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•New directions: Thermal noise in SiO2 and optical coating
Ta2O5.

•

Current projects in the group

•Electron Transport properties at molecular- and nano-
junctions

•Structure and Electron structure at surfaces and interfaces

•Multi-scale simulation of hydrolytical weakening in silica and•Multi-scale simulation of hydrolytical weakening in silica and
other materials under stress

•Relation of structure and eLectronic properties of cuperates
to STM experiments



Atomistic modeling and simulation
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Why we are interested in LIGO coating thermal noise?

Thermal Noise is a limiting noise source for graviational wave detection!

Experimental fact: Bulk silica has small thermal noise, but

SiO

TiO2@

Ta2O5

Why? How do we find
coating materials that has
reduced/minimal thermal
noise?

Experimental fact: Bulk silica has small thermal noise, but
SiO2 film has larger noise than the bulk, TiO2 doping can
reduce noise in Ta2O5 film.
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2 5 reduced/minimal thermal
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What can we do for LIGO?
Relaxations of glasses affect:
Neutron and light scattering Sound wave attenuation Dielectric loss

A direct relation between a microscopic quantity V and a macro-scopic measurement ” is
(Wiedersich et al. PRL (2000) 2718
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Macroscopic models of thermal noise that accurately predict thermal noise, rely on our

Also related to thermal noise are Young’s
moduli and Poisson ratio, can also be
calculated.

Macroscopic models of thermal noise that accurately predict thermal noise, rely on our
understanding of physical parameters. Microscopic, predictive model is lacking. Goal: to develop
a working microscopic simulation model which i) can probe dissipative mechanisms (ie, bond angle
relaxation) ii) can be correlated against experiment and iii) add
predictive power to new recipes for low noise coatings."



Simulation road map

Classical MD
known U({RI})

Quantum
model system

Constructing U
for classical MD

known U({RI}) model system

Amorphous materials
barrier distribution

Crystal or local structure
Young’s moduli, Poisson ratio

electronic properties

State-of-the-art:

Difficult!

State-of-the-art:
106-108 particles;
103-104 needed for
amorphous silica

State-of-the-art:
103 electrons



Working Plan
If funded by NSF

One student: working classical simulation and barrier determinationOne student: working classical simulation and barrier determination
One postdoc: working on quantum calculation of dielectrics and
effect of doping
Hai-Ping Cheng: Start with 25-30% of time on the LIGO project, re-
evaluate as project evolves (will keep the LIGO team informed).

Before getting NSF funding, the student and postdoc will work at
somewhat reduced pace.
Before getting NSF funding, the student and postdoc will work at
somewhat reduced pace.

Will submit a proposal to NSF September 2007!


