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SPT3G COLLABORATION
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THE SOUTH POLE TELESCOPE
▸ 10-m submm-quality wavelength telescope 
▸ 90, 150, 220 GHz 
▸ 1.6, 1.2, 1.0 arcmin resolution 

▸ 2007: SPT-SZ 
▸ 960 detectors 
▸ 90, 150, 220 GHz 

▸ 2012: SPTpol 
▸ 1600 detectors 
▸ 90, 150 GHz 
▸ +polarization 

▸ 2017: SPT-3G 
▸ ~16,200 detectors 
▸ 90, 150, 220 GHz 
▸ +polarization



CMB

6x deeper 
6x finer angular 
resolution
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BREADTH OF SPT RESULTS

▸ CMB anisotropy: Power spectra and cosmological parameters 

▸ CMB B-Modes: First detection of lensing B-mode polarization; demonstration of 
delensing for improved constraints on inflationary tensor-to-scalar ratio 

▸ CMB lensing: power spectra; cross-correlations; cluster-lensing mass calibration 

▸ Sunyaev-Zel’dovich (SZ): Diffuse kinematic and thermal SZ effect constraints: 
bispectrum, pairwise kSZ, patchy reionization 

▸ Galaxy Clusters: First SZ discovery clusters,                                                                           
SZ cluster catalog and cosmology 

▸ High-Redshift Galaxies: Discovered                                                                          
population of lensed dusty star forming galaxies 

▸ Transients: mm-wave phenomena (GRBs, FRBs),                                                                
mJy-level monitoring of 1000s of blazars, AGNs 

▸ Participating in the Event Horizon Telescope 

▸ ...
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Publications: pole.uchicago.edu
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THE SPT-3G 1500 DEG2 SURVEY
▸ SPT-3G 1500 deg2 survey will be 

~10x deeper than SPT-SZ 

▸ Overlaps BICEP Array, to optimize 
inflationary constraints from CMB 
delensing 
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Obs. 
Years

Area
(deg2)

95 GHz
(uK-

arcmin)

150 
(uK-

arcmin)

220
(uK-

arcmin)
SPT-SZ 2007-11 2500 40 17 80

SPTpol-
500d

2012-16 500 13 6 -

SPTpol-
100d

2012-16 100 10 5 -

SPTpol-
2700d

2012-16 2700 47 28 -

SPT-3G
Main

2018-23
2025-26 1500 2.5 2.1 7.6

SPT-3G 
Extended

2019-23 2600 8.5 9.0 31

SPT-3G 
Wide

2024 6000 14 12 42
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THE SPT-3G EXTENDED SURVEY
▸ Additional one-year wide survey to 

cover all remaining visible sky area 
(10K total area with existing surveys) 

▸ Overlap with ACT/Planck, mode-by-
mode cross checks

7
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SPT-3G: DATA QUALITY

8

~60% observing  
efficiency in 9-month 
observing season

Daily camera sensitivity 
is stable over season

A. Anderson, W. Quan, A. Bender

Expect to reach CMB-S4 
wide survey depth by 
end of 2023
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SPT3G: 2018 CMB POWER SPECTRA

▸ 2018: half season 
with half of full 
detector count 

▸ Constraints already 
comparable to or 
exceed leading 
measurements at 
intermediate scales

9Dutcher et al (PRD, 2021)
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SPT3G: 2018 ΛCDM CONSTRAINTS
▸ Consistent H0 values between 

T and P spectra when 
evaluated across experiments 

▸ Tightest constraint on H0 to 
date 

▸ 4.1σ tension with Riess et al 

▸ Further model extensions: Neff, 
Yp, ∑mν, ΩK 

▸ No clear evidence for any 
extensions 

▸ with Planck, reduce volume 
of parameter space by 
1.3-2x

10
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SPT3G: 2018 CMB LENSING CONSTRAINTS
▸ AL = 1.020 +/- 0.060, consistent with 

others and ΛCDM 

▸ Constraint on σ8 consistent with Planck 
and SPT-SZ/SPTpol 

▸ With BAO, 1.6-1.8σ tension in S8 with 
low-redshift surveys 

▸ Independent SPT3G-only constraints 
on ΩK, ΩΛ, ∑mν

11Pan et al (2023)
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FIG. 10. A comparison of the marginalized constraints on the Hubble constant H0, S8 ⌘ �8

p
⌦m/0.3, and �8 (left to right)

across di↵erent cosmological probes and surveys. The direct H0 measurement is taken from Murakami et al. [37], while the
LSS-based constraint on S8 is taken from the reanalysis of the DES-Y3 (+ BAO) data of [40] presented in Madhavacheril et al.
[72].

information from Planck PR4 lensing is included:

H0 = 68.1 ± 1.0 km s�1 Mpc�1

�8 = 0.810 ± 0.014
⌦m = 0.309 ± 0.014

9
=

;

SPT-3G lensing
+Planck lensing
+ BAO .

