Applied Physics
Seminar

Lunch time, Every Wednesday

APPH E4901: Discussion of specific and self-contained problems in
areas such as applied EM, physics of solids, and plasma physics.
Topics change yearly.

APPH E4903: Discussion of specific and self-contained problems in
areas such as applied EM, physics of solids, and plasma physics.

Formal presentation of a term paper required.
Topics change yearly.



Physics Today

July, 2012

A0 NICS

Markus Aspelmeyer, Pierre Meystre, and Keith Schwab

Aided by optical cavities
and superconducting circuits,
researchers are coaxing
everlarger objects to wiggle,
shake, and flex in ways that
are distinctly quantum
mechanical.



2

o
reiry
o
|

FREQUENCY (Hz)
= < <%
| | |

2
|

2
|

>
| | | | | | |
10720 10°%%. 10 1072 W0 107 10% 10* 10Z% 107
MASS (kg)
Cavity optomechanical devices range from nanometer-sized structures of as little as 107 atoms and 10-20 kg to micromechanical
structures of 10'* atoms and 10—11 kg to macroscopic, centimeter-sized mirrors comprising more than 102 atoms and weighing several

kilograms. They include (a) gases of ultracold atoms, (d) microspheres, and (g) micro-scale membranes, all of which have mechanical
resonances that can couple with the light inside an optical cavity; (b, c) flexible, nanoscale waveguides that have both optical and
mechanical resonances; (e) superconducting membranes that exhibit drum-like vibrations and can be integrated into microwave cavities;
(f) microtoroidal waveguides having both optical and mechanical resonances; and mechanically compliant mirrors, which can range from
the microscopic (h) to the macroscopic (i, j) and which introduce mechanical degrees of freedom to an optical cavity when incorporated
as an end mirror.
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LIGO

Laser INTERFEROMETER GrAVITATIONAL-W AVE OBSERVATORY

ated by Caltech and MIT supported by the N:

LIGO Science

LIGO Scientific Collaboration

Advanced LIGO

LIGO Laboratory

http://www.ligo.caltech.edu




Understanding Cavity
Optomechanical Systems

LIGO
GW detector at a glance

Seismic motion --

ground motion due to -~ =
natural and

anthropogenic ‘>
sources

test mass

light storage arm

Thermal noise -- -
vibrations due test mass Igbt“‘)rage&fm
to finite el
temperature

test mass

beam
splitter photodetector

h =AL/L Shot noise --
want to get h < 102 quantum fluctuations
can build L = 4 km; in the number of

must measure photons detected

AL=hL < 4x1019m AJW, LIGO SURF, 6/16/06
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Research Questions

What are the properties of optical resonators?

What is required to observe quantum properties of a mechanical
structure?

What can we learn when direct quantum effects are essential
effects in our optomechanical systems?

Applications:

<
)
)

Measurement of single molecules...

Magnetic resonances of single atomic/electron spins

LIGO

Structural dynamics of single molecules, proteins, ...
Nanoresonators for sensing and defecting everything small

Qubits from phonons



Research Plan

® Optical resonators: electrodynamics

® Mechanical oscillations and resonant modes:
beams & springs to quantum phonons

® Laser cooling
® Optomechanical systems

® Research examples



Assignment for Next Week

® What are the resonant optical frequencies
of a cube? Numbers please.

® What are the resonant frequencies of an
“optical fiber ring“?

® What is a Fabry-Perot interferometer? And
other types of interferometers, ... ?
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