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3 Intellectual Merit: Breakthrough Science with SPT
The data from the five years of SPT operations proposed here will be used to advance our knowledge of

fundamental physics, cosmology, and astrophysics. The SPT-3G survey is at the forefront of research in all
of these fields of study, by virtue of the unprecedentedly deep and wide, high-resolution maps of CMB total
intensity and polarization that it will deliver over the >10,000 deg2 of survey area. Among the many contri-
butions SPT-3G is poised to make in fundamental physics, the most potentially groundbreaking is the search
for gravitational waves from the early Universe in a joint analysis of the 1500 deg2 Main field with data
from the BICEP Array (BA). The Wide survey area, supported entirely by this proposal, will enable con-
straints on cosmological parameters—both within the ⇤CDM model and under well-motivated extensions
to ⇤CDM—that improve over current constraints by factors of two or more in individual parameters and
nearly 300 in the full parameter volume. These results will play a crucial role in clarifying the current ten-
sions in ⇤CDM and exploiting the full power of polarization and CMB lensing in constraining cosmology.

Figure 10: Mollweide view of the three SPT-3G surveys and other sur-
veys relevant to this proposal. Note that the BA survey is heavily
apodized; we show the equal-weight contour enclosing the effective
area from [12], while the SPT-3G Main field coincides with the BA
⇠15% weight contour.

Meanwhile, the high signal-to-noise
mass maps from CMB lensing and maps
of the tSZ and kSZ effects will also be
invaluable resources for joint analyses
with optical data, constraining cosmo-
logical parameters, the role of astrophys-
ical feedback processes in galaxy and
cluster formation, important astrophys-
ical processes, and potential systemat-
ics. The deep, high-resolution, multi-
band data and wide area coverage of
the SPT-3G surveys will enable the con-
struction of unprecedented catalogs of
galaxy clusters and high-redshift galax-
ies. In the new field of transient, vari-
able, and moving object studies with CMB surveys, which the SPT team helped pioneer, the SPT-3G sur-
veys enabled by this proposal will open discovery space and act as a pathfinder for CMB-S4, particularly
in conjunction with transient searches in VRO-LSST. Finally, through participation in EHT and the opera-
tion of the SPT-SLIM pathfinder spectrometer and the prototype of SPT-3G+, a sub-mm imaging camera,
the research proposed here will help open new windows on the physics and astrophysics of black holes,
make significant progress in the nascent field of mm-wave line intensity mapping, and exploit the sub-mm
capabilities of the SPT to produce deep CMB-like surveys into the sub-mm.

Survey Area Years observed Noise level (T )
[deg2] [µK-arcmin]

95 GHz 150 GHz 220 GHz Coadded
SPT-3G Main 1500 2019-2023, 2025-2026 2.5 2.1 7.6 1.6
SPT-3G Summer 2600 2019-2023 8.5 9.0 31 6.1
SPT-3G Wide 6000 2024 14 12 42 8.8

Table 1: Map depths for the three SPT-3G surveys. For comparison, maps in the deepest Planck band have a noise
level of ⇠30 µK-arcmin.

3.1 Primordial Gravitational Waves: B modes and Delensing
Among the most exciting pursuits in modern cosmology is the search for primordial gravitational waves

(PGW). If the paradigm of cosmic inflation is the correct description of our Universe, then quantum fluc-
tuations in the background metric provided the seeds for all the structures we observe in the Universe to-
day. These quantum fluctuations include tensor perturbations to the metric that provide a direct probe of
conditions during inflation. Stretched by the Universe’s expansion to astrophysically large scales, tensor
perturbations (i.e., PGW) will leave their imprint on the CMB at recombination (and again at reionization).

