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The evolution of the dynamic structure fact(q,w) of liquid Ne with exchanged momentui and
frequencyw has been studied by inelastic x-ray scattering inghrange extending from 0.3 to 1674, i.e.,
covering the whole transition region from the collective regime to the single-particle one. The values of the
first three spectral moments are extracted from the experiment either by direct line shape integration of the
spectra or as a result of line shape best fitting proceduresqTdependence of different ratios constructed
using the measured spectral moments clearly shows the transition from a classical regime, characteristic of the
low-q macroscopic limit, to a quantum one, reached in the ljghicroscopic limit. Moreover, direct infor-
mation on the values of physically relevant parameters such as the mean atomic kinetic energy and the kinetic
structure function is derived.
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[. INTRODUCTION third-generation synchrotron sources have allowed for a suc-
cessful experimental study of a classical liquid system, liquid

The study of the microscopic dynamics of quantum fluidsLi, over a broad ¢, ) range extending between the hydro-
has been so far a typical domain of the deep inelastic neutrotiynamic and the single-particle regim@s.
scattering DINS) technique, which investigates the so-called  In the present paper we follow the same route to study the
impulse approximatiolA) region? In this extreme portion atomic dynamics of liquid Ne, the prototype system for
of the g-w plane the interaction time between probe andweakly quantum liquids. More specifically we study, as in
target is so short that the investigated dynamical process ke case of L1 the entire evolution of the dynamic structure
basically the free recoil of the target particle after the colli-factor between the hydrodynamic and the single-particle lim-
sion event. Under these conditions the spectral density caits, thus extending towards lowgivalues the range explored
ries direct information on the single-particle initial momen- in previous neutron measuremefits:*In particular, we fo-
tum distribution. Many systems have been studied in thigus our attention on the derivation of a typical single-particle
extremely-highg regime using DINS, among them being parameter as the mean atomic kinetic enérgy this re-
“He .2 H,,® pyrolitic graphite* simple metals,and HS.° spect, it is worthwhile mentioning a recent IXS stufigim-

On accessing to lower and lowgls andw’s, the interac-  ing to investigate the quantum effects on the dynamics of He
tions of the target particle with its neighbors have an increasat low and intermediate’s. There, a method was presented
ing weight which becomes dominant close to the hydrodywhich, based on the study of tigedependence at low’s of
namic regimé€. In this regime, the spectral density is the spectral moments, provides quantitative information even
dominated by the characteristic features associated with th@n single-particle properties such as the mean atomic kinetic
propagation of longitudinal acoustic modes and to the diffu-energy. Such a quantity is indeed usually derived from high-
sion of heat. g experiments in the framework of the impulse approxima-

In general, it is very demanding to explore, on the samdion. Here we propose an extension of that work which can
sample, the wholed, w) transition region extending be- be logically split into two steps. The first step consists of a
tween the single-particle and hydrodynamic regimes mainhgtudy of quantum effects in liquid Ne in the logvrange,
owing to the lack of a single spectrometer allowing one toexploiting the aforementioned technique of spectral
cover the whole dynamic range of interest. moments:® As a second step, we analyze IXS spectra col-

Recently, a technique complementary to inelastic neutrotected at highg’s, where the impulse approximation starts to
scattering, inelastic x-ray scatterin@XS), has been thor- hold, and the spectral moments are derived using a method
oughly employed to study the atomic dynamics in liquids inalready used in neutron scatterifigef. 14 and IXS (Ref.
the region where the longitudinal acoustic modes still have 47) data analyses. The entire analysis then covers a ljoad
propagating naturg.In an IXS experiment the scattering range and allows us to discuss how quantum effects differ-
cross section is proportional to the dynamic structure factoently affect collective and single-particle features character-
S(g,w), just as in acoherentneutron scattering experiment. istic of the low- and highg limits, respectively.

