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Experimental Devices




Classical to Quantum Transition I

fundamental flexural mode frequency, v, quantum regime:
Requires cooling of 1GHz resonator to <50mK
Temperature

Dissipation (Q-factor)
Voltage applied




Classical to Quantum Transition II

Mesoscopic
conductor:
applied bias V

uantum resonator only when eV<hv




NEMS as measuring devices

TORSIOMNAL

e Q-factor of resonator RN

e Ultimate limits set by
quantum dynamics of
measuring device +
measured system




Resonator coupled to SET

e Experimentally accessible

e Resonator-SET coupled dynamics
complex and interesting




Displacement detection with SET
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e fluctuations in island
charge act back on
resonator causing heating




SET essentials

Sequential Tunnelling:
rthodox model

Co-Tunnelling:
1004\ § Quantum regime
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Electron tunnelling follows

\

classical’ rate laws controlled by
electrostatic energy differences
except low current regions




Resonator-SET Model System

e Work in regime where
co-tunnelling negligible

e typical V4, such that:

Resonator-SET island

distance: d>> any

motion of resonator Resonator modelled as

classical harmonic oscillator,




Master Equation formulation

C,(x)=C,(1-x/d)

1. Electron tunnel rates depend on resonator position
2.Egm. position of resonator shifted by x, for each
electron added to SET




Master Equations

Coupled equations for probability distributions:
Pnv+ (X, U/ t):

: Electron tunnelling
Mechanical part
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Back-action of electrons on resonator Linear 'T'OdUlathﬂ of
Electronic tunnel rates
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Steady-state

—
[\
(&)

—
()
o

probability

=
-
(=)




Resonator Dynamics: Intrinsic Effects

Undamped resonator at 7T=0 coupled to SET: for K,e<<1
e =(1-x)"¢

Y, = KE’

ksTi = eVas Py Py +1

Very similar to results obtained for quantum calculation of QPC
Mozyrsky and Martin PRL 89, 018301




Effects of temperature and damping

Include damping and temperature, T,, due to
resonator’s coupling to substrate

Q= V: quality factor due to
electron interactions

Q.: quality factor due to
substrate interactions

e Current noise: interesting and complex




Experimental progress

e Most recent experiments in
Schwab group, LPS (UMD):
LaHaye et al, Science 304, 74

Coupling between
superconducting rfSET and
19.7MHz resonator

Cooling to 56mK (=58 quanta)
achieved

e Displacement sensitivity within a factor of 10 of
quantum limit; resonator temp. set by heating from
electronic circuitry




Twin-SET and resonator

N

e Can also make “twin-SET"” devices

__\ e Correlations between two
conductors would allow more
precise measurements

More complex equivalent
circuit, but resonator
behaviour still captured
by thermal bath model in
weak-coupling limit




Twin-SET: Resonator dynamics

probability

e Adding a second SET with identical properties hardly
alters state of resonator: effective temperature

unchanged
e In general, second SET acts like an additional

thermal bath




Comparison with other systems

e Several other non-equilibrium systems
shown to map onto thermal bath
model:

— gas-fluidized particle, i.e. sphere
placed on fine screen in gas stream

[ ]
— Torsional wire immersed in vibration-
fluidized granular matter [
]

e Features in common:
— Separation of slow and fast time-scales
— Large number of non-equilibrium
particles
e Generality of mapping remains open
question




Conclusions

e Dynamics of resonator-SET system rich
— SET acts as effective thermal bath

— Overall state of resonator determined by
competetion between intrinisc & extrinsic

effects
e Thermal bath model extends to Twin-SET
and resonator

e Experiments in pro%ress to test validity of
theoretical approac




