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Interaction between thermal phonons and dislocations in LiF
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All measurements of thermal conductivity and ballistic phonon propagation in crystals of deformed LiF over
the temperature range 0.03-25K are consistent with an interpretation in which the slow transverse phonons
are scattered with much greater probability by dislocations. than are fast transverse phonons. The scattering
is too strong to be explained by static mechanisms of phonon-dislocation interaction, but is in rough
agreement with a vibration-string mechanism. The present string model does not, however, provide the
quantitative details observed experimentally.

I. INTRODUCTION

In a previous publication, ' the inter action between
thermal phonons md edge dislocations in LiF was
investigated through measurements of thermal con-
ductivity g and ballistic phonon propagation. It
was argued that a strong, frequency-dependent,
resonant interaction occurred between edge dis-
locations and phonons of the slow transverse
mode. The resonance frequency of the disloca-
tions could be increased by adding pinning points
created by y irradiation. Fully pinned, sessile
edge dislocations scattered phonons only weakly,
well below the resolution of the measurements.

In the present paper, we provide additional evi-
dence which supports the conclusions of Ref. 1. In
addition, w'e extend the measurements to include
more complex configurations of dislocations, and
to include thermal phonons of much higher fre-
quency. The results are compared with theoreti-
cal calculations, and with measurements obtained
in other laboratories. In brief, we believe the
strong mode-dependent scattering extends to very
high phonon frequencies corresponding to aw/8. 8 k
=10 K.

II. EXPERIMENTAL DETAILS

The original crystals were Harshaw' optical-
grade LiF having dimensions of 0.5x 0.5x 5 cm'.
The sample labeled D retained these dimensions.
Other crystals, labeledA, B, C, were cut to 0.45
x 0.20x 5 cm'. The long axis of each crystal was
directed along [110], and the sides were oriented
to I110] and [001]. After the initial measurement
of &, each sample was deformed by either shear-
ing or bending at room temperature. Shearing pro-
duced an =O.l-cm-thick wall of dislocations as in-
dicated in Fig. 1(a). Additional details are given
in Ref. l. Bending was produced in a three-point
jig; the resulting strain is depicted in Fig. 1(b).

Thermal conductivities w'ere measured using the

arrangement of Fig. 1(c). Measurements were
first made in the undeformed, annealed state.
Samples deformed by shearing used three thermo-
meters as shown in Fig. 1(c) with the sheared re-
gion lying between thermometers A. and B. Ther-
mometers B and C measured the "background" re-
gion which was not intentionally deformed. For
samples deformed by bending, only thermometers
A and C were used in the deformed region of the
sample. All samples were remeasured after ex-
posure to a succession of 0.66-Mev y irradiations
from a "'Cs source. '

Temperatures below =3 K for all experiments
w'ere derived from a set of superconducting fixed
points' using a magnetic thermometer' for extra-
polation and interpolation. Accuracy was = 1%.
Above 3 K the temperatures were obtained from a
calibrated germanium resistance thermometer
which was con'sistent with the higher temperature
fixed points.

In Ref. 1 the surfaces of all LiF samples were
intentionally abraided to cause nonspecular bound-
ary scattering of thermal phonons and hence pro-
vide a known or reference mean free path. In the
present measurements the surfaces were mechan-
ically and chemically polished to avoid nonspecu-
lar scattering and hence provide a greater sensi-
tivity to the internal scattering mechanisms of in-
terest. This approach was highly successful below
=0.3 K; at 0.1 K the phonons were reflected rough-
ly ten times from the surfaces before encounter-
ing a nonspecular scattering. In retrospect, how-
ever, polishing of the sample surfaces was not
wise since the remanent, nonspecular scattering
was sensitive to sample history and not readily
reproducible. For this reason sample D was light-
ly abraided with air-borne powder.

The history-dependent behavior of the nonspecu-
lar surface scattering can be seen in Fig. 2 for
the background region of sample A. Speeular
reflection increases with polishing, w'ith etching,
or with y irradiation as observed previously by
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FIG. 1. Sample orientation and methods of deforma-
tion; (a) sheared along [110]direction; (b), bent about
[001] axis; (c), typical experimental arrangement for
thermal-conductivity measurements; A, 'J3, C, carbon
or germanium resistance thermometers; D, electrical.
heater; E, copper holder; I, thin indium foil; G, sam-
ple.
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others. ' However, for T~0.4 K nonspecular re-
flection is nearly independent of sample history
and close to the Casimir limit, ' i.e., nearly all
phonon scattering from the surfaces is nonspecu-
lar. The Casimir limit is represented by the ar-
row in Fig. 2, and has been corrected for end ef-
fects' and phonon focusing. ' Hence, problems as-

sociated w'ith history-dependent boundary scatter-
ing are limited to 7 ~0.3 K.