Moreover, as compared to neutron scattering, the IXS tech-

nique can cover a Iarge_r d_yn_am_lcal range at tq)vhanks to Il EXPERIMENT

the absence of kinematic limitations in the scattering of pho-

tons from matter. At highg’s, conversely, IXS suffers from The experiment has been carried out at the very-high-
the intrinsic limitation of a weak cross sectidsee Sec. energy-resolution IXS beamline ID16 of the European Syn-
[l1A). Nonetheless, the x-ray fluxes available nowadays athrotron Radiation Facility. At this beamline, a high-
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resolution Si monochromator in close to backscattering B. Setup II: The high-g region

geometry is used to monochromatize the synchrotron x-ray | this region, less stringent requirements on both the en-
beam used in the scattering experiment. The radiation sca\g,—rgy and the momentum resolutions can be accepted. The
tered by the sample is then collected in a spectrometer armqjator source was tuned to the energy corresponding to
which can be rotated around the sample stage, thus selecting, g; (9,9,9 Bragg reflection for the monochromator, i.e.,
the scattering anglé and consequently the exchanged waveg — 17 793 keV. The spectrometer is a 2.5-m-long arm
numberq, being q=(4m/\)sind/2, where\ is the wave-  \hich can be rotated in the vertical plane up to a maximum

length of the incoming x-ray beam. The analysis in energy Ofscattering angle 0f=130°. In the present experiment, this

the scattered radiation is achieved by means of spherical $i,5 z110wed us to investigatg values up to 16 A, This
analyzers which are used at the same reflection order as t%rtical arm is equipped with a single analyzer.
monochromator and which focus the radiation onto Peltier- This setup(experimental setup i as compared with the

cooled Si diode detectors. The energy scans are performege \seq for the lovgr region, is characterized by a higher
by scanning the temperature of the monochromator with régp 16 flux on the sample and an overall instrumental reso-

spect to that of the analyzer. The beamline is described i tion of 6.9 meV EWHM. The latter has been obtained ex-
further details elsewheﬂé.leferent reflections for mono- erimentally from the spectral density of a liquid nitrogen
chromator and analyzer and different spectrometer arms,mnie measured at the temperature of 66.4 K, pressure of
were used in order to optimize the setup in the low- andy 55 har andj~1.9 A1 (close to the first sharp diffraction

high-q regions, respectively. _ eak, where it behaves as an almost elastic scaff®er
. The thermodynarmc point at Wh'Ch the measurements O;gver the energy transfer region spanned in a typical high-
liquid Ne were carried out is defined by a temperature Ospectrum 90 meV<fiw=145 meV).

(27.6-0.1) K and a pressure of (1.2) bar, correspond- In this case the sample cell was a 7.5-mm-internal-

ing to a density 0f~0.0358 atoms/A*® diameter 0.25-mm-thick Plexiglas tube. Each spectrum
lasted from 130 to 540 min, depending on thealue.

For both the low- and higly experiments, the intensity
_ ) _ o scattered by the empty cell was measured and subtracted

In this region a high resolution in both energy and mo-from the spectra. Corrections due to multiple scattering con-
mentum is required. The undulator source is tuned to thgipytions, depending on the details of the sample shape and
energy corresponding to the §i1,11,13 Bragg reflection  gpectrometer optics, have been estimated following a proce-
for the monochromator, i.eE=21.747 keV. The spectrom- qyre similar to the one already described in the literattre.
eter is a 6.5-m-long arm which can be rotated in the horizongjnce they were found to be less than 2%, they have been
tal plane. Five independent analyzers are mounted in thgeglected. This consideration makes us confident that, once
spectrometer arm, at a constant angular offset one from thgye empty cell contribution is subtracted, the measured spec-
other, so to allow for the simultaneous collection of five 53 gre proportional to the convolution &q,®) with the
spectra at differengi’s (experimental setup)| experimental resolution functiofsee Sec. Ill A

The instrumental resolution has been obtained by measur- Examples of typical raw IXS spectra are reported in Fig.
ing the spectral density of a Plexiglas sample & @alue 1) for the low-q configuration and in Fig. (b) for the high-
corresponding to its first sharp diffraction pealq (g one. Notice the asymmetric shoulders in the lgvepec-
~1 A™%). In this configuration, the inelastic signal can in- trym arising from propagating density fluctuations. In the
deed be considered to be completely negligible as compargflsets, the same spectra are reported on a logarithmic scale.
to the resolution-broadened elastic one. The obtained resolthe vertical dashed line marks the zero-energy transfer po-
tion profile has an almost Lorentzian shape with a full widthgjtion. A larger selection of measured spectra showing the
at half maximum(FWHM) of (1.5+0.1) meV for each of eyolution withq and the corresponding points of the struc-
the five analyzers. The resolution was set to 0.035A ture factorS(q) (Ref. 22 is reported in Fig. 2. Ag| is in-
FWHM. Theq range studied using this configuration extendscreased, the spectral line shape progressively transforms to-
from 0.3 to 3.05 A, thus including the region of the first \yards a single featureless band whose position moves

