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Persistent Currents in Normal
Metal Rings
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Quantum mechanics predicts that the equilibrium state of a resistive metal ring will contain a
dissipationless current. This persistent current has been the focus of considerable theoretical and
experimental work, but its basic properties remain a topic of controversy. The main experimental
challenges in studying persistent currents have been the small signals they produce and their
exceptional sensitivity to their environment. We have developed a technique for detecting
persistent currents that allows us to measure the persistent current in metal rings over a wide range
of temperatures, ring sizes, and magnetic fields. Measurements of both a single ring and arrays of
rings agree well with calculations based on a model of non-interacting electrons.
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Quantum Optomechanics in a Liquid
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Optomechanics with micro-membrane

- Radiation pressure in the quantum engine
- Optical control of microstructures
- Mechanical control of non-classical light

Si;N, membrane
1mm square, 50nm thick

https://harrislab.yale.edu/gallery/photo-gallery-0



Dispersion by membrane
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B. M. Zwickl, Doctoral dissertation (2011)
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Avoided crossing of cavitymodes
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- Interaction mediated by membrane
- The mechanical oscillator’s Brownian motion is minimized
by operating the device at 500mK

Nat. Commun. 6, 6232 (2015)



Fundamental modes of the membrane

M. J. Underwood, Doctoral dissertation (2016)



Model Hamiltonian

- Optomechanical hamiltonian

Cavity mode at waist 100um
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Avoided crossing of vibrational state
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- Interaction mediated by photon
- An exceptional point of mechanical modes is observed

Nature 537 80 (2016)



Laser cooling of the membrane
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Pound-Drever-Hall locking
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- Relative resonance frequency of the cavity modes can be measured by PDH technique
- Vibration of the membrane is recorded in the PDH signal

https://en.wikipedia.org/wiki/Pound%E2%80%93Drever%E2%80%93Hall_technique



Vibration of membrane
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- Power spectral density of Brownian motion is obtained from PDH signal

D. R. Mason, Doctoral dissertaion (2018)



Non-reciprocity

reciprocal [ ri-sip-ruh-kuh ] svow s

EXAMPLES | WORD ORIGIN

adjective

given or felt by each toward the other; mutual:
reciprocal respect.

2 given, performed, felt, etc., in return:
reciprocal aid.

corresponding; matching; complementary; equivalent:
reciprocal privileges at other health clubs.

4 Grammar. (of a pronoun or verb) expressing mutual relationship or action:
“Each other” and “one another” are reciprocal pronouns.

SEE MORE

https://www.dictionary.com/browse/non-reciprocal



Non-reciprocity

- non-reciprocal optics

Optical isolator Optical circulator

Changes in the properties of light passing through the device are not rever
sed when the light passes through in the opposite direction.

n=(5 2

https://www.dictionary.com/browse/non-reciprocal



Optically induced non-reciprocity
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n, ,n,: number of phonon
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Optically induced non-reciprocity
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Cooling by non-reciprocity
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Real temperature

Control Phase (radian)

< 180k |

é 80

o 160 -

*g 140 == mode 2 =

(b}

e 120+ .

(b}

100 s mode 1 -

'8 EXgy K

E 80_I | | | I_
—-7T —7T/2 0 7T/2 T



