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Polarization dynamics and optical selection rules for excitonic transitions in strained
quantum wells
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Dual-beam spectral interferometric techniques are used to time resolve the polarization state of the coherent
emission from both intentionally and unintentionally strained GaAs/AlxGa12xAs multiple quantum wells fol-
lowing irradiation with very weak femtosecond pulses. Any anisotropy in the in-plane strain is shown to result
in dramatic oscillations in the intensity, the orientation, and the ellipticity of the coherent emission at the
heavy-hole, light-hole beat frequency. This behavior is shown to be the result of replacing the circularly
polarized optical selection rules with elliptically polarized selection rules in the uniaxially strained sample.
When only the heavy-hole transition is excited with linearly polarized light, these elliptical selection rules lead
to a linearly polarized coherent emission that is rotated with respect to the incident orientation. The degree of
rotation of the coherent emission as a function of sample orientation is used to quantify the anisotropy in the
strain. When the in-plane strain is uniform, no such rotation and no light-hole, heavy-hole beats in the
polarization state of the coherent emission are observed.

DOI: 10.1103/PhysRevB.64.035302 PACS number~s!: 78.67.De, 71.35.Cc, 78.47.1p, 42.50.Md
d
l

i
on
ai
w
nd
ic
pe
za
u

lly

th
ne
e
ul
lu
w

a

on
t-
pl
.

sa
A

le
a

ting
pro-
was

ion

or-
tly,

m-

d in
ode-
eam
ed

ur
ws

riza-
nts
ays
an
nt
e

el-
I. INTRODUCTION

Dephasing processes in semiconductors have been stu
in detail in recent years.1 The circularly polarized optica
selection rules~CPOSR! for the heavy-hole~hh! and light-
hole~lh! excitonic transitions have played an essential role
the interpretation of many of these experiments. In additi
it is often impossible to avoid introducing stress and str
into the samples used in these experiments during gro
and fabrication.2 For this reason, it is important to understa
and to quantify the effects of stress and strain on the opt
selection rules. Here, we describe our use of dual-beam s
tral interferometric techniques to time resolve the polari
tion state of the coherent emission induced by a single
trashort optical pulse in intentionally and unintentiona
strained multiple quantum well~MQW! samples. From the
dynamics of the polarization state, we determine whether
sample is uniformly or anisotropically strained in the pla
of the wells. For the special case of a uniaxially strain
sample, we demonstrate that the polarization selection r
are elliptical, as expected, and we extract a numerical va
for the difference in the strain tensor elements. That is,
quantify the strain.

II. EXPERIMENTAL TECHNIQUE

The two samples used in this study are shown schem
cally in Fig. 1. The first sample@Fig. 1~a!# was prepared
using a standard procedure that we~and others! routinely use
to prepare our samples for four-wave mixing and other n
linear optical studies.3 In this case, no strain and no aniso
ropy were intentionally introduced. In the second sam
@Fig. 1~b!#, we intentionally introduced a uniaxial strain
Each sample was prepared from a separate piece of the
wafer, which consists of ten periods of 14-nm-wide Ga
wells alternating with 17-nm-thick Al0.3Ga0.7As barriers
grown on a~001!-oriented GaAs substrate. The first samp
was glued to a BK7 glass window, the GaAs substrate w
0163-1829/2001/64~3!/035302~7!/$20.00 64 0353
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removed with a selective etch, and an antireflection coa
was applied to the top surface. The second sample was
cessed in a similar manner, except that the sample
bonded to ab-cut LiTaO3 substrate with thec axis in the
plane of the sample along the@110# axis, as shown in Fig.
1~b!. Measurements~to be described below! were then per-
formed on each sample at 80 K. The thermal expans
coefficients4,5 of GaAs, BK7 and LiTaO3 are shown in Table
I. The thermal expansion coefficients of GaAs and the am
phous BK7 glass are close, but not identical. Consequen
the sample in Fig. 1~a! will be strained, but the strain is
expected to be uniform in the plane of the sample. By co
parison, the sample in Fig. 1~b! will experience a net com-
pressive uniaxial strain along thea axis.6–8