sharp diffraction maximum ag,~2.35 A"* for liquid Ne.  systematically towards higher energy transfers.
Each spectrum was obtained by summing up three energy

scans, extending typically from 20 meV to 35 meV and |Il. THEORETICAL BACKGROUND AND DATA ANALYSIS
lasting about 200 min each.

The Ne sample was condensed in a cylindrical hole
drilled in a copper plate and enclosed between two single- In an IXS experiment, the probe-target interaction occurs
crystal diamond disk$0.5 mm thickness and 4 mm diam- via the electromagnetic coupling between the incoming x
eten which are the windows for the incoming beam and forrays and the electrons of the target system. At small ex-
the (almos} forward-scattered radiation. The distance be-changed energies the spectrum of the scattered x rays reflects
tween the two diamond windows, i.e., the sample lengththe dynamics of the electrons which follows adiabatically
along the beam, was 10 mm, which roughly matches thehat of the nuclef® Specifically, for the case of a monatomic
photoelectric absorption length of Ne at the considered entarget system, the nonresonant IXS cross section per unit
ergy. The sample holder was kept under vacuum and in theexchanged frequency interval and unit solid an@lean be
mal contact with a closed-cycle cryostatic refrigerator. written as?®

A. Setup I: The low-q region

A. IXS cross section
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B. Spectral moments

Let us define the spectral moment&({fg, ») of ordern as

ﬁ”(wn>:hnjiﬁw”8(q,w)dw. 2

Tntensity (kcounts/180s)

The first two moments are the zeroth spectral moment yield-
ing directly the structure factor

0.01
TiE3

J1E4
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fio (meV)

(@)= [ Sawdo-sa, €

and the first moment which is given by the well-known exact
f-sum rule, which yields

Intensity ( kcounts/80s)
=]
(¥'S)

2+2

04 . o N _ _
-100 -50 0 50 100 fi{wH(a))= 5y =fior. 4)
hw (meV)
, Here, M is the mass of the target atom aag the recoil

FIG. 1. The panels report two typical IXS spectra collected atfrequency. The first moment obviously vanishes in the clas-
low and highqg (upper and lower panels, respectivelyhe raw data  gjcg] limit.
(opep circle_$ are plotted vyith the best fit line shapésolid Iine_s) While in principle both these moments can be used to
obtained using the model in Eqd4) and(18) (upper panglandin = hormalize the scattering data, in the following we will
Egs.(21) and(22) (lower panel. The two inset pictures report the adopt—for the lowg data—the normalization based on the

same data in logarithmic scale. first moment since this procedure requires only knowledge of
the atomic masd. The highg data @=6 A1) will be
o ’ 5 Ki ) conversely normalized to the zeroth moment, namely to
Twaq —Folei- e E|f(q)| S(q,@). (D) unity since, at thesq values, the incoherent approximation
can be considered to be valfiti.
Moreover, following Ref. 25(see also Ref. 26we can
easily write down an explicit expression for the second-
moment ratioR,(q),

Herer, is the classical electron radiue,andk are the po-
larization and wave vector of the incidetsubscripti) and
scattered(subscriptf) radiation, g is the wave vector ex-

changed by the incident photon in the scattering process, 2(0?(q)) 272
f(q) is the atomic form factofgiven by the space Fourier Ry(Q)=——=hw[2-S(q)]+ —D(q), (5
transform of the atomic electronic density distribuioand h{w'(q)) M

