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The Scale of Things - Nanometers and More
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(_urrent Projccts in the group

* Nlew directions: Thermal noise In SiOZ and optical coating

T a:0:5.

juncﬁons

* Tilectron Transpor‘c Proper’cies at molecular- and nano-

ilcctron structure at surfaces and interfaces

- Structure and 1

’.Mu]ti~scalc simulation of hgcﬂlrolytical weakening in silicaand

other materials under stress

*Relation of structure and e| ectronic Proper’cies of cuperates

to s 1M expcrimcnts



Atomistic modeling and simulation
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Whg we are interested in | |(GO coating thermal noise?

Thermal Noise is a limiting noise source gorgraviationa] wave detection!

Experimental fact: 5u”< silica has small thermal noise, but

Si(O); film has ]arger noise than the bulk, Ti(): &oping can
reduce noise in | a:(Os film.

Whg? How do we find

 — , s
Ti0.@ coatmg materia]s t}‘nat has
2
= Ta,O; reduced/minimal thermal
3102 noise”?

L Bulk Silica




Whét can we do for L]GO"

R elaxations of glasses affect:
Neutron and light scattering Sound wave attenuation [Dielectric loss

A direct relation between a microscopic quantitg V and a macro~scopic measurement ” is
(Wiedersich et al. FRL (2000) 2718
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Also related to thermal noise are Young’s

moduli and Foisson et e also be .

calculate&.

- Macroscopic models of thermal noise that accurate!g Preclict thermal noise, rclg on our
unc!erstancling of Phgsica] parameters. Microscopic, Preclictive model is lacking. Goa!: to clevelop
a working microscopic simulation model which D) can Probe clissipative mechanisms (ie, bond ang!e

: re!axation> i) can be correlated against experimcnt and iii) add

_, Preclictive power to new recipes for low noise coatings.”



Simulation road map

Constructing (]
Classical MD|  for classical MD Quantum
known U({R]D model system

Difficult
| |

, 4 . .
,ﬁ\morphous materials (/rgstal or local structure

[ ter Bl 17 e Young’s moéuli, Foisson ratio

electronic Proper’cies

State-of-the-art:
1 06-108 artic]es; 5tate~omc~the~ar‘c:

102-10% needed for 107 electrons

amorphous silica



Wor‘dng Flan

:One student: workirsg classical simulation and barrier determination

If funded by NSF

One Postdoc: working on quantum calculation of dielectrics and
effect of doping

Hai~f>ing Cheng: Start with 25-30% of time on the 1 1GO Pro'ect, re-
evaluate as Project evolves (wi” kcep the LIGO team imcormecf)J

-

._Bemcore getting NS Fun&ing) the student and Postdoc will work at

somcwl‘na’c reduce& Pace.

Wx” submit a Proposa] to NSI™ 56Ptember 2007



