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Collective dynamics of liquid aluminum probed by inelastic x-ray scattering
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An inelastic x-ray scattering experiment has been performed in liquid aluminum for the purpose of studying
the collective excitations at wave vectors below the first sharp diffraction peak. The high instrumental resolu-
tion (up to 1.5 meV allows an accurate investigation of the dynamical processes in this liquid metal on the
basis of a generalized hydrodynamics framework. The outcoming results confirm the presence of a viscosity
relaxation scenario ruled by a two-time-scale mechanism, as recently found in liquid lithium.
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[. INTRODUCTION to cage effects due to microscopic interaction of each atom
and the cage of its neighboring atoms, followed by a slower
In the past two decades, the dynamical properties of liquigprocess related to the long-time rearrangements that drives
metals have been widely investigated aiming at the comprethe glass transition in those systems that are capable of su-
hension of the role of the mechanisms underlying the atomipercooling. This structural relaxation process has been
motions at the microscopic level. In particular, in the specialwidely studied in the mode-coupling formalism and recently
case of alkali metals, it is known that well-defined oscillatoryremarkable efforts have been developed to set up self-
modes persist well outside the strict hydrodynamic regionconsistent approachd®]. This theoretical framework has
down to wavelengths of a few interparticle distances, makingeen tested on a number of numerical studiese, for ex-
these systems an ideal workbench to test the different the@mple,[10] and references theregirindeed, the line shape of
retical approaches developed so far for the microdynamics dhe density correlation spectra extracted by IN® those
the liquid state. From the experimental point of view, it is systems where it is allowed in the significa@{ E) region|
worth mentioning the pioneering inelastic neutron scatteringlid not allow us to discriminate between different models
(INS) experiment by Copley and Rowl] in liquid ru- including all the relevant relaxation processes at the micro-
bidium, while more recently much experimental effort in scopic level 2].
performing more and more accurate experiments has been In the recent past, the development of new synchrotron
made: INS investigations have been devoted to liquid cesiumadiation facilities opened the possibility of using x rays to
[2], sodium[3], lithium [4], potassium[5], and again ru- measure th&(Q,w) (which is proportional to the scattered
bidium [6]. Many numerical studies have been reported orintensity) in the nonhydrodynamic region; in this case, the
the same systems, allowing us to overcome such experimephoton speed is obviously much larger than the excitations
tal restrictions as the— E) accessible region when dealing velocity, and no kinematic restriction occurs. Moreover, in a
with the collective propertieswith the density fluctuation monatomic system, the inelastic x-ray scatterit¥S) cross
spectry, and the simultaneous presence of coherent and irsection is purely coherent and so it is directly associated with
coherent contributions in the INS signal, which was the parathe dynamic structure factor.
mount experimental technique in this field up to a few years Recently, an accurate IXS study on liquid lithium allowed
ago. Moreover, numerical techniques allow us to access as to detect experimentally the presence of the relaxation
wider set of correlation functions while the inelastic scatter-scenario predicted by theory on this prototypical alkali metal
ing experiment basically probes the density autocorrelatiofll]. In particular, the data have been analyzed within a gen-
function. eralized hydrodynamic approadi0,12 and, following a
On the theoretical side, thanks to the development of suchhemory function formalisn7], it has been possible to de-
tools as the memory function formalism, the relaxation con+ect the presence of two relaxation procesgaiditional to
cept, and the kinetic theory7,8], a framework has been es- the thermal process resulting from the coupling of density
tablished in order to describe the behavior of the aforemenand temperature variableaffecting the dynamics of the sys-
tioned correlation functions. In this respect, among the mostems in the mesoscopic wave-vector redi®8]. This result,
important tasks, there is the idea that the decay of the densitybtained with a phenomenological ansatz for the memory
autocorrelation function occurs over different time scales. Irfunction originally proposed in a theoretical work by
particular, a first mechanism is related to the coupling of the_evesqueet al. [8], has been deeply discussed, pointing out
density and the temperature modébermal relaxation  the physical origin of such dynamical procesgg4].
while a second process involves the stress correlation func- Although alkali metals are commonly referred to as the
tion (viscosity relaxation The latter mechanism proceeds “paradigm of simple liquids,” other liquid metals always
through two different relaxation channels, active over differ-exhibit the characteristic structural and dynamical features
ent time scales: a first rapid decay, which has been ascribgtlat can be interpreted within the elementary approaches
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typically utilized when dealing with Lennard-Jones or alkali- {ﬁ
metal interatomic potentialsl5,16. A remarkable example Q=138m " A
is provided by liquid aluminum. Several theoreti€a¥] and MM" ﬁ %
numerical[18] works have been reported on this system. In Q=12.6mm
fact, the basic common features of simple liquids, such as the __,..»HV‘M
presence of collective excitations in the coherent dynamic Q= “4”‘3—#’;
structure factor belov@,, and the positive dispersion of the
sound speed associated with them, have been extensively S:%ﬂ
studied in this liquid. On the other hand, in tlésregion no 1 f 7 Mt
experimental data have been reported to provide a real test Q % \\-.,__\“
and/or comparison of collective dynamics. Indeed, in liquid = , gﬁ:\ !
Al, the high value of the isothermal sound speegl = Q=78 nm & P /
~4700 m/s prevents, due to kinematic reasons, a study of the Nl B A
collective dynamics by INS: belo®,,, the available energy 5 Q=66mm, *J%m 7
transfer is too limited to investigate the acoustic excitations @ " *f"",; / Ry
properties. Accurate INS data have instead been reported at g Q'“"“’"““""; M
higher wave vectors where, however, the single-particle re- o 0=d2nm ' A /
sponse is mainly probe@ee, for example, Ref19]). © A

