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Acoustic wave generation & detection

MHz frequency range

Impulsive stimulated Brillouin, thermal scattering
Longitudinal & shear waves

GHz frequency range

Su

Multiple-pulse picosecond ultrasonics
Longitudinal & shear waves

nercooled liquids & glasses

Tests of mode-coupling theory

Tests of “shoving” model & Poisson ratio prediction

Comparison between longitudinal & shear dynamics



Acoustic waves at all frequencies & wavelengths

Two approaches for MHz and GHz ranges
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Coherent control GHz-THz acoustic waves

“Deathstar” multiple-pulse excitation of acoustic modes

Frequency tunable throughout the Brillouin ZON€, s =1y transmission through silica
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Detailed study of thermal transport, phononics, nmetation lengths



Laser Illlumination

GHz longitudinal & shear wave generation

MBE deposited

iron thin film
crystal canted crystal
lattice lattice
¥ L -
o
L =
_ ®
L shear wave generation: =
- q 5
L . . . -
. elastically anisotropic =
material ¢
L
» broken sample symmetry —
metal film

thickness ~10 nm



Detection: Depolarized Brillouin scattering
Selects acoustic polarization & frequency

Setup for depolarized Brillouin scattering Shear wave data from silica glass
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AR/R (Arb. Units)

AR/R (Arb. Units)

Depolarized Brillouin scattering detection

Deathstar multiple-pulse excitation
Excitation period matches Brillouin frequency
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Four-wave mixing and acoustic waves

Acoustic wavevector selected experimentally
Acoustic response driven “impulsively” by short lapelses

| mpulsive stimulated Brillouin & thermal scattering
Real-time observation through time-resolved fouxevmixing

excitation
pulses

N
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Heterodyne detection 4-wave mixing setup
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Coherent scattering angle varied for wavevectacsiein

~ 30 MHz — 3 GHz frequency range now reached



ISTS data from glycerol
g=0.086pmt« A=73um
Acoustic & slower density dynamics
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intensity

ISTS data from glycerol
g=0.086unrt
~7 decades temporal range
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Shear wave generation
VH excitation pulse polarizations
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Shear acoustic waves
Depolarized impulsive stimulated Brillouin scatteyi(ISBS)

ONSET OF SHEAR ACOUSTIC RESPONSE IN TRIPHENYLPHOSPHITE
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Recent results show different longitudinal & shesaxation dynamics



MHz-GHz acoustic capabilities

Multiple-pulse GHz frequency selection
~ 10-400 GHz longitudinal frequency range
Can be extended to > 1 THz

~ 5-50 GHz shear frequency range
Can be extended to ~ 100 GHz
Christoph Klieber

Crossed-pulse GHz wavevector selection

~ 30-3000 MHz longitudinal frequency range
Can be extended to > 10 GHz

~ 100-1000 MHz shear frequency range
Can be extended to ~ 50-5000 MHz
Jeremy Johnson




Picosecond Shear Acoustic Waves

in Liquid Glycerol




Motivation

Our Approach




Shear Acoustic Waves In Liquid Glycerol

I Motor stage




Shear Acoustic Waves In Liquid Glycerol
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Glycerol at Room Temperature

=7 Present longitudinal data

¢ A.Guigni, A. Cunsolo

Present shear data




Temperature Dependent Acoustic Moduli of Glycerol
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Instant. Shear Modulus and Static Shear Viscosity
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Conclusion




Coherent MHz Longitudinal and
Shear Acoustic Phonons in Glass
Forming Liquids

Jeremy A. Johnson, Darius H. Torchinsky, Keith A. Nelson

Fragility of Viscous Liquids: Cause(s) and Consequences
8 Oct 2008




Outline

 Experimental

 Results and Tests of Theory
— Shoving Model (shear)
— Poisson Ratio (shear and longitudinal)
— TPP (shear vs. longitudinal)
— DC704 (longitudinal)



Impulsive Stimulated Scattering
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* Probe beam diffracts off
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ISTS Signal
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t (us)

Short times gives
measurement of
acoustic frequency
and damping rate

Longer times gives
measurement of
thermal decay rate

Schmidt, Chiesa, Torchinsky, Johnson, Nelson, Chen. Journal of Applied Physics 103, 083529 (2008).



ISTS Signal

« With acoustic frequency and

damping rate, we can
determine the frequency
dependent complex modulus

M*(a)=M'(e)+iM"(c)
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D.H. Torchinsky, K.A. Nelson. In Preparation.



Depolarized ISBS

a)
Crossed laser pulses with )
perpendicular polarizations )
generate counter-propagating
shear acoustic waves
Probe beam is depolarized as )
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Shear ISBS
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Signal (arb)

Shear Wave Gallery
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Outline

 Experimental
— ISTS (longitudinal)
— ISBS (shear and longitudinal)

 Results and Tests of Theory

— Poisson Ratio (shear and longitudinal)
— TPP (shear vs. longitudinal)
— DC704 (longitudinal)



Shoving Model

(T)=1, ex;{

Dyreet al Phys. Rev. B3, 2171-2174 (1996).
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» relaxation depends on rearranging
region and surrounding liquid
— strong short range repulsion
— elastic response in surroundings N
» shoving work depends on infinite a
frequency elastic moduli: bulk (K.)) %
and shear (G.) 5
* G, controls relaxation
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Angell, C. A.Science267, 5206 (1995).
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Direct Test of Shoving Model
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These results support to the notion that the dynamics of the glass transition
are governed by the evolution of the shear modulus.



Direct Test of Shoving Model
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These results support to the notion that the dynamics of the glass transition
are governed by the evolution of the shear modulus.



Direct Test of Shoving Model

dielectric
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The root mean square
deviation quantifies the
amount of departure from
the shoving model
predicted behavior.

Deviation from the
dielectric relaxation data
suggests a trend of
iIncreasing deviation with
increasing fragility.

A similar trend in the
mechanical relaxation
data is not as clear.



Outline

 Experimental
— ISTS (longitudinal)
— ISBS (shear and longitudinal)
 Results and Tests of Theory
— Shoving Model (shear)

— TPP (shear vs. longitudinal)
— DC704 (longitudinal)



Poisson Ratio Prediction

Angell, C. A.Science267, 5206 (1995).
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Poisson Ratio Prediction

Novikov; Sokolov.Nature431, 961-963 (2004).
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Poisson Ratio Prediction
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Instantaneous Elastic Modulus (GPa)

17.5

Poisson Ratio Prediction
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Outline

 Experimental

— ISTS (longitudinal)

— ISBS (shear and longitudinal)
 Results and Tests of Theory

— Shoving Model (shear)
— Poisson Ratio (shear and longitudinal)
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Summary

« |SS allows generation and probing of coherent
longitudinal and shear acoustic phonons in the MHz
frequency regime

 This has allowed direct tests of the shoving model, the
proposed correlation between Poisson ratio and fragility,
and some aspects of MCT



Outlook

« Extend accessible acoustic
frequency range of ISS to
provide overlap between our
two techniques and provide
a large range of longitudinal
(9-10 decades) and shear
(4-5 decades) acoustic
waves

)

=
N
o
o

log(m)
o Allow test of MCT predicted

re|atiOﬂShip between ‘a’ and Comparison of MCT solution for x"(w) with the two power laws.

a is the exponent for the B—relaxation regime and b is the

‘b’ exponents exponent for the a—relaxation regime.
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