(27)
There are several intriguing di↵erences between these

results and those from the previous SPTpol and SPT-SZ

lensing+BAO analyses. Firstly, as shown in Tab. VI,
the precision of constraints on ⌦m and H0 obtained
from SPT-3G improves by approximately 30% when
compared to the corresponding values from SPTpol and
SPT-SZ. The �8 uncertainties are degraded by 20�30%
compared to the other two SPT results, which is shown
above to be largely due to foreground marginalization.
Secondly, the central values for the H0 and ⌦m ob-
tained through SPT-3G lensing shift towards lower val-
ues than those from SPTpol and SPT-SZ, while �8 in-
creases slightly, mirroring the shifts of ⌦m and �8 from
lensing-alone constraints in Sec. VI B. The improvement
in the precision of ⌦m and H0 is in part explained
by the decrease in the �8-H0-⌦m posterior volume in
SPT-3G compared to SPT-SZ/SPTpol (because of the
lower noise in SPT-3G compared to SPT-SZ and the
larger area/lower Lmin compared to SPTpol). The shift
to a lower central H0 value can be understood as follows.
The SPT-3G �8-H0-⌦m posterior subspace is shifted to
lower ⌦m-H0 (and higher As and �8) relative to those
from SPT-SZ and SPTpol. Intersected by the BAO con-
tours, which are positively correlated in the ⌦m-H0 plane
and favor a high value of H0 = 72.7+2.2

�2.9, gives the re-
sulting ⌦m-H0-�8 combinations, with lower H0 [e.g. 89].
In other words, the high H0 preference from BAO-alone

constraints is more e↵ectively pulled down by SPT-3G’s
combination of a smaller and shifted posterior subspace.
While a thorough analysis of the consistency across the
various SPT lensing measurements is beyond the scope
of this work, we note that reasonable shifts in the tilt
and amplitude, as well as the magnitude of the uncer-
tainties, within the SPT-3G measurement drive <

⇠ 1�

shifts in the parameter space. As an example, fixing the
amplitude of the foreground template to Afg = 0 (i.e. ne-
glecting residual foreground contamination in the lensing
reconstruction) suppresses the lensing power by about
5% and slightly perturbs the spectrum tilt across the
whole L 2 [50, 2000] range. As a consequence, the corre-
sponding central values of the relevant parameters from
SPT-3G move towards the SPT-SZ/SPTpol constraints
(but not completely) and become ⌦m = 0.330+0.024

�0.028,

�8 = 0.783 ± 0.029, and H0 = 69.3+1.5
�1.6.

In order to compare our constraints with the findings
from optical weak lensing surveys, we also provide the
inference on S8, which is defined as �8

p
⌦m/0.3. This

parameter combination is known to be most accurately
estimated from galaxy shear measurements and has re-
cently been the subject of intense scrutiny due to 2 � 3�

tensions between the primary CMB and galaxy lensing
constraints [e.g., 90]. From SPT-3G lensing data in com-
bination with BAO scale information, we find a 4.7% de-
termination of the parameter at the level of

S8 = 0.836 ± 0.039 (SPT-3G lensing + BAO), (28)

or S8 = 0.822 ± 0.024 when jointly analyzed with Planck
lensing data. Note that these statistical uncertainties are
smaller than the typical errors from current galaxy lens-
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SPT3G FORECAST: CMB POWER SPECTRUM

12

Improve S/N of CMB power spectra by factors of > ~10 at ℓ > 2500 over current constraints

J. Henning
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SPT3G FORECAST: ΛCDM CONSTRAINTS

13S. Galli

Planck SPT-3G Main
‣ SPT-3G alone will do as well as 

Planck on most parameters 
‣ e.g., σ(H0)=0.27 km/s/Mpc 

from SPT-3G-Ext-10K lensed 
TT,TE,EE spectra 

‣ SPT-3G gives ~independent 
cosmological information from 
high-ℓ CMB polarization spectrum 

‣ SPT-3G Main + Planck will 
improve most parameters >2x 
over Planck alone 

‣ Extended survey provides >3x 
improvement over Planck alone
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SPT3G FORECAST: CLUSTER COSMOLOGY
▸ SPT was first to discover high-redshift 

clusters via thermal SZ effect 

▸ SPT3G cluster survey extends to higher 
redshift and lower mass 

▸ >4000 confirmed clusters 

▸  >500 high-z clusters detected at 
>99% purity 

▸ Probe tension in S8 between local 
measurements and inference from 
CMB 

▸ Cross-correlation with DES (VRO-LSST) 
will improve constraints on S8 by 2x 
(3x)

