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Two Probes of Neutrinos

Early Times Late Times
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high-resolution measurements of CMB polarization



High-Resolution Ground-Based CMB

imons Array Advanced ACTPol SPT-3G
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In deployment Deployed 2016 Deployed 2017




High-Resolution Ground-Based CMB

Simons Array Advanced ACTPol SPT-3G
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22,764 detectors 5,612 detectors 15,000 detectors

(95, 150, 220 GHZ2z) (30, 40, 90, 150, 230 GHz) (95, 150, 220 GHZ2z)
In deployment Deployed 2016 Deployed 2017
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South Pole Telescope

PT-SZ (2007)
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1960 detectors at 95, 150, 220 GHz
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'SPT-3G (2017)
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SPT-3G Survey and Sensitivity

Area 95 GHz 150 220

Obs. Years  jeg2) (uK-arcmin) (uK-arcmin) (uK-arcmin)

SPT-SZ | 2007-11 | 2500 40 17 80
SPTpol- | 451516 | 500 13 5 ;
Main

SPTpol- | ;01516 | 100 10 3.5 -
Deep

SPT-3G |5018-23/1500| 3.0 | 2.2 8.8

projected

- Started observing 1500d field in March of 2018

- Survey strategy optimized for CMB lensing
reconstruction on field observed BICEP/Keck
experiment

—l A7

- SPT-3G / BICEP Array mainly targeting inflation via
degree-scale B mode polarization...

IRAS dust map

* BUT can still constrain neutrino and cosmological
parameters



Science Targets: Nes

Angular scale 6 [degrees]
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SPT-3G 2018 E Modes

—— Planck best-fit model

45
40 - Most sensitive measurement
of CMB EE polarization over
35 1 700 </ <1700
30 -
5:45_ 25 - Daniel Dutcher
4 20 - . (Chicago)
3 ‘
15 A Y
[ ]
10 - s
5 -
: g
¢ 3
O 1 1 1 1 1
500 1000 1500 2000 2500
Multipole ¢/

« Work in progress! Many to-dos: mode-coupling, beam, improvements in filter transfer

function from simulations, etc.
* Map depths (T) of 21 /15 /47 uK-arcmin in 95 /150 / 220 GHz bands 8



2019 Survey Status and Performance
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2019 already > 2x  — 9s6Hz

deeper than 2018 22001y
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SPT-3G Nt Forecasts

Any light particle in

thermal equi”brium Constraints and Forecasts for /\CDM+Yp+Neﬁ Cosmology
contributes to relativistic 5 e =
: — _ — opan-a ]
energy density (~Nef) B — Sninl ]
— Spin-0
- After decoupling, Lg :
contribution is diluted T ]
relative to active AN R Planck consiraint AN, = 0.19 (10) |
Rﬂeu;rlros ?_S IStandard <| - ' SPT-3G forecast ANeﬁ= 0.1 (o)
odel particles i . 7 e E|
annihilate 0.05F i
- =0.027
- Light sterile neutrinos ) 1
with large mixing angles 0.0l v e e a4
excludegd 9 ang 107°10-410-30.01 0.1 1 10 100 103 10* 10° 10°
TF [GGV] https://arxiv.org/pdf/1907.04473.pdf
. B-year constraint: freeze-out temperature
O(ANesr) = 0.1 <«— |ate times early times —
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Neutrino Mass: Lensing

Sum of neutrino

1 ?11\{)[‘]73 Lensing Potential Power (2D) | relatwe _____ masses affect
| : | oev | growth of structure
. 1-0; in universe
e 1.00107 {0.8F
=~ Lol |- Clustering of matter
jif | | 1 Oevg suppressed at scales
— 5.0:107% 1041 ' 1 <100 MPc
102} '
ol lool v o 17 ~5% suppression per
0 200 400 600 800 10001200 10 100 1000 0.1eVin total mass
L L
CMB-S4 science book - Lower limit from

oscillations:
> m, > 0.06eV

11



SPTpol Lensing Convergence

—44°

—48°

—60° |

K. Wu, et al. (1905.05777)

3h oh 1" 0" 23" 220 21"
RA (J2000)

Map of the magnification and demagnification of the CMB due
to gravitational lensing

Based on 3 seasons of SPTpol 500 deg? survey
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SPTpol Lensing Power Spectrum

¢ SPTpol 500d (MV)
# SPTpol 500d (POL)
A SPTpol 500d (T)

00F - -----—---—-—-________________=___@®&°= T
K. Wu, et al. (1905.05777)
100 | | 1000 |
L

*  Most precise measurement of lensing from polarization

« First time that polarization is more constraining than temperature

13



Neutrino Masses from SPTpol Lensing

Lensing both smears acoustic peaks F. Bianchini, K. Wu, et al. (arXiv:[1-2 weeksl])
and generates lensing power spectrum