The dislocation densities in the deformed re-
gions of the samples w'ere estimated from etch-pit
counts assuming a one-to-one correspondence. '
Etch-pit counts were obtained in both optical and
scanning-electron microscopes from the sample
faces as well as an internal (100) plane exposed
by cleaving each sample at the conclusion of the
z measurements. Primarily edge dislocations in-
tersect the (001) sample faces while, from the
orientation of the glide bands, it appeared that
roughly equal numbers of screw and edge disloca-
tions intersected the (100) plane.

Sample A contained a dislocation density of 3
x 10' cm ' in the sheared region of O. l-cm width
[Fig. 1(a)]. These were primarily edge disloca-
tion since only =6x10' cm ' intersected the cleaved
(100) plane, which was the same density as in the
as-received material.

Sample B was bent through an angle of 40' about
a 4.6-cm radius and contained a dislocation den-
sity of =2x10' cm ' on both the (001) and (100)
planes. %e therefore use an average density in
the bent region of 4x10' cm ' effective in scatter-
ing thermal phonons while recognizing that per-
haps 4 of the total are screw dislocations.

Sample C was bent to a larger radius of =20 cm
and contained 5x10' cm ' intersecting one plane.
As for sample B, we take the average density
normal to a given direction to be 10' cm 2.

Sample D, the bent sample of larger cross sec-
tion, also contained a density of 5x10 cm ' inter-
secting one plane. Again w'e take the effective
average to be 10' cm ', recognizing that perhaps
1/4 are screw dislocations.

The dislocation densities measured on the (001)
surfaces are consistent w'ith the minimum density
of edge dislocations calculated from the radius of
curvature of a deformed sample.
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F/G. 2. Thermal conductivity of sheared LiF sample
Q of = 0.15 x0.2-cm2 cross section, divided by T to
allow vertical expansion of data. 4, annealed and pol-
ished sample before deformation. After deformation and
etching: Q, undeformed background region; V, back-
ground after 720 R of y irradiation; 0, sheared region;
0, sheared region after 720 R; 4, sheared region after
180000 R. Arrow represents value of ~T 3 if no phonons
were specularly reflected from the crystal surfaces.
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FIG. 3. Ratio of yT 3 in the sheared region of sample
A divided by KOT &f--the undeformed region. Symbols
same as Fig. 2. A value of 1.0 would indicate no addi-
tional phonon scattering resulting from deformation.
The horizontal line represents the expected ratio if only
the slow transverse phonons were strongly scattered.
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III. RESULTS AND DISCUSSION

In this section we first discuss the experimental
results using only the Debye model of thermal
transport, then compare our results with earlier
measurements on LiF in other laboratories, and

finally compare the experimental results with
available theories of phonon-dislocation interac-
tions.
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A. Qualitative discussion of data

The thermal conductivities of samples A, B, and

D are shown in Figs. 2, 4, and 6. The data have
been divided by T' to allow expansion of the verti-
cal scale so that changes in g with deformation
and irradiation may be seen more conveniently.
The decrease in &T ' near 10 K simply indicates
that the peak in ~ vs T lies near 20 K as is typical
of LiF crystals having 0.2-0.5-cm lateral dimen-
sions. The increase in gT ' below =0.3 K for unde-
formed samples is largely due to increased specu-
lar scattering from the sample surfaces as dis-
cussed in Sec. 0, and therefore the data for 7&0.3
K are less useful in the present discussion.

In Figs. 3, 5, and 7 the yT ' data have been
divided by woT

' measured in the background re-
gion (for

samplers)

or before deformation (for
sampleS B, C, and D). A value of 1.0 in a plot of
KT /KOT

' would indicate no change in phonon scat-
tering relative to the undeformed crystal.

Four important facts are available from Figs.
2-V. First, the ratio of gT '/g, T ' for the shear-
ed sample is the same as measured in Ref. 1 for
samples with the same dislocation density but a
factor of 2 larger lateral dimensions. In other
words, the magnitude of the thermal conductivity
of deformed LiF is proportional to the size of the
sample. This indicates that even after the sample

is sheared, some fraction of the phonons are still
scattered primarily by the surfaces of the 'sam-

ple, i.e., some fraction of the phonons retain a
long mean free path. This is also evident in com-
paring the two bent samples C (x in Fig. 5) and D
(Fig. 7) which have the same dislocation density
but differ by a factor of 2 in lateral dimensions.

