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|. Terahertz Matters in Astronomy
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A Window with Rich Fingerprints
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A Window with Highest Spatial Resolution

EHT @ 230GHz
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I. THz Astronomy Developed in China
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from space to Qinghai to Antarctic



Mm-Wave Astronomy in China

1995 2002
3-mm-band multi-line SIS
Schottky receiver receiver ”
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1982 2010
Constructing the 1st mm- 3x3 multibeam
wave telescope in China SIS receiver
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Superconductlng SIS Mixers for ALMA

no SIS, no ALMA

MBS8T7* April 11, 2017
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From Space to Qinghai to Antarctic

= . HSTDM
‘7 - 0.5-THz receiver w/ NbN SIS @ 10K

- onboard CSST w/ China’s space station
- to be launched 2023/2024
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THz/FIR facilities at Dome A

15-m Submm Telescope |
- Site: Qinghai ¥
- Freq. band: 0.1~0.5/0.66 THz
- Instruments: SIS rx, KID camera, ...




Atmosphenc Transmission at Zenith at Three Sites
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New THz/FIR Windows at Dome A

S.C. Shi et al, Nature Astronomy 1 (2016)
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. Superconducting Mixers & Detectors at PMO




High-Energy-Gap NbN SIS for Space Applications

Orion A

ot @ 0ae s f - in collaboration
i ] » with NiCT (Japan)

- High sensitivity @ ~ 10K

- 1st astronomical
application

s

€

o =

~ [

o

e 3

3 3

g S
@

[ Q

Q. )

£ ]

2 5

c

3 S

2 2

-4 S

©

[

@

Superconducting transition temperature (K)

J. Li et al, APL 92 (2008)

THz

LAY

Wave RN

Ford et al. (2013)
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Infrared & X-rays
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Superconducting

Mixers: from THz to MIR

: ) _ Electron-temperature
Image: SRON g A spiral antenna NbN superconducting HEB mixer

distribution on HEB
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Non-equilibrium electro-thermal
transport/feedback & fluctuation
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THz/MIR HEB Mixers Developed at PMO

-- in collaboration with MSPU/SRON/LERMA
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First Lab Detection of 3.5-THz CH,OH with HEB/QCL
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Power detector
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Phase-locking & stabilized HEB/QCL System
(SRON/PMO collaboration)
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Science Drivers with THz Camera

CMB anisotropies & PGW
Imaging w/ TES & KID

Credits: J Borrill, COBE/WMAP/Planck, SDSS, NAOJ

Line Intensity Mapping (LIM)

CM8  Dark CosmicDawn/  Relonizal tion
Recombination  Ages  First Stars |

Inflation —._

Quantum
Fluctuations

Une-Intensity Mapping
simulation with galaxy

Large-scale structure ( e.g. EoR )
LIM w/ CII,Olll, high-J CO et al

Only 7 objects with spectroscopic
redshift determination for z>7.5

Time Since the Big Bang
(Billions of Years)

THz “SDSS”
Imaging w/ TES & KID
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— from Mm-wave/CMB to X-Ray/IFU

ransition “dge Sensor

S Weak electron-phonon coupling & fluctuation
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TES Development Status & Plan at PMO
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1. THzTES 2. Optical/NIR TES
- Pixel number : 8x8 - QE:>90%
- Sensitivity : BGLP - Energy resolution: <0.4eV

- Counting photons: >10

i 3. X-Ray TES Micro-Calorimeter
- Band: 0.3-7/12keV
- Energy resolution: <5eV
- Pixel number: >1k
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— from THz 2D/3D to Optical Imaging

1k pixel KID chip

Superconducting
coupler (capacitor)

)
S,
~
w
of F,
F [GHz]
%, Antenna
£ - Single-layer film process
Generation, recombination & Sl - High FDM ratio

inductor
fluctuation of quasiparticles

20
Image credit: TUDelft



First KID Camera Developed in China

1024 Al MKIDs & micro-lens array
,”‘ ! \

J. Lietal, JLTP 184 (2016);
Q. Shi et al, Sci. China 65 (2022)
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THz Spatial-Spectral 3D Imaging (LIM) with KID




Device Fabrication Facility at PMO

201905 7 108 ZHE 15
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Aluminium
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