—  Planck TT + lowP + BAO
—— Planck TT 4+ lowP + Planck Lens + BAO

+ ~20 Inte.rnal tension betwe.en two Planck TT + lowP + SPTpol Lens + BAO
effects in Planck, but not in SPTpol —— SPTpol TEEE + lowP + SPTpol Lens + BAO
- Two implications: >

Including Planck or SPTpol lensing
weakens limit

Using SPTpol TEEE instead of
Planck TT significantly weakens

limit
. . . . | | | | | | | |
Marginalizing over tension (free Ay), 0.00 0.06 0.12 0.18 024 030 0.36 042 0.48
Planck and SPTpol lensing constraints > " m, eV]
are comparable > m, <023eV  (PLANCKTT + LOWP + BAO

+SPTpoL lensing, 95%), N



Neutrino Masses from SPTpol Lensing

Lensing both smears acoustic peaks  F. Bianchini, K. Wu, et al. (arXiv:[1-2 weeksl])
and generates lensing power spectrum

—  Planck TT + lowP + BAO
——  Planck TT + lowP + Planck Lens + BAO

~20 mtgrnal tension betwe.en two Planck TT + lowP + SPTpol Lens + BAO
effects in Planck, but not in SPTpol —— SPTpol TEEE 4 lowP + SPTpol Lens + BAO
Two implications: RoC—=2 === — A =1

Including Planck or SPTpol lensing
weakens limit

Using SPTpol TEEE instead of
Planck TT significantly weakens

limit
. . . | | | | | | |
Marginalizing over tension (free AL), 0.00 0.06 0.12 0.8 024 030 0.36 042 048
Planck and SPTpol lensing constraints > m,, [eV]
are comparable > m, <023eV  (PLANCKTT + LOWP + BAO

+SPTpoL lensing, 95%), N



SPT-3G Neutrino Mass Forecasts

- Complementary constraints from

galaxy clusters and CMB lensing 0.04. B SPT 3Gdl + PlanckTT
. T Planck

I SPT-3G + Planck
B SPT-3G + Planck + DESI

- SPT-3G clusters:

o(Zmy) = 55 meV 0.90-
- SPT-3G lensing + Planck: S8
o(Zmy) = 60 meV e

- SPT-3G lensing + Planck
lensing + DESI BAO:
o(Zmy) = 38 meV

0.82 - -

0.78 1 K. Aylor

* Minimal masses: 0.06 0.6 026 036  0.46

>¥myleV]

- o(Zmy) = 58 meV (normal)

- o(Zmy) = 116 meV (inverted)



Wide-Field Summer Survey

Sensitivity to cosmological parameters

tends to improve with increasing sky ST 2w |SPT-ECS
coverage R

Main 1500d field is sun-contaminated

during summer, but >3000 sqg. deg. of
additional clean sky available

Concept demonstrated with SPTpol
Extended Cluster Survey (Bleem, et al.
(arXiv:[this week!])

Planning shallow survey for 4
summers 2019-2023, 3mo/year

Forecasts sensitive to summer
instrument performance and in-progress,
but should improve cosmological
parameters over 1500d alone

16



Wide-Field Summer Survey

 Sensitivity to cosmological parameters

tends to improve with increasing sky
coverage

« Main 1500d field is sun-contaminated

during summer, but >3000 sqg. deg. of
additional clean sky available

- Concept demonstrated with SPTpol
Extended Cluster Survey (Bleem, et al.
(arXiv:[this week!])

- Planning shallow survey for 4
summers 2019-2023, 3mo/year

« Forecasts sensitive to summer
instrument performance and in-progress,
but should improve cosmological
parameters over 1500d alone

2500 deg? 4
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The CMB-S4 Concept

- Endorsed by DOE/NSF P5 report, NRC/NSF Antarctic Science report, Concept Definition
Taskforce (CDT) report accepted by AAAC panel

- Concept:
- 400,000 detectors split between 3x 6m-aperture, ~18x 0.5m-aperture telescopes

- Two sites: Split between South Pole and Atacama in Chile
- Two surveys: Inflation survey on 3-8% sky, neutrinos and cross-correlation on 40%

sky
Large aperture: delensing, neutrinos, high- Small aperture: inflationary B
, resolution science modes
Optical path
1 R LATR

3-m diameter, 9000 Ibs
Dilution fridge cryostat

~100,000 TES detectors BICEP Array 17

Simons Observatory LA



Summary and Outlook

« SPT-3G is deployed and operating at full sensitivity

» 1500 deg? survey is underway and will continue for 5

traints on neut
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