8

The 10,000 sq-degree SPT-3G Survey(s)

+ < < < <



6

3 Intellectual Merit: Breakthrough Science with SPT
The data from the five years of SPT operations proposed here will be used to advance our knowledge of

fundamental physics, cosmology, and astrophysics. The SPT-3G survey is at the forefront of research in all
of these fields of study, by virtue of the unprecedentedly deep and wide, high-resolution maps of CMB total
intensity and polarization that it will deliver over the >10,000 deg2 of survey area. Among the many contri-
butions SPT-3G is poised to make in fundamental physics, the most potentially groundbreaking is the search
for gravitational waves from the early Universe in a joint analysis of the 1500 deg2 Main field with data
from the BICEP Array (BA). The Wide survey area, supported entirely by this proposal, will enable con-
straints on cosmological parameters—both within the ⇤CDM model and under well-motivated extensions
to ⇤CDM—that improve over current constraints by factors of two or more in individual parameters and
nearly 300 in the full parameter volume. These results will play a crucial role in clarifying the current ten-
sions in ⇤CDM and exploiting the full power of polarization and CMB lensing in constraining cosmology.

Figure 10: Mollweide view of the three SPT-3G surveys and other sur-
veys relevant to this proposal. Note that the BA survey is heavily
apodized; we show the equal-weight contour enclosing the effective
area from [12], while the SPT-3G Main field coincides with the BA
⇠15% weight contour.

Meanwhile, the high signal-to-noise
mass maps from CMB lensing and maps
of the tSZ and kSZ effects will also be
invaluable resources for joint analyses
with optical data, constraining cosmo-
logical parameters, the role of astrophys-
ical feedback processes in galaxy and
cluster formation, important astrophys-
ical processes, and potential systemat-
ics. The deep, high-resolution, multi-
band data and wide area coverage of
the SPT-3G surveys will enable the con-
struction of unprecedented catalogs of
galaxy clusters and high-redshift galax-
ies. In the new field of transient, vari-
able, and moving object studies with CMB surveys, which the SPT team helped pioneer, the SPT-3G sur-
veys enabled by this proposal will open discovery space and act as a pathfinder for CMB-S4, particularly
in conjunction with transient searches in VRO-LSST. Finally, through participation in EHT and the opera-
tion of the SPT-SLIM pathfinder spectrometer and the prototype of SPT-3G+, a sub-mm imaging camera,
the research proposed here will help open new windows on the physics and astrophysics of black holes,
make significant progress in the nascent field of mm-wave line intensity mapping, and exploit the sub-mm
capabilities of the SPT to produce deep CMB-like surveys into the sub-mm.

Survey Area Years observed Noise level (T )
[deg2] [µK-arcmin]

95 GHz 150 GHz 220 GHz Coadded
SPT-3G Main 1500 2019-2023, 2025-2026 2.5 2.1 7.6 1.6
SPT-3G Summer 2600 2019-2023 8.5 9.0 31 6.1
SPT-3G Wide 6000 2024 14 12 42 8.8

Table 1: Map depths for the three SPT-3G surveys. For comparison, maps in the deepest Planck band have a noise
level of ⇠30 µK-arcmin.

3.1 Primordial Gravitational Waves: B modes and Delensing
Among the most exciting pursuits in modern cosmology is the search for primordial gravitational waves

(PGW). If the paradigm of cosmic inflation is the correct description of our Universe, then quantum fluc-
tuations in the background metric provided the seeds for all the structures we observe in the Universe to-
day. These quantum fluctuations include tensor perturbations to the metric that provide a direct probe of
conditions during inflation. Stretched by the Universe’s expansion to astrophysically large scales, tensor
perturbations (i.e., PGW) will leave their imprint on the CMB at recombination (and again at reionization).

8

The 10,000 sq-degree SPT-3G Survey(s)

Euclid Deep Field South

+ < < < <



Planck 143 GHz



SPT-SZ 95 GHz



SPT-3G 95 GHz



SPT-3G 95 GHz

Clusters of Galaxies  
“Shadows” in the microwave 
background from clusters of galaxies
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The Sunyaev Zel’dovich (SZ) Effect

CMB Spectrum

SZ Spectrum
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The Sunyaev Zel’dovich (SZ) Effect



• Remove emissive sources from 
temperature map to remove 
negative “wings” caused by time 
stream filtering of SPT data. 

