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GQuEST:  Gravity from the Quantum Entanglement of Space Time



It seems to be inevitable that this length 

must play some role in any complete 

interpretation of gravitation… 

In recent years great progress has been 

made in knowledge of the excessively 

minute; 

but until we can appreciate details of 

structure down to the quadrillionth or 

quintillionth of a centimetre, 

the most sublime of all the forces of 

Nature remains outside the purview of 

the theories of physics.

Quantum Mechanics and General Relativity
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A.S. Eddington, discourse delivered to the Royal Institution, 
published in Nature 1917 no. 2542 vol 101



Plot of Everything
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Theory Motivation
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Kathryn Zurek, Caltech

We know that Einstein's General Relativity is 
incomplete, as gravity must somehow be 
quantum mechanical.

“The idea that you might be able to look for observable
features of quantum gravity is very far from the mainstream, 
but we’ll be lost in the desert if we don’t start 
focusing on ways to link quantum gravity with the natural 
world that we live in. Having observational signatures to 
think about tethers us theorists together and helps 
us make progress on new kinds of questions.”
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Kathryn Zurek’s View of the Theoretical Landscape



An Observable:  GQuEST in One Slide
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• The metric of spacetime modifies the metric with a scalar field

• This introduces a signal in the sidebands of an interferometer 

of length L as a PSD with peak level, peak frequency, width:

• We will filter the IFO output, count photons, with S/N=1 in 2.4 

hours for each offset frequency.  Measure (or exclude) this 

signal with repeated operations.



Basic Interferometer
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Basic

Interferometer

Measurements
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Signal/Noise Fringe Readout
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Geontropic Signal

Standard Quantum Noise



A New Way to Operate IFOs
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arXiv:2211.04016:  Lee McCuller

Single-Photon Signal Sideband 
Detection For High-Power 
Michelson Interferometers

Squeezing:   6dB is the seen in real experiments,
and would accelerate a Holometer/GQuEST type experiment by 
~16x (12db, in time).
Goal: Demonstrate a signal search accelerated by >100x using a 
photon-counting Michelson interferometer



One Interferometer Designed for GQuEST
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3-σ in 2 months for α=1



Extreme Filtering of IFO Output
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M1 and M2 have T = 1000 ppm so Finesse=3150
Filter bandwidth is 42 kHz
One cavity suppresses carrier light by ~ 60 dB.
4 cavities in series reduces the output rate from 

10^18 Hz to < 10-2 Hz 



Basic Design Parameters for GQuEST IFOs
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Signal/Noise  for Counting 
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Geontropic Signal

Quantum Noise

Coating Noise 



Signal and Noise for a GQuEST IFO
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Photon Counter:  Boris Korzh @ JPL/Caltech
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Dark Count Rates of SNSPDs
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Optically Filter Thermal Photons on SNSPDs 
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SNSPD Dewar Design and Fabrication @ FNAL
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Full GQuEST Configuration
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Experimental Risks and Opportunities
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Optics
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• For the demonstrator, focus on the red risks

• Currently, squeezing speeds up direct readout by 16x

• Our goal is to accelerate > 100x speedup using photon 

counting

• 1 Watt on beam splitter, locked to 1 mW output fringe

• Couple output to bowtie cavities with 57 db each

• Read with SNSPDs with 1e-2 Hz (or better) dark count rates.

This year: build a Technology Demonstrator
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