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The South Pole
Telescope (SPT)

10-meter sub-mm quality
wavelength telescope

100, 150, 220 GHz and
1.6, 1.2, 1.0 arcmin resolution

2007: SPT-SZ
960 detectors
100,150,220 GHz

2012: SPTpol
1600 detectors
100,150 GHz
+Polarization

2016: SPT-3G
~15,200 detectors
100,150,220 GHz
+Polarization



















Lensing
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Lensing of the CMB
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Lensing of the CMB
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high resolution and sensitivity map

of the CMB from SPT
covering 1/16 of the sky




CMB Lensing Map

reconstruction of mass projected along
the line of sight to the CMB

Lensing convergence map smoothed to 1 deg resolution
from CMB lensing analysis of SPT 2500 deg? survey



Mollweide view

*Mass Map” from Planck, ~70% of sky

Complementary to SPT’s map: noisier but all-sky.



t's really the Dark Matter:

100 sqg. deg. of Herschel SPIRE data on “SPT deep field”

RGB = 500,350,250 um



It's really the Dark Matter:

' 'f Smooth 500um map
| to ~1 degree scales
(~100 com. Mpc).




It's really the

Dark Matter:

Smooth 500um map
to ~1 degree scales
(~100 com. Mpc).

Add mass contours
from SPT CMB
lensing.



t's really the

Dark Matter:

Smooth 500um map
to ~1 degree scales
(~100 com. Mpc).

Add mass contours
from SPT CMB
lensing.

~100 correlation signal
Holder et al. 2013



CMB Lensing Map

reconstruction of mass projected along
the line of sight to the CMB

Lensing convergence map smoothed to 1 deg resolution
from CMB lensing analysis of SPT 2500 deg? survey



Neutrino mass

CMB Lensing Potential Power (2D)
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CMB polarimetry

- CMB polarized via Thomson scattering and local anisotropy (e.g. Sun
scattering in atmosphere)

Sun



CMB polarimetry: E-modes

- CMB polarized via Thomson scattering and local anisotropy (e.g. Sun
scattering in atmosphere)

 Density/Temperature anisotropy generates intrinsic CMB polarization

- Symmetric under “parity”
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CMB polarimetry: E-modes

- CMB polarized via Thompson scattering and local anisotropy (e.g. Sun
scattering in atmosphere)

 Density/Temperature anisotropy generates intrinsic CMB polarization

1000 ™7
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- EE power spectrum is a
different probe of same
physics producing TT
spectrum
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Spectra generated with WMAP7 parameters using CAMB, Lewis and Challinor



SPTpol 1st year Q/U maps (E-modes)
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3 Lensing via CM

S polarization



X5

p(n) = —2 /O dx PR Y W(x7n; 1m0 — X)



CMB polarimetry: E-modes & B-modes

- CMB polarized via Thompson scattering and local anisotropy (e.g. Sun
scattering in atmosphere)

 Density/Temperature anisotropy generates intrinsic CMB polarization
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- parity odd patterns, “B- _
modes” Sy

- Gravitational lensing of “E- i
modes” (shearing)

- Gravitational waves from
iINflation
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Measuring CM

S lensing

B-modes
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SPTpol CIB (Herschel)
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X5

p(n) = —2 /O dx PR Y W(x7n; 1m0 — X)
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/.70 detection of CMB lensing B-modes
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S5-modes: From detection 1o precision



2001: ACBAR
16 detectors

R 0007 SPT
o2 Y “ 960 detectors

wou s 2012: SPTpol
Ar R ~1 600 detectors

| 2016: SPT-3G
{ ~1 5,200 detectors

"R

ACBAR was the first experiment to make a
“packground limited” detector. Since then, only way
to increase sensitivity is to have more detectors
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ACBAR was the first experiment to make a
“packground limited” detector. Since then, only way

Increase sensitivity with more detectors

- Larger focal plane (bigger arrays and
more of them)

» Increase detector “density” (measure
more optical modes per optical element)

2012: SPTpol
~1 600 detectors
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® 2016: SPT-3G
~15,200 detectors

to increase sensitivity is to have more detectors




Large arrays of Multi-chroic pixels

Hi
Suzuki et al., Proc. SPIE 8452, Mm, Sub-mm, and Far-IR Detectors and
Instr. for Astro. VI, 84523H (October 5, 2012)

Filter.
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E : Jx” polarization

- 6” wafer processing @ ANL

Bolometer
Jaiawojog

“X” polarization
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- Developing arrays of three-color pixels for SPT-3G A
Argonne

NATIONAL LABORATORY

Berkeley

University of California

* Increase bolo density from 2 per pixel to 6 per pixel



- Target 10x mapping speed of SPTpol
* 16,000 bolometer array
- Reduce optical load
* Double FOV

» Target 2500 deg? to 3 uK depth
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SPT-3G goals (first light early 2016)

- Target 10x mapping speed of SPTpol
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Future science with

B-modes; CM

334




Approximate raw experimental sensitivity (uK)
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Evolution of CMB Focal Planes

ACBAR
16 detectors

2001

CMB Stage-4 Experiment
Described in Snhowmass CF5

1309.5383
1309.5381

arxiv

Neutrinos

arxiv

Inflation

Stage-2

SPTpol
~1600 detectors
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2020
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‘CMB-54" Stage 4 CMB experiment

(footprint overlap with DES, LSST, DESI, etc)

- 200,000 - 500,000 detectors on multiple platforms
- span 40 - 240 GHz for foreground removal

- target noise of ~1 uK-arcmin depth over half the sky
- start ~2020

W ES
'  MS-DESI - AL MS-DESI
'. ' MS-DESI

Chile

LSST observable
sky

South Pole

observable sky

0.0

S —— 0.10 mK RJ
FDS dust emission

Primary technical challenge will be the
scaling of the detector arrays




Projected CMB Constraints

o(r) 6 (Neft) o(2=my)
Current CMB 0.1 0.34 117 meV
2016 Stage 2: SPTpol  [0.03 0.12 96 meV
2020 Stage 3: SPT-3G  |0.01 0.06 612 meV
2024 Stage 4: CMB-S4 |0.001 |0.02 16° meV

2 Includes BOSS prior
b Includes DESI prior

The CMB measurements will achieve important benchmarks:
* Energy scale of inflation? Test large vs small field inflation
» Dark Radiation? New physics in neutrino or dark sector?
« Cosmological detection of neutrino mass, 2m..

Snowmass: CF5 Neutrinos + Inflation documents arXiv:1309.5383, 1309.5381,
see also Wu et al., arXiv:1402.4108




Summing up

- Exciting time for CMB!
- Post-Planck CMB science lies with higher resolution and polarization
* We see B-modes!
« SPTpol measures B-modes from lensing @ 7.70
 Future science with B-modes: detector array technology
* Next: SPT-3G

* Follow: CMB-S4