S(g,w) is the dynamic structure factégiven by the space-
time Fourier transform of the atomic density-density correla-
tion function. It is easy to recognize that, in the considered

where the kinetic structure functidd(q) can be written &

. M (4
energy range, the IXS cross section has the same structure as D(q)=—|5(KE)+A(q) (6)
the coherent neutron scattering dfle. 2|3
lowq — & g=1554" & gq=23A&"
gq=54" ; go q=3.054&"
°g
4 % <10 0 10 20 -10 10 20
g % ho (meV) ho (meV)
0 0 10 e . . . . -
ho (meV) 254 o ey FIG. 2. The central panel reports the static
20]} i structure factor as obtained through E8). from
direct integration of the IXS spectral intensity
o 159 . L . . .
= /\ (open circles and from a neutron diffraction
1011 &7 \,/A\.r 1 y i measuremensolid line, from Ref. 22 The plots
054 - around the central one give a schematic overview
00 M ; s of the overallg evolution of the IXS spectral den-
"0 2 3 6 8 ( &1 2 14% 16 sity for some representatives.
o =6A } o =
g%q 53% q_mAL q= 14Aﬁ%
A A U f =S
kD 20 g i\i } " NP o
3 w (meV) ” A (meV)
hlgh q— % hu)o( n-e\?;o) b ha)o( meV )50
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Here (KE) is the (quantum mechanically corrgcaverage Herep is the number density ardis the Cartesian coordi-
single particle kinetic energy, antl(q) (Ref. 27 denotes a nate along the axis parallel th While Q2 vanishes at high
purely quantum contribution due to correlations between dif; the quantityQ? is a constant generally referred to as the

ferent particles which is given by square of the Einstein frequency of the fluid. As a conse-
1 quence,
A(@)= | 2 pipjcogq-ry) (7)
NM \ & FiF W lim [R4(q) — 4% (KE) — h2w?]|=%2Q3,
q%oc

Here, the sums run over tidatoms in the systenp; being
the momentum of théth atom andr;; the distance between limR;(q)=0.
theith andjth atoms. ObviousiR,(q) can also be defined q—0

in the classical limit, Eq(5) being in this case Obviously the ratidRz(q) cannot be defined in the classical

< 2(q)> limit.

RS(q)= 2M——<KE>C 2KgT. ®)

C. Low-q region line shape

Here,_(KE}C_ is the classical kinetic energy. We notice thatin  The model line shape adopted in the lgqwegion analy-
the highq limit, since A(q—x=)=0 andS(q—x>)=1, we s is based on the classical viscoelastic model for ligffids,

have following which
lim [Ro(q) — o] = —(KE) ) (4, 0) = Sul(@) > wgr(0%— wp)
3 ' y0)= - ;
- ) VT [ra(0r— o) P (0P 0))?
while, in the lowsq limit, (14
252 4 where, w%, andw? are threeg-dependent parameters rep-
lim R,(q)= ———D(0)= = (KE)+ A(0). (100  resenting the generalized Maxwell relaxation time and the
40 M 3 zero- and infinite- frequency limits of the acoustic frequency,

respectively. In partlcularcpo andw? are related to the spec-
For a moderately quantum fluid such as Ne in our thertral moments 0fSc(q, ») by?®
modynamic conditions we can neglect exchange effects by

treating the atoms as distinguishable Boltzmann partftles, =,
thus obtaining f_mw Sc(q,0)dw
wi=— , (19
limRy(q) = lim RC(q)——<KE>C 2KegT. (1) f ®?Sc(0,0)dw
q—0 q—0 o
Finally, using the expression of the third spectral moment f“’ ©?Se(q, o)
derived under the assumption of a pairwise additive inter- , J-=
atomic potentialg(r), we can also define a third-moment E——— (16)
ratio Ry(q) given by® j Sc(g,w)dw
3/,.3
Rs(q) = M The detailed balance asymmetry of the spectra is taken

i{w*(q)) into account by assuming that the imaginary part of the “cor-
-~ 2 2,02 2 rect” susceptibility xy,(9,w) of the quantum case is well
= (hwg)*+4(h o )(KE)+ 4% ), (12 represented by that corresponding to the classical model, Eq.
where Q3 and Q2 in Eq. (12) can be explicitly written in  (14), xc(d,), thus obtaining
terms of the pair distribution functiog(r) and the pair po-

tential ¢(r): Xe(q,0)= (q,)=xu(q,w)

