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FIGURE 1

E. Hubble, PNAS, 15 (1929), 168.
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Laser Interferometric Gravitational Wave Detector in Space

Ground Base Interferometer: LIGO, VIRGO, LCGT

Frequency Range: 10 — 1000Hz
1

Astronomical Source: NS-NS binary coalescence,
Super Nova, Pulsars, ...

JE ,cy Range sub mHz — 1Hz
.

‘ce: Merger of Black Hole,
- Merger of compact stars,
Pulsars ...

Cosmological Source: Primordial Gravitational Wave
due to Inflation, Cosmic String...

These need very future technologies. 14




Sensitivities for Cosmological Gravitational Wave Detection
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CMB observation, especially for polarization measurement, is very sensitive for primordial GW.
And the observation technology is simple extend from present technology. 15
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Detection of B-mode Polarization in the Cosmic Microwave Background
with Data from the South Pole Telescope
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Gravitational lensing of the cosmic microwave background generates a curl pattern in the observed
polarization. This “B-mode” signal provides a measure of the projected mass distribution over the
entire observable Universe and also acts as a contaminant for the measurement of primordial gravity-
wave signals. In this letter we present the first detection of gravitational lensing B modes, using
first-season data from the polarization-sensitive receiver on the South Pole Telescope (SPTpol). We
construct a template for the lensing B-mode signal by combining E-mode polarization measured by
SPTpol with estimates of the lensing potential from a Herschel-SPIRE map of the cosmic infrared
background. We compare this template to the B modes measured directly by SPTpol, finding a
non-zero correlation at 7.70 significance. The correlation has an amplitude and scale-dependence
consistent with theoretical expectations, is robust with respect to analysis choices, and constitutes
the first measurement of a powerful cosmological observable.
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Unique Point of POLARBEAR

e Primary Mirror: $3.5 m
(High Precision area ¢2.5m)
®» Angular Resolution: 4’ @150GHz (2.7’ @220GHz)
(Sun & Moon <30’ Venus ~10”-58”)
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3-mode from primordial GW

Search for CMB B-mode
from gravity lensing is
suitable to ground-base

telescope

& PB is a project to aim first
EPYERTETl detection of CMB B-mode
multipole, | = 180/(6 [°]) 18
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Observation Patch

TauA

*Measured by several instruments
*Can be used as a polarization angle
calibrator

PB1RA12HAB
*Overlap w/ Hersch

PB1LST4p5

*Overlap w/ QUIET
*Overlap w/ Herschel Atlas

PB1RA23HAB
*Overlap w/ QUIET




elevation

*Unitorm exposure
* Nice attack angle







POLARBEAR-1
(First year of data)

E-mode polarization
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POLARBEAR-2

Cerro Toco at Atacama, Chile POLARBEAR-2 (PB-2) is a project
with a new receiver system,
will be deployed in 2014
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PB-2 Science

Improvement from PB-1 to PB-2
90° 36° 18° 9° / 22’ 11’ 5.4
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PB-2 Science mt mf
Am? {
Constraint on Sum "
GL 2
- of Neutrino Masses B Am?
_ ) Am?2
Am2, = 7.5 x 107 %eV? 1 - 3
\Am%\ — 923 % 10 3V NORMAL INVERTED

_ O'(Em ) < 100 meV hif\Egs
- It is important to rez | \° v
sensitivity of o o (Zm’/

PB-2 sensitivity (Fisher forecast) by Josquin Errard, Giulio Fabbian
U(Zm,/) = 90 meV  with PB-2 alone

68% C. L.
o (Zm,/) — 65 meV  with PB-2 + Planck

o) (Emﬂ> — 150 meV with Planck alone
Assuming [ISSENVA and neutrino energy density of

TT, TE, EE and BB are used.
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Ir-Au bilayer
Al-Ti bilayer
Ti-Au bilayer
Mo-Cu bilayer
W: Fe doped
Mo: Fe doped
Ti: Mn doped
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* a few uUW@220mK e Hold time: 48h (24h @250mK)
* 60uW @380mK e Re-Condense Time: 1-2h

™  PBIDTATURLATLTIE, Chase Cryogenics Inc.
Holding Time: ~20h, Re-condense time: ~4h (3E% Sorption A/ E#E)
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B Carbon heater for 3He pots, 10 kohm [ Carbon heater for GGHS, 10 kohm
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SaltPillD#E%E  CPA(KCr(SO4)2-12H20)
FAA(Fe2(S04)3 - (NH4)2504-24H20)
CCA(CsCr(SO4)2+12H20)

FAA CPA CCA
lowest temperature 40mK 20mK 10mK BEBELZTDIE

melting point 40°C 89°C 116°C
heat exchanger Cu/Au

Loy . 4 ¢ Kevlar wire

I RAE—
FAA>CCA>CPA

FAADSCPAF2 .
CCAIZCPAD#I1. 24

 CPA:0.606mJ/g—>768.1 g =2 419.6 cm?
* FAA:1.327 ml/g =347.2g = 203.1cm?3

Salt pill




o AT R Atacama Cosmological TelescopeDACTpolL r—/3\—T
B XIRBRHBIEETHEDNDS,

3He-*HeiB B iR DK

helium bath

Normal fluid *He/*He

still pumpingline
1K bath

Fermi liquid *He
in superfluid “He

mainimpedance

—— vacuum chamber

: till
a1 A%Ieater

secundary impedance

—_—
<
()
—
=
“—
©
—
()
Q
5
—

«—— Phase separation

. . B heatexchangers
0.25 0.50 0.75

3He concentration (%) : | concentrated phase
| phaseboundary

mixing chamber

100mKLL T AV A gE mﬁﬁ — e phase
AEBEADKELY 100uW ~ ImW




& EHRE A 100uW@100mK
= 1K El 2 ;B E30mK

WA RAEREEESE =,

RuO2 calibration 2010/10/22/Fri

100 150 200

Temperature (mK)

BIZELHYOTAMIERALTLS,




@ Eﬁmr{_ﬁﬁt_l\x I\a‘yjo 2010/12/28 #%
CMBAGSHESE BREMMRER

L e B e B

: P
Pl

~

I

Thermal conductivity:

0.5mm 6N Al =50mm OFHC

2

TIK]

—— HIISN#ARER 7 =—JLAET RRR100

—— BISN{@RE#A#R 7 =—Jl#%. RRR350
=ZONfAFMRIR 7=—JLB1 RRR180

— ZEONRTIR 7 =—JL#% RRR430

— ZZONIAAMR FT=—JLAT RRR100

— ZZEONfEAMIR 7=—Jl#% RRR1000
ZZ3a5N7J)JLs 7=—)JLREI RRR1200
Z35a5N7)IVE F7=—)lL#% RRR2600
{£{L6N7ILE 7=—JL#% RRR12000
=#6N8Cu RRR3000

—— =#6N8Cu RRR6000




4. XL

e C(MBII#HAFHZIEHREE I ADICEERKRIZRI-LTHEY. HITHRED
HATEFICKYBEETRIA AT EEE o1,

e CMBMB-modef®IEIT&Y., 12 TL—2a  BFICHET SN I-[RIBE HIRIEE
MAJBEICTE S AT BETE N D D, — <& . Lensing B-modeMFE R =N T-,

« BIEETES RO A—2Z EERMATCOR X - MEEGYRLTLVS,
e HLLNH AT REE B TIE HLOETAS,
ZhIEE S E S THRIELETRIEESAL,
C CHALTHEEAESHENIET,
EXADOFTHLOHRETYBL TS,