The polarization state of the coherent emission induce
each of these samples by a single 172 fs pulse from a m
locked Ti:sapphire laser was measured using a dual-b
spectral interferometer that we have describ
previously,3,9,10 as indicated schematically in Fig. 2. For o
purposes, we need only recall that this interferometer allo
us to time resolve the amplitude, the phase, and the pola
tion state of the emitted signal. Also, for the measureme
to be described in this paper, the incident pulse was alw
linearly andx polarized, and the sample was rotated by
angled with respect to the linear polarization of the incide
field as shown in Fig. 2~b!. The notation that we use for th
polarization ellipse of the emitted light is shown in Fig. 2~c!.
Here, usig designates the orientation of the polarization

FIG. 1. Schematic drawing of~a! the uniformly strained and~b!
the uniaxially strained samples.
©2001 The American Physical Society02-1
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lipse ande denotes the ellipticity angle, which is determine
by the ratio of the minor axis to the major axis.

In general, the emission traveling in the direction of t
incident pulse will consist of the transmitted portion of t
incident pulse, the first-order coherent emission, and hig
order contributions to the coherent emission. However,
excitation pulses used in the experiments to be reported
had a fluence of;20 nJ/cm2, which would produce an esti
mated areal carrier density of;108 cm22 ~or ;1014cm23!.
Consequently, the coherent emission is weak and is do
nated by the first-order term. Unless otherwise stated,
laser was tuned so that bothhh and lh excitonic transitions
were excited.

For the measurements on the uniaxial sample, a sec
LiTaO3 window was attached to the first and rotated by 9
so that the optical anisotropy from the first substrate wo
be compensated by the second. Nevertheless, a sma
sidual anisotropy remained after the insertion of the sec
substrate. This remaining anisotropy was systematically
moved by carefully measuring the Jones matrix11 of the pair
of substrates. The latter was accomplished by measuring
output polarizations after transmission through the pair
substrates for four known input polarizations. The Jones

FIG. 2. ~a! The experimental geometry for time resolving th
polarization state of transmitted and coherently emitted light us
dual-beam spectral interferometry. Schematic drawings showing~b!
the orientation of the sample relative to the incidentx-polarized
radiation and~c! the notation used to describe the polarization
lipse associated with the transmitted and emitted radiation.

TABLE I. The thermal expansion coefficients of the sample a
windows at room temperature.

Material
Thermal Expansion

Coefficient31026/°C Reference

GaAs 6.15 4
BK7 glass 7.1 5

LiTaO3 ~alonga! 16.2 4
LiTaO3 ~alongc! 4.1 4
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trix was subsequently calculated from three of the kno
input polarizations and the corresponding measured ou
polarizations. As a check, the fourth input polarization w
then calculated from the measured output polarization us
the calculated matrix. Finally, to ensure consistency, t
procedure was repeated for all combinations of the kno
input polarizations.

III. RESULTS FOR THE UNIAXIAL SAMPLE

We discuss the results for the uniaxially strained sam
first. The measured spectrum of the copolarized~with respect
to the x-polarized incident field! component@ I x(v)# of the
emission is shown by the solid line in Fig. 3~a!, and the
spectrum of the orthogonally polarized component@ I y(v)#
is shown in Fig. 3~b!. ~The dashed lines are the results
simulations to be discussed below.! For these measurement
the sample was oriented such that the strain axis was at
with respect to the incident polarization@i.e., d5245° in
Fig. 2~b!#. The spectrum of the copolarized signal is identic
to that of the incident pulse, except for small dips located
thehh and lh resonances, indicating that the copolarized s
nal is dominated by the transmitted portion of the incide

g

-

d

FIG. 3. The spectrally resolved emission from the uniaxia
strained sample when the sample was rotated tod5245° and when
both the hh and lh excitonic transitions were excited:~a! the x
componentI x(v) and~b! they componentI y(v) of the intensity~in
arbitrary units! and ~c! the spectral phase differencewx(v)-wy(v)
~in degrees! between thex and y components of the field. Notice
that they component of the intensity has been multiplied by a fac
of 82 for comparison on the same scale as thex component. The
solid lines are data, and the dashed curves are the results of s
lations described in the text.
2-2



p
.
t

re
ud

f
m

t

d
re
he

ri

d

or
se
he

i
s-

r-

the

lds
e
er-
sed.
d
mi-
ing
nent

re-
c-

ss-
ence

r-
a-

ive
ts is

der
, if

the
ne
ed,
er,
ug-

he

,
late
ral
od
at

rage
-

ce
rom

the
ed

unt
ds

ig-
be

-
-

lly

sh

POLARIZATION DYNAMICS AND OPTICAL SELECTION . . . PHYSICAL REVIEW B64 035302
pulse. By contrast, the cross-polarized spectrum consists
dominately of emission at thelh andhh exciton resonances
The very presence of a distinct cross-polarized componen
the signal indicates that the sample is anisotropic.2

