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The development of inelastic x-ray scattering with millielectron volt energy resolution at 
the European Synchrotron Radiation Facility in Grenoble, France, provides a method for 
studying high-frequency collective dynamics in disordered systems. This has led to the 
observation of propagating acoustic phonon-like excitations in glasses and glass-form-
ing liquids down to wavelengths comparable to the interparticle distance. Using the 
inelastic x-ray scattering results on glycerol as a representative example, it is shown that 
the microscopic dynamic properties are related to the excess of vibrational states in 
glasses and to the consequences at the microscopic level of the liquid-glass transition. 
Moreover, they allow derivation of the infinite frequency sound velocity, a quantity related 
to the structural relaxation times and to the change of ergodicity at the liquid-glass 
transition. 

O n e  of the challenges of condensed matter 
physics is the "microscopic" understanding 
of "macroscopic" phenomena, ranging from 
those common to all materials, such as ther-
~ n a lexpansion, therlnal conductivity, spe-
cific heat, and dielectric properties, to lnore 
specific ones, such as magnetism, supercon-
ductivity, and superfluidity. In crystalline 
systems, the crystal translational invariance 
reduces the investigated problem to that of 
a relatively small nulnber of atoms, consti-
tuting the crystal unit cell. Thanks to this 
simplification, advanced solid-state "classi-
cal" and "quantum" theories have become 
co~nputationallyalnenable in spite of their 
conceptual complexity. For example, atom-
ic motions in crystals can be described in 
terms of collective oscillations around eaui-

as diffusion and relaxation in fluids (3) and 
hopping and tunneling processes in glasses 
(4) .  The presence of these processes in dis-
ordered systems naturally introduces a time 
scale, T, usually strongly dependent on the 
specific therlnodyna~nic state. This time 
scale affects the collective dynamical prop-
erties differently, depending on its value 
with respect to the time scale tD character-
izing the "vibrational" dynamics of the par-
ticles around their quasi-equilibrium posi-
tion. This is of the order of tD .= l/o,,, 
where oD= ~ ( 6 - n ~ ~ ) ~ ' ~is the Debye fre-
quency, whose value is comparable to that 
of a corresponding crystal with similar 
number density, p, and sound velocity, e'. 
The rich pheno~nenologyobserved in the 
dvnalnics of disordered svstems is often the 

libriuln positions, and these microscopicLvi- cbnsequence of the interplay between these 
brational dynamics can be linked to a large different structural (a, () and dynamic 
class of ~nacroscoplcphenomena. (T ,  tD) scales. 

Qualitative differences occur as soon as The collective dynamics in the absence-
the lnicroscopic crystalline order is aban-
doned ( 1 ,  Z), as in the liquid and glass 
phases. In contrast to the crystalline case, 
the disordered svsteln is characterized bv 
two different length-scales: in addition to 
the interparticle separation, a, one must 
also consider the correlation length charac-
terizing the topological disorder, (. More-
over, the understanding of the atomic dy-
namics is complicated not only by the dif-
ficulties associated with the absence of 
translatiol~al invariance, but also by the 
presence of other degrees of freedom, such 

of translational invariance can easily be 
treated theoretically in two limiting cas-
es-namely, excitations with characteris-
tic space and time scales which are either 
very long or very short compared to the 
disorder scale 5 and to the relaxation time 
7 ,  respectively. They are, respectively, the 
hydrodynamic limit, where the system is 
seen as a continuum, and the single-parti-
cle limit, where the particle behavior is 
described as a free particle between suc-
cessive collisions. In contrast, an exhaus-
tive theoretical understanding is still not 
available in the intermediate, ~nesoscopic 
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0.01 to 10 n~n-' and 0.1 to 20 me\'-is 
traditionally studied by inelastic neutron 
scattering (INS) (5).In disordered systems, 
the neutron technique has been successfully 
used to investigate the dynamics at momen-
tum transfer typically larger than 10 nm-' 
(6,  7).In the mesoscopic scale, because of 
the typical kinematic conditions of the 
scattering process, neutrons cannot easily 
probe the acoustic branch as soon as the 
speed of sound, u, of the considered disor-
dered material has a value larger than v .= 

1500 m/s. Considering that the typical val-
ues of u in glasses and liquids are either 
comparable or considerably larger than 
1500 m/s, it can be explained why, in dis-
ordered systems, a comprehensive experi-
mental picture of the high-frequency col-
lective dynamics is still missing. 

