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Introduction

* | lead the technical work in quantum research in the Exploration and

Space Communications division, Advanced Communications
Capabilities for Exploration and Science Systems (ACCESS) Project
office at NASA/GSFC along with Dr. Haleh Safavi

e Our primary focus areas are:

Basic and applied research with our partners to support the development
of doctorates in quantum-related fields.

* Some of them will end up within NASA
Planning for eventual operations of quantum enabled satellites
Improving “quantum literacy” within the American student population
with an emphasis on bringing women and underrepresented minorities
into the quantum world

* We have a very robust intern program.

We are not full-time researchers. We have “day jobs” operating
communications satellites and ground stations
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Forced Quantum Entanglement using the quantu
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Fig. 1. The basic design and operation of the device. a) A pair of waveguides coupled with strength
8, each separately coupled to an atom with strength A. b) A pair of unentangled photons enter the
coupling region of the waveguide. Suppression of the bunched terms yield an entangled output

Dr. Nodurft is a former intern, recently completed post-doctoral
assignment at University of lllinois Chicago and is now a full-time

employee with our group



Quantum thermodynamics — Temperature depe

and materials effects in quantum eraser experim¢

* Recent Accomplishments

* Partnership with the Quantum
Thermodynamics group at University of
Maryland Baltimore County Physics
department. Plis Dr. Sebastian Deffner

* The quantum eraser provides an excellent
test bed for a variety of investigations

* Nathan Myers, granted Ph.Din 2022,
Quantum Engines At The Frontiers Of
Physics. Now a post-doc at Virginia Tech

Aifer, Maxwell, Mathan Myers, ) |

and Sebastian Deffner. 1 - = ]
"Thermodynamics of quantum / x”}/
information in noisy .85 1 / y,

polarizers." arXiv preprint — —_—
arXiv:2212 00651 (2022). 081 —yr
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Quantum Communications

|

Recent Accomplishments:

* Established the first guantum communications
laboratory at GSFC

« Baselining quantum entanglement equipment
performance of systems at 1550nm and 810 nm

* Conducting experiments in Orbital Angular
Momentum for superdense coding

* Investigating novel materials for propagation and
storage of quantum states at > LN, temperatures

+ Photons like other quantum
particles contain both spin
angular momentum (SAM) and
orbital angular momentum (OAM}

« While SAM is relegated to two-
dimensional space, OAM belongs to
infinite-dimensional space

+ OAM modes are orthogonal
« Allows multiplexing of Classical
information

« Can implement super-dense coding
utilizing OAM modes

Partner: Tulane University, Ryan Glasser, Pl

Harry Shaw, PI

Quantum chemistry -
simulation of W
electronic transport
through azobenzene.
E *

single molecule
circuit simulation

2023 NASA Fundamental Physics Workshop May 23-25,
Santa Barbara, California.
Partner: Michigan State University, Virginia Ayres, Pl

Hybrid 5tate Effects in Quantum Entanglement Experiments

N. Bebasco’, J. Vetere', 5. Panda’, V.M. Ayres’ and H.C. Shaw!

" Department of Electrical & Computer Enginesring, Michigan State University, East
Lansing, Ml 48524 USA,

“Code 5560, MASA Goddard Space Flight Center, Greenbelt, MD, 20771 USA

Entanglement in Perovskite Quantum Conductive Layers

G. Panda, N. Sebasco, J. Vetere, V. M. Ayres.and H. C. Shaw
Department of Electrical & Computer Engineering, Michigan State University,
EastLansing, Ml 48824 USA

Code 5580, NASA Goddard Space Flight Center, Gresnbelt, MD, 20771 USA

Fractalized Quantum Evolutionary Computation
1. Wetere!, N. Sebasco’, G. Panda’, V.M. Ayres’ and H.C. Shaw

! Department of Electrical & Computer Engineering, MichiganState
University, East Lansing, MI 48824 U54,

‘Code 5560, NASA Goddard SpaceFlight Center, Greenbelt, MD, 20771 USA




Quantum Computing

Recent accomplishments:

* Established access to the AWS Braket
Quantum as a Service. This will allow our
guantum algorithms to be tested on actual
quantum computers.

