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Low-frequency dynamics and medium-range order in vitreous silica
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Brillouin and Raman scattering experiments have been performed on vitreous silica samples in order to
check the validity of several models proposed for the interpretation of the low-frequency part of the Raman
spectrum of glasses including the so-called “boson peak.” Samples of various origins, various fictive tempera-
tures, and impurities contents as well as irradiated silica have been considered. It is demonstrated that the
softening of acoustic modes responsible for the variation of the location of the boson peak maajfpuis
not fully accounted by the variation of the sound velodity This indicates that the characteristic length
(related toV and w4 in several modelsis not a constant. Moreover, a clear quantitative correlation between
the hypersound attenuation of the phonons and the low-frequency Raman intensity is evidenced.

[. INTRODUCTION tion between the boson peak and a structural characteristic
length/ of the glass:
In the last 20 years most of the discussions concerning the
physics of glasses were devoted to the understanding of the 2 AV
low-frequency modes in the range of energies lower than 100 Omax= 7 1)
cm~ L. In this frequency range the two dominating features ’
are the so-called “quasielastic light scattering excess”
(QLSE) (below 1 me\=240 GHz=8 cm™1) and the strong Wherewy, is the frequency of the maximum of the BPjs

broad line around 50 cm! usually called the “boson peak” the sound velocity, and\ is a constant, depending on the
(BP). model, but generally close to 1. In cluster mod@Is? this

characteristic length may be identified with the cluster size
Fndwmais a typical vibrational frequency of the clusters. In
[Elliot or Klinger**>*®models where phonons are localized by

The two-level tunneling systerh (TLTS's), previously
introduced as responsible for the low-temperature behavi
of many physical properties, have been extended to help u

derstand the QLSE.However, a very-low-frequency light disorder,/” has the meaning of a Iocal|zat|o_n Ie_ngth. .
scattering study in silica at low temperature shows no evi- The low-energy contributions of the relative intensities of

dence of a direct relationship between the observed scatteré’éb rational and relaxational states are temperature and com-

. : A position dependerit. Most debates also concern the connec-
mtensny and th'e. TLTS.Of the glassy sté’rA.generahzat!on tion between dynamic and structural aspects as the so-called
to localized entities acting roughly as anharmonic oscillator

introduced n the Soft model S simul Sirst sharp diffraction peak®~2°All these properties concern
was next introduced in the solt model approaciimulia- o medium-range order which is still one of the most chal-

neously, a description in terms of relaxational modes waggnging problems in glasses. One possible way to induce
developed mainly in order to explain neutron and inelastiGyqgifications of the medium-range order without changing
light scattering. At higher energies, in the frequency range the short-range order is to study the effect of preparation
(5-100 cni?) of the boson peak, vibrational modes are conditions for a fixed chemical composition. This allows one
dominant. The temperature dependence of the spectra {§ change significantly the physical properties without large
mainly determined by the Bose factor, which eliminates thechemical variations. For example the influence of the cooling
trivial temperature dependence. Based on minimal assumpate can be studied by comparing glasses of the same com-
tions about the vibrational modes of glasses, the intensitposition that have been stabilized by heat treatment at differ-
divided by the Bose factor is proportional to the vibrationalent temperatures in the glass transition range. The tempera-
density of states,g(w), and to a coupling coefficient ture of stabilization is usually called the “fictive
C(w).’” The “boson peak” can be related to a maximum in temperature’T;. The influence of impurities has also been
the coupling coefficient or in the vibrational density of states.recognized as a relevant parameter to explain changes in the
The first hypothesfshas been contradicted by the presencephysical properties reflected in relaxational and vibrational
of a maximum in inelastic neutron scattering experiments irmodes. More recently, glasses obtained from sol-gel pro-
the same frequency rang®n the other hand several models cesses have been compared with frozen liquids of the same
explained the boson peak as a characteristic frequency abmposition.