The outlined exoerilnental and theoret-
ical scenario has left open several relevant 
questions on the ~nesoscopicdynamics of 
disordered materials. Among them are the 
following: (i) Are there collective excita-
tions in liquids and glasses with wave-
lengths approaching ( and a?And, if so, to 
what extent do their eigenvectors deviate 
from the plane waves found in crystals?Are 
these deviations responsible for the anom-
alous thermal conductivity found in glasses 
at low temperatures?Similarly, how do they 
relate to the sound excitations observed in 
the long wavelength limit? (ii) With re-
spect to the Debye behavior of the corre-
sponding crystal, what is the origin of the 
excess specific heat at lorv temperature and 
the excess density of vibrational states 
found in glasses? (iii) What is the micro-
scopic description of hopping and tunneling 
phenomena in glasses, and of relaxation 
processes in liquids? (iv) Are short-wave-
length excitations still affected by relax-
ation processes as observed for those at long 
wavelengths? This last point relates to the 
issue of how the high-frequency dynamics 
may be affected by the liquid-glass transi-
tion in glass-forming systems and whether, 
any critical behavior' is present in these 
dynamics. 

Inelastic X-ray Scattering with 
Millielectron Volt Energy

Resolution 

Inelastic x-ray scattering (IXS) n ~ t h10 to 
20 keV incident energy (8) is, in principle, 
a colnple~nentary method to INS for 
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studying acoustic excitations at small mo-
mentum transfer. The interest in using 
x-rays come from the fact that, whenever 
the probe particle incident energy is 
much higher than the exchanged energy, 
kinematic limitations are no longer rele-
vant. Therefore, the desired phase space 
can be easily accessed. This is the case 
using x-rays, if one can achieve suffi-
cient energy resolution and incident beam 
intensity. 

The IXS technique is a very recent 
development that was made possible by 
the high x-ray spectral flux density avail-
able from an undulator at the new third-
generation synchrotron radiation sources 
(9) and by new ideas in perfect crystals 
optics that allowed an energy resolution in 
the millielectron volt range, correspond-
ing to a resolving power of -lo7 (10-12). 
This has permitted the construction of a 
new instrument, which has been in oper-
ation since 1995at the European Synchro-
tron Radiation Facility in Grenoble. Its 
main success lies in the capability to ac-
cess the mesoscopic (Q-E) region, provid-
ing the opportunity to measure the dy-
namic structure factor S(Q,E) at momen-
tum transfers, Q, in the 0.5 to 30 nm-I 
range with basically unlimited energy 
transfers, E. The quantity S(Q,E) is the 
space and time Fourier transform of the 
particle density correlation futlction, and 
therefore, contains important information 
on the collective dynamics. An energy 
resolution of 1.5 + 0.2 meV at full-width-
half-maximum has been obtained in the 
energy analysis of -20-keV x-rays. An 
incident wavelength A, = 0.05701 nm 
(photon energy E, = 21,748 keV) is used, 
corresponding to the effective lattice pa-
rameter of the Si(l1-11-11) Brag re-
flection in a silicon perfect crystal. Other 
typical instrumental parameters are a Q 
resolution of 20.2 run-', a beamsize on 
the sample of 0.1 mm by 0.3 mm, and a 
photon flux of -2 x lo8 photons/s. 

