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_ _ Space missions:

CMB temperature anisotropies COBE(1989-1993)
WMAP (2001-2012)

Planck (2009-2013)

Credit: Planck
Legacy Archive




Space missions:

CMB polarization anisotropies WMAP (2001-2012)
Planck (2009-2013)
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Cosmology with
CMB power spectra

Observations
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Credit Aman Chokshi



The South Pole Telescope

e 10 m primary mirror telescope
e Off-axis Gregorian optics design

e |ocation:
Amundsen-Scott station,
South Pole

e Dedicated to CMB observations with
high angular resolution
(~1 arcmin)

e Funded by .
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Credit Aman Chokshi, May 2022



The South Pole Telescope

1. SPT-SZ (2007-2011)

2. SPTpol (2012-2016)

3. SPT-3G (2017—present)

e -~16 000 transition-edge
sensor (TES)
bolometers

e Frequency bands: v T 5 =
95, 150, 220 GHz - \—v/

e FWHM:1.6',1.2°, 1.0’

Credit #cosmosgalli




SPT-3G science

Cosmological constraints from CMB primary anisotropies
CMB lensing

Delensing the BICEP/Keck field
High-¢ TT

Low-{ BB

DES x SPT

tSZ kSZ

Cosmic birefringence

Axions

Galaxy clusters

Point sources, transients,
asteroids, planet 9
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SPT-3G footprint 7nd T Planck 353GHz

SPT-3G observations
and timeline

Winter

Half focal plane Full focal plane
Effective time:  Winter field:
4 months 8 months/yr
Winter field Summer fields:
4 months/yr

2017 2018 2019 2020 2021 2022 2023 2024 2025 202 2027
SPT-3G 2018 2019/20 : .
Deployment Early survey Nominal survey vee LSS EUIES BN oxc 9
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SPT-3G 2018

Right Ascension
1h40m 0h0Om 22h20m

Early survey:

e 4 months during the 2018 winter
season (April-November)

-42° 1

Declination

e ~ half of the focal plane:
6600 active detectors on average

e Winter field: ~1500 deg2 (fsky~4%)

490 |

-56

o Overlap with the BICEP/Keck field L

—-10

UKcms

Dutcher and the SPT collaboration, 2021

First scientific results:

=> Dutcher et al. 2021 (arXiv:2101.01684, maps, TE/EE bandpowers, ACDM)
=> Balkenhol et al. 2021 (arXiv:2103.13618, ACDM Extensions from TE/EE)
=> Balkenhol et al. 2023 (arXiv:2212.05642, adding TT)
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https://arxiv.org/abs/2101.01684
https://arxiv.org/abs/2103.13618
https://arxiv.org/abs/2103.13618
https://arxiv.org/abs/2212.05642

SPT-3G 2018
angular power spectra

TT 750 < €< 3000

(
e EE, TE 300 < (<3000
e Binning scheme:
o Al=50at <2000
o Al=100 at ¢{> 2000
e Sample-variance-limited at
o TT: whole ¢range
o EE:0<1275
o TE:0<1425
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SPT-3G 2018

cosmological constraints ..;

0.022 |

Consistent with Planck
(deviations < 10) although largely
independent

©)
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Consistent with ACT (DR4), with similar

SPT-3G sensitive at intermediate
and small angular scales (EE/TE
mostly), while Planck sensitive at
large scales (TT mostly)

A small area is shared by the two
surveys

Only a global re-calibration of
SPT-3G relies on Planck

constraining power
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Planck
ACT DR4

Very good
consistency
with ACDM

1.90
1.85 F

A

v / T - T \\V =
o 0@ (]
1 1 1 1 1 1 1 L L 1 1 3 1
65 70 0.0211  0.0227 0.1 0.12 0.13 18 1.9 0.95 1.00 1.040 1.043
Hy, Qph? Qch? 109 Age= 2" ng 1006nmc

13



SPT-3G 2018 PRG0N o7t
tensions highlight el T
SPT-3G 2018 + Planck A .-
e Hubble constant (Ho) is as low as other CMB ACT DR4 { —e—
measurements Murakami et al. 2023 - ——
o Ho=67.24 + 0.54 km/s/Mpc 65 70 75
(SPT-3G-TTEETE-2018+Planck) Ho [km s™* Mpc™]
o ~b5¢ tension with Riess et al. (2022) SPT-3G 2018 { ——e——
e Structure growth parameter (Ss) aligns with ST 5 B + :::Zi :
low-z data, but is also compatible with Planck’s ACT DR4 - —_—
e Constraints of ACDM extensions ACTE::YL:ZSES ;;ﬁg: _.__°_
(AL, Neff, Nefr+YP, PMFs): DESY3d —e—
no significant improvement over ACDM 0.75 0.80 0.85

Sg =05y OQm/0.3 14






SPT-3G 2019/20

Fields:
e Winter: deep but small — very sensitive at intermediate and high multipoles
e Summer: shallow but wide — reduce sample variance, powerful to test extended models

Noise levels: SPT-3G footprint and T Planck 353GHz
(at 90, 150, 220 GHz):

e 6,5, 16 uK-arcmin

o 14,13, 41 uK-arcmin

e

Covered sky fraction:
o 4% (1650 deg2)
e 6.6% (2800 deg2)

Equatorial

16
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SPT-3G 2019/20:
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Credit Aman Chokshi



SPT-3G observations:

the wide survey
SPT-3G footprint n T Planck 353GHz

Wide survey !

Additional 6000 deg2

To be observed in 2024

Total covered sky fraction ~25%
-80°< declination < -20°
Excluding Galaxy

. Winter
Target noise levels

(at 90, 150, 220 GHz):
e 25,21,7.6 uK-arcminin 7 years
e 8.5,9, 31 uK-arcmin in 4 years
o 14,12, 42 uK-arcminin 1 year

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027



SPT-3G observations: | R —

i
probed probed by SPT-3G

20 4 by Planc} SPT: Main-1500
I E 1 "o SPT: Ext-10k
the wide survey :/
N . SNZL
Wide survey ! 10.0 -

Additional 6000 deg2

To be observed in 2024

Total covered sky fraction ~25%
-80°< declination < -20°
Excluding Galaxy

Ext-10K = Winter+Summer+Wide
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Target noise levels

(at 90, 150, 220 GHz):
e 25,21,7.6 uK-arcminin 7 years 41
e 8.5,9, 31 uK-arcmin in 4 years
° uK-arcmin in 1 year

Plot by S. Galli
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Summary

e SPT-3G is providing a powerful dataset to test cosmology with the CMB
o almost independently from Planck
o in a complementary range of multipoles (low:Planck, intermediate—high: SPT)
o in a small region of the sky

e Reaching Planck's constraining power very soon

e Going beyond Planck's constraining power in few years

e Allowing us to test models beyond ACDM
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