2

P - - 0 -
2a=jy | oneota-n 2z endr, =g[1+n<w>]flsM<q,w>, a7

and therefore

2_ 2_ P 4 >
QO_(LITOQ“_MJ g(r)—ﬁzzﬁb(r)dr
Su(d, @)= [n 0)+1]Sc(q,w), (18

p
=gy (V2e(). (13

wheren(w) is the usual Bose-Einstein population factor.
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This assumption, usually referred to as the high- 4 _
temperature susceptibility limit, introduces a relationship be- M2=§ﬁwr<KE>:ﬁwr lim[Ry—fi o, ],
tween the odd moments &y,(q,») and the even ones of a—e
Sc(q,w): 2 ; 2
us=13w Q5=tw, lim[R;—4hw (KE)—f%w!],
© h © q—
f @ISy (q,w)do=5—| ©’"Sc(q,0)do.
. 2KgT ) = - 5ot
19 ~
19 Ha= (Fy+ VTRE (23

This implies in particular that, within the accuracy of the

2 ; -
model, the parametes, can be used to obtain the moment Here a4=<p3>—3<p§> and F and p, are the components

ratio Ry, being, forn=2, alongq of the force acting on the atom and of its momentum,

respectively. It is evident that whilg, yields directly R,,
0*Se(q, 0)dw the parametejus can be used to yield an experimental de-
— 2 termination forR; once the kinetic energy is derived from
Ry=#2 =h? 20
s B e (20 o and recalling that in the incoherent |inm§=0.
f »?Se(q,0)do

oo

E. Fitting procedure

D. High-q region line shape The experimental data have been fitted using?amini-
mization and accounting for the experimentally measured in-
strumental resolution functioR(w), a constant background
B and ag-dependent intensity factdx along with the appro-

. L ) . “priate model line shape. In practice we have used the follow-
ticle after the collision with the probe has no time to experliag function: P P

ence any interaction with its neighbors. Clearly, before this
extreme limit is reached, the struck atom does not stream _

freely because the interactions with its neighbors still have a f(q,@)=A-R(0)®S(Q,0) +B, (24
role which is not entirely negligible. In such a case, the dy-yhere  indicates a convolution integral ar®(Q, w) is a
namic response does not simply mirror the initial-state moy,odel for the dynamical structure factor.

mentum distribution, as in the IA regime, and the so-called |, particular for the spectra collected using the Iqw-
final-state effects have to be considered. From a theoreticgletup(”, i.e., forq=3.05 AL, we have used the quantum-

point of view different approaches can be followed to handle, racted viscoelastic mod8,(q, ) of Egs.(14) and(18),
the final-state effect contributions in tt®q,»). Hereafter with A, B, 7, 2, andw? as free fitting parameters, while for
we deal with the so-called additive appro#tivhich stems the sp'ec'tra’ C(())I’Iected Tjsing the highsetup(ll), | e’ for g
from a cumulant time expansion of the intermediate scatter= ¢ -1 \ve have used the cumulant expansi’or.1 (')’f )
ing function. Retaining only the first three leading terms ofand (22)’ with A B, @, , pp, ws and u, as free fiting
such an expansion and after Fourier transforming, the fo'baramet’ers P T B S 4
lowing formal expression can be obtained: '

As previously stated, at high-values the 1A regime is
reached asymptotically. In this approximation the target dy

S(q,0)=Sg(q, ») + Sy(q, ») + Sy(q, ), (21) IV. RESULTS AND DISCUSSION
: o . I Two examples of best fit line shapes for low- and high-
whereSg(q, ») is the dominating Gaussian contribution and gpq 14 are reported in Fig. 1. In the two insets we also report
S1(g,w) andS,(q, ) are the first two correction t€rms ex- he same figures in logarithmic scale in order to put emphasis
plicitly given, in the incoherent approximation limit, by on the quality of the fits even in the tails of spectra.
The best fit line shapes have been used to extract by nu-
merical integration the first and second spectral moments
' which, in the lowg region, are not directly related to the
model fit parameters. The integration is performed directly
on the model function as shown in Fig. 3 where we report,