The i n q i t y  scattered in a solid angle
Ahb aroundQ and in the energy intervalAE 
around E [measured in an IXS experiment 
dominated by the pure charge (Thomson) 
scatter@ term] is proportional to the 
following double differential cross section 
(13) ' 

ahere r, = 2.82 X 1&15m is the classical 
electronic raLus d f(Q) is the eiec-
tronic form b p o r  of the scattering patti-
cles, which reduces (in the xm1I Q limit) 
to the panicle's number of electrons, 2. 
The energies Ei and Ef are those of the 
incident and s ca t t ed  pho tw ,  respec-

tively. The proportionality to S(Q,E) in-
dicates that the spectrum of the density 
fluctuations of the system is directly ob-
tained by measuring the scattered x-rays 
as a function of E and Q. This information 
is equivalent to that obtained from 
coherent INS measurements. Consequent-
ly, as long as an energy resolution in the 
millielectron volt range is sufficient, the 
IXS technique is a complementary tool to 
INS methods. Its main difference to INS is 
that it allows unlimited energy transfers in 
the accessible Q transfer range, namely in 
the -1 to 100 nm-I region. The main 
domain of application of the IXS tech-

nique has been, so far, the 
study of the high-frequency dy-
namics of liquids and glasses with the aim 
of contributing to the understanding of 
issues such as those outlined above. Other 
important areas of applications where this 
complementarityhas not yet been exploit-
ed are the study of the dynamics of mate-
rials, even crystals, in cases where INS 
cannot provide useful information because 
of insufficient sample material, incoherent 
scattering from the sample isotope compo-
sition and nuclear spin orientation, or 
data reduction problems due to multiple 
scattering processes. 

I I I 1 i i I I I 
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Energy (meV) 
Rg. 1. (A) IXS spectra (0)of vitreous silica taken at T = 1075K at Q = 1 and 2 nm-I, with a total 
iWagrat'iontime of 415and 800s, respecti\Fely. TheMcurves are the measwed resolutionfunctions, 
which have been and scaled to the central peak. The two insets areshown to emphasize the 
~~onthetwo~of~mtral~.(B)Differencespectra,obtainedfmthesuMractkxr 
of the scaled resolution function from the qmtm tqmted in (A). The Mastic peak energy positions, 
indicatedby thedotted l i iwith mows, scab appfoximateiy with the Q tmWer. 
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Inelastic X-ray Scattering from 
Glasses and Glass-Forming 

Liquids 

Extended IXS stud~eshave been performed 
so far in several elasses and liauids, as well- . , 

as across the liquid-glass transition. The 
investigated systems range from strong net-
work-forming glasses to fragile and polymer-
ic ones, also including different glass-form-
ing liquids. These are Si02,  LiCl.BH,O, 
CKN, o-terphenyl, poly-butadiene, n-butyl-
benzene, and poly-methyl-methacrylate 
(14, 15).In all these systems, it has been 
possible' to observe a clear inelastic signal 
which also shows a marked Q dependence. 
To illustrate the main features of this IXS 
signal, we report two spectra (Fig. 1) taken 
at Q =1 and 2 nm-' in vitreous S i02at T = 

1075 K. In Fie. lR, the total soectra are-
compared to the experimentally determined 
resolution fiinction, which has been aliened 

u 

with the dominant peak centered at zero 
energy transfer (elastic peak). This peak is 
due to the frozen density fl~ictuationsexist-
ing in glasses at all Q values, and therefore, 
it is very narrow; its broadening is due to 
the finite energy resolution. At both sides 
of this peak, the presence of an inelastic 
feature is observed, emohasized in the in-

