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Cosmology from

. Two sources of B-mode
polarization in cosmic
microwave background

- Inflationary signature in
primordial CMB

- Energy scale of inflation
- Gravitational lensing

- Neutrinos, dark energy
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Cosmology from B-mode Polarization

. Two sources of B-mode
polarization in cosmic
microwave background

- Inflationary signature in
primordial CMB

- Energy scale of inflation

- Gravitational lensing

Planck Team

- Neutrinos, dark energy
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Cosmology from B-mode Polarization
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CMB B-mode Measurements
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- Dedicated CMB polarization

- Located on Cerro Toco at 5200

- First light January 2012 with

- Expanding to POLARBEAR-2/

The POLARBEAR Experiment

experiment designed to measure
both inflation and lensing scales

meters In Atacama desert
POLARBEAR-1

Simons Array
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And many more in years past...



POLARBEAR Collaboration




POLARBEAR Observations

Guard ring
2.5 meter
pgﬁﬁ;'?fy” - Off-axis Gregorian-
Dragone design
Shielding - Low cross-
polarization
- Large field-of-view
Secondary e+ 3.9 FWHM beams
mirror @ 150 GHz
Receiver
enclosure
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POLARBEAR Observatlons
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POLARBEAR-1

Focal Plane

637 dual polarization
pixels

Beam-forming lenslet
coupled to each pixel

1274 superconducting
transition-edge sensor
bolometers

Frequency-domain

multiplexing readout
(8X)
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POLARBEAR-1

Cryogenic Recelver

4 Pulse tube cooler
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POLARBEAR Observations

POLARBEAR-1 Initial survey (2012-2014); Sec—a0 FDS Dust Map

Deep integration on three 3x3 deg. patches _— /ﬂ \' Intensity)
Observations at 150 GHz Z ke O
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Results with first season dataset L

Angular power spectrum: Apd 794, 171 (2014)

Deflection power spectrum: PRL 113, 021301 (2014) | —+—+
Galaxy cross-correlation: PRL 112, 131302 (2014) |
Constraints on cosmic birefringence and primordial _, | —

magnetic fields: Phys. Rev. D 92, 123509 (2015)
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POLARBEAR Observatlons

(2012-2014):
Deep integration on three
3x3 deg. patches
Observations at 150 GHz

POLARBEAR-1 Initial survey |

ADec (deg)

New results with

two-year dataset

Angular power spectrum:
arXiV: 1705.02907 (2017)

ADec (deg)

Reduced band-power uncertainty
by factor of two

Two independent pipelines
performed analysis from calibrated
time-ordered-data (TOD) to maps

and power spectrum estimate
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POLARBEAR Observations

POLARBEAR-1 Wide survey (2014-current): _Dec=90 o i)
Observing larger sky area in southern Galactic hole Z7
Polarization modulation with
continuously rotating half-wave plate
Performance of CRHWP on sky:
Takakura et al. (PB collaboration) E

JCAP 05 008 (2017) \
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POLARBEAR-Z

Overview

Next-generation Primary

receiver design

PB-2a

Larger focal plane, .
deploying 2017

fleld-of-view

X
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13

Broadband optics, | & Secondary
multi-chroic pixels | p—

g(Xmy) < 100 meV
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POLARBEAR-Z

Overview

Next-generation
receiver design

Larger focal plane,
field-of-view

Broadband optics,
multi-chroic pixels

g(Xmy) < 100 meV

90° 36°

18° 9° 3.6° 1.8° 54 22 11 5.4'

1(1+1)C2B/(2m) (uK®)

. POLARBEAR-2 (95 & 150 GHz Combined) —e—
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Multipole Moment, ell = 180/(6 []) = 10800/(6 ['])

POLARBEAR-1

POLARBEAR-2a

Frequency 150 GHz 95 GHz + 150 GHz
Pixels 637 1897
Detectors 1274 /588
Field-of-view 2.3° 4.8°

