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An experimental study of phonon lifetimes in lead using a novel high-resolution neutron spectrometer is
presented. The spectrometer combines the neutron-resonance spin-echo and the three-axis techniques.
Transverse-acoustic phonon modes in the tplimit along the high-symmetry directions are investigated at
temperatures between 5-300 K. We apply an analytical approach based on a Gaussian approximation of the
instrumental resolution function to separate intrinsic lifetimes from artifactual damping due to sample mosa-
icity and curvature of the four-dimensional dispersion surface. Observed linewidths are significantly lower than
predicted by a theoretical model of anharmonic lattice dynamics based on a force-constant parametrization of
the interatomic potential. In the high-symmetry directions ghéependence of the linewidth is found to be
linear. No change in lifetime is observed at the superconducting transition temperature
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[. INTRODUCTION that the spin-echo resolution function can be tuned to the
slope of the dispersion curvgroup velocity by tilting the
Phonons in elemental metals have first been studied in theoundaries of the precession fields relative to the neutron
early 1960s by Brockhousand Stedmahusing three-axis beam.
neutron spectrometers. They obtained detailed phonon- Considerable effort was undertaken to implement inclined
dispersion relations, but intrinsic phonon linewidths arisingfield boundaries on conventional NSE spectrometers with dc
from microscopic effects such as the electron-phonon angrecession coils, but problems with stray fields at the coil
phonon-phonon scattering could only be resolved in a fewboundaries impeded essential progress. In a first approach in
favorable cases. The reason for this limited energy resolutiothe early 1980s Zeyéf used compact iron frame electro-
is the limited neutron source flux, which was increased onlymagnets with vertical dc fields. The coils worked well for
by about one order of magnitude during the last four de-quasielastic scattering and for the measurement of phonon
cades. Significant progress in spectrometer design and in thexcitations on dispersionless brancie¥ with field bound-
use of focusing components allows to reach very high resoaries perpendicular to the neutron bedmero ftilt angle.
lution in favorable case$But in general even at modern However severe problems were reported for nonzero tilt
high-flux neutron-sources the standard inelastic neutronangles.
scattering techniques are restricted to energy resolutions in Mezei followed a different approach: instead of rotating
the meV range, introducing large errors in the accuracy othe main precession coils, he added special gradient coils to
phonon linewidth measurements. Experiments using Ramatie main solenoids of the NSE instrument IN11 at ILL,
scattering reach resolution in theeV range and can resolve Grenoblé® generating a field gradient in the horizontal direc-
intrinsic phonon linewidths, but are restricted to opticaltion perpendicular to the neutron beam. This way effective
modes at the Brillouin-zone center. For lead, the latest neuilt angles in the order of 10° were obtained, which allowed
tron study dates back to 197@ue to the lack of new ex- the measurement of phonon linewidths in superfitiite.2°
perimental data, there is also only limited theoreticalThose phonons had relatively small group velocitieg (

work >~8 although modern theoretical methods aftlinito =200 m/s), i.e., one order of magnitude smaller than typical
calculations should be able to predict phonon energies analcoustic phonons in solids. The gradient coil technique was
linewidths for each phonon branéf® later also used by Zey&hon the thermal three-axis instru-

Novel neutron spectrometers combining the neutrorment IN20 at ILL and by Zeyen and Kakufait the three-
spin-echd! (NSE) and three-axis spectrometfJAS) tech-  axis spectrometer PONTA at JAERIapan, but to date only
nigues allow us to measure linewidths dispersingexcita-  quasielastic experiments were reported from these instru-
tions, including both phonons and magnons. NSE allows tanents.
increase the energy resolution by several orders of magnitude A new solution became available with the NRSE
without excessive loss of intensity. The basic idea of NSE igneutron-resonance spin-eghdechnique introduced by
to use differences of the Larmor precession phase of an inicolub and Ghler? This technique uses small radio fre-
tially polarized neutron beam running through uniform mag-quency(rf) spin flippers instead of large dc coils to define the
netic fields(precession fielgsbefore and after the sample to precession regiongFig. 1). The field boundaries are geo-
encode the energy transfer. MeZeand Pyni® pointed out  metrically defined by the precise windings of the rf flippers.
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FIG. 1. Experimental setup of the NRSE spectrometer at FIG._2. '_I'he resolution fgncti_on of tHeaostthree-a>_<is spectrom-
BENSC, Berlin. M, monochromatdipyrolytic graphite PG, verti-  ©ter (ellipsoid selects a region in theg(w) space. High» resolu-
cally focusing; A, analyzer(PG, fla); TP, supermirror transmission 10N is provided by the NRSE spectrometer. The linggse
polarizer and analyzer. The ri-flipper coils and the sample are-COnst have to be oriented parallel to the dispersion cispén-
housed inside a mu-metal magnetic shiétielding factor 10D echo phonon focusindy inclining the precession field boundaries.
Each rf-flipper coil can be rotated around a vertical axjs (1, , are
normal vectors to the coil surfaces; , are the coil inclination
anglesk, , are the neutron wave vectors. The last coil in front of Il. BASIC PRINCIPLES OF SPIN-ECHO
the analyzefA) can be translated along the beam direction to tune PHONON FOCUSING