Finding Clusters in SPT data

~16 deg2 of data  (1% of Main field data)
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• Remove emissive sources from 
temperature map to remove 
negative “wings” caused by time 
stream filtering of SPT data. 


• Subtract data driven template of all 
sources detected at S/N>5 at 95 GHz 
in dedicated source analysis (see M. 
Archipley’s talk tomorrow) from 95, 
150, 220 GHz temperature maps. 

Finding Clusters in SPT data

~16 deg2 of data  (1% of Main field data)
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• Remove emissive sources from 
temperature map to remove 
negative “wings” caused by time 
stream filtering of SPT data. 


• Use multi-frequency matched filter 
techniques (e.g., Melin et al. 2006) 
to produce signal-to-noise maps 
optimized for cluster detection


• Noise is composed of instrumental + 
residual atmospheric noise as well as 
“astrophysical noise” from primary 
CMB (Planck 20) and tSZ, kSZ, CIB 
(Reichardt+21)


• Apply 16 spatial filters of projected 
spherical  profiles with  1/8’ to 
6’ in scale.   

β θcore

Finding Clusters in SPT data

Signal-to-noise map, 0.25’ filter 
15



~0.5% of the SPT-3G Main sample



• The majority of our cluster candidates are 
confirmed using the Multi-Component Matched 

Filter (MCMF) cluster confirmation tool


• Results are cross-compared to targeted 
redMaPPer in the Dark Energy Survey Footprint


• Additional redshifts from Spitzer (SSDF & 
targeted observations) and Magellan 4* NIR 

observations.

Candidate Confirmation and Redshift Estimation
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Multi-Component Matched Filter (MCMF) 
cluster confirmation tool (Klein+18,19, 24)

❖ uses red-sequence to obtain richness & redshift with DES/DECALS griz & WISE W1, 
W2 data


❖ use ICM based information (flux, ) to obtain estimate of r500 given redshift

❖ scans through redshift and calculates richness within apertures of r500 around ICM 

based position

❖ peak identified and fit by calibrated peak profiles to get redshifts & richness of 

potential counter parts

ξ

18See talk later this afternoon! 

Matthias Klein
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At high-redshifts we leverage the 1.6 m 
stellar bump feature

μ

Bleem, Klein et al 

SPTpol & DES Collaborations


OJA 7, 3 (2024)



• Catalog drawn from 1605 deg2 of data at 
noise levels of 3.2, 2.6, 9 -arcmin at 95, 
150, 220 GHz 


• 9097 candidates at detection significance 
 (>88% purity), 4568 at  (>99% 

purity)

μK

ξ > 4 ξ > 5

Preliminary Results - Main Field

20



Preliminary Results - Main Field

“El Gordo” ξ = 175

ACO S 1063

Phoenix
SPT-CL J2106-5844 


(z=1.13)

• Catalog drawn from 1605 deg2 of data at 
noise levels of 3.2, 2.6, 9 -arcmin at 95, 
150, 220 GHz 


• 9097 candidates at detection significance 
 (>88% purity), 4568 at  (>99% 

purity)

μK

ξ > 4 ξ > 5
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• Catalog drawn from 1605 deg2 of data at 
noise levels of 3.2, 2.6, 9 -arcmin at 95, 
150, 220 GHz 


• 9097 candidates at detection significance 
 (>88% purity), 4568 at  (>99% 

purity)


• 7172 candidates (and counting) confirmed 
at optical contamination statistic fcont < 0.2 

• Median redshift zmed = 0.71  

• 1636 clusters at z>1 (23%) 

• 231 at z> 1.5  (3%)


• 337 candidates at , 126 at  
remain unconfirmed by this statistic

μK

ξ > 4 ξ > 5

ξ > 5 ξ > 6

Preliminary Results - Main Field

fcont(λi, zi) =
∫ ∞

λi
frand(λ, zi)dλ

∫ ∞
λi

fobs(λ, zi)dλ
< 0.2
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• Catalog drawn from 1605 deg2 of data at noise 
levels of 3.2, 2.6, 9 -arcmin at 95, 150, 220 
GHz 


