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POLARBEAR project

* Ground-based cosmic microwave background
(CMB) polarization experiment in Atacama
desert, Chile.

* Measure the odd-parity polarization pattern (B-
mode).

* Origins of B-mode are inflationary
gravitational waves and gravitational lensing
effect.

mm) “Inflation” and “Neutrino masses”
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Atacama highland, Chile
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POLARBEAR-2 receiver system

7,588 antenna-coupled TESes
95/150 GHz dichroic
NET array: 4.1 uKkvs

1.0m

1.9mm

~

RN Y
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POLARBEAR-2 receiver system
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Measured hold time

—~ 10— w | |
X |
-
= 2K stage
2 7 —
& '/ Hold time : 38 hours N
o 17— -
— m {
- .
- 350mK stage . 250mK stage
|

01/30 01/31 01/31 01/31 01/31 02/01 02/01 02/01 02/01 02/02
18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00

*38 hours holding time (sufficient for 24 hours cycle observation)

*All thermal requirements for the optics tube are satisfied.
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Alumina Optics

e Side lobe:
— 95GHz: -20dB
— 150GHz: -25dB

e Strehl ratio: 95%
— Diffraction limited

T.Matsumura et al. Proc. SPIE 8452-124.(2012)
Inoue et al., Proc.of SPIEVol. 91533A(2014)

95GHz

L L1 !
0.2 0.4 0.6

L1 L1 I
0.2 0.4 0.6

0
Angle[Degree]
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Diffraction-limited optics

0.95—

o
©
T T T1

0.85—

Strehl ratio

o
()
T Tt

0.75;—_:)? o 95GHZ
I P'.ﬁ'.'a?qo'-‘ I||n?|tI .. | | | |

07" ""20 40 60 80 100 120 140 160 180
radius of focal plane[mm]

FWHM: 3 5 arcmin (150GHz) :
FoV: 4 .8degrees E

Side lobe: °-8§_

95GHz: -20dB J|
150GHZ _25dB " g_ iFf))i(ffractilon limit, | | 1 ISOIC}I_IIZ

. : : .. 0.7~
Strehl ratio: >90% (Diffraction-limited) O A0 e S ) 140 160 180
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Alumina IR filter

300K stag?l Vacuum window

Conductive ‘
coohng
- 50K
IR filter
Absorption type IR filter

Large diameter and thin: $450mmxt2mm

Placed on 50K stage

2 layer AR coatings

3dB cutoff: 650GHz @77K

High thermal conductivity: 144 W/mK

Center temperature: 55K (AT<3K)

K stg

126
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— Expected

55

Temperature [K]

<3K]|

(Cf. PTFE filter ~ 120 K)

IIIIIIIIIIIIIIIIIIIIIIII

53

—— Measured

50 100 150 200
Distance from the center [mm)]

o

250

Y. Inoue et al., Appl. Opt. 53, 1727-1733 (2014)

This R&D are first trial and to be standard technology in CMB community.
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: n et al., Applied Optics,Vol. 52, Issu
POLARBEAR-2 focal plane| 3: o sioosioscorsy

-16.6982
P s e 95GHz
}.»-;';“:» = — — ~ \’};I:_-‘ -11.3089
S = Sa o

0 £ 405

o,
o
w
o)}
O
3
3
=
Angle [Deg]

KRR 5 571059

3\ N 3 v/ 11,3089
N 7
A s a = = ¢ / 0.1
A S e 2 S/ 166962
1 e 166992 -11.3098 -571059 0 571059 113099 166992
- ’ Ange [Deg]

-16.6992

 Placed on 250mK stage B [ 50GHZ

-5.71059

* Large focal plane ( $365mm )
* 7 wafers(1897 pixels)
* The beam couple to optics with AR

F 405

Angle [Deqg)
=)

L 404

571059
03

11,3098

coated lenslet

01

16,6992 0
166992 -113099 -571059 0 571059 113098 16,6992

¢ Beam elllptICIty~1 % Angle [Deg)
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DeteCtor A. Suzuki et al., proceedings of the LTD15(2013)

TES bolometer
> 05 —90GHz
o —150GHz
o 04
=
w
g 03
8 02
&
g 3 .(*’\/
o ~ e A— - v T— - ]
50 100 150 200
Frequency [GHz]

Micro-strip filter
Sinuous antenna: broadband detection

Dual polarization
Micro-strip filter: separate to 150 and 95 GHz
7588 superconducting transition edge sensor bolometers
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POLARBEAR-2 Sensitivity

90° 36° 18° 9° 36° 1.8° 54 22' 11 54
[ POLARéEAR-zfgs& 150 GHz Com‘bined) —_— S22 i/ears B
1
10 Inflation
. 0(r)< 0.01
R
=
E 10-2 .
1) Neutrino mass
(28]
mo— 0(Zm, )< 0.1eV
*
10'3 -
104 1 1 1 1 1 1 | 1 \'x |
2 5 10 20 50 100 200 500 1000 2000

Multipole Moment, ell = 180/(0 [°]) = 10800/(0 [])

Characterize the B-mode polarization on large and
small angular scales.
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