Second, the ratios of gT '/goT ' for samples B
and C (Fig. 5) are the same. These two crystals
had the same dimensions, but B had a larger dis-
location density. Hence the ratio of ~T '/v, T ' of
bent samples is independent of the number of dis-
locations present, just as observed in Ref. 1 for
sheared samples. This behavior indicates that
those phonons which are scattered by dislocations
are scattered sufficiently strongly that they make
essentially no contribution to thermal transport
in the present samples. To observe the magnitude
of this scattering would require the introduction of
a fresh dislocation density of «10' cm '. Our at-
tempts to do this failed.

Third, from Figs. 3, 5, and V it may be noted
that successive exposures to y irradiation re-
stores the thermal conductivity to nearly the pre-
deformation magnitude. The effect starts at low
temperatures and progresses to higher tempera-
tures as the total irradiation dosage is increased.
Since the dislocations are still present, these re-
sults imply that the phonon-dislocation interaction
is dynamic or resonant in character and that ir-
radiation progressively pins the dislocations so
that they become sessile. The lengths of the seg-
ments of a dislocation which can move in the
stress field of an incident thermal phonon are re-
duced with increased irradiation, i.e., the fre-
quency of the resonant interaction is increased.
The same behavior was observed more definitely
in Ref. I since the problems with specular reflec-
tions below =0.3 K were avoided.

Fourth, the strong phonon scattering of a frac-
tion of the total phonon population persists to tem-
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FIG. 4. Thermal conductivity of bent sample B of
0.15 x0.2-cm cross section, divided by T3. Q, de-
formed annealed and polished sample. After deforma-
tion and etching: 0, bent region; 0, 720 R of y irradia-
tion; 4, 2100 R; V, 180000 R. The Casimir limit is
indicated by an arrow.

FIG. 5. Ratio of ~T "3 of bent sample B divided by
qoT of crystal prior to deformation. The horizontal
line represents the expected ratio if only slow trans-
verse phonons were strongly scattered. Symbols same
as Fig. 4, except x: bent sample C of same cross sec-
tion, but a factor of 6 smaller dislocation density.
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FIG. 6. Thermal conductivity of bent crystal D of
larger (0.5 ~0.5 cm2) cross section, divided by T3. . Sur-
faces were lightly abraided to provide phonon boundary
scattering as a reference mean free path. Some data are
omitted for clarity. Q, undeformed annealed crystal.
Deformed sample: 0, bent region; 0, 40000 R of y ir-
radiation; 4, 80000 R; &, 200000 R. The arrow indi-
cates the value of &T 3 if no phonons were specul'arly re-
flected from the surfaces.

peratures at high as=10 K and, for the bent sam-
ples, perhaps higher. The y irradj;ation appears
incapable of removimg this strong scattering for
temperatures above =3 K. Hence the present data
do not indicate whether phonon scattering from
dislocations for 7 a3 K is by a resonant or static
mechanism. It must be emphasized, however,
that the size effect is present above 2 K, i.e., only
some fraction of the phonons in our samples are
strongly scattered by the dislocations. Another
fraction have long mean free paths and are scat-
tered by sample surfaces.

In Ref. 1 it was demonstrated directly through
observation of ballistic phonon pulses that, near
3.6 K in sheared samples, only the slow trans-
verse phonon mode was strongly scattered by edge
dislocations. In Figs. 3, 5, and V the calculated
ratio of &T /&OT

' assuming no transport by slow-
transverse phonons in the deformed crystals is
indicated by the horizontal line. For the three
bent samples, the measured zT '/z, T ' is some-
what lower than this horizontal line, suggesting
that a second phonon mode is being strongly scat-
tered by the more complex dislocation configura-
tion present in bent samples. This additional scat-
tering in bent samples removes =15% of the total
conductivity of the undeformed crystals, which
suggests that the longitudinal mode may be in-
volved. In this case, the fast transverse mode
would have a mean free path limited only by bound-
ary scattering and would account for essentially
the entire heat transport in the bent samples.