* Developed and published approach on
guantum compressive sensing

Quantum Compressive Sensing Algorithms

= Built upon algorithms work by Kyle Sherbert (Ph.D Physics
2022, U of Morth Texas, VT post-doc) & Naveed Maimipour

» Bridging compressive sensing algorthms to quantum
computing/communication infrastructure
- Effects of Shot Moise

» Explored Advantages of Quantum Compressive Sensing
« Key Takeaways

* Basics of guantum computation and circuitry for work on guantum

Kyle Sherben

. Niveees
algorithms Nairmiposr

QISKIT

» Methods for testing quantum algorithms
+ Built understanding of tomography, noise & quantum noise,
compressive sensing techniques

* Implemented a Projection Method for Quantum Phase Estimation

Sherbert, K. M., Naimipour, M., Safavi, H., Shaw, H. C_, & Soltanalian, M.
(2022). Quantum Compressive Sensing: Mathematical Machinery,
Quantum Algorithms, and Quantum Circuitry. Applied Sciences, 12(15),
7525,

Current and Future Tomography Work

+ Exploring post processing areas is
imtegral to the development of
quantum temography

= Cuantum Compressive Sensing
= Bridging the gap betwsen the guanbum
ard clagsecal worlds of reconstnuctan

* We present the algorithms and
quantum circurts required to
implement_ the training, projection,
and sampling steps on a quantum
compLber

= Wae supplemaent these theoratical
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# Qur results indicate that a 1
quantum, data-driven approach to
CoOmpressive sensing may have i

significant promise

Amazon Braket Service - Guantum Computing Investigations into
Implementing Quantum Compressive Sensing Algorithms

Amazon Braket Features

* “fully managed quantum camputing service”

+ "build, test, and run quantum algorilhms on AWS® 2T e
= “pocess bo different types of quantum computers, 5 quidky anc! pile OpETROons S i e
a unified developrrent enviconment, a cheice of Puiig Ko dive bic-phokon Rama ikantiticns
classical circui simulators, and Tully managed Cuford Oy | - SNSRI "
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—Amazon Brakel Features webpage (99C) plane of the quiddi” [Amaton Brakel]
R BUpsrTIndcling — Theabie laSices of
MASA Mission Cloud Platform (MCP) mmwmmwmw?
“In collaboration with Amazon Web Serdces (AWS), o, ATl B — Bt oSBT W
MCP provides a consalidated cloud senice within IS Ckirvaid il £ bl s ik v i
MASA, giring mission customens a streamlined gubd conneehon of quidl 3 by Rycbery
process for implementing and using secure, bicokade, and current compulational
compliant cloud resources.” Spplicationy Sge QUK SpSMITES and

QLT EATuTabon
GSFC Quantum Communications Lab Plans
» Use cloud service to run algorithms for quantum compressive sensing prolocols
+ Access QC technology type of interest for low-cost setup of QC hardware in house




Other Key Collaborations

* Quantum Eraser Experiments at 1550nm with single ‘photon
detectors with UMBC

* Benchtop LCRD quantum capability experiments with UMBC
and Michigan State

* Absolute calibration of detectors with entangled photons with
ARL, Tulane, GSFC Detectors branch and Science Directorate

* Multiparty quantum clock synchronization with Tulane
University

* Forced quantum entanglement University of lllinois Chicago
and Tulane



Importance of STEM

* Our main focus is STEM. Through STEM activities and outreach efforts

we can achieve great results.

Basic and applied research with our partners to support the development of
doctorates in qguantum-related fields.

Some of the STEM interns will end up within NASA

Conduct experimental investigations that support US quantum initiatives and
needs

Planning for eventual operations of quantum enabled satellites

* Quantum enabled satellites will in turn support terrestrial guantum networks, with
flexible geographic diversity and minimal new ground infrastructure

Improving “guantum literacy” within the American student population with an
emphasis on bringing women and underrepresented minorities into the
guantum world

We have a very robust intern program.

* We started with only graduate students and high undergraduates. We are
expanding to the high school student level



STEM
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Recent Accomplishments:

* Expanded the intern program to include promising
undergraduate students

* Expanding subject matter in the quantum areas

Nishanth Anand

+  University of California,
Berkeley

= Bachelor of Arts,

Astrophysics / Computer
Sefonce, May 2023

« Perfarmed Experments
« QKD with BEEd4 protocal
+ Cuantum Eraser

« Quantum Compressive Sensing
Algorithms

Collin Frink

+  University of Wisconsin,
Madisan

+  Bachelor of Science, AMEP

[Applied Math, Engineering,
Physics) and Computer
Seience, Decembar 2022

* Trained on low-cost quantum
computing tools (Qiskit) and
guantum algorithmn development
= Culminatéd with Shor's algomhbm

+ Extended previous lab-work in
quantum compressive sensing by

integrating quantum noise effects

* 2023 NRO Summer Intern
Cordell Mazzetti, UT Austin.
building a polanzation
entangled photon source.

ek

Nick Sebasco

* Developed our Franson Interferometer setup and performed multiple entanglement
verification experiments

* Michigan State University

* M5, Electrical and Computer Engineering, 2023




Training, Teaching, Research in Optical Angular

Momentum

Noah Cowper
U of Wyamihg Physics
doctoral student!