clusters of a size in the 10-20 A rantel? Other authors In this paper, we attempt to discuss the influence of vari-
associated the BP with a maximum in the vibrational densityous parameters on silica samples: the chemical preparation,
of states due to the localization of the phonons by disordethe OH impurity rate, and the fictive temperature. We point
through a mechanism of phonon scattering by densityut the evolution of the BP position associated with the vi-
fluctuationst>~° Most of these models introduce a connec-brational contribution and the relative part of the relaxational
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process. We also check the prediction of the connection be- T T T T
tween the QLSE and the mean free path of the acoustical
phonons’

II. EXPERIMENT 3000

A. Samples

Samples of vitreous silica of different origins were inves-
tigated. Two of them were commercial samples provided by
Quartz et Silice, Nemours, France: a fused quartz called
“puropsil” and a fused silica named “tetrasil.” They differ
by their OH content: a few pprfless than 2Dfor puropsil
and about 1000 ppm for tetrasil. The third sample was pre-
pared by densification of a silica aerogel. The sample of
initial density 0.3 gcm? was heat treated at about
1100 °C for several hours until its density reaches the value
2.20 gcm® of amorphous silica. This sample has both a
different fictive temperaturdower than 1100 °Ccompared | v
to the commercial samplébetween 1200 and 1300 y@nd o I L i L
a different OH contentaround 3000 ppm In order to reach -05 o 1 2
high-T, values, we also investigated a fiber of 30@n in w (GHz)
diameter obtained from tetrasil. Finally, we compared these
samples to two samples obtained after a fast neutron irradia- FIG. 1. Example of Brillouin spectra obtained with the high-
tion of vitreous silica and crystalline quartz. The two samplegesolution spectrometefusing the confocal Fabry-Ret ealon).
were irradiated in the SCK-CEN reactor at M@elgium. The Brillouin shift vg is related _to the apparent Brillouin shift
At sufficiently high neutron doses, irradiated quartz and irra-9”s PY ve=dvg+mAwv whereAv is the free spectral range of the
diated silica converge toward a new amorphous final produ onfocal mlop andm is an integer equgl to tlhe difference between
different from unirradiated silic& The irradiated silica re- ¢ Order of interference of the Rayleigh line and the one of the

ceived a neutron dose corresponding to %80'®cm~2. Brillouin line.
This sample has a density of 2.25 g chwhich represents a L . . o
densification of 2.5% with respect to nonirradiated amor-(_)f this filter is matched with the frequency of the Brillouin

phous silica. The neutron dose of the irradiated quartz idN€ Dy air-pressure adjustment. The resolving unit is a
around 106 10'8cm~2; the resulting density is less than spherical FP interferometer with a free spectral range of 1.48

2.30 gcm 3. This irradiated quartz is nearly fully amor- GHz and a finesse of 50. The total contrast is abolt T@e

phized: It corresponds to a neutron dose high enough t@ccuracy of the experimental data for the sound velocity and
make irradiated quartz and irradiated silica nearly similathe attenuation is, respectively, about 0.1% and 5%. The
(see Fig. 1 of Ref. 21 measurements of the longitudinal sound wave velocity and
In these samples the coordination numbers of Si atomdttenuation are performed in backscattering geometry while
the SiQ, tetrahedra, and SiO®ound angles are very similar. the determination of the transverse vglocity is obtained in
Indeed, it has been shown in a previous X-ray sCatterimﬁlght—angle geometry. In this latter configuration the aperture
study that the building units of silica are unchanged duringOf the collection lens leads to a significant broadening of the
the whole process of radiation damage while only the mutuaBrillouin line, so that the transverse attenuation cannot be
arrangement of these units is modiffédVioreover, the Ra- measured accurately.
man and IR spectra of the sol-gel sample in the 500—4000 Stokes and anti-Stokes Raman spectra were measured in
cm™! frequency range coincide to a large extent with thoseight angle geometry using the same laser line and a conven-
of vitreous silica except for some weak OH and Si-OHtional triple-pass grating spectromet@oderg T800. The
stretching mode&~2° As the vibrational modes in this fre- resolution is about 1 cm'. The spectra were recorded in the
quency range involve small groups of atoms, this emphasizes-1500 cm! frequency range, in both vertical-vertical
large similarities at short-range order. (VV) and vertical-horizontalVH) polarizations.

