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Science Targets of GB

Primordial Gravitational Waves
(PGW)

Optical depth (r) for Im,

E & B-modes
at large angular scale



“Look™ B- modes patterns
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2m, makes thinner lens

Correlation with r should be unfolded
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~PGW origin
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Planck 2018: r = 0.054 £ 0.007

T <& Reilonization in E-modes
(target At~0.01 from single exp.)




Experimental concepts
to reach low-ell

« Wide scan with fast modulation
- High-speed Rotation-scan (HsRs)

- Fast time response for HsRs
> MKID (r < 100 ps) s preferred

- Be sensitive even though no-large focal plane
- Cryogenic optics (< 4K)
- Low-loss IR block (RT-MLI)

* Be robust for foregrounds

- DUST-band (220 GHz) + CMB (150 GHz)
- (future) alliance with QUIJOTE



Overview of GB

CMB (Fov ~ 21 ,970.6") HsRs (120°/s in Az) mitigates effects

Elg(\)laﬂ:gn: of atmospheric fluctuation
A B
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Cross-dragon
mirror set < 4K

1.4m

0.25 K
Focal plane

Rotation stage
(through He gas)

J. Low Temp. Phys. 176, 691 (2014), and Proc. SPIE 8452, 84521M (2012). 7



To be deployed near QUIJOTE




Observation site is in prep.
MOEJ;. Riken btw IC (ay, 015) Agreements (Aug. 2016)
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High-speed Rotation-scan
provides large-sky coverage

Observation 4
range
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FDS dust model
@ 94GHz
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Cryogenic optics

He-sorption fridge
"Gas-Light”

MKID array(0.25 K)

Copper 4 K shell

(blacking inside)

",j,‘.;\ C-FRP pipes
Aluminum

50 K shell
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High-speed Rotation-scan of 120° /s
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24H T trends with HsRs
under Eccosorb in T,

0 |- Scan speed of 20 RPM, |-
i.e. 120° /s in Azimuth

- Mirror ~3:5K

>

c1re-charge

o/ detector <0.25K

—> (HH:MM)

<
Q
| -
>
)
(q8]
| -
()
Q.
5
|_




“Cool” technologies
for GB

) W \;.- RSI, 84, 055116 (2013).
\\ 2 He-gas lines for PTC

e ' Series of rotary joints
> f‘ (\ Patent: US 9,316,418-B2

IR-blocking

Patent: JP6029079 Electric lines
RSI, 84, 114502 (2013). 16



Focal plane set in 0.35K box

filters |
on 0.35K

Kevlar wire



K. Kiuchi and S. Mima

Horn coupled MKID array

Horn array module

by machining 110 MKIDs on 3” wafer 18






Single line for readout
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S. Honda, H. Ishitsuka, S. Oguri

MKID readout electronics

DA/AD board “RHEA” :  myerre it
-120-MUX in 250 MHz band width s, 184

12V DC RFin/out
(amp, SG)




By J. Suzuki

Auto resonant-peak finder

Peak finding for each resonance is necessary
prior to meas.

Amplitude [dB]

Demonstration of “peak finding” function



By N. Tomita

Auto characterization

KID[0], I vs Q rewind

Amplitude vs Freq

Amplitude
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Readout noise is low enough
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Detector time constant =100ps is properly measured
World’s first demonstration in case of MUX for MKID
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By S. Oguri

Trigger function
useful for MKID characterization
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By T. Nagasaki, S. Oguri, J. Suzuki

Lab test for pol. response

Frequency multiplier
Signal at ISOGHz

3

X-antenna

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

Y-antenna

cos’ B responses
. ' 100
w/ opposite phase !! Ancle Ideat

26



Scan “lamp” in high-bay

Benefit of MKID: Turn offgfhe lamp

No saturation under T,

|.l amp n::H‘

Az scan of lamp

o o
o Mo

Response of
MKID (rad)

5min

0.08
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0.04 [«—> =0.9°

0.02 /

0.00 L. , : b :
81 8 83 84 8 90

Elevation of telescope (degrees)

Response of
MKID (rad)

Acknowledgement: MKID borrowed from SRON was used.



Schedule in the near term

Telescope & cryostat Detectors

Oct. *Packing Production
&
2018 | Nov. Shipping tests
Dec. &
Jan. Tests in IAC &=
Feb.
2019
Mar. lDeponment at Teide observatory
Apr.

First light !

proof-of-concept

First year milestone is POC




‘ Option under discussed |

Foregrounds vs QUIJOTEXGB
QUIJOTE x GB

10-20, 30, 40 GHz  Cross—correlated 145, 220 GHz

(Courtesy of the QUIJOTE collaboration) bands (Fig. Planck 143 GHz)

QUIJOTE

Robust strategy to F.G.

« The world’s largest nhumber
of frequency bands

- “Effective” new freq. bands

by cross-correlation

102 |-

107

10“0:—

10-1E

Intensity (uK)

Simulation study underway
Observing Frequency (GHz) (led by K. Lee, Korea U.)
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