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Astrophysics Quantum Applied Technologies
1. Ultra-sensitive Photon Detection – Detect faint and distant sources with MKIDs, SNSPDs, TESs, and 

Microcalorimeters
a) Super-Resolution (DARPA Program -> TRL3)
b) Absolute Calibration 
c) Exoplanet Detection (w/o Coronagraph) 

2. Quantum-Enhanced Telescopes 
a) Quantum Processing Enhanced Optical Imaging – By coherently encoding photonic amplitude information 

into qubit registers and applying quantum algorithms prior to detection (Harvard, GSFC, & Quera) [TRL3]
b) Utilize entangled photons for very long baseline interferometry promises improved imaging of astronomical 

objects and remote sensing, potentially allowing for higher resolution and deeper insights into cosmic 
structures (U. Maryland, U. Arizona & GSFC). [TRL1]

3. Precision Gravity Measurements 
a) Quantum gravity gradiometers based on atom interferometry can detect gravitational fields with extreme 

accuracy.  This can offer insights into the nature of stochastic gravitational waves, Dark Matter and Dark 
Energy. (Standford U., UC Berkeley, Fermi Lab, GSFC). [TRL3]

b) Optical quantum clocks to detect gravitational potential. (NIST, U. Colorado, GSFC). [TRL3]
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Pixelated Array Mode sorter PSF Eigenstates

Mode Sorting

https://www.nature.com/articles/s41467-019-09840-4

https://journals.aps.org/prx/pdf/10.1103/PhysRevX.6.031033
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Light from a stellar scene is being collected at n telescope 
sites. Each telescope employs a K-mode mode sorter 
front-end that decomposes the incoming optical field into 
K orthogonal spatial modes of a chosen basis. The sorted 
modes, across all the telescope sites, is fed into a general 
nK-mode linear-optical processor.

Long-baseline interferometry using 
mode sorting

https://arxiv.org/abs/2406.16789
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Sketch of a quantum processing enhanced
imaging system. Step 1: The quantum state of the light
collected through the optics is is mapped to a qubit
register in a heralded way by means of qubit-photon
controlled gates followed by joint detection of the
photonic modes. Step 2: For a weak optical signal where
only a single photon is coherently distributed across the
detection modes, the information can be compressed
into a logarithmic number of processing qubits using a
unary-to-binary encoding. Step 3: Quantum processing
of the received light to extract the parameters of
interest with higher SNR than possible from classical
direct detection and post-detection processing.

Mokeev+ in preparation for 
Physical Review X

Quantum processor-enhanced imaging
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A space-time diagram of the proposed
configuration of a differential measurement 
between two atom interferometers beginning 
at positions x1 and x2. 

This figure represents two atom 
interferometers. Combined, they become a  
quantum gravity gradiometer. 

Quantum Gravity Gradiometer for Gravity Measurements

Used for: static, dynamic, mergers, dark energy, dark 
matter, and stochastic gravitational wave signals 

journals.aps.org/prl/pdf/10.1103/PhysRevLett.110.171102
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