2000 - -

Puropsil

Irradiated
quartz

Intensity ( arbitrary units )
T

B. Measurements

The Brillouin scattering measurements of transverse and lll. RESULTS AND DISCUSSION

longitudinal sound velocities at hypersonic frequencies were A. Brillouin measurements

performed using a high-resolution Fabryr&e(FP) spec-

trometer. The incident light was the 514.5 nm line of a Two examples of Brillouin spectra recorded using the
single-mode argon-ion laséBpectraphysics 2020The in-  high-resolution instrument are plotted in Fig. 1. One can note
cident power on the sample was about 1 W. A double-passetthie low width of the Brillouin line for the irradiated quartz.
plane FP spectrometer, whose free spectral range is equal ihe position and width of the Brillouin line are determined
75 GHz and finesse equal to 40, is used as a monochromatday fitting with the convolution of a Lorentzian function by
The frequency corresponding to the maximum transmissiothe experimentally determined apparatus function. The hy-
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TABLE |. Hypersonic velocity and attenuation deduced from the fitting procedure performed on the
Brillouin data. The position of the maximum of the boson peay,,, is obtained by fitting the VH polarized
Raman spectra with a “generalized Lorentzian” for the vibrational contribution. The values of the charac-
teristic length/” are deduced from E@l) using the Debye sound velocifgee text. Errors correspond to the
upper and lower limits of the 90% confidence interval deduced from the fitting procedure.

Sample V. (msh a (cm™b V; (ms™) Omax (€M Y 7 (A)
Sol-gel silica 591610 1950300 381040 52.3t5 26.1+2.5
Tetrasil 59610 180G+ 300 3750-20 58.3+4 23.6t2
Puropsil 597a&:10 155G+ 300 378020 58.5-3 23.6t1.5
Fiber 6015-10 - 3900+40 59.2+3 23.5t1.5
Irradiated quartz 616610 650+ 300 3885-20 72.4-5 19.7+2.5
Irradiated silica 618510 630+300 - 756 19+3

persound transverse and longitudinal velocities are calcuwsbscured by the fluorescence of defects occurring in these
lated from the Brillouin shiftsv and the refractive indem at  two samples. In the fiber, the longitudinal Brillouin line is
5145 A: broadened by index gradient effects so that the attenuation
cannot be deduced from the linewidth.
Av \AR
7 —Zn( C)sm > (2)
whereV is the sound velocityg the velocity of light,v, the
frequency of the incident light, and the scattering angle.
The refractive index is taken equal te=1.4616 for all the The first step in analyzing the Raman spectra is to obtain
samples except for the irradiated samples where it is takea good superposition of Stokes and anti-Stokes spectra after
equal ton=1.467. The hypersound attenuation can be dedividing by the Bose factor over the whole frequency range.
duced from the Brillouin linewidtH" as measured in back- We have plotted the reduced intensity defined as
scattering geometry:

B. Raman measurements

1. Normalization of the data

B 4l I(w)

a=—y (3 IR(w)zm for Stokes Raman intensity(4)

wherea is the hypersonic attenuatiow, the sound velocity,
andI’ the half width at half maximum of the Brillouin line (o)
corrected from the broadening due to the aperture of thér(w)=-———— for anti-Stokes Raman spectra, (5)

