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Quantum Communications at NASA SCaN

Quantum satellite
distributing entangled

» Developing quantum communications and photons

networking capabilities for NASA
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SCaN Funded
Quantum Testbeds

* Developed and lab tested a high-rate,
spectrally pure entanglement source.
Prototype is on a future path to flight

* Validated entanglement swap and pump-
forward precision synchronization

* Successfully demonstrated high-efficiency, e : EEWEE—E-;..- 'h*
high-count rate single photon detector e s "“""T ! Ba
array WL i

Developing entangled photon source
flight-grade packaging design concept
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NASA/SCaN — Development of SNSPDs @ NASA/J

.....

Task Objectives.

» Develop high-rate, low jitter SNSPDs
appropriate for M2.0 Ground System

» Perform exploratory research on applicability
of SNSPDs for flight applications

* Implement an instrument with 4x 32-channel
detectors capable of performing Bell State
Measurements on 10 GHz clock at 4 Gcps
count rate, for use at OCTL in future qguantum
communication demonstrations




Warm Detectors for Quantum Apparatus in Sp E -..

NASA/GSFC evaluating Microchannel Plate Photomultiplier Tube (MCP-PMT),
a photon counting detector:

Proposed Photon Counting Detector Specmcatl o]

Count rate 100MCPS 20%*500MCPS (75% drop from linear count, detector count
(photoelectron) at 75MCPS?)
Quantum Efficiency 20% 800nm
litter (TTS) 30ps FWHM (log scale plot to show 1% width is needed)
200ps 99% width
Pulse Pair resolution <1ns Burst rate (bunched photon resolution)
Lifetime >5 years 20C/cm2 total dynode charge, actual life is calculated with

the detector loading, gain, and total charges

1. No Cryo-cooling needed Dark count (CPS_ 1600 (1.5)  Cooled to -10C (-60C, projected)

2. Low dark count rate (1°5cPS at 'GOC) Radiation 200kRad Total dose

3. Radiation harden (200KRad) o N
4. Low time jitter (30ps) * multipixel devices are available Yorh ghe 1
5. High linear count rate (>100MHz) and higher average rate configuration

6. Short pulse resolution time )1ns) o detector bias can be gated for ext“tr d ¢



Modeling, Simulation & Use Cases

NASA Ames Research Center (ARC) — Quantum Computing

» Developing use cases based on NASA SCaN’s testbed architecture,
particularly photonic based approaches to qguantum computing

« Supports distributed quantum computing over a quantum network

* Leverage and improve upon ARC'’s state-of-the-art simulation software
HybridQ (A Hybrid Quantum Simulator for Large Scale Simulations)

v' Measurement-based quantum computing models
v" Photonic noise models

NASA Glenn Research Center (GRC)
Computer simulation tool to aide in planning quantum missions

Weather model used for performance prediction can support link budget
calculations as well as mission planning

Estimates the efficiency of entanglement swaps for different weather
conditions.

~ Perform computations not possible

on even the largest supercomputers

nature

Cover article, e _—:---:_-—_._-____,.___;
Nature, 24 Oct e RIS
2019

Google, NASA, ORNL collaboration
https://www.nasa.gov/feature/ames/quantum-
supremacy

F. Arute et al., Quantum supremacy using a
programmable superconducting processor,
Nature 574 (7779), 2019




Laser Communications Relay Demonstration (LCRD)

= LCRD showcases the unigue

capabilities of optical communications Laser Communications Relay Demonstration (LCRD)

The Laser Communications Relay Demonstration (LCRD) aims to

n P rovi des be HEfI ts for missions ’ showcas.e the unique cgpabll|tles of optical cgmmumcaﬂons. Currently, most
y 5 - . NASA missions use radio frequency communications to send data to and
| nCI Ud | ng ban dWl dth INCreases Of 10 '[O from spacecraft. Radio waves have been used in space communications

since the beginning of space exploration and have a proven track record of
success. However, as space missions generate and collect more data, the
need for enhanced communications capabilities becomes paramount.

es more than radio fre

Optical communications is one of these enhancements and will provide
significant benefits for missions, including bandwidth increases of 10 to 100
times more than radio frequency systems. Additionally, optical
communications provides decreased size, weight, and power requirements. A

@ smaller size means more room for science instruments. Less weight means a
less expensive launch. Less power means less drain on the spacecraft's
[ | O p'“ Cal CO mmun | Cat| ons wi | | batteries. With optical communications supplementing radio, missions will
have unparalleled communications capabilities.
S U p p I e m e nt rad I O freq u e n Cy (R F) y . ’ The LCRD payload is attached to the LCRD support assembly
P - - The LCRD payload is hosted aboard the U.S. Department of Defense’s flight (LSAF), depicted in this illustration. The LSAF serves as the
giving missions un paral leled Space Test Program Satellite 6 (STPSat-6). After launch Dec. 7, 2021, beribonaforLORD'S components. Aiacled la Mo L3 eree
_ . — - e or ! . ) star tracker and two optical modules (left), which generate the
CO m m u n I Catl O nS Capab I I Itl eS ieldjpg 'S at LCRD's mission operations center in Las Cruces, New Mexico, infrared lasers that transmit data to and from Earth. Other LCRD

Laser Communications Relay Demonstration
(LCRD) Overview - YouTube



https://www.youtube.com/watch?v=OAFkd5DdLZU

Conclusions

NASA has more than a decade of experience in technology develop
both optical and guantum communications

* Modeling & Simulation
* Testbeds and laboratories on the ground and in space

* Projects include
* Quantum Physics in Microgravity
 Communications and Networks
* Computing and Algorithms
* Development of Use Cases
* Metrology
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