CMB Lensing and B-modes
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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



Power in “mass map”

SPT-SZ 2500 deg? 2014 [
Planck Collaboration 2013 |
(SPT) Van Engelen et al. 2012 +———
(ACT) Das et al. 2013 +—=<—
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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

10.0F

- 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



CM

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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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



Fundamental limit to detector sensitivity
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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
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Increasing detector density: the basic idea

Antenna

(w/ pol)

Transmission line

Thermalization
structures

Thermal 1solation

Heat sink (~280 mK)



Increasing detector density: the basic idea
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Detectors for 3G and beyond

Filter.
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The Modern Transition

TES
I:)signal

T+0T 1

Heat Capacity

Weak thermal link,
G-l

Heat Sink (~240 mK)
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The Modern Transition
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The Modern Transition Edge Sensor
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Low loss microstrip transmission lines
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Sroadband pol antenna & large arrays




L) Weather in South Pole, Antarctica

N oW Location: Amundsen-Scott South Pole Station
L Current Time: Aug 1, 2014 at 7:14:02 PM
-98 °F Latest Report: Aug 1, 2014 at 6:00 PM

Snow flurries. Sunny.
Visibility: 7 mi

Feels Like: -134 °F Pressure: N/A
Forecast: -72 / -63 °F Humidity: N/A
Wind: 8 mph™s from Southeast Dew point: N/A