In this work, we present the study of the coherent dy- Q=30mm" ¥
namic structure factorS(Q,w), of liquid aluminum [ .
=1000K) by inelastic x-ray scattering, in a wave-vector re- Q=2.0nm
gion, 0.0%),<0Q=0.5Q,,, of crucial importance as far as A J
the dynamical features of the collective motion are con- Q=10nm"
cerned.

-50
Il. EXPERIMENT Energy shift ( meV )

Our IXS experiment has been carried out at the high- FIG. 1. IXS spectra of liquid aluminum at the indicated wave
resolution beamline ID16 of the European Synchrotron Ravectors. The instrumental resolutionA€ =1.5 meV atQ=1 and 2
diation Facility(Grenoble, Frange The incident beam is ob- nm™ and AE=3.0meV elsewhere. The total integration time is
tained by a backscattering monochromator operating at thabout 500 s for each point.

(hhh) silicon reflections, withh=19,11. The scattered photons

are collected by spherically bended Si crystal analyzerbothh=9,11 energie$21 747 and 17 794 eV, respectively
working at the saméhhh) reflections. The total energy reso- The cell was then placed inside a molybdenum oven in ther-
lution function, measured from the elastic scattering by amal contact with a tantalum foil heated by the dissipation of
Plexiglas sample, has a full width at half maximdRWHM) about 100 W of power. The whole environment has been
of 3 meV for h=9 and 1.5 meV forh=11: this higher- keptin a 10’ mbar dynamic vacuum.

resolution configuration has been useddat 1 and 2 nm?, The IXS spectrd(Q, ), collected at fixed) as functions
where the width of the spectral features starts to be compaf the exchanged energy, are reported in Fig. 1. @Qs
rable to the resolution width &= 9. The wave vector trans- =25 nni %, from the raw spectra we can observe the relevant
ferred in the scattering proces3= 2k; sin(6/2) (with k; the  region of dispersion of the acoustic mode. Initially, the fre-
wave vector of the incident photon arﬁi the scattering quency of the inelastic peaks increases linearly \@ttDe-
angle is selected between 1 nthand 14 nm? by rotatinga  spite an increase wit® of their width, the modes are recog-
7-m-long analyzer arm in the horizontal scattering plane. Thenizable even at the highest wave vectors explored in the
total (FWHM) Q resolution has been set to 0.4 AN A experiment. As expected, the ratio between the energy loss/
five-analyzers bench was used to collect simultaneously fivgain sides of the spectra is ruled out by the detailed balance
differentQ values, determined by a constant angular offset otondition. The quasielastic portion of the spectra, associated
1.5° between neighboring analyzers. Energy scans have betm some still unrelaxed damping mechanism, shows a line-
performed by varying the temperature of the monochromatowidth that increases witkQ, as the characteristic time scale
with respect to that of the analyzer crystals. Each scan tookf such a process suddenly decreases at decreasing the domi-
about 180 min, and each spectrum at a gi@ewas obtained nant wavelength of the observed density fluctuation.

