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1. Why mors VB opermeris?

G0 .SPT-'SG'and_upcdmih'g" results. - g

- 3. Searching f0r'time—varying polarize ionut
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CMB and the Cosmic Timeline

I. Recombination

¢ o : Free Electrons Earliest Time dark ener
lnﬂat[on’ partlde Species, Scatter Light/ Visible with Light il
\

evolution... AN B

BRI
|

Fluctuations

<—— Quantum

Inflation

Nuclear Fusion Begins
Nuclear Fusion Ends
Cosmic Microwave Background
Neutral Hydrogen Forms
Modern Universe

/
|

s

|

v
wvi
o
@
2
=
- |
L
2
L
—
v
£
]
o
(=]
w
=
o
o)
o=

0.01s 3 min 380,000 yrs 13.8 Billion yrs

Age of the Universe T IIl. Late times:

Gravitational lensing,
z~1100  gructure formation. ..

Pirsa: 20060000 Page 5/59




Modern CMB Maps: Planck
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CMB Polarization
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+ Thomson scattering with quadrupole anisotropy
produces polarization

+ E-modes: sourced primarily by density perturbations

+ B-modes: sourced by gravitational waves and
lensing of E modes into B modes
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CMB Polarization

Adam Anderson
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+ Thomson scattering with quadrupole anisotropy
produces polarization

+ E-modes: sourced primarily by density perturbations

+ B-modes: sourced by gravitational waves and
lensing of E modes into B modes
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Polarization Power Spectrum
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Polarization Power Spectrum
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Primordial B Modes

Inflation produces a background of
gravitational waves that persist
through recombination

- Signals peaks on degree scales with
amplitude proportional to r “tensor-
to-scalar” ratio

 Only mechanism for producing
“primordial” B modes

Unambiguous evidence for inflation
“Lensing B modes” produced by

gravitational lensing that distorts E
modes into B modes

10?

10" 4

10° 4

107 -

10—? 4

103

Adam Am‘:ierson h

Peaks at 0.2 degree scales

\

)

BB lensing

BB inflationary

/ “. r=0.001

St r=0.01

Peaks at 2 degree scales

10! 102 10°
multipole [

Page 11/59



Pirsa: 20060000

Polarization Power Spectrum
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Neutrino Mass: Matter Power Spectrum v s
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Neutrino Mass and Gravitational Lensing = W

Trajectories of CMB photons distorted by
large-scale structure

Angular scale of deflection ~2 arcmin,
coherent over ~2 deg

Reconstruct the projected gravitational
potential between us and CMB

CMB probes matter power spectrum and neutrino mass
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Polarization Power Spectrum
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Neis Constraints

- Any light particle in
thermal equilibrium
contributes to relativistic
energy density (~Ne)

+ After decoupling,
contribution is diluted
relative to active
neutrinos as Standard
Model particles
annihilate

Light sterile neutrinos
with large mixing angles
excluded

5-year constraint:
O(ANex) = 0.1

Adam Anderson ﬁ

Constraints and Forecasts for ACDM+Yp+Neﬁ Cosmology
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South Pole Telescope
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Physics at the South Pole
&

The “Dark Sector”

“ IceCube

South Pole Station South Pole
Keck Array BICEP2/ Telescope

BICEP Array BICEP3
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The South Pole
Telescope (SPT)

Unique 10 m primary mirror,
largest of its kind

resolution of 1.0 to 1.5 arcmin,
highest resolution CMB maps

South Pole is an excellent site:

dry (winter PWV ~4x less
than Chile)

extremely stable
atmosphere (6mo night,
laminar winds)

24/7 access to the same
clean patches of sky
(“relentless” observing)
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The South Pole el el
Telescope (SPT)

An/tar%tica is COVID-free! ¥ _ '\

‘] Adam Anderson m

Unique 10 m primary mirror,
largest of its kind

resolution of 1.0 to 1.5 arcmin,
highest resolution CMB maps

South Pole is an excellent site:

dry (winter PWV ~4x less
than Chile)

extremely stable
atmosphere (6mo night,
laminar winds)

24/7 access to the same
clean patches of sky
(“relentless” observing)
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Active galaimlei, dis
star-formin ies,

transit!ﬂMﬁrceE"-Ilr

GaIQXy dus
ev-Zeldovich effect from
clusters
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photo credit: Jason Gallicc

South Pole Telescope

SPT-SZ (2007)

1500 detectors at 95, 1
“ w/polarization
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photo credit: Jason Gallicc

- SPT-3G (2017
South Pole Telescope _ i ) el

SPT-SZ (2007)

1500 detectars at m ‘

w/poIarlzatlon
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photo credit: Jason Gallicc

SPT-3G (2017)

South Pole Telescope

SPT-SZ (2007)

complete redesign of everything
except primary structure:
960 detectors at ¢ o Secondary OpthS
- detectors
* readout electronics
(- software

1500 detectors at 9/ 1
w/poIarlzatlon
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SPT-3G Surveys

Adam Anderson m\\\.‘.