Dual-beam spectral interferometry allows the measu
ment of the spectral phases as well as the spectral amplit
@i.e., Figs. 3~a! and 3~b!# of the x and y components of the
signal. The difference@wx(v)-wy(v)# between the phases o
the copolarized spectrum and the cross polarized spectru
shown in Fig. 3~c!. The copolarized spectral phase,wx(v), is
approximately constant; therefore, the structure eviden
Fig. 3~c! is predominately associated withwy(v). Notice
that the spectral phase difference has no significance, is
ficult to obtain, and therefore, is not shown in spectral
gions where there is no measurable contribution from eit
I x(v) or I y(v).

The temporal signals that are obtained by inverse Fou
transformation of the spectral data in Fig. 3~including the
phase information! are shown in Fig. 4. The time-resolve
copolarized component of the signal@upper solid curve in
Fig. 4~a!# is dominated at early times by a strong peak c
responding to the transmitted portion of the incident pul
This initial peak is followed by beats associated with t
polarization interference between the linear coherent em
sions from thehh andlh excitons. By comparison, the cros
polarized component of the signal@lower solid curve in Fig.
4~a!# is much weaker, and it exhibits polarization interfe

FIG. 4. The temporally resolved emission from the uniaxia
strained sample when the sample was rotated tod5245° and when
both the hh and lh excitonic transitions were excited:~a! the x
componentI x(t) and they componentI y(t) of the intensity~upper
and lower curves, respectively, in arbitrary units! and ~b! the tem-
poral phase differencewx(t)-wy(t) ~in degrees! between thex andy
components of the field. The solid lines are data, and the da
curves are the results of simulations described in the text.
03530
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ence beats that are 180° out of phase with those for
parallel component. The temporal phase difference@wx(t)
2wy(t)# between the copolarized and cross-polarized fie
is shown in Fig. 4~b!, and it too exhibits oscillations at th
hh- lh beat frequency. Notice that we show the phase diff
ence only for times after the transmitted pulse has pas
The transmitted portion of the incident pulse is linear anx
polarized, and during the period that it is present, it so do
nates the signal that it determines the polarization, mak
the phase difference between it and the crossed compo
relatively irrelevant and difficult to determine.

It is interesting to note that the data shown in Figs. 3~a!
and 3~b! could have been obtained by performing measu
ments of thex andy components of the signal with a spe
trometer, and the upper and lower curves in Fig. 4~a! could
have been obtained, for example, by performing a cro
correlation measurement between the signal and a refer
pulse in a second harmonic crystal. In fact, when Figs. 3~a!,
3~b!, and 4~a! are taken together, they provide similar info
mation to that shown in Fig. 3 of Ref. 2. The phase inform
tion shown in Figs. 3~c! and 4~b!, however, is not provided
by these techniques. This information about the relat
phases of the copolarized and cross-polarized componen
essential if the vectorial dynamics of the coherent first-or
emission are to be accurately determined. For example
one were to assume that the phase difference betweenx
and y components of the field in Fig. 4 is zero, then o
would conclude that the emission remains linearly polariz
but that the polarization direction varies in time. Howev
the time varying amplitudes and phases shown in Fig. 4 s
gest a more complicated behavior.

The polarization dynamics are more evident if we plot t
data of Fig. 4 in terms of the ellipticity angle« and the
azimuthal angleusig that determine the polarization ellipse
as we have done in Fig. 5. Clearly both parameters oscil
at the lh-hh beat frequency. The corresponding tempo
behavior of the polarization ellipse for one beat peri
~;265 fs! is shown in Fig. 6 for selected times. Notice th
the orientation of the emission oscillates from;0° to
;245° and back again each beat period and that the ave
orientation~;225°! is rotated toward the axis of high com
pressive strain—that is, toward thea axis. The ellipticity
goes from linear to elliptical and then back to linear twi
per beat period. Finally, the sense of rotation changes f
clockwise~left circular! to counterclockwise~right circular!
each period. This behavior can be understood in terms of
hh- lh mixing associated with the uniaxial strain as describ
in the next section.

