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POLARBEAR Science Goals

® POLARBEAR will measure CMB POLARBEAR expecte

p.olarizati.op with unprecedented Sensitivity (3 Seasons
high precision - I ~.

— EE - '
® Prove the epoch of inflationary | o E-mod 3 ?’-.1.
cosmology by detecting B-mode o oat pm 10K K |
polarization pattern generated by "7 ol dust, p=1.5% .
. . . . “" 10 - /
primordial gravitational wave x = ;
£ S |
® sensitivity for scalar to tensor S 10 ) Al |
ratio r=0.025 (95%CL) T o 7 i )
ot ) oo
~ 107 ,'O\)(\ ]
. ) ' ¢
® Weak lensing by large scale \ ,
structure also generates B-modes at . FF7
smaller angular scales /
.. . 10 . e 4
® Sensitive to sum of neutrino / oo 10°
. multipole ¢
mass: 75 meV (68%C.L.) Inflationary B-mode |
(combined with Planck) Weak-lensing B-mode
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Huan Tran Telescope (HT

3.5m primary mirror:
2.5m high accuracy /ﬂ

=N Dragone design
e <monollth|c panel \ s
4 5
g guard ring panel 1 5

off-axis Gregorian

cold stepped-rotating HWP

® Beam Size: 3.5’ at |50GHz
— sensitive to weak lensing B-mode
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Antenna-coupled TES Bolometer Arre

91 pixels (182 bolometers) per

...............

s ......... ] - wafer under AR-coated lenslets
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e lP . TES bolometer

Microstrip Filter (150GHz)

~~ Dual-Polarization
Slot Antenna

Total: 7 waferss 637 pixels (1274 bolos)
Expected Array Sensitivity: ~13 w6




Results from Engineering
Run in East California

e End-to-End test of entire system

e Telescope, bolometer, readout,
cryogenics, data acquisition, Quicl
look software, etc. |

e During summer 2010 at Cedar Flges "
California, the CARMA (Combined.-
Array for Research in Millimeter- §
wave Astronomy) site at 2200m
altitude.

e Three of seven wafers were installec

4 HTT at the CARMA site, 2010



Beam Map (Jupiter)

2 I ® Made Beam Maps using Jupiter
4 = : :
08¢ ® beam size: 3.8 arcmin (FWHM)
€2 g : . :
E 0.6 ® consistent beam with optics
O
80 v simulation
= 0.4 2
<2 2 e [Estimated differential beam
O .
4 029 systematics
(VN

e P T S ® Systematic beam difference
A Az (arcmin) between two polarization
estimated | reavirem detectors makes fake B-mode
Effect ent for sienal
sys.error | —p 025 ghal.
Differential Beam Siz{ 0.4% 1.5% ® Beam systematics are
_ _ — . 3 satisfactorily low for r~0.025
Differential Pointing 0.410 1.10 e
sensitivity.
Differential E”iptiCit)] 0.5% 2.9% N. J. Miller et al., PRD 79, 063008 (2009)
N. J. Miller et al., PRD 79, 103002 (2009)
M. S

8 . Shimon et al., PRD 77, 083003 (2008)




N0|se Property

— Temperature Ab + At
; — Polarlzatlon. Ab At
103 N e .
Sum and dlfference of
S 1077 a palr bolometers
I
S5 callbrator test S|gndl
g |
S o
100_. -
10 s SRS A
i — >
primordial gravitational wave < .
| | weak lensing
10-2 - i i i
10” 0.1Hz 1Hz 10Hz 100Hz

Frequency
* Large common mode noise reduction in the pair difference

* |/f noise ~ |00mHz
* Achieved expected NET at the California site
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Tau A observation

e TauA s a supernova remnant SN1054 a.k.a.the Crab nebula.

e A bright polarized source from synchrotron emission of electrons in the nek

e A good calibration source for polarization angle calibration.
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I6 * Validated polarization sensitivity
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of the whole observation system
of POLARBEAR

* Agrees with |. Aumont et al.
(2010) (IRAM 30m telescope at
90GH?z)



Deployment at Atacam
Desert In Chile



Telescope/Site Deployme

Site deployment was startec
INn mid-September 2011.