from the average of two to eight scans, depending on the At the lowerQ values, a non-negligible contribution com-
values ofh and Q. The data have been normalized to theing from the empty container scattering is clearly visible
intensity of the incident beam. The liquid aluminum sample(arrows in Fig. 1. This feature basically stems from the in-
(0.999% purity has been kept in an AD; container with  elastic scattering of the sapphire windows. As the longitudi-
optically polished single-crystal sapphire windo@s25 mm  nal phonon velocity in AlO; is more than 10000 m/s, this
thick). The sample length, which for an IXS scattering ex-‘spurious” contribution is beyond the energy region rel-
periment is optimal if coincident with the absorption length, evant for liquid Al and does not significantly affect the main
has been set to 1.0 mm in order to be nearly optimized fospectral features of interest. However, for an accurate quan-

011210-2



COLLECTIVE DYNAMICS OF LIQUID ALUMINUM. .. PHYSICAL REVIEW E 63011210

All the details of the microscopic interactions are now em-
bodied in the memory functioM (Q,t). For the latter, we

0.60
have allowed a two-time relaxation mechanism of nonther-
mal contributions by assuming that
0.301
_D-02 iy
M(Q)=(y—Dwp(Q)e "1+ AXQ)[A(Q)e (@
! +[1-AQ]e V@], ()
a 0.40¢
r?o where 7’s, A2, and A are the time scales, the total viscous
= strength, and the relative weight of the two processes, re-
= 020 spectively. In Eq(3), the first term comes from the coupling
2 between density and thermal fluctuatians=Cy/Cy, is the
9 specific-heat ratio an® ;= «/nC,, the thermal diffusivity,
A 8:(3)8‘_ while the other two contributions describe the relaxation of

purely viscous decay channels. As is well known, for the
latter the familiar viscoelastic model assumes a single expo-
nential decay. However, as already found in liquid lithium
[13,14], this simple ansatz is not accurate enough to repro-
duce the details of the IXS spectra in liquid Al.

Before any discussion of the fitting procedure, we recall

0.15¢

0.00 75 0 7 that the actual scattered intensity is proportional to the con-
1 volution between the experimental resolution function and
Frequency  (ps ) the true (quantum-mechanical dynamic structure factor

S4(Q, ), affected by the detailed balance condition. To ac-

FIG. 2. Selected examples of the fitting procedure. Open circle ; ;
nt for the | r, we hav he followin roxima-
with the error bars are the IXS data; the full lines are the best fit t(%gﬂ_ tfor the latter, we have used the follo g appro a

the data. The shadow boxes indicate the energy windows that have

been cut off in the fitting session. The resolution function is also —Bw
reported(dotted ling. S$4(Q,w)=phol/(1-e 7*)S(Q,w), (4)

titative assessment of the spectral shape at the IQveal-  which connectsSy(Q,w) with its classical counterpart
ues, in the analysis we have excluded the undesired portior{Q, ).
around the AJO; phonons by cutting off the two correspond- ~ Summing up, we used Eq&) and(3) as a model func-

ing energy range&hadowed areas in Fig).2 tion. We modified it according to Eq4) and, finally, we
folded it with the experimental resolution. The result has
IIl. DATA ANALYSIS been utilized as a fitting functioR(Q, w) for the scattered

. o intensity 1 (Q, w):
The spectraS(Q,w) have been described within the
framework of the generalized Langevin equation for the den-

sity correlatorg(Q,1) = (po(t)po(0))/(|po(t)|?): F(Q.0)=E(Q) f R(o—)S{(Qw)do’, (5

t
¢(Q,t)+w§(Q)¢(Q,t)+f M(Q,t—t")#(Q,t")dt’ =0, where the constanE(Q) depends on each analyzer effi-
0 ciency and on the atomic form factor. The parame&iQ)
where and w3(Q) are related by Eq(1), so that the most obvious
procedure would be to put the data on an absolute scale
w3(Q)=[ksgT/mIQ)]Q?=[co(Q)QT>. (1) estimating S(Q) in a fitting-independent way and to fix
w3(Q) accordingly. Consequentlyi) the constanE(Q) in
In these equationsy is the atomic mass3(Q) the static  Eq. (5) would beE(Q)=1, (ii) the only free fitting param-
structure factorco(Q) the Q-dependent isothermal sound eters would be the relaxation times and strengths of the vis-
velocity, andM(Q,t) the full memory function. Recalling cous channelffor the thermal quantitie®(Q) and y(Q),
that the Fourier transform ap(Q,t) is S(Q,w)/S(Q), and  we have utilized theiQ—0 valud. This method has been
introducing the Fourier-Laplace transform of the memorysyccessfully applied in the lithium experiment, where the
function asM(Q,») =M"(Q,w) +iM'(Q,w), the previous 5(Q) has been estimated from the raw spectra utilizing the

expression becomes first two sum rules corrected for finite resolution effectd].
4 ) In the present case, instead, due to the presence of empty cell
S(Qw) 7 0s(Q)M'(Q,w) contributions in the tails of the scattered intensity, an esti-
S(Q)  [w?—w5+oM"(Q,w)]*+[oM'(Q,w)]? mate of the spectral moment would not be reliable. For this