IV. THEORETICAL MODEL

The effects of the strain can be readily taken into acco
by writing the Luttinger Hamiltonian for the valence ban
for a compression along the@11̄0# direction~our a axis! and
a tension along@110# ~our c axis!.6,8,12–14 If the strain is
treated as a small perturbation and the split-off band is
nored, the strained Hamiltonian for the valence band can
shown to consist of a 434 matrix composed of two inde
pendent 232 matrices.6,8,12–14These matrices can be diago

ed
2-3
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HAWKINS, STEVENS, AND SMIRL PHYSICAL REVIEW B64 035302
nalized to obtain new eigenenergies and eigenfunctions.
straight forward to show that, at the zone center, the eig
functions of the strained Hamiltonian for the valence ba
are of the form:

uhh&65a1U32 ,6
3

2L 1a2U32 ,7
1

2L , ~1!

u lh&652a2U32 ,6
3

2L 1a1U32 ,7
1

2L , ~2!

whereu3/2, 63/2& and u3/2, 61/2& denote the doubly degen
eratehh and lh basis states of the unstrained Hamiltonian

a15
1

&
~11A12R2!1/2 ~3!

and

FIG. 5. The time-resolved polarization state for the emiss
from the uniaxially strained sample when the sample was rotate
d5245° and when both thehh and lh excitonic transitions were
excited:~a! the orientation of the polarization ellipseusig(t) and~b!
its ellipticity angle«(t) in degrees. The solid lines are data, and
dashed curves are the results of simulations described in the t

FIG. 6. Sketches of the polarization ellipse at selec
times during a single oscillation period corresponding to the d
in Fig. 5.
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a25
1

&
~12A12R2!1/2, ~4!

and where for this strain configuration,R is defined as the
ratio

R5
d~«a2«c!

D
, ~5!

where «a and «c are the compressive and tensile stra
along thea and c axes, respectively,d is the deformation
potential appropriate for rhombohedral symmetry, andD is
the hh- lh hole splitting under these deformations. Th
conduction-band states remain parabolic and are den
here as

ue&65U12 ,6
1

2L . ~6!

In the absence of strain or for a uniform in-plane stra
the valence-to-conduction band optical transitions can
shown to obey the CPOSR. For an interaction Hamilton
of the form2mW •E ~whereE denotes the incident field!, the
nonzero dipole matrix coupling elements are given by

meh
~1 !51^eumuhh&15 K 1

2
,
1

2UmU32 ,
3

2L 5meh~ ŝ2!* , ~7!

mel
~1 !51^eumu lh&15 K 1

2
,
1

2UmU32 ,2
1

2L 5mel~ ŝ1!* , ~8!

meh
~2 !52^eumuhh&25 K 1

2
,2

1

2UmU32 ,2
3

2L 5meh~ ŝ1!* ,

~9!

mel
~2 !52^eumu lh&25 K 1

2
,2

1

2UmU32 ,
1

2L 5mel~ ŝ2!* ,

~10!

where ŝ15(â1 i ĉ)/& and ŝ25(â2 i ĉ)/& are the unit
vectors for right and left circularly polarized light, respe
tively, referenced to the strain axes and wheremeh and mel
are thehh and lh matrix elements for the unstrained syste
respectively.

In the presence of an anisotropic in-plane strain, howe
one can use Eqs.~1! and~2! to show that the mixing of thelh
andhh valence bands leads to elliptical coupling between
new eigenstates. In this case, the elliptically polarized opt
selection rules~EPOSR! are given by

meh
~1 !51^eumuhh&15mehFa1~ ŝ2!* 1

a2

)
~ ŝ1!* G ,

~11!

mel
~1 !51^eumu lh&15mel b2)a2~ ŝ2!* 1a1~ ŝ1!* c,

~12!

n
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POLARIZATION DYNAMICS AND OPTICAL SELECTION . . . PHYSICAL REVIEW B64 035302
meh
~2 !52^eumuhh&25mehFa1~ ŝ1!* 1

a2

)
~ ŝ2!* G ,

~13!

mel
~2 !52^eumu lh&25mel b2)a2~ ŝ1!* 1a1~ ŝ2!* c.

~14!