of Fig. 1, it looks very much like the typical 
Brillouin triplet observed in BLS measure-
ments (21) .  Again, the existence of two 
inelastic features demonstrates the exis-
tence of well-defined excitations up to the 
energy and momentum considered here. To 
extract the spectroscopic parameters, such 
as the energy position [R(Q)]and the width 
[T(Q)] of the inelastic features, as well as 
the intensities of the central and side peaks, 
we used a fitting procedure based on the 
convolution of the experimentally deter-
mined resolution f~inctionwith a model 
function (Fig. 2). We used a Lorentzian to 
represent the central line, because this al-
lows US, going from the glass to the liquid, 
to monitor the appearance of quasi-elastic 
scattering, present in the liquid as a conse-
quence of relaxational and diffusional pro-
cesses. We used a damped harmonic oscil-
lator (DHO) (22)  to represent the inelastic 
peaks. This DHO model can be derived the-
oretically as the high-frequency limit of the 
S(Q,w) lineshape obtained within the gen-
eralized hydrodynamic theory (23). The 
typical resulting fit is exemplified by the 
solid line on the data and by the individual 
contributions, all shown separately in Fig. 2. 

We report three sets of data (Fig. 3) 

obtained at different Q values in the glass, 
T = 175 K (T, = 135 K); in the liquid, 
T = 292 K; and as a function of T at the 
fixed 0 value of 2 nm-'. The inelastic-
features in the glass spectra (Fig. 3A) show 
a marked Q dependence increasing in en-
ergy and becoining progressively broader 
with increasing Q .  A similar behavior is 
also found in the liquid (Fig. 3B). This Q 
deoendence indicates the oersistence of 
the propagating character of the collective 
dvnalnics uv to these high freauencies.-
Besides the qualitative similarities be-
tween the liauid and the elass data, the 

u 

temperature dependence of the features at 
fixed Q (Fig. 2C) shows that there is an 
evolution of the spectral shape in the glass 
transition region:-

The spectra were analyzed as outlined 
above. The Q dependence of the excitation 
energies, R(Q) ,  is almost linear in the 
whole examined Q range in both liquid and 
glass (Fig. 4A). This implies that these ex-
citations have an acoustic nature, and their 
sound velocity is given by v(Q) = .R(Q)/Q. 
This confirms the qualitative analysis of 
Fig. 1, and, in the glass, the value of u(Q) is 
consistent with that of low-frequency deter-
minations. A different Q dependence is 

sets. The difference spectra, obtained by 
subtracting the central peak (represented by Fig. 2. (A) I X S  'pectrum Of 

glycerol at 175 K and Q = 2
the resol~itionfunction) from the data, are nm- , ,  taken with energy
reported in Fig. 1B in order to highlight the and momentum resolutions 
inelastic signal and its Q dependence. It can AE = 1,s and AQ 
be observed that the average energy posi- = 0,4nm-3 fuI-width-half-
tion and width of the signal increases with maximum, respectively. The 
increasing Q. In particular, the two arroLvs data (O),shown w~ththe er-
show that the energy position doubles with ror bars, are su~erm~osed 
the doubling of the Q transfer. This behav- to the lit line)as ex-

ior is the one expected for propagating planedi n  the text.The dot- -
sound excitations: a similar result has been ted and dashed lines repre-

sent the quasi-elast~cand
found in all liquids and glasses investigated inelastic contributions,re-
so far by IXS. This general finding, implying spectlve~y,to the t o t a l  f i t s  
that the sound mode extends into the in- (B) Enlargement of (A), The 
vestigated mesoscopic region, is shown in inset In (A) shows the resid-
Fig. 1 as the result of a qualitative procedure uals between the data and 
which has the advantage of being model the f ~ tIn standard deviation -
independent. A thorough analysis will be units1 u. 

developed in the following discussion. 
Inelastic x-ray scattering data collected 

from glycerol (16), one of the prototypical 
glass-forming liquids, are chosen here to 
ill~istratesome of the general features of the 
high-frequency dynamics of glasses and liq-
uids, which have been observed in IXS 
studies. According to Angell's definition 
(17), glycerol is an example of an interme-
diate, hydrogen-bonded glass-former, and it 
has also been extensively investigated by 
Brillouin light scattering (BLS) and INS 
methods (18-20). The IXS spectrum of 
glycerol taken in the glass phase at T = 175 -15 -10 -5K and at Q = 2 nu-' (Fig. 2)  has three 