. . o . on(w,T)
collection lens.V is calculated from the Brillouin shift and
the refractive index at 5145 A. The values of transverse and
longitudinal hypersonic velocities as well as the attenuatiorwheren(w,T) is the Bose factor. This has been achieved for
for longitudinal waves are reported in Table |. The resultspuropsil, tetrasil, and sol-gel samples by subtracting the
concerning the irradiated silica were previously published imoise of the photomultiplier before reduction. However, this
Ref. 21. The two puropsil and tetrasil samples differ mainlysubtraction was not sufficient for the tetrasil fiber or the ir-
by their OH contents. The longitudinal sound velocity isradiated quartz. In these samples an important frequency-
smaller in tetrasil where the OH content is higher. Thedependent background is superimposed with the Raman scat-
smaller sound velocity obtained in sol-gel silica also con-tering. This background is due to a fluorescence signal
firms this trend even though sol-gel silica has also a differentncreasing with frequency which can be attributed to the high
fictive temperature. Contrary to sound velocity, the hyper+ate of defects in the two samples. This contribution has been
sonic attenuation seems to increase with increasing OH coriitted with a polynomial form and subtracted to the experi-
tent. Concerning the influence of the fictive temperature, theénental intensity before being reduced by the Bose factor.
sound velocity being higher in tetrasil fiber than in bulk tet- Then, the treatment of the experimental data yields a good
rasil, the longitudinal sound velocity seems to increase witlsuperposition of Stokes and anti-Stokes spectra. Finally, for
increasing fictive temperature. The smaller value for sol-gehll the samples the superposition of Stokes and anti-Stokes
silica confirms this variation. Nevertheless, this effect is inspectra has been considered to be satisfactory when the ratio
contrast with previous work on other glas$&é’ This is re-  of the Stokes intensity to the anti-Stokes intensity is equal to
lated to the well-known anomaly in the elastic properties ofl with less than 5% error as can be seen on the example
vitreous silica, which show a small increase with increasingeported in Fig. 2.
temperature in a broad temperature range. The irradiated The reduced Raman intensities corresponding to various
guartz and silica show a larger sound velocity and a lowesamples were normalized to the integrated intensity in the
sound wave attenuation than all the other samples. The tran320—1000 cm ! frequency range, in which the modes are
verse sound velocity varies like the longitudinal one ex-assumed to be optical modes only. Moreover, we have
cepted for the irradiated quartz and the sol-gel silica wherehecked that small changes of the integration boundary do
the high-resolution analysis of the low transverse signal isiot change the normalization factor.
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FIG. 2. Example of superposition of Stokes and anti-Stokes
low-frequency Raman spectra for puropsil samples in the VV po- FIG. 4. Comparison of the Raman-reduced Stokes intensity for
larization. The inset shows the ratio of the anti-Stokes to the Stokepuropsil, tetrasil fiber, and irradiated quartz in the VV polarization.
intensity, equal to 1 within less than 5% error.
temperaturé®31*2The reduced intensity of the sol-gel silica
2. Defects lines and broad line at 430 ¢th is shifted to lower frequencies, indicating a softening of vi-
The reduced intensities for tetrasil, puropsil, and sol-gePratlonal modes in the whole range of measurements. It is
samples are plotted in Fig. 3. Very few changes can be notelf'Portant to emphasize th"’.‘t the decreas_e of hypersound ve-
between puropsil and tetrasil spectra, the only significant difIOCIty allso reveals a sqftgnmg for aCOU.St'C T”Odes-
ference being a small increase of the so-cald andD2 In Fig. 4 the tetrasil f_|be_r_and the irradiated quartz are
defect line€®° from puropsil to sol-gel silica. These defect compared 1o the puropsil silica taken as a referen_ce_spec-
lines have received appreciable attention in the Iiteraturet.mr.n‘.We show that these twolsamples present significant
Several interpretations have been proposed, the most rec riations of the Ramar_l scattering intensity over the whole
one being discussed in Ref. 30 wheBd is ’assigned to Irequency range. The differences between these samples are
SiO, tetrahedra with a nonbridged oxygen atom @@ is qwt_elmr;lqrtﬁnt.fThtehln]E%nsnt);] of tthfhdefect Iln_le ath_B?]O_
attributed to threefoldSiO;)5 rings. cm = 1S Tigher for the fibér than for Ih€ puropsil, which IS
The defects lines have small intensities for the sol-gef"‘lso consistent with the work of Galeer’&he increase of
sample compared to the other ones. This fact is in agreememe defect line m_tfnsny occurs at the expense of intensity in
with previous work showing that the intensities DR line € 250-450 cm range. Thlségt)eha\(lor IS also associated
are expected to increase with increasing fictive\’\{'.th a small hardemng of mod ; The |rrad|at9d qua}rtz and
silica are characterized by a shift of the dominant line at 430
cm~ ! toward higher frequencies and a decrease of the width

8 T T T T T T T of this broad line. These changes are similar to the effect of
' ——Puropsil ] high-temperature pressure-induced compaction; for example,
7 — Tetrasil B a shift of 40 cm ! and a reduction of 50% of the half width

at half maximum have been reported for a 5.8%
densificatior* The defectD2 line is also strongly enhanced

in irradiated quartz compared to unirradiated silica, which
agrees with previous work on irradiated sil®£°The inten-

sity of the defect lineD1 is also expected to increase but to
a lesser exteft and this variation has not really been ob-
served in our investigation, probably because the induced
changes are too small.