Notice that in the absence of anisotropic strain,a250 and
a151, and the EPOSR reduce to the CPOSR given by E
~7!–~10!. That is, theuhh&1 valence state is coupled to th
ue&1 conduction state by right circularly polarized light, an
the u lh&1 valence state is coupled to the sameue&1 conduc-
tion state by left circular light. By comparison, theuhh&2

valence state is coupled to theue&2 conduction state by lef
circularly polarized light, and theu lh&2 valence state is
coupled to theue&2 conduction state by right circular light
In this case, there is no preferred direction for absorption
the presence of uniaxial strain, thelh andhh wave functions
are mixed so that the selection rules become elliptical, w
the major axis of thehh ellipse aligned along the compre
sive strain axis~i.e., parallel toâ! and thelh ellipse perpen-
dicular to this axis~i.e., parallel toĉ!. In other words, thehh
matrix element is increased along the compression axis
decreased along the tension axis. In contrast, thelh transition
strength is increased along the tension axis and decre
along the compression axis. Oscillator strength is conser
throughua1u21ua2u251.

When the incident radiation is resonant with the excito
transitions, the linear absorption of this system is most ea
calculated by representing thehh andlh excitonic transitions
by two independent three-level systems obeying the selec
rules given by Eqs.~11!–~14! as depicted schematically i
Fig. 7. A first-order perturbative solution to the density m
trix equations for these two systems in response to a d
function excitation pulse gives

S Pco

Pcross
D}S imeh

2

\ D Eu~ t !e2gtH @~a1
21a2

2/3!1~a2
2

1a1
2/3!e2 iVt#S x̂

0ŷD1
2a1a2

)
@12e2 iVt#

3S cos 2d x̂
sin 2d ŷ D J , ~15!

for the copolarized,Pco, and cross polarized,Pcrosscompo-
nents of the emission, whereg is the exciton dephasing rat

FIG. 7. The energy-level diagram used to model thehh and lh
excitonic transitions. The matrix elements and eigenstates are g
in the text.
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~for the moment, assumed to be the same for bothhh andlh!,
V is the hh- lh splitting, E is the incident field amplitude
u(t) is the Heaviside step function, andd is the angle be-
tween the compressive strain axis and the incident linear
larization. We will use this expression to guide our quali
tive discussions in the following sections.

V. EXTRACTION OF STRAIN PARAMETERS

The polarization state of the coherent emission as gi
by Eq.~15! clearly depends upon sample orientation, and
can use this orientational dependence to quantify the str
For these measurements, the laser was tuned so that w
cited only thehh transitions. Note that when only thehh
excitons are excited, Eq.~15! is simplified by the elimination
of all terms multiplied by exp(2iVt):

S Pco

Pcross
D}S imeh

2

\ D Eu~ t !e2gtH ~a1
21a2

2/3!S x̂
0ŷD

1
2a1a2

)
S cos 2d x̂

sin 2d ŷ D J . ~16!

The time-integratedintensity and thetime-averagedori-
entation and ellipticity of the emitted first-order field as
function of the orientation of the sample are shown in Fig
when only thehh is excited. These time-averaged paramet
were obtained by gating the time-resolved emission to
move the contributions of the transmitted pulse in the follo
ing way. We first time resolved thex and y components of

en

FIG. 8. The gated, time-averaged polarization state for the em
sion from the uniaxially strained sample as a function of sam
orientation when only thehh excitonic transition was excited:~a!
the total intensity~in arbitrary, but relative units!, ~b! the orientation
of the polarization ellipseusig, and ~c! the ellipticity angle«. The
solid circles are data, and the dashed curves are the results of s
lations described in the text.
2-5
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HAWKINS, STEVENS, AND SMIRL PHYSICAL REVIEW B64 035302
the intensity and the phase, as described in our discuss
surrounding Figs. 3 and 4. For convenience, we then
pressed this data in terms of the time-resolved Sto
parameters,11 and we numerically integrated the time
resolved Stokes parameters beginning at a time of roug
400 fs after the pump pulse. Finally, we converted the tim
integrated Stokes parameters to time-averaged values fo
ellipticity and the orientation. This procedure was repea
for each sample orientation. In this way, we were able
eliminate the effects of the transmitted pump pulse~and the
reflection from the second substrate that we describe be!
and were able to average over the first-order emission o

Several features in Fig. 8 are worth noting. First, in agr
ment with Eq. 16, the emission is in general rotated,
linearly polarized~i.e.,«>0! for all sample orientations. The
total emission is strongest when the incident polarization
parallel to the compressive strain axis (d50), and it de-
creases with angle until the polarization is along the ten
strain axes (d590°). When the incident polarization i
along one of these axes, there is no cross-polarized com
nent, and the emission isx polarized. However, when th
incident polarization is not oriented along either of the
axes, the emission is rotated towards the compressive s
axis.

