
PROCEEDINGS OF SPIE 

 
 
 
 
 

Volume 12335 
 
 

Proceedings of SPIE 0277-786X, V. 12335 

SPIE is an international society advancing an interdisciplinary approach to the science and application of light. 

Quantum Technology:  
Driving Commercialisation  
of an Enabling Science III 
 
 
 
Miles J. Padgett 
Kai Bongs 
Alessandro Fedrizzi 
Alberto Politi 
Editors   

 
 
7–8 December 2022 
Birmingham, United Kingdom 
 
 
Sponsored by  
SPIE 
 
Cooperating Organizations 
Fraunhofer UK Research Limited (United Kingdom) 
Innovate UK KTN (United Kingdom) 
Photonics Leadership Group (United Kingdom) 
Photonics 21 
Censis (United Kingdom) 
Technology Scotland (United Kingdom) 
The Association of Laser Users (AILU), (United Kingdom) 
Future Photonics Hub (United Kingdom) 
 
Published by  
SPIE 
                                       
 



The papers in this volume were part of the technical conference cited on the cover and title page. 
Papers were selected and subject to review by the editors and conference program committee. 
Some conference presentations may not be available for publication. Additional papers and 
presentation recordings may be available online in the SPIE Digital Library at SPIEDigitalLibrary.org. 
 
The papers reflect the work and thoughts of the authors and are published herein as submitted. The 
publisher is not responsible for the validity of the information or for any outcomes resulting from 
reliance thereon. 
 
Please use the following format to cite material from these proceedings: 
Author(s), "Title of Paper," in Quantum Technology: Driving Commercialisation of an Enabling 
Science III, edited by Miles J. Padgett, Kai Bongs, Alessandro Fedrizzi, Alberto Politi,  
Proc. of SPIE 12335, Seven-digit Article CID Number (DD/MM/YYYY); (DOI URL). 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510657427 
ISBN: 9781510657434 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time) 
SPIE.org 
Copyright © 2023 Society of Photo-Optical Instrumentation Engineers (SPIE). 
 
Copying of material in this book for internal or personal use, or for the internal or personal use of 
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by 
SPIE subject to payment of fees. To obtain permission to use and share articles in this volume, visit 
Copyright Clearance Center at copyright.com. Other copying for republication, resale, advertising 
or promotion, or any form of systematic or multiple reproduction of any material in this book is 
prohibited except with permission in writing from the publisher. 
 
Printed in the United States of America by Curran Associates, Inc., under license from SPIE. 
 

Publication of record for individual papers is online in the SPIE Digital Library. 

 

SPIEDigitalLibrary.org 
 
 
 
Paper Numbering: A unique citation identifier (CID) number is assigned to each article in the 
Proceedings of SPIE at the time of publication. Utilization of CIDs allows articles to be fully citable as 
soon as they are published online, and connects the same identifier to all online and print versions 
of the publication. SPIE uses a seven-digit CID article numbering system structured as follows: 

 The first five digits correspond to the SPIE volume number.       
 The last two digits indicate publication order within the volume using a Base 36 numbering 
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04, 
05, 06, 07, 08, 09, 0A, 0B … 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each 
page of the manuscript. 

 



  Contents 
 
 
  v Conference Committee 
  

 SESSION 1  QUANTUM CLOCKS 
     
 12335 02  Progress towards development of a trapped strontium-ion space optical clock [12335-3] 

     
     

 SESSION 2  QUANTUM SENSORS 
     
 12335 03  GaN laser diodes for quantum sensing and optical atomic clocks (Invited Paper) [12335-5] 

     
 12335 04  Reaching a macroscopic quantum state in a suspended interferometer [12335-6] 

     
 12335 05  Quantum technologies for quantum gravity phenomena and other fundamental physics 

research [12335-7] 
     
 12335 06  Igniting questions, detecting answers: Hamamatsu Photonics introduces the world’s first 

photon-number-resolving scientific camera [12335-8] 
     
     

 SESSION 3  QUANTUM TECHNOLOGIES FOR FUNDAMENTAL PHYSICS 
     
 12335 07  Quantum-enhanced interferometry for dark matter searches [12335-12] 

     
 12335 08  Inverse design of electromagnetic devices using topological derivative method [12335-14] 

     
     

 SESSION 4  SATELLITE AND FREE-SPACE QUANTUM COMMUNICATIONS 
     
 12335 09  Design and test of optical payload for polarization encoded QKD for nanosatellites [12335-16] 

     
 12335 0A  Towards the engineering of a quantum key distribution receiver robust to ambient light  

[12335-17] 
     
 12335 0B  Multiprotocol quantum key distribution receiver for free space [12335-18] 

     
 12335 0C  An investigation of jamming in free-space quantum key distribution [12335-19] 

     
     

iii



 SESSION 5  QUANTUM NETWORKING 
     
 12335 0D  Engineering quantum secure communication systems with photonic integrated circuits  

(Invited Paper) [12335-20] 
     
 12335 0E  Entanglement distribution quantum networking within deployed telecommunications fibre-

optic infrastructure [12335-22] 
     
 12335 0F  Practical single-fibre network-oriented quantum key distribution from a compact source of 

entangled photons in presence of White Rabbit time synchronisation [12335-24] 
     
     

 SESSION 6  QUANTUM KEY DISTRIBUTION AND ENABLING TECHNOLOGY 
     
 12335 0G  Experimental demonstration of practical high-speed Gaussian coherent state continuous 

variable quantum key distribution with real-time parameter monitoring and key distillation 
[12335-26] 

     
 12335 0H  Field trial of continuous variable quantum key distribution on trackside fibre [12335-27] 

     
 12335 0I  Phase noise characterisation of a 2-km hollow-core nested antiresonant nodeless fibre for twin-

field quantum key distribution [12335-29] 
     
     

   POSTER SESSION 
     
 12335 0J  UV laser-based addressing unit for trapped-ion quantum computers [12335-34] 

     
 12335 0K  Density functional theory simulation of nitrogen-vacancy center in diamond as quantum sensor 

for neutrino mass detection [12335-35] 
     
 12335 0L  A quantum circuit architecture based on the integration of nanophotonic devices and two-

dimensional molecular network [12335-36] 
     
     

 

iv