(2 reason, we have chosen to lea€Q) and wé(Q) as free
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FIG. 3. Inset:wé(Q) as free fitting parameter. The full line is g 13 s ..
the expected power 2 behavior. In the main figure, valueS(Qf) < LO 55 10 L T
deduced by the previously determineeb%(Q) as S(Q) [a% oo ¢
:KTQzlmwﬁ(Q). The arrow indicates the thermodynamic value > ¢
of S(0) by compressibility data. ® . 05 : 0 s
0.5 | Q (m) -
parameters. The best-fitted value of the latter quantity has | .
therefore been used to calcul&€Q), putting the data on an et e
absolute scale. 0.0 . , .
Some examples of the quality of the described fitting pro- 0 5 10 15
cedure are reported in Fig. 2, while the reliability of the Q (nm_l)

normalization method is illustrated in Fig. 3, where the inset
reports on a log .scale the pargme@ﬁ(Q). The valu_e of FIG. 5. Relaxation times and,(Q) 7(Q) values determined by
S(Q) at smallQ is seen to be in fair agreement with the the fitting.

thermodynamic valuéarrow) [18].

In Fig. 4, the relative weightA(Q)=4,(Q)/[A,(Q) low Q, which may possibly be due to finite resolution ef-

TLAH(Q)] Is shown. Compared to the liquid Ilthlun_Q.,(Q) N fects. From some algebraic manipulations of E@.and
liquid Al appears to have a faster decrease with the WavE3

tor. indicati h I le of slow feat ), it is possible to infer the relations between the param-
vector, indicating a somenow smaller role ot slow features agq ruling each mechanism and the main spectral features,
finite wave vectors in this system.

In Fig. 5, we report for both mechanisms the relaxationi'e" the peak position and the width of the acoustic mode, as
. ) . well he intensity and the width of th ntral ielasti
times and, in the inset, the quantity,(Q)7(Q), where ell as the intensity and the width of the central quasielastic

) - e contribution. From the inset of Fig. 5, it can be seen that for
@(Q) is the maximum of the longitudinal current correla- the slow process the conditiom(Q)7,(Q)>1 always
tlor]rr?pec;[]ra. teristic ti £ th . _ holds, so that this mechanism contributes mostly to the elas-
d € clargc eristic imer, Oh'l ehmlcrosr?cl)pm PrOCESS ic linewidth rather than to the acoustic mode broadening. On
moderately decreases wit, while t & much 1ongerr, IS the other hand, the fast microscopic process is such that
almost constant, except for an abrupt initial decrease at Ve%(Q)T (Q)=<1 at lowQ, so that in this region it contrib-
y2 = 1

utes to the acoustic damping. However, at wave ved@rs

ok, ' ' ' " >5nm %, one reaches the crossovey(Q)7,(Q)~1, so
A that the fast mechanism drives an effective increase of the
0.20 | o - sound speed toward a limiting, solidlike, instantaneous re-
% o © © sponse. As the weight of the fast process exceeds that of the
o 015 o 00 © o4 . slow one[namely A(Q)<1 in Eq. (3), cf. Fig. 4], the in-
x [ ® ° 0,0 crease of the sound speed basically stems only from the fast
0.10 - . ° T microscopic mechanism, which above the crossover thresh-
0.05 [ . oo ] old is also responsible for the broader tails of the quasielastic
) * .® ° ° portion of the spectrar(,>7,).
0.00 | 2. ) ) ) In Fig. 6, we report thedeconvolutedspectra, i.e., the
0.00 0.25 0.50 0.75 1.00 S(Q,w) as obtained from the fitting procedure, together with
Q/Qm the relative current correlation spectraJ(Q,)

= w?/Q2S(Q,w). The latter quantity plays an important role
FIG. 4. RatioA(Q) between the slow and the total relaxation IN the description of the dynamical features of the system

strength. Full dots(®) lithium, open dots(O) aluminum, both ~ because its maxima are relatedcie- w,/Q, namely the ap-

slightly above the melting point. In order to compare the two sys-parent sound speed of the system.

