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present challenge in condensed mat-
A ter physics is the understanding of the
microscopic dynamics of liquids, dense
fluids and glasses. The collective dynami-
cal properties at wavelengths approaching
inter-particle distances, d, are intimately
related to the determination of many
macroscopic quantities as, for example,
thermal expansion, thermal conductivity,
specific heat and viscosity. In particular, it
is of great interest to study the collective
dynamics in the transition region bridg-
ing the long wavelength and long time hy-
drodynamic behavior, where a density
fluctuation in the system can be described
as a small perturbation of an isotropic
continuum in thermodynamic equilibri-
um, and the single particle regime, where
the dynamics is considered at very short
length- and time-scales and can be pic-
tured as that of a free particle among suc-
cessive collisions. This intermediate region
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is particularly relevant because it reflects
the properties of the particle-particle cor-
relation function at distances approaching
the inter-particle distances and at times
typical of density fluctuations at the inter-
particlelevel,i.e.in the pico-second range.
This dynamics can be investigated by the
experimental determination of the dy-
namic structure factor S(Q,E) - the time
and space Fourier transform of the parti-
cle-particle correlation function - in the
momentum (Q)-energy (E) regions of 0.1
to 20 meV and 0.01 to 10 nm-1.

In crystalline systems, this is one of the
most successful applications of inelastic
neutron scattering (INS) [1]. In disor-
dered systems, the neutron technique has
been successfully used to investigate the
dynamics at momentum transfers typical-
ly larger than 10 nm-1 [2]. At wavelengths
longer and comparable to d, due to the
kinematics conditions of available neutron

spectrometers, serious difficulties are
found to probe acoustic excitations with
speeds of sound, v; larger than v@1500 m/s.
The typical values of v in liquids and glass-
es are either comparable or considerably
larger than 1500 m/s, and this is the main
reason why, in disordered systems, a com-
prehensive experimental picture of the
high frequency collective dynamics is still
missing.

Inelastic x-rays scattering (IXS) with
10720 keV incident energy is, in principle,
a complementary method to INS for
studying acoustic modes at small momen-
tum transfers. In fact, providing sufficient
energy resolution and incident beam in-
tensity, one can access the desired phase
space.

The IXS technique is a recent develop-
ment, made possible by the high spectral
flux density of the new synchrotron radi-
ation sources, and by new ideas in x-ray
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optics using Bragg diffraction from per-
fect crystals. This combination has al-
lowed the construction of a unique IXS
spectrometer, now in routine operation at
the European Synchrotron Radiation Fa-
cility in Grenoble. Its main success lies in
its capability to measure S(Q,E) at mo-
mentum transfers, Q= 0.5130 nm-1, with
basically unlimited energy transfer, and
with an energy resolution of 1.5+0.2 meV.

Thanks to the new instrument, it has
been possible to begin to address issues on
the high frequency dynamics of disor-
dered materials as the following ones [3]:
1. Collective excitations have been discov-
ered in all the investigated liquids and
glasses at wavelengths approaching d. The
Q-dependence of their energy values tes-
tify that they are the short wavelength evo-
lution of the hydrodynamic sound mode.
Important deviations are observed, how-
ever, from phonons in crystals. In particu-
lar, their Q-dependent broadening sug-
gests that these modes deviate from the
plane waves found in crystals. At present
one is trying to relate these deviations to

the behavior of the sound excitations ob-
served in the long wavelength limit, and,
in glasses, to the anomalous specific heat
and thermal conductivity found at low
temperatures. In this respect, one would
like to understand, when compared to the
Debye behavior of the corresponding
crystal, the origin of the excess specific
heat at low temperature and the excess
density of vibrational states found in
glasses.
2. The interference between density fluc-
tuations and microscopic structural relax-
ation processes have been clearly identi-
fied in glass-forming liquids as glycerol,
ortho-terphenyl and in hydrogen bonded
liquids as water. These studies have al-
lowed determining experimentally, as a
function of temperature and Q-transfer,
important parameters as the infinte-fre-
quency sound velocities. These parame-
ters enters in the modeling of the S(Q,E)
of aliquid, and in the current efforts to re-
late the liquid-glass transition to a change
in the ergodicity of the system [4].

The possibility to contribute with an
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experimental method to the understand-
ing of such problems is creating a world-
wide interest towards the IXS technique,
and important results have been already
documented [3]. In this respect, in fact, it
is quite reasonable to expect important
contributions not only on the high fre-
quency dynamics of liquid systems, but al-
so on glassy materials, on supercritical flu-
ids, on complex chemical aggregates, on
systems of biological interest, and more
generally, to understand better the collec-
tive dynamics of disordered materials.
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