0 5 10 15 

components, and, similarly to the S i02data Energy (meV ) 
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found for the broadening, I'(Q), which is 
well representedby a Q2law (Fig. 4B). This 
law has also been observed in the other 
glasses investigated by IXS (14), and re-
cently, it has been demonstrated to hold in 
a Q range wider than two decades (0.04 to 
6 nml) (15, 24). The equivalence of the 
r (Q)  values in the liquid and in the glass 
(Fig. 4B), in spite of the very different 
temperatures, indicates that the origin of 
the broadening is structuralrather than dy-
namical, in the sense that it cannot be 
associated to a relaxation process. A similar 
temperature independence of I'(Q) has 
been observed in a extended temperature 
studyof vitrebus SiOz(15) and o-terphenyl 
(24). A possible explanation of this behav-
ior can be found, consideringthat even in a 
''harmonic" and relaxation-free disordered 
system, a density fluctuationwith wavevec-
tor Q is not an "eigenstate" as a conse-
quence of the lack of translational invari-
ance. This leads to a decay of the density 
fluctuation energy toward other degrees of 
freedom, and therefore, to a broadening of 

. the. inelastic peak. The observed @ law 
only accidentally corresponds to the hydro-
dynamicprediction; it does not have, to our 
knowledge, any theoretical explanation. 

A consequenceof the different Q depen-
dence of n (Q)  and r (Q)  is the possibility 
of defining a Q value, Q,, where a(%) = 
I'(Q,). At Q,, the two relations start to 
deviate from their simple Q laws, and for 
even higher Q values, it was not possible to 

iden* in the spectra a specific excitation 
feature. We propose to associate this Q, 
value with the length scale characterizing 
the topological disorder, marking the tran-
sition from a collective acoustic-like behav: 
ior toward more localized dynamics. Studies 
of other glasses show that the Q, value 
increases with fragility. Thii behavior can 
be summarized by a dimensionless parame-
ter defined as QJQM, where QM.isthe Q 
value of the f i  sharp diffraction peak in 
the static structure factor. We also find that 
Q,/QM increases with fhglity, going from 
-0.15 in SiO, to -0.3 in glycerol, and to 
-0.5 in o-terphenyl (14, 15). 

In Fig. 4A, E, c o m d s  to the ener-
gy of the "boson peakn in glycerol. The 
boson peak is a general feature of all glasses 
found in the incoherent INS and Raman 
spectra at energies in' the 2- to 10-meV 
region (6,25,26). Specifically, it is a broad 
peak in the quantity g(E)/E2,where g(E) is 
the density of states. It, therefore, marks an 
excess of states (EoS), with respect to the 
Debye theory, that would predict g(E)/E2= 
const, This EoS is also responsible for the 
presence of a bump in the temperature de-
pendence of C/T3(27, 28), where C is the 
specific heat. The nature of the EoS in 
glasses is still a subject of speculation, and at 
present, there are two different prevailing 
hypotheses (29). In the first, the EoS is 
explained by the localization of the vibra-
tional modes induced by the static disorder 
in the glass. In the second, the EoS reflects 