3. Depolarization ratio

Reduced intensity (arbitrary units)

The depolarization ratip(w) =1y /lyy is plotted in Fig.

e — 5 for puropsil and sol-gel silica in the 10—100 chrange.
0 100 200 300 400 500 600 The valuep(w) varies from 0.4 to 0.6 for the various silica
o(cm ) samples. The nearly constafdightly decreasingvalue of

p(w) in this frequency range implies that the BP and the
FIG. 3. Comparison of the VV polarized Raman reduced Stokegjuasielastic contributions have the same depolarization ratio
intensity | z(w)=1(w)/w[n(w,T)+1] for puropsil, tetrasil, and as pointed before. This suggests that these two contributions
sol-gel silica. could have some intrinsic relation.
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FIG. 5. Comparison of the depolarization raf¢w) for two
samples of puropsil and sol-gel silica. FIG. 6. Variation of the maximum of the boson peak,.,, as
a function of the sound velocity deduced from Brillouin data. The
4. Boson peak dashed line represents the best linear regression and the solid line

In this section, we try to check the validity of various the best linear regression including the origin.

models which have been proposed for the boson peak inte
pretation. To this purpose, we have carefully determined th
position of the maximum of this peaks,.y, by fitting with ork
several expressions. Then we have correlated these data WW’] i

. . L M The values ofwyay can be deduced from the fits using
hypersonic velocity values deduced from Brillouin SC";‘tter'formula(G) or (7), with or without a relaxation contribution.

'ngA fit dure | ‘ d on the vibrational i We noted that the intensity of the relaxation contribution at
Iiting procedure 1S performed on the vibrational contri- ., temperature is low so that taking into account the re-

bution of the_ reduced intensity” using two dlﬁgrent for- |axational contribution does not change the valuevgf, of

mulas. The first one uses a log-normal expresSion more than 2 cm®. The use of Eq(6) or (7) for the boson
BP 5 peak contribution does not change the valuegf, by more

|BP lo - exp{ _ (Inw— INwmay) 6) than 3 cmi 1. The accuracy o,y is quite better using the

R :(27702) 2072 ' log-normal expression than E7) but the frequency range

Hependent light scattering investigations. But the study of the
fhfluence of the temperature is not the purpose of the present

BP : , , _ of the fit is shorter. For example, the value wf,,, deduced
wherel " is an amplitude factotyna,is the maximum of the  from formula(7) with a relaxation contribution is reported in
BP, ando is a parameter related to the width of the BP.  Tapje |. For the silica samples studied in this paper, the val-

The second ones uses a “generalized Lorentzianyes ofe,,,, decrease with decreasing sound velocity.
expressioff This effect emphasizes the fact that in most samples

wmax Varies proportionally with the temperature with respect
|BP_|BP,n @ to the sound veloc_ity, i.g./’zy/wmaxzcste .This means
RO0OT [02+ 05]™ that the characteristic size is constant with temperature.
However, it has been shown that varies with the fictive
wherel 5" is an amplitude facton andm are two exponents, temperaturé® In order to see if a similar effect is observed
and g is related t0w . for small changesT;, OH content, ..) in a given chemi-

An additional relaxation contribution modeled by a cal composition sample, we plotted in Fig. 6 the variation of
Lorentzian contribution, centered on the laser line, has beethe maximum of the boson pedksing Eq.(7)] with the
taken into account following the “superposition modéf” sound velocity.

The vibrational and relaxation contributions are described by \We used the Debye sound velocity defined as
independent parameters.