tems, the exchanged wave vector has been normalized to the static Finally, in Fig. 7, we compare th&-dependent sound

structure factor maximum. speed in liquid Al(calculated as the maximum of the fitting-
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03 ik Both systems are seen to exhibit a clear positive disper-
65 sion effect, i.e., an increase of the sound speed at increasing
4loo the exchanged wave vector. Such dispersion, in ordinary lig-
uids, proceeds between the adiabat@—¢0) limit, cg

0.4

0.0L0.8 -

oo olos =./ycy, and the unrelaxed, instantaneous valog(Q)
5 » =y03(Q)+A%(Q)/Q, whereA? is the total strength of

“loo the nonthermal processes. In metallic liquids, instead, due to
the high thermal conductivity, the conditian,(Q)<D1Q?

0.01-0

04y o "

— holds for Q=0.1nm?%, i.e., in the IXS Q window (Q

» ) >1nm?Y), no region exists where the three relaxation
mQ-' 007 00 e processes—thermad, u—are simultaneously unrelaxed. As
S . : a consequence, the lower and upper values of the sound
N’ o] —_ speed are expected to be the isotherm#lQ) [defined in
/§ 02 v Eq. (1)] and the partially unrelaxed c.
S " ", = i(Q)+A%(Q) +A%(Q)/Q [20] |
A 030k ” =" ~To test the reliability of our model, we finally compared
vy 5 c™(Q) with the theoretical value(0) deduced from the

o NN S structure and interatomic potential d4far,21. In both sys-

0.00L" 010.0

tems, the fitted values af'(Q— 0) slightly exceed the data
for c'(0) reported in the literature. A possible explanation of
this inconsistency may be ascribed to the arbitrary choice of
the memory function shape, which in principle can have
more complicated features than the double exponential an-
satz of Eq.(3). The major drawback of such an assumption
is, indeed, the cusp at=0. It is reasonable to think that an
exponential decay forced to represent a more complicated
time dependence can give an accurate estimate as far as the
FIG. 6. Deconvoluted spectra of the density correlation functionlS concerned, while at short times the lack of a zero second
S(Q,w) (left axi9 and of the current correlation functicfQ,w)  derivative inescapably leads to an overestimateVig{Q,t
(right axi9 as obtained from the fit. =0), the positive dispersion amplitude. A similar effect, i.e.,
the overestimation of the,.(Q) deduced by the fit, has also
deconvoluted longitudinal current correlation function been observed in liquid lithium, where the same memory
[J(Q,w)=w?/Q?S(Q,w)] with the one previously deter- function has been adoptédi4].
mined in liquid lithium. Suitable reduced unitselocities
normalized to their r'espective isothermal values, wave vec- IV. CONCLUSION
tors measured in unit®,,) have been adopted.

0.8 Ol 4.0

0.4 2.0

00laoH .00.0

Frequency shift (ps")

In this work, the inelastic x-ray scattering technique has
been utilized to study in detail the main features of the mi-
croscopic dynamics in liquid aluminum in the mesoscopic
momentum region Q~1—15nm’Y), i.e., the region in
which the collective properties are dominant. Aluminum is a
system where the investigation of the dynamics using the
well-established inelastic neutron scattering technique is not
possible. The present IXS experiments allowed for the deter-
mination of the pattern of relaxation processes entering in the
density-density memory function, and therefore affecting the

L spectral shape of the dynamic structure factor. Specifically,
01 02 03 04 05 06 the high quality of the data allows us to identify uniquivo-

Q/Q cally the presence of three distinct relaxation processes. The

m first one—the usual thermal relaxation—is associated with

FIG. 7. Effective sound speddots of aluminum(full symbolg the cpupling between d_ensity and er)ergy quctuations: As in
vs lithium (open symbols Data have been scaled Ky, , the first alkali metals, although its relevance is rather small, this pro-
sharp diffraction peak, anch(0), theisothermal speed of sound in C€SS cannot be neglected; more interesting, it plays a role that
the hydrodynamic limit(cs = 4450 m/s;cA'=4700 m/3. co(Q) is IS different with respect to the ordinary nonconducting lig-

also reported_v_) together with thg:x(Q) values determined by uids. Much more im_portant i_S the unambiguous evidence of
the fitting (-A-) and by the pair distribution function and inter- two well separated time scal@sthe decay of that part of the

atomic potential(lines). The lines connecting the symbols are memory function that is associated to the generalized viscos-
guidelines for the eyes only. ity. In particular, the present experiment proves that the tra-

