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Simons Array 
Collaboration
(8 countries, ~100 researchers)

SA F2F Meeting 2019 @ UC Berkeley



Observation Site

• Atacama desert, Chile (5,200m)
• Dry, thin and stable atmosphere  
• Year-round access (~45min. drive from SP)  

Excellent site for CMB observations



Observation Site

Continue timely publications of high 
profile results



The Simons Array
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Expanding POLARBEAR to three multi-chroic telescopes 

POLARBEAR-2c
(POLARBEAR-1 retrofit)

• Three 2.5m off-axis Gregorian telescope
• 7588 TES bolometers per receiver

• 90/150GHz for 1st & 2nd receiver, 220/270GHz for 3rd receiver.
• Continuously-rotating half-wave plate for pol. modulation

POLARBEAR-2a POLARBEAR-2b
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Sensitivity Foreground

Systematics



Simons Array (projected) sensitivity 

polarized dust @ 95GHzp=15%, fsky=65%

polarized dust @ 95GHzp=15%, fsky=5%

polarized synchrotron @ 95GHz

p=15%, fsky=65%
polarized synchrotron @ 95GHz

p=15%, fsky=5%

r=0.1

r=0.01

95% c.l. upper limit on
the foreground residual

Foreground rejection with 
90/150/220/270 GHz, 
Planck, & C-BASS data 

Inflation
• s(r=0.1) = 6x10-3

Neutrino mass
• s(Smn) = 40 meV

w/ DESI BAO

Simons Array will contribute to cosmology and 
particle physics significantly.  
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The SA Receiver
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Slot antenna 

Φ365mm

Sinuous antenna 
(broad band)

POLARBEAR-2

POLARBEAR-1

• SA uses superconducting 
detectors (TES bolometer)
• PB-1 :  1274 bolos
• SA :  22,764 bolos

(= 7588 x 3)

• Technical Challenges
• Detector fabrication
• Detector readout
• Cryogenics
• Large optical elements

~40cm

Relative Scale
Accurate

More sensitivity requires 
more detectors



SA Large Optics

3D Layout1.9m

1.
0m ~100W

Helium Sorption cooler 
(Cooling power : ~70uW @0.35K)

1/106

500mm

Alumina lens

• Employ the advanced materials (Al2O3)
• for large cold optics (~50cm aperture)

Applied Optics 53, 1727 (2014), Applied Optics 55, 22 (2016)

Yuki Inoue
(now @ NCU)

Tomo
Matsumura

~100mW<2uW

~30% (CMB)



TES Detector module

Focal plane tower

Receiver

(Cold) readout component

Electronics

2018: PB-2a receiver was integrated and tested 
at “Advanced Instrumentation Lab.” at KEK. 15

(1st) SA Receiver assembly at KEK



PB2a detector array worked !
Real-time monitor ‘Lyrebird’  

FFT 

TOD 
Modulated signal (LN2 + 
Wiregrid) is clearly seen.

x ~200 

Full scale (~7588) PB2a TES bolometer array 
is successfully operated and readout. 



2018-2019 Deployment  
1st receiver for Simons Array was 
shipped to the Atacama desert 
from KEK on Oct. 1&2, 2018.  

Simons Array Cryostat Camera



First light !

Bolometer 
signal

TOD

FFT

Achieved First light 
for PB2/SA !  Site crew at 1st light

Venus

Azimuth
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PB2a Year-1 Summary 
Jan.
2019

Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan.…
First light

Bad weather

Maintenance

Telescope study Stopped by generator & 
Cryogenics trouble
(+ Bad weather) 

Maintenance

• “(Planet) First light” in January
• We took date for only ~ 1 month in (relatively) good condition 

• Bad weather 
• Unstable on the site infrastructure (Generator etc..) 
àWe focused on Calibration and Characterization 

• Yield, Beam, Noise, Stability, calibrator & DAQ 
commissioning, monitoring etc…   

(see ref:  D. Kaneko et. al, appeared in J. Low Temp. Phys)



Achievements in Year-1
• Focal plane is cooled for 24+ hours on the telescope

(see ref:  D. Kaneko et. al, appeared in J. Low Temp. Phys)



Achievements in Year-1
• Focal plane is cooled for 24+ hours on the telescope

• >90% of connected TES bolometers responded to optical 
signal  

~20cm

~2
0c

m

Stimulator

Chopper 

Heater
Chopped signal
(Teff ~30mK; 5-45Hz)

Monitor bolometer 
gain and time 
constant

Nobuhiko Katayama
（Kavli IPMU)

Daisuke Kaneko
（Kavli IPMU)

Sayuri Takatori
（Sokendai)

Sayuri Takatori, APPC 2019

(see ref:  D. Kaneko et. al, appeared in J. Low Temp. Phys)



Achievements in Year-1
• Focal plane is cooled for 24+ hours on the telescope

• >90% of connected TES bolometers responded to optical 
signal  

• Receiver alignment is almost done (reasonable angular 
resolution (3.5 arcmin for 150GHz, and 5.2 arcmin for 90GHz)

Takaho Hamada
(Tohoku Univ.)

Frederick Matsuda 
(Kavli IPMU)

(see ref:  D. Kaneko et. al, appeared in J. Low Temp. Phys)



Achievements in Year-1
• Focal plane is cooled for 24+ hours on the telescope

• >90% of connected TES bolometers responded to optical 
signal  

• Receiver alignment is almost done (reasonable angular 
resolution (3.5 arcmin for 150GHz, and 5.2 arcmin for 90GHz)

• Polarization signal are clearly detected. (TauA, wiregrid …)

(see ref:  D. Kaneko et. al, appeared in J. Low Temp. Phys)



Achievements in Year-1

• Stable data transfer, and Telescope / Receiver status can be 
checked in realtime (Live PB2A).

Site
(~0.5TB/day/receiver)

Relay base 
@ SanPedro

LBNL

UCB
UCSD

KEK

(10Mbps) Network
(3-4MB/s)

(Small) data can be 
analyzed within 1 hour.

Haruki Nishino
(UTokyo)

Yuji Chinone
(UTokyo)



Achievements in Year-1
• Focal plane is cooled for 24+ hours on the telescope

• >90% of connected TES bolometers responded to optical 
signal  

• Receiver alignment is almost done (reasonable angular 
resolution (3.5 arcmin for 150GHz, and 5.2 arcmin for 90GHz)

• Polarization signal are clearly detected. (TauA, wiregrid …)

• Stable data transfer, and Telescope / Receiver status can be 
checked in real-time (Live PB2A).

Progressing steadily towards science observation

(see ref:  D. Kaneko et. al, appeared in J. Low Temp. Phys)



PB2b and PB2c Status
POLARBEAR-2b POLARBEAR-2c

UC San Diego

UC Berkeley

• PB-2b : Shipping to Chile, Deployment starts in Mar.
• PB-2c : Integration at UCB. Deployment in 2020.    

Simons “Array” will start in 2020-2021. 



Summary
• Successful deployment of 1st SA receiver in 2018-2019

• Hardware development, integrateion and 
verification was done in Japan

• Focused on calibration/characterization in 1st year
(many progresses). 
• 2nd and 3rd receiver should be deployed soon.

• Interesting physics opportunities for inflation, neutrinos 
and more (1st result in 2022-2023 ?)  

• Pathfinder instrument for next-generation CMB 
experiment : Simons Observatory, LiteBIRD etc..