14

PRELIMINARY

L. Bleem



RAHLIN  |  SCAR AAA 2023  |  2023 SEPT 21

SPT3G: ASTROPHYSICAL TRANSIENTS
▸ Exploit CMB observating cadence: repeated daily imaging of large sky area at 

multiple frequencies 

▸ Provide useful probe of high-energy astrophysics (AGN, GRB, FRB, stellar flares, ...) 

▸ No dedicated transient surveys exist between 10GHz and IR frequencies 

▸ Large discovery potential with online alert system

15

]ăĘĘăĞáŎáłɧŨ¾ŧáɹŎł¾ğņăáğŎņ
Ɣ ([WUHPHO\�XVHIXO�SUREHV�RI�KLJK�HQHUJ\�DVWURSK\VLFV�

Ɣ 8QWLO�UHFHQWO\��PRVWO\�IROORZ�XS�RI�VRXUFHV�ĆUVW�GLVFRYHUHG�LQ�RWKHU�EDQGV�

�
6SHFWUXP�RI�*5%���������&KDQGUD�HW�DO������ 0RGHOOLQJ�*5%�������%��/DVNDU�HW�DO������

]ăĘĘăĞáŎáłɧŨ¾ŧáɹŎł¾ğņăáğŎņ
Ɣ ([WUHPHO\�XVHIXO�SUREHV�RI�KLJK�HQHUJ\�DVWURSK\VLFV�

Ɣ 8QWLO�UHFHQWO\��PRVWO\�IROORZ�XS�RI�VRXUFHV�ĆUVW�GLVFRYHUHG�LQ�RWKHU�EDQGV�

�7'(�GLVFRYHUHG�LQ�3ODQFN�GDWD��<XDQ�HW�DO������ 1HZ�W\SH�RI�WUDQVLHQW��)%27��$7����FRZ��+R�HW�DO������Spectrum of GRB 070125 
(Chandra et al 2008) 

New type of transient: FBOT 
(AT2018cow, Ho et al 2019) 
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SPT3G: ASTROPHYSICAL TRANSIENTS
▸ First results: 15 transient events in 2019 dataset 

▸ Most are stellar flares (likely magnetic reconnection events?) 

▸ up to 2 Jy in brightness, flares as short as 20 min, some flare more than once

16Guns et al (ApJ, 2021)

Z Ind

unWISE 3.4um W1
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SPT3G: ASTROPHYSICAL TRANSIENTS
▸ First results: 15 transient events in 2019 dataset 

▸ Two extragalactic long-duration flares 

▸ Super variable AGN? Something else?  Follow-up in progress

17Guns et al (ApJ, 2021)
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SPT3G: ASTROPHYSICAL TRANSIENTS

▸ Lots of 
discovery 
potential!

18

MILLIMETER TRANSIENTS IN THE ERA OF CMB SURVEYS 5

Figure 3. Light curves of the extragalactic synchrotron transients considered in this work (Table 2) at an observer frequency of 100 GHz. Sources
include on- and off-axis long and short GRBs, on-axis relativistic TDEs (Sw1644+57), off-axis TDEs, FBOTs (AT2018cow), and neutron star
binary mergers leaving behind a stable magnetar remnant. We also show the 100 GHz flux density corresponding to a typical star forming galaxy
with a star formation rate of 1 M� yr-1 (horizontal red bar). Flux densities are normalized to DL = 1027 cm (z ⇡ 0.07).

TDEs, binary neutron star mergers with stable magnetar rem-
nants, and fast blue optical transients (FBOTs). We also show
lightcurves for the reverse shock models which peak at much
earlier times (§2.2.1) in Figure 4. While a handful of SNe
have been detected in the millimeter, the low luminosities
of these events (L ⇠ 1037 - 1038erg s-1; Figure 1) precludes
their detection in CMB surveys, thus we do not consider them
further here.

To determine the detection rates we also consider the vol-
umetric rates and their redshift evolution for each class of
transients; see Table 2. For transients involving massive stars
or compact objects, we assume that the volumetric rates track
the cosmic star formation rate density, given by (Madau &
Dickinson 2014):

SFH(z) = 0.015
(1 + z)2.7

1 + [(1 + z)/2.9]5.6 M� Mpc-3 yr-1. (8)

For these systems, the volumetric rate for a given transient
class is normalized to the cosmic star formation history and
assumed to evolve with redshift in the same manner. For
TDEs, where the event rate depends on the number density
of supermassive black holes (SMBH), we use the black hole

accretion rate density from Sijacki et al. (2015) (their Figure
2) for SMBHs in the mass range 106 - 107 M�.