=0)

=
(=

Sound Speed / ¢, Q
=

e
=

o
=
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ditional description of the generalized viscosity by a singlerelies on the normal-modg€‘instantaneous” in normal lig-
time scale(viscoelastic modelcannot account for the de- uids) analysis of the atomic dynamif¢24], an approach that
tailed shape o5(Q,w), and that it only provides a qualita- works correctly in the limiting case of “harmonic glasses.”
tive description of the microscopic dynamics in liquid met- In this case, one uses a framewddynamical matrix, etg.
als. formally similar to the one customarily adopted for harmonic
The presence of two time-scale decays of the memorgrystals; however, due to the lack of translational symmetry
function poses a question of crucial importance: namelypf the system, it turns oUi22] that the eigenstates can no
what is their physical origin and, most important, which islonger be represented by plane wayB%V's) even at rela-
the fast one? tively small wave vectord25]. A scattering experiment,
The slow process, making use of the terminology used tavhere Q is fixed, is equivalent—via the fluctuation-
describe glass-forming systems, is related tod#relaxation  dissipation relation—to a response experiment, where one
that, in systems capable of sustaining strong supercooling, studies the time evolution of the system aftesiausoidal
responsible for the liquid-glass transition. From a more caperturbation(with period 27/Q) is applied to the system
nonical point of view, this process can be framed withinitself. In the case of measuring t8%Q, w), the applied per-
kinetic theory in terms of “correlated collisions”: in mode- turbation is a density fluctuation. As the PW'’s are not eigen-
coupling approaches, the onset of these correlation effects &ates of the disordered systems, the initial perturbation can
traced back to the coupling to slowly relaxing dynamicalbe projected along different eigenmodes, each one evolving
variables, and specifically in the liquid region to long-lastingin time with its own frequency. As a consequence of this
density fluctuations. The quantitative description of thisfrequency spread, the energy initially stored in the P&/
“slow” time scale requires a full evaluation of the mode- laxestowards other PW’s with differen® values. This pro-
coupling contribution at different wave vectors, which is be-cess is exactly what one would expect in the presence of a
yond the aim of the present work. relaxation process, and its characteristic time is determined
As far as the fast process is concerned, the situation iBy the projection of the system eigemodes on the PW basis
more confused and its interpretation is still a matter of de{Fourier transform of the eigenvectpr§Ve deal, therefore,
bate. This is particularly annoying because—as shown in thisvith a mechanism whose ultimate origin is the topological
paper for liquid aluminum and as demonstrated in the case afisorder, and not a truly dynamical event. Ordinary liquids
liquid lithium—the fast process is indeed more relevant thar(such as the one considered heaee certainly “disordered
the slow one: it largely controls both the sound velocity dis-systems” and at the high frequency considered hese,(
persion and attenuation in the mesoscdpicegion. Histori- ~ >1) they can be considered as “frozen”; therefore, the de-
cally, within a generalized kinetic theory approach, the fasiscription used for glasses can be applied as well. Obviously,
initial decay of the density fluctuation memory function is the “harmonic approximation” and the residual effect of the
traced back to collisional events, which are fast, short rangdinite value of wr prevent the “quantitative” application of
and, more important, uncorrelated among each othershe previously described formalism to the case of normal
Within this scheme, the short time scatg turns out to be liquids. However, we expect that—on a qualitative basis—
associated with the duration of a rapid structural rearrangethe fast relaxation process in liquids can be described in term
ment occurring over a spatial range27/Q,. Although this  of “high-frequency vibrations” (that are a strongly corre-
description of the fast process in terms of uncorrelated interlated atomic motiop and this point of view appears to be in
particle collision is a possible way to qualitatively accountcontrast with the(uncorrelated binary collision based de-
for the dynamical features at short times in liquids and densscription.
systems, it seems to be unable to account for similar results At the present stage, the experimental data cannot support
obtained in glassef21-23, where thecollectiveaspect of either interpretation. However, the possibility that the phe-
the dynamics cannot be neglected. nomenology reported here for a simple liquid can be under-
A possible, and different, approach to describe the initialstood within the same mental framework developed for more
fast decay of the memory function in dense fluids and liquidscomplex liquids and glasses is certainly appealing.
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