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CMB Sciences

Contribution via
“optical depth” (r)

GraV|tat|on
Waves

:

Dark Energy

Dark Rad.

380/ kyr 100 Myr 4 Gyr 8 Gyr | 13.8 Gyr
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Quantum : 33 L | .;,." |
Universe = ¢ §3 A | NYREP o B

redshift 1

GB aims CMB polarization patterns
in large angular scale, O(1° ~10")

Fully ionised
credits: ESO




PGW detection by B-mode

Interferometers, e.g. LIGO
“look wave motion via laser”




“Look” -mode pattern
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Foregrounds limit “r”

BICEP2 / Keck Array, Phys. Rev. Lett. 121, 221301 (2018)
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r < 0.07 (95% C.L.)




M, why important ?

An example: “See-saw” mechanism

Nr (“right-handed” v) whose mass is Mgyt
can make super-light neutrino mass

U .
L Neutrino mass term
O

] L 9. Ur )
m, =10-10 GeV , N MguT
(0.1 eV) NR (VL R) ( %U GUT) (NR

Mgyt =1016 GeV
Tool to probe GUT-scale physics




CvB Is unique massive particle
NOT localized in galaxy haloes

http://higgStan'.co.m/. " 10



http://higgstan.com/

2m, makes thinner lens

Correlation with r should be unfolded

| -
)
=
)
Q
)
e,
o
3
m

' | | |

! . ! L | ! L A L ! ] ] L
500 1000 1500 500 1000 1500
Multipole moment, £ Multipole moment, £

Planck 2018: r = 0.054 + 0.007

J

A(Zm,) ~ 0.02 eV
11




History of t

*+ Planck 2018 0.054 £ 0.007

e
Planck_HFI 2016 0.055 + 0.009

PIaFIIEk_PR2++ 2015 0.066 + 0.012

el
WMAP9++ 2013 0.081 +0.012

WMAP1++ 2003 0.117 = 0.055

Boomerang prior 2002

collage plot of

0.1 0.2 0.3 0.4 : LAMBDA web
Optical Depth to Reionization, t

Why don’t you measure it ?
Another o(t) ~ 0.01 should be useful input




T from E-mode

tau=0.05

tau=0.06
tau=0.07
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Note:
’ J no correlation with >m,

102 103
Multipole moment, £

GB target o(7)~0.01




GB aims large angular scale

v ‘ Fov=20°, 0.6°beam

e\ B
b iy ? -
X > ‘
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High-speed Rotation-scan

HsRs mitigates effects of atmospherlc fluctuatlon

i
_y

Detector WhICh has

fast-time response

= IS heeded, I.e. MKID,
\x 7 -~f:: 2

T -

Scan speed of~120 m

J. Low Temp. Phys. 176, 691 (2014), and Proc. SPIE 8452, 84521M (2012).

/ | \\ R




Now deploying GB in the Canaries
Teide Observatory, 2,400 m alt.

NT Arctic Ocean
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High-speed Rotation-scan
provides large-sky coverage

Observation 4
range

--A---- "“,_, I N N N s aad N N e .- " -------- I .

FDS dust model
@ 94GHz
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Suppose there is fake-polarization of 0(0.1%)
due to imperfection of instruments

TT
L3 > Q/U of 0.2%’

S
N
O
i
=S

P BB

08 b | (RO0170.00)

10 100 1000
Multipole
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Bore-sight
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Impact of bore-sight rotation

___________ \\"\'ﬂ\.\‘ 7-7-
¢ % 15 Q/U of 0.2%¢
5 .......... N B
9: 10.2 "-——__.....- ————— I‘.“"m""«m‘v'\,
x o Bore-sight rotation
BB '
10-6 o | re001m0.00)
10 100 1000
Multipole
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Cryogenic optics
minimize thermal noise

CMB
P Copper “4K-shell”
- (blacking inside)

. Thermal
C-FRP pipes jsolatio”
2\

‘ Aluminum
“50K-shell”

He-sorption

fridge
e|‘|11a|
MKID array G10 es ISo|at|0l1
. o Vac. chamber
= a = e (300 K)
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24H T trends with HsRs
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0 Scan speed of 20 RPM, |-

optical loading of T,,,m

i.e. 120° /s in Azimuth

- Mirror-~3:5K
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¢re-charge
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“Cool” technologies

' Series of rotary joints

Patent: US 9,316,418-B2
RSI, 84, 055116 (2013).

