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Quantum State Generation of THz-Light and Exploration of Quantum Measurement
Applications
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Recent quantum research has advanced the quest for the ultimate
measurement and has begun to demonstrate that the limits of classical measurement can be broken by
extending the interference of light using non-linear optical effects to quantum states.

In the terahertz frequency range, photon detection is in principle difficult because the photon
energy is so weak that it corresponds to room temperature thermal fluctuations.To overcome this
difficulty, we have attempted to detect ultra-sensitive THz-wave photons using a backward THz-wave
parametric oscillation process. Two independent PPLN crystals are used to achieve a quantum
conversion with photon energies differing by a factor of 1000.The highly efficient conversion of 300

GHz sub-THz photons into near-infrared photons with a wavelength of 1 um has led to successful
detection of terahertz electromagnetic waves at the photon level.



(2-4)

=

2014 Lemos 1 2
THz
Kolobov (5) 2
visibility
2 SU(2)
A/ N N
2
SuU(1,1)
1/N
2
2
2
SNR
SuU(1,1)
2
BS PPLN
Pump(NIR) idler (NIR) -
PPLN1 P ——
PPLN2 E P“"‘W/
1064.4nm Signal (sub THz)
Nd: YAG e
0.9 ns N LN
15 mJ 1064.4 idler (NIR)
- NS PPLN,
Delay line
PPLN
0.01nm
PPLN1
PPLN2
PPLN2
PPLN2 LN



PPLN1

Ccw PPLN1 THz
THz k PPLN1
k 6mJ
cw 500mw 308GHz 10nJ
PPLN1 PPLN1
LN 90
1064nm LN
AR 2 LN
90 PPLN2
THz
1x 5mm? PPLN2 PPLN2
0.9ns
50 mm LN PPLN2
PPLN2 LN
PPLN1 PPLN2
PPLN
308GHz 23 1mm
PPLN2
10? ° 1;
F ® ]
E ® E
~ E =
2 o o’
> F i 4
o F ° E
PPLN2 Eo_om% L ] ‘;
[ ® 3
[5) E ® 3
2 F 'Y ]
2" .
N = * 4
|3_: E ® E
107 ® 3
E ° E
5.5mJ ] ¢
100 v vl vl vl el el
10° 10t 10? 10° 10° 10° 10° 107
10° converted idler intensity (a.u.)

1. G.B.Lemosetal., Nature vol.512, 409-412 (2014).

2. D.A.Kaashnikov et a., Nature Photonics vol.10 96-102 (2016).
3. Y.Mukai et al., Opt. Express 30, 22624-22636 (2022).

4. M. Kutaset a., Sci. Adv. 2020; 6 : eaaz8065

5. M. I.Kolobov., J. Opt. 19, 054003 (2017).



4 4 0 1

Y. Takida, K. Nawata, T. Notake, T. Otsuji, and H. Minamide

30

Optical up-conversion based cross-correlation for characterization of sub-nanosecond terahertz-
wave pulses

2022

Opt. Express

11217-11227

DOl
10.1364/0E.452310

, , , 91
2022
32-36
DOI
10.11470/oubutsu.91.1_32
50
2022
172-177
DOI
T. Notake, T. lyoda, T. Arikawa, K. Tanaka, C. Otani & H. Minamide 11, 3310
Dynamical visualization of anisotropic electromagnetic reemissions from a single metal 2021

microhelix at THz frequencies

Scientific Reports

DOl
10.1038/s41598-020-80510-y




8 0 5

Takashi Notake, Michihiro Kitanaka, Kouji Nawata, Yuma Takida, Hiroaki Minamide

Ultra-sensitive detection of sub-THz electromagnetic-waves using backward-wave parametric process

The 11th Advanced Lasers and Photon Sources

2022

Yuma Takida, Kouji Nawata,Takashi Notake, Taiichi Otsuji, Hiroaki Minamide,

Optical Up-Conversion-Based Cross-Correlation of Terahertz-Wave Pulses

CLE02022

2022

Yuma Takida, Kouji Nawata,Takashi Notake, Hiroaki Minamide,

Injection-seeded backward terahertz-wave parametric oscillators at 0.3 and 0.5 THz bands for nondestructive imaging
applications

SPIE Photonics Europe 2022

2022

Kouji Nawata, Yuma Takida, Takashi Notake, Hiroaki Minamide

High-dynamic-range nondestructive testing promoted by 200 W peak-power backward terahertz-wave parametric oscillator

CLEO-PR 2022

2022




1.5um

83

2022

WANG Yuye

KTP

The 69th JSAP Spring Meeting

2022

300 GHz

2021

Takashi Notake, Michihiro Kitanaka, Kouji Nawata, Yuma Takida, Hiroaki Minamide

Ultra-sensitive detection of sub-THz electromagnetic-waves using backward-wave parametric process

The 11th Advanced Lasers and Photon Sources

2022




2022

317




