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• 1.2, Gravitational radiation 

for J = 2, l = 1

1. 1964 Halpern & Laurent - the Gravitational 
Radiation of Microscopic Systems

• 1.1, Gravitational radiation 

for J = 2, l = 0

Spinor coupled spherical harmonic 

tensors were used by Halpern & 

Laurent to predict the angular 

distribution of the lowest orders of 

gravitational radiation from spin 2 

transitions



2. 1982 Ford– Gravitational Radiation by  

Quantum Systems

o 2.1 Semi-classical metric perturbation

o 2.2 Setting semi-classical & quantum approaches equal

o 2.3 Radiated gravitational wave power in semi-classical theory

 

o 2.4 Radiated gravitational wave power 

 from quantum theory 



3. 2012 Fontana – spin 2 transitions

o Examples of photon and graviton transitions [3] 

     (reprinted with permission)



• Graviton emissions at an s-wave to d-wave junction, adapted from [3]

4. Fontana – the S-wave to D-wave 
SC junction

(Here the "s-states" and "d-states" refer to orbital angular momentum symmetries 

in the superconducting order parameter, not the band structure)



5. Fontana – emission power estimate

o 5.1 Spontaneous graviton transitions versus photon transitions

o 5.2 Macroscopic power versus Planckian scale

o 5.3 Where the following nomenclature applies:

 



• A curved GASER to create an HFGW focal point, adapted from [3], [7]

6. The curved GASER



7. Operating Frequency & Voltage 
(in concert with the AC Josephson Effect)

• Operating voltage determines operating frequency in the AC Josephson effect

• Reference slide 14:  https://web.mit.edu/6.763/www/FT03/Lectures/Lecture11.pdf

https://web.mit.edu/6.763/www/FT03/Lectures/Lecture11.pdf


o Phased Array Layout Example for 150 mm (6”) Wafer Scale Emitter / Detector

8.1 Wafer Scale Emitters & Detectors
(WSE & WDE, 150 mm case)



o Phased Array Layout Example for 200 mm (8”) Wafer Scale Emitter / Detector

8.2 Wafer Scale Emitters & Detectors
(WSE & WDE, 200 mm case)



o Phased Array Layout Example for 300 mm (11.8”) Wafer Scale Emitter / Detector

8.3 Wafer Scale Emitters & Detectors
(WSE & WDE, 300 mm case)



o Josephson Junction GW Generation and Detection Lab Setup

9. GW generation / detection lab setup



• 10.1 Fontana’s original estimate for a bulk BSCCO HTSC device

10. Output power predictions

• 10.2 Expected performance of thin film YBCO/Pb DJJ arrays

• 10.3 for a per emitter resistance estimate of:



11. Detection sensitivity



• Conclusions

o 12.1 Initial application of GW-JJs would be in GW Com (transmit and receive)

o 12.2 Receive only GW-JJ detectors could have value in gravitational astronomy

o 12.3 Receive only GW-JJ detectors may also hold value in SETI (Search for 

Extraterrestrial Intelligence) efforts

• Next Steps

o 12.4 Theoretically estimate D-wave to S-wave quantum efficiency

o 12.5 Explore the Atanasov JJ configuration (versus Fontana’s)

o 12.6 Build and test Fontana configuration as described on chart 9.

12. Conclusions / Next Steps



o 13.1 Halpern & Laurent Nomenclature

o 13.2 Ford Nomenclature

13. Nomenclature

o 13.3 Fontana Nomenclature

o 13.4 Experiment Design Nomenclature
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