the density of states of collective Cpropagating modes, which persist 
at high frequency. In the first view, the 
boson peak energy corresponds to the ener-
gy of the high Q excitations, whereis, in 
the second one the excitations are expected 
to propagate at energies above EBP' The 
dispersion relations of the inelastic excita-
tions, such as t h w  reported in Fig. 4A, 
show that the propagation is systematically 
observedup to energies more thantwice the 
boson peak energy. This finding, and the 
absence of any observable Q-independent 
feature at EBP,strongly contradicts the first 
point ofview. Consequently, and in agree- Iment with recent molecular dynamics 
(MD) simulations (30), the IXS data sup-
port the second point of view. As suggested 
from those MD calculations, eigenvectors, 
which are consistent with the observed dis-
persion relations of n(Q) and I'(Q), can be 
e x p d  as the sum of a Qdependent 
lane-wave comnonent and an extended 
kndom uncorrelited component (30). The 
first comment  accounts for the ueaks in 
the d e i c  structure factor and-for the 
propagating nature of the modes. The sec-
ond component provides a means for satis-
fytng the orthogonality and completeness 
conditionswithout imposing the @depen-
dence of the modes density at a given fre-
quency holding for plane waves. With re-
spect to the Debye behavior, this could give 
rise to a pile-up of states at an energy to be 
identified with the boson peak energy. 

(rseV) Energy (=V) (=V) 
Ag.b(A)IXSstmtraofglassyglycerolat 175Kat the indicatedQ values. dataarenormalized to the central peak intedty. The typM countiit i  
The data 0,shrana? vtit4.Wsrrarbars,ares u m p o s a d  to the fit (SOW was 100dpoint. (B)as in (A) for liquidgtycerol a€290 K. (C)IXS spectraof 

in fE?e W.theciasf~~Jand W e d  Hnes ~epreeentthe gtymi at Q = 2 nm-I at the indicated temperatures. Symbds and lines 
ldmtk%-, wqw&@y, to the total fits. The are as in (A). 
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Studies 011 the telnperature dependence 
of the  IXS spectra, such as those reported in 
Fig. 3C, provide insights into the  evolution 
of the spectroscopic parameters, n ( Q , T )  
and T(Q,T) ,  across the  glass transition re-
gion (Fig. 5) .  At Q = 2 nm-', the  parameter 
Q ( Q , T )  exhibits a clear temperature de-
pendence with a slope-change in  a temper-
ature region not  far from T while the  
parameter 1 ' (Q,T)  has a smootger behavior 
within the  statistical ul~certainties (Fig. 
5A).A auantitative analvsis of these obser-, 1 

vations leads to the  identification of two 
linear functions that represent the  whole 
set of R ( Q , T )  data. They cross each other 
a t  a temperature indicated as Tx = 300 i-
20 K. This temperature marks the  begin-
nine of a much steeoer reduction of the  

u 

excitations energy in the  liquid phase n-ith 
increasing temperature; we suggested that,  
in the  considered high-frequency limit, T, 
marks the  microsco~ictransition between 
two different dynamical regimes, character-
istic of the  glass and liquid phases (14).  In  
view of the  considered Q-E region, this 
transition can be interoreted as the freezing 
of the  diffusional degrees of freedom at  the  

Fig. 4. Q-dependence of (A)the O(Q,T)and (B) 
the T(Q,T) parameters, as derived from the fits at 
T = 175 K (a)and T = 290 K (0).The error bars 
correspond to ?1u statistical error, obtalned from 
the fit as the parameter variation necessary to 
modify the best x%alue by one standard devia-
tion, a,>.The lines, linear in (A)and quadratic in 
(B),are guides to the eye. The horizontal arrow 
indcates the boson peak energy in glycerol at To; 
the veflical arrow indicates Q,,, deflned by the 
relation R(Q,) = r(Q,). 

~nolecularscale. These results delnonstrate 
that even a t  high frequency, the dynamics 
are affected by the  structural arrest taking 
place a t  the  glass transition. In  this respect, 
it is of great interest to compare the  tem-
perature evolution of the  sound velocity 
measured a t  "high" and "low" Q values, 
because this quantity is very sensitive to 
structural relaxatlon processes. In  particu-
lar, the  IXS and BLS values of e(Q) are 
expected to  be the  same In the  low-temper-
ature glass, because there are 110 relaxatton 
processes a t  the  time scales of the  two 
orobes. In  contrast, In the  llauld, the  IXS 