In summary, we find that edge dislocations
strongly scatter slow transverse phonons in LiF
via a resonant interaction. In bent samples anoth-
er fraction of the thermal phonons, possibly the

FIG. 7. Ratio of yT of bent sample D, of larger
cross section, divided by ~OT of the undeformed crys-
tal. Symbols same as Fig. 6. The horizontal line rep-
resents the expected ratio if only slow, transverse pho-
nons were scattered strongly.

longitudinal branch, also interacts strongly with
dislocations. The remaining fraction of phonons
have mean free paths limited by the dimensions of
the sample. Pinning the dislocations increases
the frequency of the resonant interactions, but
only for frequencies below a&o/3. 8 k =3 K.

B. Comparison with other data

The only data we are aware of for bent LiF crys-
tals are from a single measurement above 2 K by
Taylor et al. ' for a sample containing a disloca-
tion density of =2xl0' cm based on an etch-pit
count. Below =4 K the thermal conductivity varied
as T' and was reduced to =35% of the value for the
undeformed saxnple, the same as the present mea-
surements. Also a strong phonon scattering per-
sisted in the deformed crystal to temperatures as
high as 25 K, as for the present samples.

Most data available from the literature pertain
to LiF samples of similar dimensions, but deform-
ed by compression and measured only for tempera-
tures ~2 K. Both Sproull et a)."and Suzuki and
Suzuki" equated the dislocation densities to etch-
pit counts obtain on a single crystal plane. The
results of both papers, which agree within a factor
of 2, show for large deformation associated with
dislocation densities of ~10 cm that the thermal
conductivity does scale inversely with the density
of dislocations. An angle-averaged dislocation
density of =6x10' cm ' reduces z near 2 K from
=1.4 W/cmK to=0.02 W/cm K. This result, in
which all phonon modes are scattered, is consis-
tent with the conclusions presented in Sec. IIIA if
we continue to assume that only a fraction of the
phonons, possibly the fast transverse mode, pro-
vide essentially all the thermal transport. Scaling
the scattering observed by Suzuki and Suzuki to the
average dislocation density of 4x10' cm ' for our
sample B would give ~=0.3 W/cm K at 2 K. How-
ever, in our sample having a thickness of s0.15
cm, boundary scattering limits & to sSx10 '
W/cmK. Hence the weakly scattered mode is



772 E. P. ROT H AND A. C. ANDERSON 20

little affected by the presence of dislocations in
our samples.

Suzuki and Suzuki" also pinned dislocations by
partially annealing their samples. Above =3 K
there was no change in the temperature depen-
dence of y after annealing, just as in our samples
there w'as no change in temperature dependence
with y irradiation. In like manner, below 3 K
there was a change in the temperature dependence
of & which suggested that the frequency of a reso-
nant phonon-dislocation interaction was being in-
creased with increased pinning.

Thus w'e find that the previous measurements
are completely consistent with the present data
and w'ith the interpretation placed on the present
data. We summarize these results here for use
in Sec. III C. In deformed LiF, all phonons are
scattered by dislocations, but the slow trans-
verse mode is scattered much more strongly than
the fast transverse mode. The frequency depen-
dence of this scattering can be altered by pinning
the dislocations. Since the longitudinal phonon
mode normally contributes only =14/0 of thermal
transport (versus =53/0 for slow transverse and

=33Vp for fast transverse), it is not possible to de-
termine if it is scattered weakly or strongly. The
present data plus those from Ref. 1 suggest that
the longitudinal mode is scattered rather strongly.

C. Comparison with theoretica1 models

Theoretical scattering mechanisms can be divid-
ed into two general classes, namely, static scat-
tering processes and dynamic or resonant scatter-
ing processes.

The static mechanism has been calculated ex-
plicitly for the three phonon modes in LiF and
other materials by Kogure and Hiki, "who also
summarize earlier calculations. They predict
g cr.T . While this calculation gives reasonable
agreement for materials such as Si and Cu, it
gives a scattering cross section a factor of 10'-
10' too small to explain the LiF results even at
temperatures above 10 K.

A calculation by Eckhardt and Wasserbach'' at-
tempts to explain the T' dependence of y for bent
LiF crystals in terms of a static scattering re-
sulting from a spatial variation in crystal orienta-
tion. We have already demonstrated that the T'
behavior, when it occurs, is a result w'hich de-
pends on sample size, the fast transverse phonons
are simply undergoing nonspecular boundary scat-
tering. In the present measurements this T' de-
pendence occurs only between 0.3 and 3 K. In
addition, y irradiation does not remove the dis-
locations or change the variation in crystal orien-
tation, but irradiation does erase the strong scat-

tering of phonons by dislocations in this T' regime.
Finally, the calculated scattering magnitude for
this static mechanism is much too weak to explain
our data.