• 9097 candidates at detection significance 
 (>88% purity), 4568 at  (>99% 

purity)


• 7172 candidates (and counting) confirmed at 
optical contamination statistic fcont < 0.2 

• Median redshift zmed = 0.71  

• 1636 clusters at z>1 (+74   & fcont < 0.3)  

• 231 at z> 1.5 (+25   & fcont < 0.3) 


• 337 candidates at , 126 at  
remain unconfirmed by this statistic

μK

ξ > 4 ξ > 5

ξ > 5

ξ > 5

ξ > 5 ξ > 6

Preliminary Results - Main Field

fcont(λi, zi) =
∫ ∞

λi
frand(λ, zi)dλ

∫ ∞
λi

fobs(λ, zi)dλ
< 0.2

DES grz with SPT contours
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• Catalog drawn from 1605 deg2 of data at noise 
levels of 3.2, 2.6, 9 -arcmin at 95, 150, 220 
GHz 


• 9097 candidates at detection significance 
 (>88% purity), 4568 at  (>99% 

purity)


• 7172 candidates (and counting) confirmed at 
optical contamination statistic fcont < 0.2 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• 231 at z> 1.5 (+25   & fcont < 0.3) 


• 337 candidates at , 126 at  
remain unconfirmed by this statistic

μK

ξ > 4 ξ > 5

ξ > 5

ξ > 5

ξ > 5 ξ > 6

Preliminary Results - Main Field
Magellan 4* 

J-band

With Mike Gladders, 

Tony Stark, 


Brad Benson

fcont(λi, zi) =
∫ ∞

λi
frand(λ, zi)dλ

∫ ∞
λi

fobs(λ, zi)dλ
< 0.2
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• Catalog drawn from 1605 deg2 of data at 
noise levels of 3.2, 2.6, 9 -arcmin at 95, 
150, 220 GHz 


• 9097 candidates at detection significance 
 (>88% purity), 4568 at  (>99% 

purity)


• 7172 candidates (and counting) confirmed 
at optical contamination statistic fcont < 0.2 


• Median redshift zmed = 0.71  

• Masses estimated via scaling relation  

• Catalog properties include position, , 
, y(0.75’) + [redshift, mass, optical 

richness, and contamination estimation 
from optical association] for confirmed 
clusters 

μK

ξ > 4 ξ > 5

ξ
θcore

Preliminary Results - Main Field

<latexit sha1_base64="oO4QtNzBj2u/rmtKtqmm2U6tL8A=">AAACGHicbVDLSgNBEJyNrxhfUY9eBoOQoMTdKOpFCHrxJBHMA7JrmJ1MkiGzD2d6xbjmM7z4K148KOI1N//G3WQPaixoKKq66e6yfcEV6PqXlpqZnZtfSC9mlpZXVtey6xs15QWSsir1hCcbNlFMcJdVgYNgDV8y4tiC1e3+eezX75hU3HOvYeAzyyFdl3c4JRBJrex+JW/e80fzgQEp4FNsOgR6lAh8mTfVrYRw7NyUdg+Ge9goZFrZnF7Ux8DTxEhIDiWotLIjs+3RwGEuUEGUahq6D1ZIJHAq2DBjBor5hPZJlzUj6hKHKSscPzbEO5HSxh1PRuUCHqs/J0LiKDVw7Kgzvlv99WLxP68ZQOfECrnrB8BcOlnUCQQGD8cp4TaXjIIYRIRQyaNbMe0RSShEWcYhGH9fnia1UtE4KhpXh7nyWRJHGm2hbZRHBjpGZXSBKqiKKHpCL+gNvWvP2qv2oX1OWlNaMrOJfkEbfQNOo54G</latexit>

P (⇠|⇣) = N (
p
⇣2 + 3, 1)
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* especially at high redshift and low mass

Characterizing SZ Selection*
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The First SPT-3G Cluster Catalog: 
100d Deep Field
• The 100d SPT deep field 
combines data from 5 years of 
SPT-3G with the SPTpol 100d+ 
500d surveys (10 years of CMB 
observations in total!) 