the lengthl., of the second arm. For conventional NSE instruments with precession field

boundaries perpendicular to the neutron beam path the spin-
echo phasepysd w) = ¢,— ¢, is proportional to the energy
transferow and independent of the momentum trangf€p.
Along the flight path between the rf flippers no magnetic 4, , are the Larmor phases accumulated in the {Bstond
field is applied. A special setup using pairs of identical rfspectrometer arm. In the case of quasielastic scattering pro-
flippers with opposite dc fieldgbootstraptechniqué’) re-  cesses, where the mean excitation energy is zero and thus
duces stray fields to negligible values. Large field tilt anglesndependent of, one can use an incoming beam with broad
up to 50° are easily obtained by rotating the rf flippers abouspectral distributioritypically AN/A =10%) and thus a very
a vertical axis. relaxedQ resolution without losing energy resolution. In the
The results presented in this paper were obtained from ease of dispersive excitations such as phonons, where the
new spectrometer incorporating the combined NRSE-TASEnergy transfet depends on the wave vector of the excita-
technique. This instrument was developed at the Technicdion g, @=w(q), a finite momentum resolution leads to a
University Munich and installed at the TAS V2 at BENSC spread inw and in¢ysg(w) even for an excitation with zero
(Berlin Neutron Scattering Cende?® 2’ The instrument suf- linewidth. To be able to measure the intrinsic linewidths of
fers from two restrictions: First it is located at a neutronPhonons, the spin-echo phase has to be tuned to the slope
guide at the cold neutron source, which restricts the incidentdroup velocity vy=Vqw of the dispersion surface to get
neutron energy and thus the excitation energy to value§onstantéysg(«,q) for all scattering events lying on a line
<5 meV. Second the neutron flux at Berlin Neutron Scat-With slopev, (Fig. 2). _
tering Center(BENSQ is about one order of magnitude It was pointed out by Mez& that such a first-order fo-

lower than at leading high-flux sources, thus restricting ex-using can be achieved by inclining the boundaries of the

periments to large crystals. Presently two NRSE-TAS instru_precession fields relative to the beam path. In this case all

L S . neutrons scattered from an excitation with zero linewidth and
ments avoiding these limitations are under construction at

. . a linear dispersion have the same spin-echo pliagg:, a
gfeggg\:;égh_ﬂux source FRM-I, Munichand at the ILL, finite linewidth causes a spread ibysg, which leads to a

beam polarization proportional to the Fourier transform of
The maximum energy resolution of a NRSE-TAS spec P Pop

S ; _ >F=~"the spectral line shape.
trometer is given by the maximum radio frequency appliedto  gq 5 phonon with energy,

fche rf spin_—fl_ip coils. Instr_ume.ntal resolution effects _originat— velocity V qw(do), we require the Larmor precession phase
ing from finite beam.colllmauon anq monochromatlcny and after the second coil to be a linear function:

from sample properties, e.g., mosaicity and curvature of the

dispersion surface, lead to artifactual line broadening effects. _ _

Quantitative knowledge of the instrumental resolution and of Adnse= Pnse Puse= Tnseh o, @

the influence of sample properties is a necessary prerequisite
to extract intrinsic lifetimes from experimental data. In this Where

work we apply an analytical approafhwhich allows us to

correct the data for these extraneous effects. Aw=0—wo(q)=w—[wy(do) +(q—0o) - Vqw(go)]

momentumg,, and group
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with ¢nse= dnse(dowo). (dowo) are the nominal phonon BENSC. This instrument can optionally be equipped with an

wave vector and energiFig. 2. myse is calledspin-echo  NRSE setup?

time Two different high-quality Pb single crystals have been
Mezei has shown that in order to satisfy Efj) the nor- used in the experiments. These cylindrical shaped crystals

mal vectors to the coil surfaces have to be oriented such th&tad 30 mm diameter and 40 mm height and have been
mounted in a standard Orange cryostat with their cylinder

axes(110) or (100 perpendicular to the scattering plane.

