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POLARBEAR
• Atacama	
  Plateau,	
  high	
  &	
  dry	
  
- Elevation:	
  5200	
  m	
  
• 3.5	
  m	
  telescope	
  
- 3’.5	
  FWHM	
  beam	
  at	
  150	
  GHz	
  
- Sufficient	
  to	
  resolve	
  lensing	
  
signal	
  

• 1274	
  polarization-‐sensitive	
  
TES	
  bolometers	
  
- Coupled	
  using	
  dipole	
  
antennas	
  and	
  lenslets

100	
  mm

POLARBEAR Science Goals
Measure B-modes in CMB polarization to learn
about inflation, the sum of the neutrino masses, …

PB: 1 of 3 fields
1st year data

Polarbear CMB B-Mode Power Spectrum
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ig. 6.— Polarbear CMB polarization maps of RA23 in equatorial coordinates. The left (right) panel shows Stokes Q (U ), where th
arization angle is defined with respect to the North Celestial Pole. These filtered maps are smoothed to 3.50 FWHM. The clearly visib
erent vertical and horizontal patterns in the Q map and diagonal patterns in the U map are the expected signature of an E-mode signa

The map making and pseudo-power spectrum proce-

estimated as the geometric mean of the respective aut

Direct Spectrum Measurement
POLARBEAR collaboration arXiv:1403.2369
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• ABB = 1.12 ± 0.61 (stat) +0.04/-0.10
(sys) ± 0.07 (mult)
Fig. 12.— Binned C`BB spectrum measured using data from all three patches (⇠ 30 deg2 ). A theoretical wmap-9 ⇤CDM high-resolution
C`BB spectrum with ABB = 1 is shown. The uncertainty shown for the band powers is the diagonal of the band power covariance matrix,
including beam covariance.
TABLE 8
Reported Polarbear band powers and the diagonal
elements of their covariance matrix

process to measure the upper bound. The multiplicative
uncertainties are the quadrature sum of all the multiplicative uncertainties discussed in Section 7.
BB

Faraday Rotation
• A primordial magnetic field would
Faraday rotate CMB photons
– Hypothesized to explain observed galactic
magnetic fields.
– Rotates polarized E- into B-modes; thus
correlating them

• Cosmic birefringence leads to similar
observational eﬀect
– due to eg a coupling between photons and
a pseudo-scalar field

• Pathway to test for exotic physics!

Faraday Rotation /
Cosmic Birefringence
• Two detection paths
1. B-mode power spectrum.
2. 4-point correlation to pull out nonGaussian signature (similar to lensing)

• We’re assuming a rotation that is not
uniform across the sky

Primordial Magnetic fields
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Take away message
• No evidence for primordial magnetic
fields or cosmic birefringence (yet)
• Limits will continue to improve with
better B-mode data

What’s Next? Go big!

credit: B. Benson

2001: ACBAR
16 detectors
2007: SPT
960 detectors

Stage-2

2012: PB
1500 detectors
Stage-3
2012: SPTpol
~1600 detectors 2017: Simons Array:
22,764 detectors
2017: SPT-3G
~15,200 detectors
Stage-4
>2020: CMB-S4
100,000+ detectors
Pol
Pol

Detector sensitivity has been limited by
photon “shot” noise for last ~15 years;
further improvements are made only by
making more detectors!

Pol

To 80% of the sky
Simons Array
Chile - 2017

• Survey of high redshift structure
Array of 3 m telescopes: 22,764
• Study inflation, neutrino mass,
detectors at 100-220 GHz
primordial magnetic fields, ...

Simons Array
Three new telescopes and receivers

SPT3G&

New, dichroic pixels allow more detectors
to fit on the focal plane.

2016: POLARBEAR-2
• New telescope and receiver
• 7588 detectors (90/150 GHz)
2017: Install 2 more PB2’s to
complete the Simons Array
• 22,764 detectors
• 50% 150 GHz; 33% 90 GHz;
16% 220 GHz

Simons Array forecasts
Simons Array at 90, 150,
& 220 GHz
plus
Planck and C-Bass

Inflation:
no fg subtraction:

Neutrinos:

with DESI BAO

no fg subtraction:

Substantial improvements over current data! e.g.,

r < 0.09 Planck 2015 XIII
Σmν < 0.15 eV Palanque-Delabrouille et al 2015

In conclusion
• First detections of “B-modes” in CMB polarization
– New window into inflation and structure growth at z~2
– Can be used to look for Faraday rotation/cosmic
birefringence — no evidence for either yet

• First receiver of the Simons Array will be installed in
next 6 months, with the full array operational in 2017.
• ~23k detectors at 90, 150, 220 GHz
• Giant leap in mapping speed and ability to control
foregrounds