RT-MLI for
IR-blocking

Patent: JP6029079 Electric lines
RSI, 84, 114502 (2013). 24




Focal plane mechanical structure

Filers
on 0.35K

(\“9
" N

Kevlar wire

X7
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* Now in UTokyo r Kiuchi*




Benefit of MKID
“resonator = detector”

Input radiation breaks cooper-pairs in resonator. It varies resonance condition.

Antenna C(_I) C(ﬁ C(_I) '_(Ja
”[\ alealel s ~N Y Y ~N Y Y
resonator
Feed-line
Feed frequency (GHz)
— >
S,
Q
©
2
£
S
<V

Natural frequency domain MUX .



MKID readout electronics

DA/AD board “RHEA" :
- 120-MUX in 250 MHz band width

12V DC RFin/out
(amp, SG)
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scépe development
igh-bay area




High-bay
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Demonstration scan

“First Ilght" in High-bay

Benefit of MKID: Turn off fhe lamp
No saturation in T,y loads 5 — ,m;m ]
= 2 8 (2 Az scan of lamp
NN S S H
Az motion of ! 22 % | /||| |H||Ll..m.u.uw»
n (2’ A U : J
bore-S|ght = Time

Size of lamp ® beam
0.08

0.06
0.04 ~0 9°
0.02

Response of
MKID (rad)

0.00 L, . : -~ .
81 82 83 84 8 90

Elevation of telescope (degrees
Acknowledgement: MKID borrowed from SRON was used. P ( g )3 1




Japan =2 The Canaries

‘(*"\. A

— .

zA ffw—\,;/j Tokyo — Madrid: flight

iy Jis
® L
v\«j’
\, ¢

Y

i
" )
hdrbor — IAC
BlQ harbor — IAC: truck

Arrival

, (RIKEN)



Prep. observation site

MOU RIKEN btw IAC (May, 2015)

Ground shielded area for GB
£ V electrical power
v G-bits internet




Dome for weather proofing
end of Oct. 2018




Construction of telescope

mount In June

~ ‘\




Complete construction of

the mount in June 11!

. Ga‘c V ; //
4 - A K-M. Lee
= 2 (Korea U.)

S. Oguri & C. Otani
- (RIKEN)

- S. Honda

~ (Kyoto U.) f”; ‘:’ 36




Final checking of receiver
in IAC (I




Trouble during shipping ®
It was repaired on S|te

@ Broken G-10 pipes

Support structure for 50K-shell (all G10
pipes, and a few screws) were broken




Cryogenic optics

Copper “4K-shell”
(blacking inside)

er|1"5II
C-FRP pipes ,SolatIO"
He-sorption Aluminum
fridge 50K-shell
MKID array
(0.25 K)

g — 1111 .- Vac. chamber

B W (300K)
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Broken parts were replaced




On-site cooldown tes
Success to achieve 0.23 K




The first MKID’s signal
INn the Canaries!

-

(o] /!

v .‘v.o

g d

c 0.10 .
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% | |
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= +

et

E. 0.02 | . Ampl

= bo
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Frequency in feed-line (GHz)



The first MKID’s signal
INn the Canaries!

-60
.......... amp
.......... phase
)
a 7~
SN
2 T
@ 3 Cut-off freq. corresponds
i S -70 to detector time response
v 0 : design target =10* Hz
g0
v -75
o Noise level of
electronics
-80

1|0 162 1O3 104 1b5 106
Sampling frequency (Hz)



After “under illumination” check,
receiver will be mounted at the site

Wi,
A

Peeling off | | Installation of
light-cut tapes| |optical window

“First light” soon! (in sep.?)

'Open cryostat |

4



Foregrounds limit “r”
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BICEP2 / Keck Array, Phys. Rev. Lett. 121, 221301 (2018)
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Option under discussed ‘

Foregrounds vs QUIJOTEXGB

[ F L R ] == )

7
Observation [4

Similar scan strategy at the same location



Option under discussed ‘

Foregrounds vs QUIJOTExXGB

QUIJOTE QUIJOTE x GB

11 GHz map j R o
11,13,17,19, 30, 40 GHz  Cross—correlated 145 220 GHz
(Courtesy of the QUIJOTE collaboration) bands (Fi
g. Planck 143 GHz)

QUIJOTE

-
O
N

@]
b

o

Intensity (uK)

Robust strategy to F.G.

10 30 100 300

Observing Frequency (GHz)

The world’s largest humber
of frequency bands: 8 bands
“Effective” new freq. bands
by cross-correlation

Simulation study underway

(led by K. Lee, Korea U.)




Summary of GB

 Low-ell CMB for PGW & t

« Unique.concepts & techs.
High-speed Rotation-scan, MKID, ---

» “First light” soon (in Sep. ?)