Below we provide a brief overview of the different classes
and models considered in our simulations.

2.2.1. Long Gamma-ray Bursts

LGRBs mark the energetic explosions following the core-
collapse of stripped massive stars (Woosley & Bloom 2006).
These events produce highly collimated outflows or relativistic
jets that power afterglow emission across the electromagnetic
spectrum as the jets decelerate and expand into the surround-
ing circumstellar medium (CSM) (Mészáros & Rees 1997).

LGRBs have beaming-corrected kinetic energies of ⇠
1051 - 1052 erg with jet opening angles of ✓ j ⇠ 10� (Frail
et al. 2001; Berger et al. 2003). The environments around
LGRBs span densities of ⇠ 0.1-100 cm-3 (e.g., Panaitescu &
Kumar 2002). Here we consider both the forward shock (FS)
and reverse shock (RS) components of the afterglow emis-
sion. The RS propagates into the ejecta as the jet decelerates,
providing a unique probe of the baryon content and magne-
tization of the ejecta (Nakar & Piran 2004; Granot & Taylor
2005). Unlike the FS component which peaks on timescales

Eftekhari et al (2021)

CMB-S4 Deep / SPT-3G 
10σ daily limit
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EVENT HORIZON TELESCOPE

19



RAHLIN  |  SCAR AAA 2023  |  2023 SEPT 21

FUTURE DIRECTIONS

▸ ~5-year gap 
between end of 
SPT3G and start 
of CMB-S4 

▸ SPT3G+ 
proposed to 
utilize the SPT 
submm-quality 
telescope during 
the gap 

▸ Focus on higher 
frequencies

20

SPT-3G+
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SPT3G+ SCIENCE

▸ Recombination 
▸ First detection of CMB Rayleigh Scattering, new probe of cosmic expansion history, 

and cosmology.  (Dibert et al [2205.04494], Zhu et al [2205.04496]) 
▸ Reionization 

▸ Constrain duration and redshift of reionization via kSZ 
▸ Growth of galaxies and clusters 

▸ Detect growth of massive galaxies and clusters from 1 < z < 9 
▸ Dust and star formation in the galaxy

21
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▸ High-frequency (220/280/350 GHz) receiver of MKIDS

SPT3G+ INSTRUMENT

22
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▸ On-chip spectrometers 

▸ Install on secondary mount point 

▸ Observe for one austral summer season 

SPT-SLIM: LINE INTENSITY MAPPING PATHFINDER

23

SPT-SLIM

Event Horizon Telescope / SPT-SLIM 
location

ASC2022-2EPO2E-01 5

Fig. 5. (Top) Photo of a membrane step test chip with three different leKID
variations: left leKID - entire leKID on SiNx membrane; center three leKID -
inductors on SiNx membrane and capacitors on bare silicon; and right leKID
- entire leKID on bare silicon. (Bottom left) Closeup of leKID in blue box.
(Bottom right) Closeup of membrane stepdown shown in red box. The leKID
Nb layer transitions from SiNx to SiO2 to bare silicon, pink to grey to light
blue, respectively.

well matched to the needs of future mm-wave LIM ex-
periments. We describe the development of superconducting
spectrometers designed to operate in the 120–180 GHz band
for the upcoming SPT-SLIM instrument which is scheduled to
deploy in the 2023-2024 austral summer. This instrument will
serve as a pathfinder to demonstrate the viability of ground
based LIM measurements in the mm-wave bands.
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SUMMARY
▸ SPT-3G survey is ongoing 
▸ First results from 2018 season published, with impressive CMB sensitivity and 

performance at large scales 
▸ SPT-3G science publications from 2019-2020 seasons coming soon 
▸ Rich astrophysical transient program 

▸ SPT-3G science forecasts through 2026 season 
▸ ΛCDM constraints at least as good as Planck on most cosmological parameters 
▸ With Planck, factor of ~2-3x improved constraints on Neff and neutrino mass 
▸ With BICEP Array, factor of ~10x improvement on current BK15 tensor-to-scalar 

ratio constraint  
▸ Future plans for CMB science at the South Pole 
▸ SPT3G+ to enable first detection of CMB Rayleigh Scattering, and to constrain 

reionization via the kSZ effect 
▸ CMB-S4 coming online at the end of the decade
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