
PROCEEDINGS OF SPIE 

 

 

 

 

 

Volume 11134 

 

 

Proceedings of SPIE 0277-786X, V. 11134 

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

Quantum Communications and 

Quantum Imaging XVII 
 

 

 

Keith S. Deacon 

Editor 
  

 

 

11–12 August 2019 

San Diego, California, United States 

 

 

Sponsored and Published by  

SPIE 

                                       

 

Quantum Communications and Quantum Imaging XVII, edited by Keith S. Deacon, Proc. of SPIE
Vol. 11134, 111340Y · © 2019 SPIE · CCC code: 0277-786X/19/$21 · doi: 10.1117/12.2551947

Proc. of SPIE Vol. 11134  111340Y-1



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 Communications and Quantum Imaging XVII, edited by 
Keith S. Deacon, Proceedings of SPIE Vol. 11134 (SPIE, Bellingham, WA, 2019) Seven-digit Article CID 
Number. 
 

ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510629615 
ISBN: 9781510629622 (electronic) 
 
Published by 
SPIE 

P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time)· Fax +1 360 647 1445 
SPIE.org 

Copyright © 2019, Society of Photo-Optical Instrumentation Engineers. 
 
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 copying fees. The Transactional Reporting Service base fee for this 
volume is $21.00 per article (or portion thereof), which should be paid directly to the Copyright 
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made 
electronically through CCC Online 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. The CCC fee code is 0277-
786X/19/$21.00. 
 
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: Proceedings of SPIE follow an e-First publication model. A unique citation 
identifier (CID) number is assigned to each article 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. 

 

Proc. of SPIE Vol. 11134  111340Y-2



  Contents 
 
 
  v Authors 
 vii Conference Committee 
  

 SESSION 1  QUANTUM COMMUNICATIONS I 
     
 11134 01  Optical quantum memory applications in quantum communication (Invited Paper) [11134-1] 

     
 11134 05  Hyper-entanglement optical circuits for quantum communications (Invited Paper) [11134-5] 

     
     

 SESSION 2  QUANTUM IMAGING I 
     
 11134 06  Quantum ghost imaging and state symmetry [11134-6] 

     
     

 SESSION 3  QUANTUM INFORMATION PROCESSING AND TECHNOLOGY I 
     
 11134 0A  Near-optimal routing of noisy quantum states (Invited Paper) [11134-10] 

     
 11134 0C  Investigation of directional and directionally-unbiased devices in linear optics for quantum 

walk applications [11134-12] 
     
     

 SESSION 4  ENTANGLEMENT AND METROLOGY 
     
 11134 0F  A quantum interferometer for quantum gravity studies (Invited Paper) [11134-15] 

     
 11134 0H  Time of flight paradox for photons in a dispersive medium (Invited Paper) [11134-17] 

     
     

 SESSION 5  QUANTUM INFORMATION PROCESSING AND TECHNOLOGY II 
     
 11134 0K  Pump power in four-wave mixing polarization entanglement generation and its influence on 

quantum state tomography [11134-21] 
     
     

 SESSION 6  QUANTUM COMMUNICATIONS AND QUANTUM IMAGING 
     
 11134 0M  Optimal state discrimination over quantum channels (Invited Paper) [11134-23] 

iii

Proc. of SPIE Vol. 11134  111340Y-3



     
 11134 0O  System parameter optimization for minimization of sign error probability in free space optical 

CV-QKD (Invited Paper) [11134-34] 
     
     

 SESSION 7  QUANTUM INFORMATION PROCESSING AND TECHNOLOGY III 
     
 11134 0S  Precision frequency measurement on a chip using weak value amplification (Invited Paper) 

[11134-28] 
     
     

   POSTER SESSION 
     
 11134 0W  Quantum ghost imaging for remote sensing [11134-32] 

     
     

 

iv

Proc. of SPIE Vol. 11134  111340Y-4



Authors 
 
 
Numbers in the index correspond to the last two digits of the seven-digit citation identifier (CID) article 
numbering system used in Proceedings of SPIE. The first five digits reflect the volume number. Base 36 
numbering is employed for the last two digits and indicates the order of articles within the volume. 
Numbers start with 00, 01, 02, 03, 04, 05, 06, 07, 08, 09, 0A, 0B...0Z, followed by 10-1Z, 20-2Z, etc. 
 