ﬁzwg

1
Sel0)= N2 o ex;{ - 22

M3 203 for a typical spectrum, together with the experimental spec-
S1(q,w)=— 8_M2ﬁ“’d 1- 31, Se(q, @), trum and its best fit functiofiFig. 3@)], the deconvoluted
2 model function obtained from the best fit parametdts.
3(b)], and the cumulative integral of order[Fig. 3(c)] as
2h%wh hiwg iven b
HMa d d g y
S(q,0)= ——| 1- + - . (22
8us M2 315S6(d, @) N
| =ﬁ2f 2S,(0,0")do’. 25
Herew§=[(w—wr)2] and u, 3 4 are given by (@) Y u(@ @) do @9
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o 05 . FIG. 4. The experimental values [dR,— % w, ] (solid circles of
;’z the low-q IXS spectra obtained from direct intensity integration are
reported together with the corresponding values at hjgitained
o~ 0.0 from the fitting parameter, using Eqs(23). The solid and dashed
‘é’ 8- T horizontal lines represent the logvelassical expectation (sT)
P N ) / ] and the highg one (4/3KE)), respectively. In the inset the best fit
-g / values of the parameter, of Egs.(21) and(23) (open circlegare
= 44 / ] reported together with the parabola which best fits tigettepen-
’é 5] // i dence, as from Eq$23).
_ A
0 T T T T T .
-20 -10 0 10 20 30 .
deed, using the values 08(q) known from neutron
ha(meV) diffraction?? we can extract from our data the functibr{q)

from Eq. (5) as reported in Fig. 5. To our knowledge, this is
the first experimental determination of the kinetic structure
function. The general features of this function—namely, a
peak at about half of the position of the diffraction pegk
and a pronounced shoulder arougg—are in agreement
with path integral Monte Carlo simulations of superfluid
helium?’

The evaluation of the third-moment ratio does not require
numeric integration. In fact, as already stresggd. (20)],

FIG. 3. (a) The IXS spectrum aj=1.55 A™* (open circlep
together with its best fit line shapsolid line) obtained by using
Eqgs.(14) and(18) (total number of counts is reportedb) The best
fit model (resolution freg line shapeSy,(q,®), corresponding to
the same spectrum as {g), obtained from Eqs(14) and (18). (c)
shows, in arbitrary units, the cumulative integrg{w) of Eq. (25).

The figure shows that, in the investigated spectral range, thi o
integral reaches its convergence value. Br the low-q spectra knowledge of the best fit line shape

As already said, the values of the first moment have beeﬂarameterwi of Eq. (14) provides a strai_ghtforwarq deter-
used to normalize the measured spectra usind-suen rule. mination of R$(q): The V.a'“?‘s forR; obtained in this way
In Fig. 2 we show the reliability of this normalization com- are report(_ad in Fig. G.SOI'd C|_rcle5). For what concerns t2he
paring the values obtained from the integral of the normal19N-d region, Ry(q) is dominated by the trivial fw)®
ized spectra with the structure fact&(q) determined by tgrm. In th|s.r§1nge, a more senS|b_Ie quantlty to |9°k at is
neutron diffractiort2 directly the fitting parametep;, which is reported in the
Using the second-moment values obtained from the nor-
malized spectra at lowg, we can construct the second-
moment ratio which we report, after subtraction of the recoil
term%w,, as a function ofy in Fig. 4 (solid circles together
with the corresponding high-values(open circleg directly
obtained from the fit parameteys, [see Eq.(23)]. In the

TABLE |. Average kinetic energy values for Ne at different
thermodynamic pointécolumn 3 obtained from neutron scattering
experiments and from the present wdl&st row). The correspond-
ing values forV2¢(r) are also reported.