2) In order to satisfy the spin-echo conditiofsgs. (2) and
(4)] the phonon energf wy and the slope of the dispersion
curvesV g wo(qp) at the phonon wave vectay, have to be

- known: These quantities have been obtained from a Born—
k1’2.<k112_%vqw0) von Kaman fit to dispersion data from the literatubé.

- - 3) Where measurements at temperatures different than the dis-
persion data of the above cited literature have been per-
formed, 7wy and V ,wo(qe) were interpolated.

The spectrometer was configured in the SM1, SS

The index 1(2) refers to the firs{second spectrometer =—1, SA=-+1 scattering senses with fixdq=1.7 A™?
arm. k; , are the mean neutron wave vectors. Thewif,  (SM, SS, SA: scattering sense at monochromator, sample,

applied to the coils in the first and the second arm have to banalyzer; —1, clockwise. The monochromatofPG 002

m
ny | 51,2_%quo

or

COStq o=

m
kl,Z &1,2_ %quo

adjusted to the ratio was used vertically focusing with a curvatysg=0.3 m !
and a tunable PG filtdf was installed to suppress second-
k3( 1— Tk Vo /kz) order contamination. Two supermirromé& 2) transmission-
oL, 1! Z1Ta®or™ type polarizers were used, installed after the monochromator
woly m : 4 and after the flat PG analyzer. No additional collimators were
k§< 1-—ky- V0o /K5 used.

To measure the phonon lifetimes for a particular phonon
If these tuning conditions, Eq$2) and (4) are satisfied, we mode and temperature the TAS was set to the non@net

get values where it was kept fixed during spin-echo scans. Mea-
surements were always performedkatik;. The spin-echo

m) 2 wyolgo 1 focusing conditions then require the TAS to be configured in

TNSE™ (ﬁ) K3 m . ®  a TAS-defocused mode. A TAS-focused mode would result
212 (1— —Ki o quolkiz> in large coil tilt angles || >50°), which are experimentally

inaccessible. The configuration used in our experiments of-
whererysgis the same for the first and the second spectromfers highQ resolution in the direction parallel tqy. Typi-
eter arm(indices 1 and 2 cally a transverse) resolution of about 0.015 A' FWHM
Neglecting instrumental effects and tQedependence of (full width at half maximum was achieved. The tilt angles
the scattering functio®(Q, ), the polarization of the scat- 6, , and the frequency ratie,/w, were set according to the
tered beam at the exit of the second spectrometer arm isalculated values. Typical values wetg=—30° and 6,
given by = +25° for [ £00] transverse-acoustid@A) phonons withé
<0.2 r.lL.u.
P(TNSE)OCI S()cog wmyep) do, 6) Due to the .reIativer. large observed Iineyvidtﬁs the
range of the spin-echo timgse used for the spin-echo mea-
surements was typically between 10 and 50 ps. Ry
above this range the polarizati®Eq. (7)] usually decayed
to zero. The technical limits of the spin-echo time for the

i.e., the Fourier transform of the scattering functigfw).
Thus a Lorentzian with half width at half maximul

1 T spectrometer as used in the configuration for this experiment
w)=— L are 10 pss myse=300 ps.
Tl tw To measure the polarization for a giveRgg, the field

integral w,L, of the second spectrometer arm is varied by
translating the last rf coil through a small distarcke. This
P(7mnsp) =exp — ' mysp)- (7) causes the intensity to oscillate,

transforms to an exponential decay of the polarization:

i‘l;\hgeigflllj\(/ance of resolution effects d( mysp) is discussed I(AL)=14{1+P cog2m(AL +ALg)/AL,J}, ®)
whereALp,=2mhk,/(m,w,) is the oscillation periodAL,
1. EXPERIMENT is an offset,l; is the average intensity. Thead. scans run
through one period\L (see Fig. 3 typically a few milli-
Inelastic neutron-scattering experiments were conductetheters. The polarizatio® is extracted by fitting Eq(8),
at the cold three-axis spectrometer MELEX) at the where the periodALp is known from the instrumental pa-
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15 — T T TABLE |. Experimental phonon linewidth data. Phonon modes
1 [£€€] are given in r.l.u. Data in th€011) direction refer to thél';
500 I branch. TemperaturéEare given in kelvin. Phonon energiEsare
1 given in meV.I' (ueV) is the half width at half maximum
(HWHM) as obtained from the experimental dafg) (ueV) is

the HWHM after correcting for curvature of the dispersion surface
and sample mosaic spread.