The failure of static scattering models to explain
the data on deformed LiF suggests that the strong
scattering may be related to a dynamic process.
Both Granato" "and Ninomiya"" have calculated
the phonon scattering caused by the "fluttering"
of a dislocation in the presence of a passing pho-
non. For simplicity we may visualize the disloca-
tion as an elastic string. For a dislocation of in-
finite length the dislocation can be excited to some
extent by a phonon of any frequency. If the disloca-
tion, however, is pinned w'ith an average" seg-
ment I., free to flutter, only phonons having a fre-
quency greater than some minimum value, wp can
excite the dislocation. Ninomiya considers only
the infinite dislocation, but the calculation can be
adopted to dislocation segments of finite length
by terminating' "at a low'-frequency limit &p all
integrations involving phonon scattering. Granato
has shown that this approximation may underesti-
mate the phonon scattering cross section for pho-
nons having frequencies lying close to the disloca-
tion resonance at &p. Granato's vibrating string
model has had considerable success in explaining
the results of ultrasonic measurements. " As the
phonon frequency is increased to the =10"-Hz
range important in thermal transport near 10 K,
the variation in effective mass" and line tension
of the dislocation must be included explicitly in
the calculations. ' '"'"

A current problem with the vibrating string mod-
el is that the individual scattering cross sections
for the three phonon modes from the two types of
dislocations have not been calculated for all angles
of incidence. The model gives only a rough magni-
tude for the thermal conductivity in the presence
of dislocations. Of course, qualitative information
on the relative scattering cross sections can be
deduced from the Peach-Koehl. er relation. "In-
deed, edge dislocations in LiF crystals oriented
as in Fig. 1 should scatter the slow transverse
mode most strongly. '"

In comparing the vibrating string model w'ith

available data we first consider the freshly de-
formed samples for which K~/3. 8 k«5 K. Then
the measured mean free path of fast transverse
phonons at 5 K is =0.06 cm for an argle-averaged
dislocation density" of Vx10' cm '. On the other
hand, from our sample B (Fig. 4), the mean free
path of slow transverse phonons is &0.1 cm for a
dislocation density of 4x10' cm '. Scaled to a den-
sity of 7x10' cm, the mean free path of slow
transverse phonons w'ould be &0.006 cm. The
mean free path calculated using the string model
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FEG. 8. Thermal conductivity of sample D from Fig.
6. g, undeformed, 0, deformed by bending. Solid line,
fit to Callaway model with boundary and isotope scat-
tering; dashed and dotted lines, calculations using Cal-
laway model with additional photon scattering by dis-
locations as computed from the vibrating-string model.
The dashed line assumes all three phonon modes are
scattered equally strongly; the dotted curve assumes the
slow transverse mode does not contribute to thermal
transport because of strong scattering by the disloca-
tions.

is =0.02 cm at 5 K. Hence the model predicts
slightly too strong a scattering for the fast trans-
verse mode near 5 K, but too weak a scattering
for the slow transverse model.

It is also useful to make a comprehensive com-
parison with the data available at lower tempera-
tures. Figure 8 reproduces part of the data from
sample D (Fig. 6}. The thermal conductivity of
the undeformed sample was calculated using Call-
away's model" w'ith adjusted phonon scattering
terms for boundaries, isotopes, umklapp process-
es, and normal phonon processes, and allowing
for end effects and phonon focusing. Below =3 K
only the boundary term is important; between 3
and 20 K the isotope term dominates. The bound-
ary term agreed with the measured dimensions of
the sample (between 0.3 and 3 K) while the iso-
tope term agreed with earlier, direct measure-
ments of isotope scattering by Herman and
Brock.'4 These parameters were then used for
the deformed crystal, adding only the additional
scattering caused by the dislocations as calculated
from the model of Granato. " The results are
show'n in Fig. 8. The dashed line assumes all
phonon modes are scattered with equal strength
by dislocations, and assumes the mean dislocation
resonance falls at a &q/3. 8 k =1 K as suggested by
the minimum in gT ' near =O.V K. The scattering
is too weak to explain the data; decreasing &, im-
proves agreement below 0.4 K but the scattering
then becomes too weak at higher temperatures.
If it is assumed that the slow transverse phonons
are scattered so strongly that their contribution

to & may be neglected, and that the other two
modes are scattered in accordance with the elas-
tic-string model, the dotted curve is obtained.
Now the scattering near I K is too strong. Chang-
ing &0, or assuming that the longitudinal mode is

. also strongly scattered as we suspect, only causes
a greater descrepancy between theory and experi-
ment. These are basically the same conclusions
as we obtained using the data of Suzoki and Suzuki
near 5 K.