Telescope Assembly
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Installing Focal Plane/Receiver

[/ / / /" Focal Plane/Receiver
T2l s Assembly

'''''''

Hoisting Receiverf
up on Telescope
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Ready for
Observation

¥The design of the bolometer
saturation power is confirmed to be
suitable to the Chilean sky.

¥The cryogenic performance of
~ the receiver is excellent.

| ¥The bolometer readout including
related software is working well.

¥The telescope works well.

b3 2 et
p v ra S uae -
L - 4 o 7
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e i S
e e R N . 3 Ao
HTT at the James Ax Observatory
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First Light

Polarbear
Timestream -
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e Achieved pbrst-light on January 10th, 2012!
e Four months after we started pouring concre
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Beam Map with Chile Da

El, . (arcminutes)
o

coadded all pixels
=10 -5 0 5 10
Az, (@arcminutes)

e 3.5 arc-min Gaussian beam

-10

e More detailed study Is in progress.
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Observation Plan for CMB

Dust Map and Observation
Patches of Various Experiments ¥ Three 15x15deg patches

POLARBEAR patchg ¥ 700 deddeep observatio
- IRUNAE. L oTE

' , ¥ Selected lowest dust
region
EEP" 0

“?!’.ls, ¥ Overlapping with QUIET,
§ 'ﬁr 7 EBEX, Herschel, Planck

, ”‘..gi'.s'%%‘/l ¥ Foreground contaminatiol
= L7 can be constrained by

»

¥ QUIET (40+90GHz) for synchrotror
¥ Planck (217+353GHz) for dust

¥ cross-correlation with IR
galaxy count observation



Efficiency

=T

——90Ghz Pol.A
——90Ghz Pol.B
———150Ghz Pol.A[|
——150Ghz Pol.B

50 100 150 200
Frequency [GHZz]

Upgrade of POLARBEAR
e dichroic detector (150+220GHz)

® increased number of detectors (7,588
bolometers) with larger multiplexed
SQUID readout

Better sensitivity for and neutrino mass wit
a combination of deep/shallow observation
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Summary

POLARBEAR is a ground-based experiment in the
Atacama desert of Chile, built to detect CMB B-
mode polarization with al,274-TES bolometer arre

Engineering run at California shows the entire sys
of POLARBEAR works well.

POLARBEAR started the deployment in Chile In
September 2011 and achieved pbrst-light in Januat
2012.

We will start science observation shortly.

We already have started developments for the nex
upgrade of POLARBEAR-2.
Updates will be reported in

http://bolo.berkeley.edu/polarbear/
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Experimental Overvie\

Antenna coupled Superconducting TES Bolometer

Detector 1274 bolos, 637 pairs
Sensitivity ~0.5mK sqrt(sec)/bolometer
Frequency Domain Multiplexed (8ch) Readout w/
Readout SQUID
Observation I50GHZ
Frequency
Telescope Off-axis Gregorian Dragone
Site Atacama Desert, Chile (Altitude: ~5200m)

Polarization
Modulation

Half-wave Plate and Sky Rotation

Sky Coverage

700deg? deep observation
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POLARBEAR Recelve

Pulse Tube Cooler  He€ Sorption IR blocking filters

LT Refrigerator \
| Cold Reimaging Optics
/ i, — M1 M~
: : VO Li.h
4 ,.L o . i [- ‘L
SQUID A
|
e Focal Plane, bolometer stage: 0.z Rotating HWWP
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POLARBEAR site (before deployme

ALMA Telesco e

CENTRR OF POWER "

¢ POLARBEAR site (~5200m altitude) on the
Atacama plateau, Chile, iIn Summer 2011
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