— SPT-3G/BA
SPT-3G extended
BICEP2

95 GHz 150 220
,z:f's (::"'2' uK-  (uK- (uK-
g arcmin) arcmin) arcmin)
SPT-SZ | 2007-11 | 2500 | 40 17 80
""" SPTpol- | 5510-16 | 500 | 13 5 -
Main
SPTpol- | 010 46| 100 | 10 | 35 -
Deep
2019-
SPT-3G 1500| ~3 ~3 ~10
2023

Planck dust map
(A&A 594, A10 (2016))
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2019 Survey Status and Performance e ey
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Wei Quan (in prep.)
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~60% observing
efficiency in 9-month
observing season

livetime fraction
on CMB
o o
N o

I
o

Daily camera
sensitivity is stable
over season

w
o

NET [uK rtsec]

o e rie AN AN SINE AN N ‘-T‘.-\.'-a_’.- B e i T Al

[
o

0
=) —— 95GHz
8 E 192 150 GHz
E g i —— 220GHz
Zx
o3
=
ES i) Tsunset
g 2019 | | . 1 :
Apr 2019 May 2019 Jul 2019 Aug 2019 Oct 2019 Dec 2019
Freq. (GHz) SPT-3G Temp. Noise
(uK-arcmin)
2018 Season 19 14 50
Approx. Simons Observatory “goal”
2019 Season 8 6 23 survey depth (fsky = 0.4)

~ o’ o~ Approx. CMB-S4 wide
Full survey (2023) 3 3 10 |@— P ol (o 0.7

Pirsa: 20060000 Page 29/59



Pirsa: 20060000

Low-EIll Noise Performance

SPT-3G 90 GHz: 30-Day Coadd
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» South Pole atmosphere
has relatively low-
fluctuation power and is
unpolarized

* SPTpol low-£2 noise was

limited by temperature
sensitivity of electronics

* SPT-3G has improved low-
2 performance:

* Electronics fknee=24

(Bender et al, 2019; arxiv:
1907.10947)

» 1500d survey QU-noise
has IOW 2 knee

* (Using out-of-box RCW38
calibration, 1 deg/sec scanning,
no additional modulation) 22
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SPT-3G Extended Survey

+ Main field is sun-8ontaminated during summer,
but >1500 sq. deg. of additional clean sky
available

+ Concept demonstrated with SPTpol Extended
Cluster Survey (Bleem, et al. 1910.04121): 500
clusters

+ SPT-3G Extended: shallow survey for 4
summers 2019-2023, 3mo/year to improve
cosmological constraints and detect clusters

» Finished first season at end of March

* Reduces error bars on Zmy and Nest by 30-40%

95 GHz 150 220

Area
Obs. Years \ieq2) (uK-arcmin) (uK-arcmin) (uK-arcmin)

SPTpol-ECS | 2013-15 | 2770 | 43-80 25 -40

SPT-ECS

W SPTpol 500d

Number of Clusters
(=]
o

9]
o

7 /m(’«i..;
G s

SPT-87 2500 deg® (529)
+ SPT-ECS (448)
+ SPTpol 100d (52)

1.0 1.5 23
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SPT-3G Extended Survey

. — SPT-3G /BA

+ Main field is sun-contaminated during summer, —— SPT-3G exténded
but >1500 sq. deg. of additional clean sky BICEP?2
available DES

+ Concept demonstrated with SPTpol Extended
Cluster Survey (Bleem, et al. 1910.04121): 500 ;
clusters e A

+ SPT-3G Extended: shallow survey for 4
summers 2019-2023, 3mo/year to improve
cosmological constraints and detect clusters |

» Finished first season at end of March

* Reduces error bars on Zmy and Nest by 30-40%

Obs. Years Area 95 GHz 150 220 ~ancc. d

(deg2) (uK-arcmin) (uK-arcmin) (uK-arcmin)

SPTpol-ECS | 2013-15 | 2770 | 43-80 25 -40 -

(o 1)
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SPT-3G 2018 E Modes
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SPT-3G 2018 E Modes
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SPT-3G 2018 E Modes
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* Work in progress! To-Dos: point source masking, mode-coupling, beam, improvements in filter
transfer function from simulations, etc.

+ Most sensitive measurement of E mode power spectrum over 700 < ¥ < 1700
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