However, another recent wotk*’takes into account cor- 3 1 2
relations between relaxational and vibrational parts. To ana- V_g: V_EJF V_$ ®)
lyze the temperature dependence of the spectra the model
requires a low-temperature measurement assuming that tfizue to less accurate values of the transverse sound velocity
relaxational processes are frozen out for this temperaturdor fiber and sol-gel samples as discussed in Sec. lll A, we
The authors suggest that the profile of the Rayleigh line wingised the fact that the experimental ra¥g /Vy deduced
and its temperature variation can be described within thérom the other samples is constant. The solid line represents
framework of a model taking into account the quasilocalthe best linear regression including the origiorresponding
vibrational excitations responsible for the boson peak. As i$0 w5, V) and the dashed line the linear regression without
pointed out, this model has been developed for temperatur@ny constraint. The fit is significantly better in the sec-
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1+n(w)
lvel(@,T)ex Ta’rel(wa-r)- (10

Gurevich et al® in the framework of the soft-potential
modef?® extended this relation to other cases where the Ra-
man intensity and the sound wave attenuation have a com-
mon origin. Then the proportionality relationship becomes
valid for the total reduced intensity. They also predicted the
frequency dependence of the various contributions to the

L -~ Sol-gel ] sound wave attenuation. Moreover, they showed that the Ra-
L p/\f — ﬁ:‘;gigf;' 4 Quartz man intensity should also be proportional to the infrared ab-

sorption. This has been experimentally observed in a previ-
ous work by Stoleff in silica. However, the comparison
with hypersonic attenuation is still unclear because very few
experimental data are available: From Brillouin scattering
measurements the attenuatieris extracted only at the fre-
FIG. 7. Reduced intensity versus frequency in log-log scale forquency of the Brillouin shift(around 1 cm! for usual
three samples in VH polarization. The solid line has been added tglasses Indeed, few experiments have been performed for
show thew ™" behavior (@~ for the irradiated quariz this purpose. In the case of silica, the prediction was not
really fulfilled except at low temperatufé Nevertheless, a
ond case which corresponds to a higher slope, indicating thaather good agreement versus temperature was found in bo-
wmax Varies faster than the sound velocity. A similar effectron oxide glas® An attempt to extend this comparison to
has been observed by Buchenau in very fragile glassegiasses of different compositid ,05-xLi ,0) Ref. 46 fails
(polycarbonates™ The values of the characteristic length aspecause changing significantly the chemical composition in-
defined in Eq(1) are not constant for all the silica samples. duces modifications of the polarizability of the relaxing en-
They are calculated using the Debye sound velocity. Theities and as a consequence the Raman intensities of the dif-
decrease of the” value under irradiation has already beenferent samples cannot be directly compared. In another
observed by Konstantinost al>° work*” on an optical glas§LaSF7 from Schojt the authors
Figure 7 shows another important feature. The intensitjhave calculated the Raman intensity from the hypersonic at-
above the boson peak follows an approximate' behavior  tenuation deduced by using a model of relaxation defects and
represented by the solid line. The reduced intensity is relatethen compared this calculated intensity to experimental ob-
to the product of the vibrational density of statfs) by the  servations. No clear correlation was found. This discrepancy

1 ' 1 1 1 I T T T |
10 100
o (cm™)

Reduced intensity (arbitrary units)

coupling constan€(w) through the relatioh can be explained by the fact that the parameters of the model
have been extracted from ultrasonic data; this model did not

C(w)g(w) succeed in reproducing the Brillouin scattering attenuation
IR(“’):T- 9 because defects at hypersonic frequencies introduce addi-

tional contributions not efficient at ultrasonic frequencies.
. . . Lo For glasses of the same composition with different fictive
This behavior of the scattering intensity indicates that the[empgerature%G a qualitative agrgement is obtained: The Ra-

preoadku?lfh?sfa?‘((lul)avt\)/yiscc)(l;)s )erl\?elcljni?\a\r/én aél:rti);z;/t?oﬁlhf?)rb;fgwl man scattering intensity and the hypersound attenuation have
peax. P similar increases with increasing fictive temperatures.

samples except for the irradiated quartz where other modes

e study the influence of the fictive temperature and irradia-

on. The OH impurities contribute only to some specific
high-frequency Raman lines so that the intensities of the dif-
ferent samples are still comparable in a large frequency do-
main. This is also true for the effect of irradiation or the
fictive temperature. Indeed it has also been sH8wmat an