counts /700 s

[£€¢€] T E r Fem

- 0.025 0.025 0.025 300 0315  26(2)  14(2)
—————————— 100 0343 20(2)  8(2)
1020 30 40 50 50 0350 26(3)  12(3)
T [ps] 0.05 0.05 0.05 300 0627  29(1)  21(1)
100 0681  11(3)  2(3)

o Polarization

FIG. 3. Polarization as a function of spin-echo timéor the[2

0.1 0] phonon,T=200 K. In the semilogarithmic plot the exponen- 010101 300 1.228 43(7) 40(7)
tial decay of the polarization shows up as a straight line. Inset: 200 1.280 36(6) 32(6)
Spin-echoAL scan atr=40.7 ps. 100 1.332 33(5) 28(5)
0 0.025 0.025 300 0.364 26(2) 6(2)
rameters. The polarization is determined for at least four dif- 50 0.391 23(1) 1(1)
ferent values ofrysg per phonon and temperature by chang- 10 0.395 20(3) —3(3)
ing the rf, however keeping the ratio, / w, fixed. 5 0.396 22(3) 0(3)
0 0.05 0.05 300 0.724 31(3) 15(3)
200 0.744 26(2) 10(2)
IV. DATA CORRECTION 100 0.767 22(2) 6(2)
o _ 50 0.778 19(2) 3(2)
The linewidth data as obtained from our measurements 15 0.786 18(4) 2(4)
(see Table )l represent an upper limit on the intrinsic line- 5 0.788 17(3) 1(3)
width (lower limit on the intrinsic lifetimé. We now discuss 00101 300 '1411 46(8 38(8
different instrumental sources of signal depolarization that ) ®) (8)
200 1.461 25(3) 16(3)

mask the intrinsic line broadening;) depolarization due to

field inhomogeneities and stray fields of the rf spin-flip coils,

(i) instrumental resolution effects, due to the fact that the

Larmor phase depends in second order on the beam mon@-0-15 0.15

100 1515  24(3) 14(3)
50 1543  19(3)  9(3)
300 2.088  20(9) 14(9)

chromaticity and divergencéiji) instrumental misalignment 00005 300 0.439 23(1)  7()
due to inaccurate dispersion daf&,) sample mosaicity, and 10 0.559 15(6)  —5(6)
(v) influence of the curvature of the dispersion surface. ~ 000.1 300 0879 28(2) 18(2)
(i) Stray fields are excluded as a significant source of 200 0952 24(2) 13(2)
signal depolarization from calibration measurements. This 100 1.040 25(2) 13(2)
was verified by measuring the polarization as a function of 50 1.084 17(3) 4(3)
frequency and coil tilt angles in the unscattered beam. 10 1.119 15(2) 1(2)
(ii) Instrumental resolution effects resulting from beam 5 1.124 14(3) 0(3)
monochromaticity and divergence cannot reach a significart 0 0.15 300 1.318 34(2) 26(2)
level in the 7 range covered by our experiments. This has 200 1.422 31(3) 23(3)
been shown by calculating the polarization as a function of 150 1.480 24(2) 15(2)
7. In the general case the polarization of the scattered beam 100 1.537 22(3) 12(3)
obtained by a combination of a spin-echo and a three-axis 50 1.595 13(4) 3(4)
instrument is proportional to 0002 300 1.757 51(7) 45(7)
200 1.881 45(7) 39(7)
Pocf S(Q,w)T(kl ,kz)ei ¢(r,k1,k2)d3kld3k2+ c.c., (9) 100 2.019 29(4) 22(4)

where S(Q,w) is the scattering functionT (kq,k,) is the

TAS transmission probability, and( .k ,k,) is the differ- ~ order expansion of the total Larmor ang(®) the intrinsic
ence of the Larmor precession angles in the first and thénewidth is assumed to vanish. Numerical data of the depo-
second arm. Equatio(®) has been evaluated based on thelarization as a function of spin-echo timeare shown in
following assumptions(1l) The TAS transmission probability Fig. 4.

is adequately described by a Gaussian approximation based (iii) Instrumental misalignment errors have been dis-
on the Cooper and Nathans approatt2) the remainingQ  cussed in detail by Pynif. These can be ruled out as a sig-
dependence in the Larmor phase can be treated by a secondficant source of signal depolarization in our lifetime mea-

104301-4



TEMPERATURE-DEPENDENT PHONON LIFETIMES IN . ..

