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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

𝐶 𝑎, 𝑏 ≡ 𝐶𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑤𝑖ℎ𝑖𝑛 “𝑎, 𝑏” 𝑏𝑎𝑠𝑖𝑠

=
𝒩 𝑎, 𝑏 −  𝒩 𝑎, 𝑏⊥ −  𝒩 𝑎⊥, 𝑏 +  𝒩 𝑎⊥, 𝑏⊥

𝒩 𝑎, 𝑏 +  𝒩 𝑎, 𝑏⊥ +  𝒩 𝑎⊥, 𝑏 +  𝒩 𝑎⊥, 𝑏⊥

𝒩 𝑎, 𝑏 ≡ 𝐼1𝐼2 giving outcome a,b

𝑆 ≡ 𝐵𝑒𝑙𝑙 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟
= 𝐶 𝑄, 𝑆 + 𝐶 𝑅, 𝑆 − 𝐶 𝑄, 𝑇 + 𝐶 𝑅, 𝑇

C ∶ 𝑆 ≤ 2, 𝑄: 𝑆 > 2 max 𝑎𝑡 2 2 . 



Photons image for (future) quantum sensing

’22

’24



Free-space BB84 demonstration



QRNG on chip

(’63) 
(’65-’66)





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

• 257 electronic transitions are found to feature ISC based on DFT.

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

• Quality factor and bandwidth depend on radiative transition rate.

• Optimizing 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 
qubit by using a technique called “direct fidelity estimation”desired 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

● Bangkok   

● Songkhla

● Chiang Mai

● 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



Thai NCSA’s Quantum Readiness Guideline

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



โครงการการสรา้งและเสรมิแกรง่ระบบนิเวศแบบบรูณาการ 
ส าหรบัการวจิยัทางเทคโนโลยคีวอนตมั ระดบัประเทศ

ESTABLISHMENT OF INTEGRATED 
ECOSYSTEM FOR QUANTUM TECHNOLOGY 

RESEARCH IN THAILAND



Topics of Interests
• quantum network
• quantum random number generator
• single photon generation
• quantum memory
• distributed quantum computing
• quantum optical metrology
• dynamics of open quantum systems
• quantum decoherence
• foundation of quantum theory

Theory/Simulation/Experiment

Prof. Dr. Tobias. Vogl, 
C. Cholsuk, A. Kumar, …

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)



Quantum Networks

Guccione et al. Sci. Adv. 6, 2020
Gonzalez-Raya et al. Comm. Physics. 7:126, 2024

www.qnulabs.com/quantum-communication-satellite-series/

Pain points: quantity and quality of qubits.

Quantum network for
• distributed quantum computing
• quantum communication/key distribution
• GNSS synchronization and navigation
• network of quantum sensors



L. Schweickert et al. (2018), arXiv:1808.05921
A. RP. Montblanch, Nat. Nanotechnol. 18, 555–571 (2023). 

4Single Photon Source/Quantum Memory

Quantum Communication

Quantum Computing

Quantum Sensing



Computational Quantum Materials to Identify SPS/QM

Zhang, G., et al. (2020). Applied Physics Reviews, 7, 3.

• quantum single photon sources/emitters (SPE/QE)
• quantum memory (QM)
• strain engineering to fine-tune emission wavelength
• light-matter interaction: channeling phonon interaction 

for ZPL.

• photo-physical properties, including phonon effects
• engineering parameters/tuning (e.g. using strain, …)
• environmental effects (thermal effect, decoherence,…)



5Experiment: Polarization Dynamics

APL Mater 11, 071108 (2023).
J. Phys. Chem. Lett. 14, 6564–6571 (2023).
ACS nano 18 (7), 5270–5281 (2024).

• Experiment done at IQS, 
FSU-Jena, Germany



Quantum Network Engineering

Credit: Deutsches Zentrum fur Luft-und Raumfahrt (DLR), Oberpfaffenhofen



Results are presented according to 
the experiments to measure the 
fidelity sensitivity based on input 
parameter

Each plot show the average form 
five iterations and 9,000 shots 
direct fidelity estimation

Simulate five times in each case.

9

Photon loss comparison

Node    measurement error  &  qubit memory time

Direct Fidelity Estimate



Equally distanced nodes on a line Real locations of three nodes in Thailand

Toy Model: Three-Nodes Quantum Network

Credit: Poramat Chianvichai



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

6

End nodes   Middle node

● Bangkok   

● Songkhla

● Chiang Mai

● International
Space Station (ISS)

Toy Model: Three-Nodes Quantum Network with Ground Stations

Credit: Poramat Chianvichai



Noise that affect quantum network

● photon loss

● qubit memory time

● measurement error

Indicate with fidelity

EPPS model

Ground station
● Bangkok
● Songkhla
● Chiang Mai

Middle node
● ISS trajectory

With qwanta, we performed direct fidelity estimation of 9,000 shots to find converged value 
of the fidelity. However, after 2000 shots, most simulation cases converge to a definite value

After this shots, it seem stable

Yielding a minimum threshold of F = 0.71

● Measurement error 0.01 
○ good enough for any cases

● Measurement error 0.03
○ SK-CM with 0.009 dB/km loss not 

good to implement QKD

● Measurement error 0.05
○ SK-CM with 0.009 dB/km loss not 

good to implement QKD

15Simulation of Three-Node Network of Thailand

Credit: Poramat Chianvichai
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Nature isn't classical, dammit, and if you want to make a simulation 
of nature, you'd better make it quantum mechanical, and by golly 

it's a wonderful problem, because it doesn't look so easy.

https://mitendicotthouse.org/physics-computation-conference/

THANK YOU FOR YOUR ATTENTION.



CsFAMA-based Photodetectors

CsFAMA hybrid perovskite
(CsFAMA+CsPbBr3) 

Light conversion range : 300-750 nm
Quantum Efficiency : 40-70%

P. Ruankham
D. Wongratanapaisan
P. Kanjanabut









Optical Devices on 
chips

• Quantum gates inside a 
single chip



Photonic chip design



Thai-based photonic 
chip foundry
photonic integrated circuits using facilities 
in Thailand

i. LPCVP : NECTEC

ii. RIE – Reactive Ion Etching : NECTEC

iii. Photo-Lithography : SLRI, PSU, NARIT

iv. PECVD : NECTEC



Photon 
source for 

chip 
technology
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