• 442 clusters detected from 



•SPT 100d field overlaps with 
multi-wave surveys: 

• Herschel SPIRE (250, 350, 500 um) 

(Viero et al., 1810.10643) 

• Spitzer SSDF (3.6, 4.5 um) (Ashby et 

al., 1308.0201) 

• MeerKAT (PI Vieira)  
• XMM-XXL (25 deg2) (Pierre et al.)

• Wide field surveys from DES, 

eROSITA, and (soon) Euclid

0.12 < z ≲ 1.8

K. Kornoelje

Kornoelje, Bleem, Rykoff et al. 
(SPT-3G+DES), arXiv:2503.17271

See Kayla’s talk this afternoon! 



The SPT-Deep Cluster Catalog 15

Figure 8. Median-weighted stacked cutouts of 421 confirmed clusters candidates (outlined in Section 5.2.4) with z > 0.25 in
the SPT-Deep cluster catalog at 90, 150, 220, 600, 857, and 1200 GHz from the SPT-3G and Herschel SPIRE maps. We note
two visual trends: the amplitude of the dust contamination increases with redshift, visible even in the tSZ null 220 GHz band.
Further, we observe the shift from tSZ domination at 90 and 150 GHz to dust emission domination at higher frequencies. We
find the amplitude (in arbitrary units) of the dust emission in the stacked cutouts of the SPIRE maps are roughly an order of
magnitude larger than the tSZ signal in the SPT-3G maps.

A sample of 421 confirmed clusters from the SPT-Deep1042

catalog with z > 0.25 is selected for the joint tSZ-dust1043

fit, following the equation:1044

S
total

⌫ = [ytSZ ⇥ I0g(x)]tSZ

+

2

64
A

dust

⌫0
⇥

⇣
⌫(1+z)

⌫0

⌘�
⇥B⌫ [⌫(1 + z), Td]

B⌫0 [Td]

3

75

dust

(14)