Polarization

1.00

0.954

0.90

0.0

0.2

0.4

0.6

0.8

1.0

PHYSICAL REVIEW B9, 104301 (2004

V 400(dp) of the dispersion curves. Since we are in the linear
regime of the dispersion, we have assumed thateletive
errors in phonon energy and slope of the dispersion are the
same. Assuming an intrinsic linewidth of,;,=20.00 ueV
would correspond to an experimental linewidg,
=20.62ueV if we assume+10% error in Awy and
V,00(do). For a —10% error I'gy,=19.85ueV is ob-
tained. The difference in absolute errors is due to the asym-
metry of the polarization with respect to the nominal values
as is also seen in Fig. 5. We conclude that rather coarse

knowledge of the dispersion data on a 10% accuracy level, as
is easily obtained from standard TAS scans, is sufficient for
linewidths I'=20 neV (7<<200 ps). For linewidths in the
peV range ¢>200 ps) the dispersion input parameters
would have to be known with higher accuracy.

(iv) Taking sample mosaic into account and assuming a
Gaussian mosaic distribution the polarization will be reduced
by a factor®

T [ns]

FIG. 4. Depolarization due to purely instrumentally limited
resolution, assumingf =0, perfect sampléno mosaic spread, pla-
nar, i.e., uncurved dispersipms calculated for thé2 0.1 0 TA
phonon. Scattering senses are at the monochromater SW, at
the sample SS —1, and at the analyzer SA+ 1 (solid curve or
SA=—1 (dashed curve Note that ther range of our spectrometer
is restricted tor<<0.3 ns. The present experiments were performed

—(12)2|V 0 2162 2
up to 7~50 ps. V27 g~ (MR71V quolao) | Golsin?d 75 (10)
i.e., a Gaussian with & standard deviation

surements. In particular we investigated the polarizatior(|Vqwo(do)||Golsin97s) 2 Here ns denotes the mosaicity
behavior as a function of frequency or tilt-angle detuningexpressed asdl standard deviationd is the angle between
(Fig. 5. the mean reciprocal-lattice vect@, and the phonon wave

Since the instrument parameters are calculated from theectorqp.
dispersion data, incorrect values for the excitation energy The mosaicityn of our crystals was measured using a
and group velocity lead to wrong coil tilt angle and fre- novel spin-echo diffraction techniquéarmor diffractior?)
guency settings. To estimate the effect of false dispersiowith the same NRSE setup as was used for the linewidth
data we have calculated the depolarization assuming a 10theasurements. The advantage of this Larmor diffraction
error in both the nominal phonon enerfiw, and the slope technique is that the same beam size can be used as for the
linewidth determination. Thus we obtain the mosaicity for
the same sample volume as is illuminated in the inelastic
measurements. Using th@00 Bragg reflection and the
samek, as for the inelastic measurements we obtaimed
=(5.68+0.04) FWHM and = (4.16x=0.04) FWHM for
the two different crystals used in the experiments. For{the
0.1 Q] TA phonon in Pb the polarization is reduced by a
factor of 2 atr=56 ps(76 p9 for ns=5.7 '(4.2") FWHM.
This significant effect has been included in the correction of
our experimental lifetime data.

