky catalog
of massive galaxy clusters at low redshift (z <
0.6 presently, Planck Collaboration et al. 2011),
while the SPT, ACT, and Dark Energy Survey
can provide complementary samples reaching to
z ! 1 drawn from 2000-5000 deg2 (Vanderlinde
et al. 2010; Sánchez & the Des collaboration
2010). Here we propose a search within the
23,600 deg2 WISE Preliminary Release area to
identify the most massive high-redshift clusters
at 1.0" z" 1.5 – an initial step towards the first
all-sky survey of clusters at this epoch. The only
other planned wide area survey at this epoch is
eROSITA (planned 2013 launch; Predehl et al.
2006); as discussed below, eROSITA and our pro-
posal are in many ways complementary.

1.3.1. An Efficient Cluster Survey with WISE

The Mission. The NASA Wide Field Infrared Explorer (WISE) is an all-sky infrared survey
mission covering the entire sky in four bands, 3.4, 4.6, 12 and 22 µm (designated W1-W4). WISE
has completed its observing, and the Preliminary Release on 14 April 2011 covers 57% of the sky,
roughly equally split between the northern and southern hemispheres. Critically for this program,
the sensitivity of the two shortest wavebands (W1 and W2) is better than anticipated, with a me-
dian 5σ limit of 50 µJy at 3.4µm.1 This depth is sufficient to detect L∗ galaxies to z! 1 in W1 and
the brightest galaxies in clusters out to z∼ 2 (Fig. 1; Stanford, WISE team member). The relative
flatness of the magnitude-redshift relation in W1 at z> 1 implies that we should be able to identify
1 Two of the co-Is, Stanford and Eisenhardt, were in charge of determining completeness and reliability, and their

results regarding the depth in W1 are shown in section VI.4.a of the Explanatory Supplement http://wise2.
ipac.caltech.edu/docs/release/prelim/expsup/

Are z~1 Clusters Visible in WISE?

SPT-CL J0546-5345 (z=1.06; Brodwin+ 2011)

Anthony H. Gonzalez 5
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overdensities of super-L∗ galaxies in the most massive clusters out to z ∼ 1.5 (and perhaps be-
yond) with WISE. Our team has undertaken the groundwork necessary to demonstrate the viability
and efficiency of a WISE-based cluster search, including algorithm development, identification of
known clusters, identification of limiting systematics, and initial follow-up.
Cluster Detection. We carried out an initial test to verify that cluster detection is feasible with the
WISE data by inspecting the WISE images for known massive clusters at z > 1. In Figures 2 and
3 we show the WISE and Spitzer/IRAC photometry for two z > 1 clusters from the SPT survey,
which are among the most massive known at this epoch. While the WISE resolution (∼ 6′′) results
in many blended detections, the clusters remain clearly identifiable in the WISE data.
Encouraged, we next consider the best method for cluster detection. Members of our team have

experience with a number of different infrared-based cluster detection techniques gained from past
programs (e.g. Elston et al. 2006; Eisenhardt et al. 2008; Papovich 2008); for this program we
choose to use a color-selection technique. Papovich (2008); Papovich et al. (2010) first demon-
strated the power of this approach in the mid-IR, using Spitzer/IRAC data to identify 103 distant
cluster candidates in the 50 deg2 SWIRE fields, including a spectroscopically confirmed cluster
at z = 1.62. For WISE we have undertaken initial development of a modified version of this de-
tection algorithm optimized for the WISE bands. Starting with the WISE catalog, we first restrict
our attention to |b| > 30◦ and use flags in the catalog to mask artifacts and sources for which
photometry is not robust. We also remove all objects near bright stars at this stage. We next
cross-correlate the remaining sources with 2MASS (K = 14.3, 5σ; Skrutskie et al. 2006), eliminat-
ing all foreground objects detected in this catalog. We then apply a color cut to remove sources
withW1!W2< !0.1. This color selection effectively isolates galaxies at z> 1, with the primary
contamination being from spiral galaxies at z < 0.4 (Fig. 4). Next, the local density of each re-
maining source is estimated, and bootstrap realizations estimate the local background density level.
A friend-of-friends algorithm is then employed to identify the highest significance overdensities
and construct a catalog of cluster candidates.
University of Florida graduate student Dan Gettings has carried out an initial search of 3000

deg2 in the WISE Preliminary Release area using this technique. This initial test yields several
clusters that appear potentially as massive as the two M > 1015M$ SPT clusters found at z = 1.06
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First Discovery: 
MOO J2342.0+1301

arXiv:
1205.7092

Spec-z Confirmed

W1-W2 Selected
W1-W2 Selected

W1 Ks ApJL in press

17



Daniel Gettings (U. Florida) — MaDCoWS — ESAC Clusters 2012

Ongoing Follow-Up Campaign

Phase I -- Optical/NIR Imaging

Phase II -- Multi-Object Spectroscopy

Phase III -- Cluster Masses

More time in 2012B

First dedicated MaDCoWS run: 
2012 October 

! Program on CARMA / SZA 
for SZ effect ongoing

! First SZ Detection!
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