L , 

values of the  sound velocity, t'lx,(Q), are 
expected to  be larger than the  BLS ones. 
This is because the  BLS sound velocity has 
a steep temperature-dependent decrease 
due to the  interference with the  structural 
( a )relaxation. Colnparison of experimental 
data for glycerol (Fig. 5B) shows that  in the  

Temperature ( K ) 

Fig. 5. (A)Temperature dependence of n(Q,T)(a) 
and T(Q,T) (3)derived from the glycerol data at Q 
= 2 nm-l. The error bars correspond to 11 u 
statistical error. The solid lines are the best fits to 
the points in the low- and high-temperature re-
gions, and they cross at T, = 300 i- 20 K. The 
dashed llnes lndcate the limits of the ? l a  predic-
tion bands, The glass-transit~ontemperature, T,, 
ISalso indicated, (B)Temperature dependence of 
different sound velocities in glycerol: (a)vlx,(Q,T) 
= n(Q)/Qobtained from (A);(C)v,(T) derived from 
the Q + 0 limit of vlx,(Q,T)as descrbed in the 
text; (- 3 ) v(T)as derived from BLS measure-
ments at Q - 0.025 nm ' ;  Dashed and dotted 
lines are the v,(T) values extrapolated In the lhqud 
from low-temperature BLS data from (19) and 
(ZO),respectively. 

glass, the  value of vlx,(Q) at Q = 2 nm-' is 
below the  BLS data. This behavior is ex-
plained by the  presence of a downward 
bending of the  dispersion curve, leading to  
uIxs(Q) < uIxs(0) = limQ+ct'IXS(Q). This  
bending lnay have a structural origin, simi-
lar to what is observed in the  acoustic pho-
n o n  branches of crvstals. T h e  values of 
uIX,(0), obtained by considering a cubic 
term in  the  analysis of the  dispersion curves, 
show satisfactory agreement with the  BLS 
data in the  glass region. Consequently, with 
the  use of this correction, it is possible to 
identify vlxs(0) with the  infinite frequency 
sound velocity, t', (23).  This quantity, 
which represents the  sound velocity at a 
frequency much larger than the  inverse of 
the  structural relaxation time, could no t  be 
experimentally determined iefore. Deter-
mination of its value is necessarv to extract 
reliable values for T from the  BLS line-
shapes (31 ) and to determine the  nonergod-
icity factor fQ(T)  (32).  T h e  values of u, 
have also been obtained from the  IXS dis-
persion curves in other glass-formers such as 
o-terphenyl and pol?-butadiene, with results 
confirming those in glycerol ( 14). From 
these latter studies, it has been oossible to 
derive fQ(T) using two independent proce-
dures, based either o n  the  inelastic-to-elas-
tic intensity ratio or o n  the  value of v,  
itself. These preliminary results, although 
still affected by a large error bar, are consis-
tent  with the  Model-Coupling Theory pre-
dictions, There  are good reasons to  believe 
that higher accuracy data are within reach 
in the  near future, and consequently, it 
should be possible to  perform stringent tests 
o n  different theoretical approaches to  the  
liquid-glass transition. 

Conclusions 

T h e  IXS technique allows the  detailed 
study of the  high-frequency dynamics of 
disordered systems. O n e  of the  most impor-
tant  results obtained so far is the  finding

u 

that  propagating collective excitations exist 
down to wavelengths co~nparableto the  
interparticle separation, and that  they pre-
serve a n  acoustic-like propagating character 
up to these high frequencies. This general 
finding, together with the  specific temper-
ature and exchanged rnolnentuln depen-
dences of the  spectral features, contributes 
to the  understanding of the  way in which 
microscopic dynamical processes are related 
to macroscopic phenomena in these mate-
rials. For example, it has been possible to 
show that the  high-energy acoustic excita-
tions could contribute to the'excess of vi-
brational states and to the  boson peak. In-
sights into the  shape of the  eigenvectors of 
these modes has been gained, and there is 
hope to relate this shape to  the  Q2-depen-
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