 

Agnew, Megan, 06 
Andersen, U. L., 0F 
Arnon, Shlomi, 0O 
Bae, Joonwoo, 0M 
Bedi, Vijit, 05 
Bornman, Nicholas, 06 
Cardenas, Jaime, 0S 
Daneshgaran, Fred, 0O 
Degiovanni, I. P., 0F 
Di Stasio, Francesco, 0O 
Fang, Rushui, 05, 0K 
Forbes, Andrew, 06 
Gehring, T., 0F 
Genovese, M., 0F 
Gill, Matthew E., 0K 
Hofmann, Holger F., 0H 
Humble, Travis S., 0A 
Jacobsen, C. S., 0F 
Jordan, Andrew N., 0S 
Kupferman, Judy, 0O 
Leach, Jonathan, 06 
Losero, E., 0F 
Lutzmann, P., 0W 
Lyons, Kevin, 0S 
Ma, Lijun, 01 
Malowicki, John E., 05 
Mondin, Marina, 0O 
Nikulin, Vladimir V., 05, 0K 
Osawa, Shuto, 0C 
Paunescu, G., 0W 
Pitsch, C., 0W 
Prabhakar, Shashi, 06 
Pradyumna Tekuru, S., 0F 
Ruo-Berchera, I., 0F 
Sadlier, Ronald, 0A 
Sergienko, Alexander V., 0C 
Simon, David S., 0C 
Slattery, Oliver, 01 
Song, Meiting, 0S 
Steinmetz, John, 0S 
Tang, Xiao, 01 
Traina, P., 0F 
Vallés, Adam, 06 
Walter, D., 0W 
Zhu, Feng, 06 
Zucco, M., 0F 
 

v

Proc. of SPIE Vol. 11134  111340Y-5



Proc. of SPIE Vol. 11134  111340Y-6



Conference Committee 

 

 

Program Track Chairs 

Stephen Hammel, Naval Information Warfare Center Pacific  

(United States) 

Alexander M. J. van Eijk, TNO Defence, Security and Safety 

(Netherlands) 

 

Conference Chair 

Keith S. Deacon, U.S. Army Research Laboratory (United States) 

 

Conference Program Committee 

Stefania A. Castelletto, RMIT University (Australia) 

Milena D'Angelo, Università degli Studi di Bari (Italy) 

Warren P. Grice, Oak Ridge National Laboratory (United States) 

Mark T. Gruneisen, Air Force Research Laboratory (United States) 

Richard J. Hughes, Los Alamos National Laboratory (United States) 

Yoon-Ho Kim, Pohang University of Science and Technology 

(Korea, Republic of) 

William J. Munro, NTT Basic Research Laboratories (Japan) 

Kae Nemoto, National Institute of Informatics (Japan) 

Todd B. Pittman, University of Maryland, Baltimore County 

(United States) 

Barry C. Sanders, University of Calgary (Canada) 

Alexander V. Sergienko, Boston University (United States) 

Oliver Slattery, National Institute of Standards and Technology 

(United States) 

Dmitry V. Strekalov, Jet Propulsion Laboratory (United States) 

Shigeki Takeuchi, Hokkaido University (Japan) 

Arnold Tunick, U.S. Army Research Laboratory (United States) 

 

Session Chairs 

1      Quantum Communications I 

Keith S. Deacon, U.S. Army Research Laboratory (United States) 

 

2      Quantum Imaging I 

Keith S. Deacon, U.S. Army Research Laboratory (United States) 

 

3      Quantum Information Processing and Technology I 

Keith S. Deacon, U.S. Army Research Laboratory (United States) 

 

vii

Proc. of SPIE Vol. 11134  111340Y-7



4      Entanglement and Metrology 

Keith S. Deacon, U.S. Army Research Laboratory (United States) 

 

5      Quantum Information Processing and Technology II 

Keith S. Deacon, U.S. Army Research Laboratory (United States) 

 

6      Quantum Communications and Quantum Imaging 

Keith S. Deacon, U.S. Army Research Laboratory (United States) 

 

7      Quantum Information Processing and Technology III 

Keith S. Deacon, U.S. Army Research Laboratory (United States) 

 

 

 

viii

Proc. of SPIE Vol. 11134  111340Y-8