In summary, we find that models which associ-
ate phonon scattering from dislocations in LiF
with static interaction processes are too weak to
explain available data over the temperature range
0.03-30 K. The model based on a dynamic inter-
action with a fluttering dislocation does provide a
rough, qualitative explanation for the magnitude
of scattering over a limited temperature range
near 2 K, and can provide a qualitative explana-
tion for the change in temperature dependence of
I(,

' with y irradiation or annealing. But this dynamic
model fails as yet to provide quantitative1y the
strong mode dependence observed experimentally.

D. Some random comments

At temperatures above =2 K, where most data
have been obtained for Li.F, the temperature de-
pendence is generally closer to T' than the T' ex-
pected from boundary scattering. This tempera-
ture dependence is often said to be indicative of a
static phonon-dislocation interaction. %'e believe
that the magnitude of the scattering, the tempera-
ture dependence, and the change in temperature
dependence w'ith thermal treatment" are more
readily explained by the model of fluttering dis-
locations.

We emphasize again that only a lower limit of
the magnitude of the scattering of slow transverse
phonons by dislocations has been observed experi-
mentally, since the fast transverse mode domin-
ates heat flow i' the deformed crystal. Only the
low-temperature side of a resonant scattering
curve can be observed for slow transverse pho-
nons. A portion of this curve is indicated by the
squares, for example, near 0.6 K in Fig. 6.

We noted that increasing y irr adiation does not
restore g to its predeformation magnitude for T
~3 K. A dislocation resonance at sup J3.8 k~3 K
requires the dislocations to have fluttering seg-
ments of average length s200 A. Also the aver-
age half-wavelength of the dominate phonons at a
temperature of 3 K is =200 A. It may be that in
this regime the concept of pinning or even of an
elastic string has begun to fail, and that an atom-
istic model is more appropriate.

Whereas g for compressed or bent samples is
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I'IG. 9. Thermal conductivities of two bent crystals
of 0.5 &&0.5-cm2 cross section. ~, thermally annealed in
argon at 780' C for 12 h; 0, 200 000 R of y irradiation.

depressed after deformation at all temperatures
to =25 K, the ~ of a sheared sample appears not
to be depressed above =10 K; see Fig. 2. This
deformed sample contains a simple array of only
edge dislocations and hints that screw dislocations
might be responsible for the strong scattering at
higher temperatures. However, our data are least
reliable at this extreme in temperature; the effect
may not be reproducible.

Either annealing or y irradiation of deformed
LiF samples seems to provide the same end
product. Figure 9 shows two samples of dimen-
sions 0.5x0.5x5 cm', each deformed by bending,
one annealed and the other irradiated. At least
below =1 K the thermal conductivities are nearly
the same. The same behavior is observed for
samples deformed by shearing. Annealing causes
a reorganization of the dislocations into small-
angle boundaries, '"but leaves the number of
dislocations essentially unchanged.

Finally, w'e note that a dynamic phonon-disloca-

tion interaction is not unique to LiF. Evidence for
a similar interaction has been obtained in several
deformed, superconducting metallic crystals. "

IV. CONCLUSIONS
I

All measurements of thermal conductivity and
ballistic phonon propagation in deformed LiF
crystals are consistent with an interpretation in
which the slow transverse (and possibly longitudi-
nal) phononmode is more strongly scattered by
dislocations than the fast transverse mode. Hence
fast transverse phonons dominate heat transport
at temperature between=0. 03 and 25 K. The phonon
scattering is too strong to be explained by static
mechanisms of phonon-dislocation interaction,
but is in rough agreement with calculations based
on a resonant or dynamic interaction with disloca-
tions which can flutter in the stress field of pass-
ing phonons. The dynamic scattering model can
also account for changes in the magnitude and
temperature dependence of the thermal conductiv-
ity of deformed LiF crystals w'ith y irradiation or
thermal annealing, but the model does not as yet
provide the strong scattering dependence deter-
mined by phonon mode.
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