Darcy Barron - UC Berkeley - Cosmology from CMB polarization with POLARBEAR

18



POLARBEAR-Z

Focal Plane
POLARBEAR-1 POLARBEAR-2
Doublefﬁ§“lot dipole Broadband sinuous antenna
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Myers PhD Thesis 2010 O’'Brient PhD Thesis 2010
Arnold et al. SPIE 2012 A. Suzuki et al. JLTP Jan. 2014
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POLARBEAR-Z
Focal Plane

POLARBEAR-1 POLARBEAR-2
Broadband sinuous antenna
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POLARBEAR-Z

Readout
POLARBEAR-1 POLARBEAR-2

8x freq. division multiplexing 40x freq. d|V|S|on multlplexmq

B —— Two 1-ohm
: ] PB2a Bolometer comb //calibration channels
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Rotermund et al., JLTP Vol 184, 1-2 (2016) Frequency (I:\34Hz)
CMB-54 Technology Book arxiv:1706.02464
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POLARBEAR

Focal Plane
POLARBEAR-1 POLARBEAR-2
Seven 4-inch wafers Detector module
1274 bolometers Six-Inch wafer with

1084 bolometers

Arnold et al., Proc. SPIE Vol 8452 (2012)
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POLARBEAR

Focal Plane
POLARBEAR-1 POLARBEAR-2
Seven 4-inch wafers Seven 6-Inch wafers
1274 bolometers 7588 bolometers

19 cm
Arnold et al., Proc. SPIE Vol 8452 (2012)
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Simons Array

Leverage POLARBEAR experience to rapidly increase sensitivity
- Two new telescopes installed at Chilean site

First new receiver will deploy later this year
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3 receivers (22,764 bolometers) observing at 95, 150, 220, 280 GHz
Hardware funded by the Simons Foundation, NSF, MEXT
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Simons Array

Leverage POLARBEAR experience to rapidly increase sensitivity
- Two new telescopes installed at Chilean site

- First new receiver will deploy later this year

PB2-a PB2-b PB2-c
95/ 150 GHz (95 / 150 GHz 220 /280 GHz

—
\ 4\ s '\\ - .E. - ‘Li

| —

~ -

3 receivers (22,764 bolometers) observing at 95, 150, 220, 280 GHz
Hardware funded by the Simons Foundation, NSF, MEXT
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Simons Array
Projected sensitivity

10-1 _

Foreground rejection with
multi-frequency Simons
Array data

g(Xmy) = 40 meV
w/ DESI BAO,
including foreground
contamination

o(r=0.1) = 0.006

Stebor et al., Proc. SPIE 2016

lensing B-modes
— total B-modes
— primordial B-modes

Residual computation method.:
Errard et al. 2011, Phys. Rev. D 84, 063005
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 Results with POLARBEAR-1:

Thank you

POLARBEAR Collab. PRL 113, 021301 (2014)

« (Galaxy cross-correlation:
POLARBEAR Collab. PRL 112, 131302 (2014)

« Angular power spectrum:
POLARBEAR Collab. Apd 794, 171 (2014)

« (Constraints on cosmic birefringence and primordial
magnetic fields:
POLARBEAR Collab. PRD 92, 123509 (2015)

« Mapmaking technique:
Poletti et al. A&A Vol 600 (2017)

« Two-year combined results:
POLARBEAR Collab. arXiV: 1705.02907 (2017)

« Continuously rotating HWP demonstration:
Takakura et al. JCAP 05 008 (2017)

« POLARBEAR-2 / Simons Array designed for increased
sensitivity, foreground mitigation

« Technology development and future prospects described
in CMB-S4 Technology book arXiV:1706.02464

* POLARBEAR-2: Inoue et al. SPIE 2016
« Simons Array: Stebor et al. SPIE 2016

« Many more LTD17 proceedings coming this year T
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