(v) The curvature of the dispersion surface is taken into
account via the second-order derivative in the expansion of
the dispersion relation. The spin-echo phas¢hen has an
additive term

0.3

Polarization

—~17Aq"HAQ. (11)

0.0+— T T
-10

Here H is the symmetric (%X3) Hessian evaluated at the
nominal wave vectoqy,

200 100 0 100 200

ov_., [kHZ]

20 30 40

0 10
0, [deg]

FIG. 5. Detuning of phonon-focusing parameters for t2e.1 Ho = Fo
0] TA phonon at atr=35 ps, T=150 K. Left: Tilt-angle detuning I 49;09; ’
in the second arm. Right: Frequency detuning in the second arm. . )
Solid lines result from a resolution calculatiéRef. 30. Nominal ~ Since the curvature term is of second order, a correct descrip-
parameters are indicated by vertical bars. As the coil tilt angles aréion of curvature depolarization must include all possible
controlled with an accuracy of 0.01° and the frequencies are desecond-order terms in the spin-echo phase. Horizontal and
rived from a quartz oscillator, we conclude that in ourange  vertical resolution are then no longer decoupled. We have
depolarization due to instrumental misalignment is below the statisexpanded the spin-echo phase up to second order and subse-
tical error. quently integrated Eq(9) analytically. The following as-

i,j=1,2,3. (12)
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FIG. 6. Calculated depolarization due to sample mosaic }
(dashed, curvature(dotted, and both effectgsolid). The calculated

curves have been multiplied by a fact®g=0.58 for a direct com- 0 10 20 30 40 0 10 20 30 40 50
parison with the experimental data. Experiment and theory refer to T [ps] T [ps]
the[2 0.025 0.025 TA mode atT=50 K.

FIG. 7. Calculated depolarization due to sample mosdat-
sumptions were madé1) the spin-echo conditions are sat- ted), curvature(dashegl and a combinatiofsolid) together with the
isfied; (2) the sample is perfedho mosaic spread(3) the experimental daté&ull circles) and normalized datéopen squargs
TAS transmission probability is adequately described by &eft, [2 0.05 Q TA phonon; right,[2 0.1 G TA phonon atT
Gaussian approximation based on the Cooper and Natharis300 K.
approach(4) the intrinsic linewidth is assumed to vanigh) _|ine p(7) in a semilogarithmic plot, Fig. BThus we find no
the dispersion is approximated by a sinusoidal function. Thigidence for possible deviations from Lorentzian line shapes
model is adequate for the small q values investigated in they ) predicted by theory at least for longitudinal modés.
present experiment. The multiphonon background does not contribute signifi-

In addition to the instrumental spin-echo parameters theantly to our data.
usual TAS parameters enter the resolution calculation. The | inewidthsT" as obtained from the raw data and corrected
monochromator and analyzer mosaic spreads are assumediiifewidthsI" ¢y, are given in Table | and in Figs. 8—11.
be 7w =30, close to the experimental valu&sCollima- Both temperature and wave-vector dependence of the in-
tion parameters which describe the TAS resolution functiortrinsic anharmonic linewidth of transverse-acoustic phonons
are inferred from the effective collimation of the beam opti- have been determined @t 0. The variation of the intrinsic
cal elements used in our setup. In the elastic limit the calculinewidth with temperature or wave vector is well outside the
lated TAS resolution function was experimentally checkederror bars. The resolution obtained in the present experiment
by measuring the Bragg widths. At tf200) Bragg peak we is at least one order of magnitude improved compared to
obtain experimentalcalculated values: longitudina reso-  earlier inelastic neutron-scattering dataThe statistical ac-
lution: AQ,=0.014 (0.014) A?, transverseQ resolution curacy of the data is insufficient to detect a phonon linewidth
AQ,=0.014 (0.011) A, and elastic energy resolution anomaly at the superconducting transition temperafigre
AE=0.071 (0.071) meV. The evident agreement between
calculated and measured values gives us confidence into our VI. DISCUSSION

parametrization of the resolution function. inale cr line Pb is a representative of the str call
To correct for both, sample mosaic and curvature, the ex- Single crystalline Pb is a representative of the structurally

perimental polarization data have been normalized with theSlmple fec metals where at high enough temperatuies (

calculated data. The combined effect of mosaic and curvature 60

is obtained by the product of the Gaussian, @8d), and the = £=005
X X ) o £=010 T
integrated Eq(9) including curvature terms. A o015 I

At very low wave vectorsq (as shown in Fig. Bthe 4014 v &=o0.20 T I—
intrinsic linewidth I" is expected to vanish and the signal —

. . > |
depolarization results from resolution effects only. The cal- D T i A
culated resolution curve is in good agreement with the ex- = 20 Y a o]
perimental data. For larger wave vectorthe intrinsic line- —~ ] @ = 0 ]
width increases and the effect of the curvature decreases with é .
increasingq (Fig. 7). 0-% .