The dashed curves in Fig. 8 are the results of simulati
based on Eq.~16! and on the elliptical selection rules give
by Eqs.~11!–~14!. From such fits, we are able to extract
value of a250.35360.004. Using this value fora2 in Eqs.
~4! and~5!, we can estimate the net compressive strain to
«a2«c522.331023. In making this estimate, we hav
used the measuredhh- lh splitting of D515.6 meV and
takend524.55 eV.15

Numerical simulations using finite pulses~172 fs, full
width at half maximum of the intensity!, the elliptical selec-
tion rules given by Eqs.~11!–~14!, anda250.353 are shown
by the dashed curves in Figs. 3–6. For these simulations
assumed that the pulses were tuned 8.1 meV above thhh
transition, in agreement with the experimental detuni
Clearly, all of the key features in the data are accurat
reproduced by these simulations. One exception is the
agreement between simulation and experiment near 26
which is particularly evident in Fig. 4. The anomalous e
perimental behavior at this time has been identified as a
flection from the interface between the crossed LiTaO3 win-
dows, and it has the same polarization as the incident pu
This reflection makes it difficult to extract the correct inte
sity and phase of the copolarized emission in this temp
region. One final remark concerning the simulations is th
in order to correctly account for the decay of the oscillatio
in « andusig ~see Fig. 5!, it was necessary to take the depha
ing rate for thelh to be slightly larger than thehh. We offer
no justification for this ansatz.

VI. RESULTS FOR THE UNIFORMLY STRAINED
SAMPLE

Finally, in Fig. 9~a!, we show the emission that is copo
larized and cross polarized to the incident field as a func
of time for the conventionally prepared sample mounted
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the amorphous glass substrate when bothhh and lh are ex-
cited. The spectra for the parallel and orthogonal intensi
are also shown@Fig. 9~b!#. As in Fig. 4, the copolarized
component of the time-resolved signal is dominated by
peak corresponding to the transmitted portion of the incid
pulse, and this peak is followed by beats associated with
polarization interference between the linear coherent em
sion from thehh and lh excitons. In contrast to the uniaxia
measurements, however, the orthogonal signal and spec
are in every respect identical to the parallel signals, exc
that they are reduced in magnitude by 431026, which is
equal to the measured leakage of our analyzer. Thus
within the accuracy of our measurements, the light from t
sample is linearly andx polarized. This result is independen
of sample orientation. This confirms the validity of th
CPOSR and confirms that the processing used to moun
sample has introduced no measurable anisotropy.

VII. SUMMARY AND CONCLUSIONS

Time resolving the polarization state of the coherent em
sion induced by weak ultrashort pulses from these two MQ
samples has allowed us to characterize the in-plane an
tropic strain present in the samples. Our intentionally unia
ally strained sample, mounted on LiTaO3, shows clear evi-
dence of anisotropy. From measurements of the tim
integrated polarization state of thehh emission as a function
of sample orientation, thehh- lh valence-band mixing pa
rameters have been determined. By comparison, our con
tional sample mounted on BK7 glass, shows no sign of

FIG. 9. The~a! temporally resolved and~b! spectrally resolvedx
component~solid! andy component~dashed! of the emitted inten-
sity from the uniformly strained sample when both thehh and lh
excitonic transitions were excited. Notice that they component of
the intensity has been multiplied by a factor of 2.53105 for com-
parison on the same scale as thex component. This result was
independent of sample orientation.
2-6
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isotropic strain, validating the use of the circular polarizati
optical selection rules in describing the coherent emiss
from this sample. Finally, as a note of caution, it should
pointed out that, in contrast to our results using amorph
substrates and our mounting procedures, another group2 has
investigated samples glued toc-cut sapphire substrates an
has found evidence of a small, but detectable, strain-indu
anisotropy. While these effects2 were small, nevertheless, th
validity of the CPOSR may depend upon the manner
03530
n

s

d

which the sample is prepared and mounted and upon
sensitivity of the measurements to any anisotropy presen
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