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Fabrication § measurement of CFRP panel § a scaled antenna

Development of superconducting heterodywe receivers § detectors
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Superconducting Mixers & Detectors for
Mm/Submm/THz Astronomy
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Superconducting Mixers & Detectors for
I\/Im/Subm@/T Hz Astronomy

JCMT observation toward
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Dome A In Antarctic

Atlantic Ocean ey Indian Ocean
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Basic facts about Dome A

e Altitude: 4093m (60kmx10km)
e Lowest temp: -83°C
e A plateau of small fluctuation £

e 1300km from China’s % ‘,
Zhongshan station }%

e Extremely good THz/IR windows i ==

Elevation in meters 4000
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Road to Dome A in Antarctic




Chinese Antarctic Observatory at
KunlLun Station

Timeline & Status

e 2005/1/9, arriving at Dome A (21" CHINARE)
e 2008/1, starting the site survey at Dome A
e 2009/1/27, constructing the Kun-Lun station (25" CHINARE)
e 2013/2, govermental announcement of 16 selected mega-science proposals for
2012-2030, including Chinese Antarctic Observatory
e 2013/7, CAS proposal for Chinese Antarctic Observatory
e 2016/11/9, negotiation between CAS and SOA, with Pl switched to SOA
e 2017/8, SOA proposal for Chinese Antarctic Observatory
o 2019/3~ proposal reV|S|ng & re- subm|SS|on by MONR




Terahertz and far-infrared windows
opened at Dome a in Antarctica

Sheng-cail SHi et al., Nature Astronomy 1, 0001 (2016)
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DATES Telescope & Instruments
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Fabrication & Measurement of CFRP Panel

; A new sandwiched prototype
§ CFRP panel with lattice core

¥ e Size:1mx0.6m

8 e Surface Density :15kg/m?

A ® Auto-heating for anti-icing
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f=2000.000mm, RMS=0.0072mm f=2000.000mm, RMS=0.0073mm

Surface accuracy measurement of prototype panel at
ambient temperature of 40 degrees and -40 degrees



A Scaled Antenna for DATES

Major Specifications

 Aperture: 1.2m (CFRP Reflector)
» Surface: 20um rms

* Pointing: 3 arcmin rms

* Tracking: 2 arcmi rms

Demonstrations on

« Holography
 Thermal control

» Slant-axis mount




Near-field Holography Measurements

 Near-field measurements on the scaled
antenna

* Primary-focus mode

« Cassegrain-focus mode

« Correction for various error sources
* Rotation-center displacement
« Beam self-rotation of the slant-axis
« Polarization mismatch

» Diffraction of the subreflector

=20.421m

A'A




Surface Alignment Based on Antenna Gain
Measurements

Proposed a new alignment technique based on antenna gain measurement

Tested on the scaled antenna, achieved accuracy of @ 3mm

Potential application on DATES and other telescopes

Pre-calculate G() for the
perfect reflector

Initial surface figure

l‘\ il “A
Apply trial surface 5 '
perturbation £, (x, ) >

1st round:

Change for a different 7, Record the antenna Change for a different
 Hrnad <K< Yinax gain g™ perturbation function f; (x, y)

Repeat N, times

Find optimal perturbation #°
and apply %7 (x, ) to the surface

Repeat N times

‘ Final surface figure

Z. Lou et al., JATIS 5(2), 2019



A 0.85-THz Waveguide SIS Mixer

Measured FTS '

0.85-THz SIS mixer

Simulated E-field
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In collaboration with IREE, Russia
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THz Fourier Phase Grating

Frequency: 450 um
1x4 beams

Unit size: 9.33 mm
5 x 5 units

Fourier series: 5
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Design Manufactured FPG Simulation & Measurements

Fourier Phase Grating for H450 of DATES, with efficiency > 84%



A 5-GHz Bandwidth FFTS

— Raw data

RO : ~5GHz@ +2.2dB

‘ Power ‘ ‘ POST ‘ ‘ JTAG ‘ ‘ Debug ‘

DDR3 SODIMM

DDR3-1333
10.6GB/s

e PLL control

Ref Clk

ADC Clk

ADC FPGA

Cho input g—b-_, m
ASNT7121 Kintex-7

ADC Control . oo Hting Data

AUX 1/O

Sensor Control

Frequency = 0.076293 *Channel + 0.000818 (MH2)

Cle Gen2 x8

SRS 76.3kHz
(5TiEEiE: 65536)

10000 20000 30000 50000

SASSEE: 15dB

e —

s

ATT12dB

Expected
easured

64k 25 EINHAFFT
G2RHTER, TRMAD

IIl“ B|t : Allan75 0417

> 2000 s

Normalized R.M.S.

K S 25T 0%

FPGA Kintex-7

10
Integration time [s]




A 350um/0.85THz 32x32 Al MKIDs Array

-

1024 Al MKIDs on 3” Si Wafer

Detector | Al/TIN MKIDs
Format ‘ 32x32

Band ‘ 350 um/850 GHz
IxTOC NV FZER

® Twin-slot antenna

4.522GHz 50k coupled

® CPW read-through line
& resonators




A 350um/0.85THz 32x32 Al MKIDs Array

\

_';mpac:‘t dilutio 1024 Al MKIDs & micro-lens array




A 350um/0.85THz 32x32 Al MKIDs Array

Frequency~ "

resonance.vs T

Te_Alfit=1.26 K

Dark NEP: 2 %, Alpha= 0.033
~B6x10-17W/Hz0-5 i Tc =1.26 K
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A 850um/0.35THz 8x8 Ti TES Array

850-um 8x8 Ti TES
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Measured before etch
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Resistance (Q)

Superconducting Device Fabrication Lab
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32x32 MKIDs & 8x8 TES



Sumnmia rg

Dowme A Ln Antarctic Ls the best site for THz/FIR astronomy ow the
ground

Pre-studies (antenna/recelver/backend) for DATES to be butlt at
Dome A L Antarctic are undergolng

Sensitive superconducting SIS and HER mixers have been developed
for DATES

PMO Ls building the capability of developing large format TES/
MKIDs detectors
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