. se e 7 p (KE) — (V2¢())  Re.
same figure we also repds the solid line and dotted line (K] [ atoms/nrA] (K] [meV A-2]
the low- and highg limits of [ R,(q) — A w,] given by KgT
and 3(KE), respectively. The quantum value ¢KE) has 26.9 36.3 48.220.9 - 11
been obtained by fitting the predicted dependence of:, 25.8 36.3 52.83.7 - 12
(see inset of Fig. ¥ from which we obtain(KE)=51  35.1 34.6 69.6:4.7 - 12
+3 K which nicely compares with the results of previous 35.3 31.7 66.43.3 - 12
neutron measurements reported in Tabtet? 27.0 35.8 - 280+ 70 13
Figure 4 clearly shows that the experimental data fors.g 36.7 52521 350+ 40 14
R,(q) — % w, satisfy both the predicted low- and highlim- 258 36.7 52925 372+43 15
its. Both S(q) and D(q) are responsible for the complex 276 35.8 543 280+ 40 This work

behavior of R,(q) —%w, in between these two limits. In-
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-1
FIG. 5. The values obtained for the kinetic structure function 4 (A )
D(q) using the data of Fig. 4 together with literature deRaf. 22 FIG. 6. The experimental values &; (solid circle3 are re-
for the static structure factd®(q) through Eq.(5). Note the pres-  ported as a function of; the dotted line represents the theoretical
ence of a peak iD(q) at about half of the value of the first peak expectation worked out from E€L2), as specified in the text. In the
positiong, in the S(q) and a pronounced shoulder around. inset the best fit values of the parametey of Egs.(21) and (23)
(open circley are reported together with their theoretical expecta-
tion (solid line) as well as with the values obtained previously using
the (V2¢(r)) values from Refs. 13dash-dotted line and 14
inset of Fig. 6(open circles We can directly compare the (dashed ling For both theR; and u; cases, the obtained values
obtained values fop; with the theoretically predicted ones agree well with their theoretical expectations.
for ﬁ%,QS. These have been computed by numerical inte-
gration making use of the Aziz potenflibnd using they(r)
obtained from Fourier inversion of literature neutron struc-

ture factor dat&? The results of this calculation are reported good agreement with previous DINS measuremé&hnt¥,

in the inset of Fig. Gfull line). The good agreement between hys confirming the validity of the inelastic x-ray scattering
the experimental and theoretical values indicates the re“ab'k‘echnique in studying the higi-dynamics of simple sys-
ity of the calculatedQ3 value Qy=4.3 me\j. Using the tems.

calculated values of(35—Q7) and the(KE) value previ- More importantly and thanks to the possibility of investi-
ously determined from the dependence of the parameter gating also the intermediatgrange, we were able not only
M2, We can also reconstruct the entire behaviorRa{d)  to follow the progressive departure of the line shape from the
which is reported in Fig. 6 as the dotted line. Also in this classical towards the quantum regime, but also to derive an
case, the results of the calculation agree well with the indemportant quantity such as the kinetic structure function
pendent lowg determinations oR3(q). These two compari- D(q). This has been accomplished by studying draepen-
sons clearly show the reliability of the determination of thedence of different moment ratios. In particular the third-
spectral moments with both line shapes used in the spectrghoment ratio is found to agree fairly well with the theoreti-
range of validity of the models. In the inset of Flg 6 we a'SOCa| predictions based on a pairwise additive potentia|
report the values obtained previously using % ¢(r))  assumptiod and on neutron diffraction data for the structure
values from Refs. 18dash-dotted lineand 14(dashed line  factor?” This agreement gives confidence not only in the
For both theR; and 3 cases, the obtained values agree wellyalidity of this assumption, but also in the experimental

with their theoretical expectations. methodology that we have adopted. The second-moment ra-
tio is found to satisfy the correct low- and highlimits, and
V. CONCLUSIONS the transition from a classical long-range behavior to a quan-

tum short-range behavior is clearly observed in ghenge
In conclusion we have presented an extended inelastighat we have accessed to.
x-ray scattering study of the evolution of the dynamic Considering the fair overall agreement between theory
structure factor of a moderately quantum fluid such as liquithng experiment and the possibility of accessing experimen-
neon which ranges from the quasihydrodynamic regime URg|ly a new dynamical quantity such as the kinetic structure
to the single-particle one. function, we are pursuing the project of a combined

We have shown that the dynamic structure factor can bgjmuylation-experimental study to be performed on the same
successfully described using a viscoelastic line shape modglantum system.

at lowq’s and an impulse approximation model corrected for
final state effects at high'’s.

From the line shape analysis of both Iqw- and htgh— ACKNOWLEDGMENTS
spectra we were able to extract several physically meaningful
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