0L 50 100 150 200 250 300
V. EXPERIMENTAL RESULTS T[K]

Within statistical error all measured phonon linewidths FIG. 8. Temperature dependence of f§60] phonon linewidth
were in agreement with a single exponential defsiyaight  TI'. £ is given in r.l.u.
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50 I I T T T T 60 T T T T T T T T
1 | £=0.025 m [£00]
40d| o &-005 l— o [g80]
N ] Ay
30 40 - % J
S —
© 20 i >
= 0 A 5 2 L
L =.
~ 10 A ¢ Q E :’ 20 A " 4
s PO
0-@ g ]
- T T T T T T Q .
0 50 100 150 200 250 300 0 —
T K] 000 0.05 010 0.15 0.20
Er.l.ul]
FIG. 9. Temperature dependence of {g&0] T, phonon line-
width I". ¢ is given in r.l.u. FIG. 11. ¢ dependence of the phonon linewidth at T

=300 K.

>10 K) phonon-phonon interaction dominates over electron-

honon interaction and therefore can be regarded as a mo tlomic potential in the fcc metals is of long range implies a
P ) €reg : Srge number of parameters. Furthermore an approach with
system where phonon-phonon interaction can be studied b

itself. Ab-initio calculations’ show that the electron-phonon Only central, two-body forces is not possible since the elastic

S . : . o constants do not satisfy the second-order Cauchy relations.
cont.rlbutlon to the phpnon I|nevv_|dths IS n.eghg_lble, thus sup- n total the model relies on 22 harmonic force-constant pa-
porting the hypothesis that the Intrinsic linewidths extr"’u:tec{'ameters and four anharmonic force-constant parameters.
are due to phonon-phonon interaction. Furthermore due tcflhe accuracy of the anharmonic parameters obtained from
the low Debye temperaturé,=100 K anharmonic effects

become apparent in a wide range of temperatures COnvtt_wis nonab-initio model is not quantified so that the accuracy
PP 9 P %t the theoretical prediction remains questionable.

C\I'%Tﬂyw"’i‘;fetzzblsrggj rZXFi)serclzrlre]:er]lt Ert])ievriggtﬁn :thhei I'grei’_' From our experiment the dependence of the linewidth is
ments P y PET"tound to be linear. Within statistical error no lifetime change
' at the superconducting transition is found for lowhonons

For the simple fcc metals the lattice-dynamical .problemm the [110] and [100] directions, indicating that even at
was solved by using a force-constant parametrization of the

. . i Thi . <10 K the electron-phonon interaction plays no dominant
interatomic potential. This approach has also been applied . . o . i
X . in Id role. This is in agreement with earlier inelastic neutron

to calculate linewidths for phonon modes in I€duljt a com- scatterin . b bloatial % ith

. . ; é: g experiments by Youngbloetlal>® on a TAS wit
parison between theory and experlment has been .ImpEdenstrumentaI resolution on the order of 100-208V and
due to the fact that two contradictory sets of experlmenta!:omra dicts the results of Bobrovskdt al %
data for Pb phonon linewidths exist in the literatéfezoli’ '
obtains in general larger values for the linewidth than experi-
mentally observed, e.gl; =90 neV for the[0.1 0 0 TA VIl. CONCLUSIONS
mode in contrast to our data and the data of Furierthe . .
theoretical model harmonic constants are obtained from a %;haep&?g:jbt'ge ddisgleRrsS:iséTgr?o;i(r:\hmgggsh?r? st?ﬁg;l il;;;iis'
to experimental phonon-dispersion data and MACroSCopif, & p, broadening of the one-phonon péaks due to lattice
elastic constants. Anharmonic constants are obtained from a

fit to the linear coefficient of thermal expansion and the ther_anharmonlcny resulting in Lorentzian linewidths could be

modynamic Gruoeisen parameter. The fact that the inter_measured with high accuracy. The resolution is improved by
one order of magnitude as compared to conventional inelas-

tic neutron spectroscopy. Intrinsic phonon linewidths were

60 = extracted by taking mosaicity and curvature of the dispersion
. gjg:g? | explicitly into account with a resolution approach based on
A £-010 l the Gaussian approximation of the TAS transmission func-
40 tion. The present data go quantitatively beyond previous in-
= l l l_ elastic neutron-scattering work and offer an opportunity to
a:i i 1 compare theoreticab initio models with experiment.
:‘ 20 - o
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