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Components Global Challenge Progress 2568

Sender
- Single photon source
 (SPS)
- Entanglement source

- Quantum Random
Number Generator (QRNG)

- Efficient Photon Emitters 
(EPE) at the chip level and 
room temperature
- High key-rate QRNG
- QRNG chips
- Chip scale photonic 
quantum information 
processing

- Quantum Emitter
- QRNG chips
- Bulk optic Entangled SPS
- Single photon device 

certification

Receiver
- Single photon detector
 

-High-speed and Eficient 
Single photon
-Chip scale photonic quantum 
information processing

- Hybrid-perovskite 
photon detector

Repeater node 
- Enabled Quantum Repeat
- High fidelity and long life-
time quantum memory

- Enabled Quantum Repeat
- High fidelity and long life-
time quantum memory

- Quantum Memory

Quantum Communication 
Channel
- QKD
- Network design & 
optimization
- Satellite technology

- Reliable Quantum network 
- Satellite-based quantum 
communication

- QKD at short distance (< 
100m)
- Quantum Network 
Simulation

Post-Quantum Cryptography Readiness

Pruet Kalasuwan, Sujin Suwanna, Poomphong Chaiwongkhot



Entanglement test : reproduce the Nobel 2022 work

ὅὥȟὦḳὅέὶὶὩὰὥὸὭέὲ ὪόὲὧὸὭέὲ ύὭὬὭὲ Ȱὥȟὦȱ ὦὥίὭί
ﬞ ὥȟὦ  ﬞ ὥȟὦ  ﬞ ὥȟὦ  ﬞ ὥȟὦ

ﬞ ὥȟὦ  ﬞ ὥȟὦ  ﬞ ὥȟὦ  ﬞ ὥȟὦ

ﬞ ὥȟὦḳ ὍὍ giving outcome a,b

ὛḳὄὩὰὰ ὴὥὶὥάὩὸὩὶ
ὅὗȟὛ ὅὙȟὛ ὅὗȟὝ ὅὙȟὝ

#ḊὛ ςȟὗȡὛ ςÍÁØὥὸ ςςȢ 



Photons image for (future) quantum sensing
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Free-space BB84 demonstration



QRNG on chip

όΩсоύ 
όΩср-Ωссύ





Emission Wavelengths and Photophysical Properties of hBN Defects

J. Phys. Chem. Lett. (2023), 14, 6564-6571, Nanomaterials (2022), 12, 2427. 



Single Atom Solid State Quantum Memory 2

C. Cholsuk et al. arXiv:2405.12749v1 APL Quantum 1, 026107 (2024)Credit: Takla Nateeboon



Summary: Quantum Emitters and Quantum Memory 2

Å257 electronic transitions are found to feature ISC based on DFT.

ÅMost defects require quality factor of 106 for 95% efficiency with bandwidth of 102 GHz

ÅQuality factor and bandwidth depend on radiative transition rate.

ÅOptimizing a defect yields higher improvement than fine-tuning, i.e., via strain.

C. Cholsuk et al. arXiv:2405.12749v1



Fidelity   F is a measure  of how  close  two  quantum  states 
which  indicates  the  quality  of a qubit

5

Pauli noise

Pauli noise  has a probability of propagating through 
quantum gate operation via a transformation.

X Z

Bit flip Phase flip

qwanta

Noise model in  

qwanta

Gate error
with probability p_gate  apply Pauli error 
instead of gate

Depolarizing error  
error after create 
Bell pair

Memory error
with probability 
depend on time 
of measurement

Photon loss 
directly related 

to this errorMeasurement error 
with probability p_meaErr  to apply Pauli 
noise on measurement result

qwanta  will calculate fidelity after applying all of noise models in 
ƿǜľűǔϔľǺϔǜǈűƑťϔģϔǔŌĿŬƑűƿǜŌϔĿģƇƇŌņϔωdirect fidelity estimation ϊdesired  state

actual  state completely wrong

actual is the 
same as desired

Quantum state of 1 qubit Even more general representation 
of quantum state, density matrix

Quantum Network Simulation
Credit: Poramet Pathumsoot



Quantum Communication Strategy Analysis

o Simulate and compare various scenarios 
of quantum communication strategies.

o Optimize fidelity and throughput.

Credit: Poramet Pathumsoot



Quantum Communication Strategy Analysis



EPPS Protocol

ISS node is dynamic node

Research model

End node ISS node End node

Send entangled photon pairs to each end node 

Entanglement Swapping Entanglement Swapping

Long line Bell pair between two end node

matter Qubit

photonic Qubit Bell pair

End nodes    Middle node

ǒ Bangkok    

ǒ Songkhla

ǒ Chiang Mai

ǒ International
Space Station (ISS)

Toy Model: Three-Nodes Quantum Network with Ground Stations

Credit: Poramat Chianvichai



Single-Photon Device Certification Facility

Dr. Kanokwan, NIMT

Single-Photon Device Certification Facility



Attack on QKD system



International Actions



¢Ƙŀƛ b/{!Ωǎ vǳŀƴǘǳƳ wŜŀŘƛƴŜǎǎ DǳƛŘŜƭƛƴŜ

https://drive.ncsa.or.th/s/52GYxAqMfDNZjEZ

Compliance checklist and QKD 
adoption guideline are under 
consideration

https://drive.ncsa.or.th/s/52GYxAqMfDNZjEZ


Conclusion
Components Global Challenge Progress 2568

Sender
- Single photon source
 (SPS)
- Entanglement source

- Quantum Random
Number Generator (QRNG)

- Efficient Photon Emitters 
(EPE) at the chip level and 
room temperature
- High key-rate QRNG
- QRNG chips
- Chip scale photonic 
quantum information 
processing

- Quantum Emitter
- QRNG chips
- Bulk optic Entangled SPS
- Single photon device 

certification

Receiver
- Single photon detector
 

-High-speed and Eficient 
Single photon
-Chip scale photonic quantum 
information processing

- Hybrid-perovskite 
photon detector

Repeater node 
- Enabled Quantum Repeat
- High fidelity and long life-
time quantum memory

- Enabled Quantum Repeat
- High fidelity and long life-
time quantum memory

- Quantum Memory

Quantum Communication 
Channel
- QKD
- Network design & 
optimization
- Satellite technology

- Reliable Quantum network 
- Satellite-based quantum 
communication

- QKD at short distance (< 
100m)
- Quantum Network 
Simulation

Post-Quantum Cryptography Readiness
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ESTABLISHMENT OF INTEGRATED 
ECOSYSTEM FOR QUANTUM TECHNOLOGY 

RESEARCH IN THAILAND



Topics of Interests
Åquantum network
Åquantum random number generator
Åsingle photon generation
Åquantum memory
Ådistributed quantum computing
Åquantum optical metrology
Ådynamics of open quantum systems
Åquantum decoherence
Åfoundation of quantum theory

Theory/Simulation/Experiment

Prof. Dr. Tobias. Vogl, 
C. CholsukΣ !Φ YǳƳŀǊΣ Χ

Prof. Dr. R. Van Meter, 
P. Pathumsoot, M. Hadijek, ...

Prof. Dr. Ryo Maezono

Prof. Dr. Stefano Sanvito, 
R. Hunkao

Quantum Communication 
System Engineering

APL Quantum 1, 026107 (2024)