OAM experiments conducted by Dr.

Alejandro Rodriguez Perez OAM Experimental Setup
Activities

Optical Angular Momentum has an infinite orthogonal codeword space

Purpose: To demonstrate our ability to produce and detect OAM modes in addition to distinguishing different modes
during simultaneous detection
Set Up:
Simplest way to produce an OAM wave is to utilize a spiral phase plate (SPP)
Detection done via diffraction grating implemented on spatial light modulator (SLM)
Discrimination of multiple OAM modes simultaneously
Advantageous in multiplexing schemes



Recent Accomplishments:

* Expanded the intern program toinclude promising
undergraduate students

* Expanding subject matter in the quantum areas

Jonas Kolker
+  Columbia University. New York
*  Bachelor of Science, Applied Physics

* Trained onIBM software
development kit (SDK) Qiskit
Explored benchmarking approaches
for quantum computing (QC)

Cordell Mazzetti

University of Texas, Austin
+ Bachelor of Science Electrical and Computer Engineering

* |dentified promising QCS protocols.
* Developed new QCS protocol.
= Built polarization entangled photo source.

Collin Frink

= Traned on low-cost quantum
computing tools (Qiskit) and
quantum algorithm development
* Culrminated with Shor's algorithm
« Extended previous lab-work in
quantum compressive sensing by
integrating quantum noise effects

Wade Lamberson

*  Harding University, Searcy

*  Bachelors of Science in Physics,
Mathematics, Software Development,
Electrical Engineering

+ Compared SDKs: IBM's Qiskitand
Amazon Braket's SDK

+ Compared results of jobs submitted
to different QC architectures—ion
trap and superconducting—available
on the QC cloud service Amazon
Braket

1Z




Qutools: This equipment will be used together to
perform a variety of experiments

810nm Polarization
Entanglement System

Single Photon Experiments without

Interference

Particle Nature of Photons

Quantum Cryptography/QKD: BB84 Protocol
Tomographic Single Photon State Reconstruction
Quantum Random Number Generation

Single Photon Experiments with Interference
Wave Nature of Photons: Single Photon Michelson
Interferometer

Quantum Eraser

Wave-Particle Dualism: Michelson + HBT

Hong-Au-Mandel fixture

Michelson Interferometer

Photon Pair Experiments with Polarisation Entanglement
Violation of Bell’s Inequality (CHSH)

“Non-Classical” Polarisation Correlations

Tomographic State Reconstruction of an Entangled Photon
State

Quantum Cryptography/QKD: BBM Protocol

Quantum Cryptography: Ekert Protocol

Photon Pair Experiments without Polarisation Entanglement
Hong-Ou-Mandel 2-Photon Interference

Hong-Ou-Mandel Interference + Hanbury Brown & Twiss
Franson Interference

13



Aurea: This equipment will be used as building bl
for experiments with other equipment

i
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Low Cost Optical Ground Terminal (LCOT)
at the

Goddard Geophysical and Astronomical Observatory
(GGAO)

Dr. Haleh Safavi

15



2019 — Received SCaN funding to
procure a .7m COTS telescope.
Selected Planewave Instruments as
the telescope vendor.

Planewave used their experience
building low-cost COTS telescopes to
develop their first optical comm
telescope

Telescope installed at GGAO

Next Steps:

O Adaptive Optics (AO) System that
actively corrects distortions from
atmospheric turbulence (currently
under characterization test)

O Uplink Telescopes (Building contracts
starts Feb. 2023).

16



LCOT Ground Terminal of the Future

Commercial Global Optical Network
Technology g Entities
‘-nfn Ps Rely on SCaN to build the Q

first multi-mission
ground station & provide
blueprint of design

Australasian LCOT enables

Optical Ground ff = Quantum Comm
Station Network W

Quantum needs optical ground
stations

LCOT

Multi-mission
comparatively low-cost,
commercial ground
station. Compatible with
LCRD, 020, and ILLUMA-T

Heriot-Watt University purchased
same receive telescope as LCOT
to use in gquantum comm

LCOT receives many inquiries
about its ability to support
quantum comm from NASA
missions, OGAs and external
organizations, such as DCQNet

17
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