1045

The first bracketed term represents the tSZ contribu-1046

tion to the total flux, with I0 = 2(kBT )
3

(hc)2 . The second1047

represents the dust contamination, with spectral index1048

�d, dust temperature Td, Planck spectrum B⌫(⌫, T ), and1049

normalization amplitude Adust

⌫0
, where ⌫0 is dust emission1050

normalization frequency.1051

For each galaxy cluster, we construct a likelihood func-1052

tion to estimate three parameters: the temperature Td1053

and amplitude of dust contamination, Adust

⌫0
, and the am-1054

plitude of the thermal Sunyaev-Zel’dovich (tSZ) signal,1055

ytSZ. We assume flat priors on all parameters and search1056

the parameter range T > 2.725, Adust

⌫0
> 0, and ytSZ > 0.1057

In our analysis, we fix the spectral index � to a value1058

of 2 (Mak et al. 2016), as the degeneracy between the1059

fitted dust parameters leads to poor constraints on the1060

overall best-fit when floating �. We, however, verify that1061

� = 2 is an appropriate estimate of the spectral index1062

by performing the tSZ-dust fit on clusters z > 1 on a1063

grid of � values ranging from 1.2 to 2.6 in steps of 0.1,1064

finding no significant change in the measured �
2

red
of the1065

resulting fits above � ⇠ 1.8.1066

To account for the evolution of the dust contamina-1067

tion with redshift, we divide our dataset into redshift1068

bins: [0.25 < z < 0.5], [0.5 < z < 1], and [z > 1], with1069

87, 231, and 100 clusters in each bin respectively. We1070

note the removal of three clusters from this analysis:1071

SPT-CL J2353-5412 due to the presence of low-z galaxy1072

contaminants, SPT-CL J2332-5358 due to the presence1073

of a lensed sub-mm galaxy, and the merging cluster SPT-1074

CL J2331-5052 (in which the close spatial proximity of1075

two massive clusters biases the relative flux estimate, see1076

e.g., Figure 6 in Huang et al. 2020). Within each bin, we1077

simultaneously fit the likelihood functions of all clusters1078

using a Markov chain Monte Carlo (MCMC) method.1079

This approach allows us to jointly maximize the likeli-1080

hood across all clusters in a given redshift bin, ensuring1081

a more robust estimation of the fitting parameters. Each1082

cluster is equally weighted in the likelihood analysis, with1083

the best-fit parameters obtained from the sum of the1084

individual cluster log-likelihood functions. The errors for1085

Kornoelje et al  (arXiv:2503.17271)30

Analysis of Dust Contamination on High-z SZ Selection
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Analysis of Dust Contamination on High-z SZ Selection

Kornoelje et al  (arXiv:2503.17271)
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Figure 8. Median-weighted stacked cutouts of 421 confirmed clusters candidates (outlined in Section 5.2.4) with z > 0.25 in
the SPT-Deep cluster catalog at 90, 150, 220, 600, 857, and 1200 GHz from the SPT-3G and Herschel SPIRE maps. We note
two visual trends: the amplitude of the dust contamination increases with redshift, visible even in the tSZ null 220 GHz band.
Further, we observe the shift from tSZ domination at 90 and 150 GHz to dust emission domination at higher frequencies. We
find the amplitude (in arbitrary units) of the dust emission in the stacked cutouts of the SPIRE maps are roughly an order of
magnitude larger than the tSZ signal in the SPT-3G maps.

A sample of 421 confirmed clusters from the SPT-Deep1042

catalog with z > 0.25 is selected for the joint tSZ-dust1043

fit, following the equation:1044

S
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1045

The first bracketed term represents the tSZ contribu-1046

tion to the total flux, with I0 = 2(kBT )
3

(hc)2 . The second1047

represents the dust contamination, with spectral index1048

�d, dust temperature Td, Planck spectrum B⌫(⌫, T ), and1049

normalization amplitude Adust

⌫0
, where ⌫0 is dust emission1050

normalization frequency.1051

For each galaxy cluster, we construct a likelihood func-1052

tion to estimate three parameters: the temperature Td1053

and amplitude of dust contamination, Adust

⌫0
, and the am-1054

plitude of the thermal Sunyaev-Zel’dovich (tSZ) signal,1055

ytSZ. We assume flat priors on all parameters and search1056

the parameter range T > 2.725, Adust

⌫0
> 0, and ytSZ > 0.1057

In our analysis, we fix the spectral index � to a value1058

of 2 (Mak et al. 2016), as the degeneracy between the1059

fitted dust parameters leads to poor constraints on the1060

overall best-fit when floating �. We, however, verify that1061

� = 2 is an appropriate estimate of the spectral index1062

by performing the tSZ-dust fit on clusters z > 1 on a1063

grid of � values ranging from 1.2 to 2.6 in steps of 0.1,1064

finding no significant change in the measured �
2

red
of the1065

resulting fits above � ⇠ 1.8.1066

To account for the evolution of the dust contamina-1067

tion with redshift, we divide our dataset into redshift1068

bins: [0.25 < z < 0.5], [0.5 < z < 1], and [z > 1], with1069

87, 231, and 100 clusters in each bin respectively. We1070

note the removal of three clusters from this analysis:1071

SPT-CL J2353-5412 due to the presence of low-z galaxy1072

contaminants, SPT-CL J2332-5358 due to the presence1073

of a lensed sub-mm galaxy, and the merging cluster SPT-1074

CL J2331-5052 (in which the close spatial proximity of1075

two massive clusters biases the relative flux estimate, see1076

e.g., Figure 6 in Huang et al. 2020). Within each bin, we1077

simultaneously fit the likelihood functions of all clusters1078

using a Markov chain Monte Carlo (MCMC) method.1079

This approach allows us to jointly maximize the likeli-1080

hood across all clusters in a given redshift bin, ensuring1081

a more robust estimation of the fitting parameters. Each1082

cluster is equally weighted in the likelihood analysis, with1083

the best-fit parameters obtained from the sum of the1084

individual cluster log-likelihood functions. The errors for1085
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• Using a low-frequency radio source catalog  (ASKAP, 
~1.4 GHz) to model population level biases in SZ 
cluster selection from correlated synchrotron 
emission. Two parallel approaches in progress:


• Cross-matching with optical cluster samples:  
The ASKAP sources are cross-matched with 
galaxy clusters identified by Wen & Han (2024). A 
spectral model is used to extrapolate the 1.4 GHz 
fluxes to SPT frequencies (90, 150 and 220 GHz). 
The model is then fit to the observed SPT data to 
identify and quantify contamination from galaxy 
clusters.


• Cross-matching with the eROSITA cluster 
catalog: ASKAP sources resulting from the 
previous step are cross-matched with clusters 
detected by eROSITA. For the matched sources, 
the contamination from cluster emission is 
estimated using simulations.  The point source 
fluxes are then corrected, and the luminosity 
function of radio sources in galaxy clusters is 
derived. 

Assessing the contamination from radio galaxies 
(Work in Progress) 

[Example of contamination from a point source 
simulated with the PANCO2 code, Kéruzoré at al. 

arXiv:2212.01439.]


G. Campitiello
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Modeling SZ selection through simulations
• Used for (1) relative calibration 

of -mass scaling relation for 
SPT samples from different 
depth data and (2) to estimate 
expected numbers of spurious 
detections.  


• SPTpol/first SPT-3G analyses 
based upon simulated sky 
maps with: 

• tSZ+kSZ from OuterRim 

simulation; added in post 
processing (Flender+16)


• Instrumental noise from data 
jackknife noise maps


• CMB, CIB power added to 
match observations 


• Poisson distributed radio 
sources

ξ y-map Mock Sky

Find 
Clusters

Redshift
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gn
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-to

-n
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Modeling SZ selection through simulations
• Used for (1) relative calibration 

of -mass scaling relation for 
SPT samples from different 
depth data, (2) to estimate 
expected numbers of spurious 
detections and (3) biases 
associated with weak lensing 
calibration/clustering 
statistics.  


• Significant Improvements using 
Argonne Last Journey 
simulation include:  

• Improved picasso “baryon-

painting” model for tSZ

• Correlated CIB (M. Mallaby-

Kay) and Radio Sources (G. 
Campitiello) 


• Ray traced weak lensing 
maps for optical and CMB 
lensing (P. Larsen)  

ξ

100 sq-degree cutout of picasso sky,  
(see F. Kéruzoré’s talk Thursday!)

Modeling SZ selection through simulations



The SPT-3G Wide Field Survey

A. Hryciuk

• 6,000 sq-degree survey 

• >6,800 cluster candidates at 

• Cluster confirmation from DeCALS and DECADE surveys using targeted 

redMaPPer (Chun-Hao To)

ξ > 4
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• Using the deepest wide-field high-resolution CMB 
data-to-date, SPT-3G has produced an SZ cluster 
catalog with over 7,000 confirmed clusters in its 
Main survey of 1600 sq-degrees (4.5 clusters/
deg2). 


• The sample has a median mass of 
 and spans  in 

redshift. 


• Using both data-driven and simulation-based 
approaches, we are working to construct robust 
models of the SZ selection function at the low-
masses and high-redshifts probed by this new 
sample.  (Very excited to discuss multi-wavelength 
studies with eROSITA, Euclid, DES+LSST) 

• Expect >15,000 clusters from full SPT-3G 10k 
surveys. Stay tuned! 

1.8 × 1014M⊙/h70 0.037 < z ≲ 2

Conclusions

SPT-CL J0416-4800 in  Euclid Deep 
Field South (Archipley et al. arXiv: 

2506.00298) 



SPT-3G 5yr 1500d