The first prediction of a correlation between the light scat-increase of the fictive temperature in the 900—-1500 °C range

tering excess and the hypersound attenuation was made imduces a modest shift in the frequencies of the host-network
1976 by Theodorakopoulos anccBie® who describe the ex-  vibrational modes and strong changes in the intensity of the
cess of Raman intensity observed in silica by Wintefffig  two defects modes; on the other hand it has been often men-
terms of structural relaxation of defects which can have twdioned in the literature that the effect of neutron irradiation
distinct states of polarizability. The same defects are resporsan be partly explained by a very high fictive temperature.
sible for the hypersonic attenuation in a few GHz rangeFigure 8 represents the Raman intensity at 10 énas a
Their paper demonstrates the proportionality of the relaxfunction of the hypersonic attenuation measured by Brillouin
ational Raman scattering excess intensity and the sourstattering. We plotted both the total Raman-reduced intensity
wave attenuation which arises from the defect relaxation aand the relaxational contribution deduced from the Lorentz-
the same frequency(w,T): ian part of the fit function described above. As the attenua-

already been observed for the dynamical structure factor
neutron data in polymet&and in a light scattering investi-
gation performed on a commercial strong gl&ss.

5. Light scattering excess
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their fictive temperature. These samples had the same chemi-

' T ' ' ' cal composition and very similar short-range order as dis-
3 | © Retaxational part . cussed before in Sec. lll B 2. Moreover, defects of the same
N A Total reduced intensity // qri_gin have been qbse_rved t?%l 'NMR. (Ref. .49) in sol-gel
H i o = 10em=1 a s | s!llc_a as W_eII as in vitreous silica, indicating very strong
> Jid similarities in the short-range order. However, modifications
g 2 L // / i of the medium-range order could be expected. The aim of
5 A this study was to test the models proposed for the two domi-
i« /’A 0 | nating features in the low-frequency=(l00 cm !) Raman
£ g / spectra: the broad “boson peak” around 50 thand the
s .| s ° ) light scattering excess below 20 ¢rh
£ ar’ In this paper, we have demonstrated that the softening of
§ // ] acoustic modes responsible for the variation of the position
13 Pl of the BP maximum is not fully accounted by the variation of
€ e / . ) ) ) the sound velocity measured by Brillouin scattering. This
0 1000 . 2000 corresponds to a characteristic lengthvhich is not constant
Hypersonic attenuation (cm™1) for the six investigated silica samples. The medium-range

order in silica samples is modified by changes of the OH
FIG. 8. Total reduced Raman intensity and relaxational contri-(’Tonten.t and of the ﬁ(,:tlve temperat_ure_ and by_ neutron irradia-
bution to reduced intensitideduced from the fit using the superpo- tion. I.t is found that” decreases with increasing OH content

sition mode) in the VH polarization at 10 cm® for four silica  ©F fictive temperature and under the effect of neutron irradia-
samples versus hypersonic attenuation measured by Brillouin sca on. . )

tering at about 1 cm’. The solid and dashed lines are the result of ~ On the other hand, several theoretical models predict that
linear regressions. the Raman-reduced intensity or its relaxational part should

be proportional to the hypersonic attenuation. However, very

tion data are obtained at about 1 ch we compared them few experimental proofs of this prediction exist and they
to the intensity at the lowest frequency available, taking intoconcern only one sample as a function of the temperature
account the fact that at a frequency lower than 8 ¢énthe  (B2O3) or of the fictive temperaturéor barium crown dense
intensity contains a non-negligible elastic contribution. Theglass. We have shown in this paper that there is a clear
correlation between these two physical quantities is rathegorrelation between the Raman reduced intensity and the hy-
good, but it is better if one takes only the relaxational con{ersonic sound wave attenuation for six different silica
tribution of the Raman intensity. In both cases, the result of #amples.

linear regression intercepting the attenuation axis at a non-

zero value can be explained by contributions to the attenua- ACKNOWLEDGMENTS
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