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Strain dependence of the Fermi surface in cadmium and rhenium
from ultrasonic velocity oscillations~&
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Tile magnitudes of the derivatives with respect to strain & of extrcmal cross-sectional areas A„of the
Fermi surface, ~() lnAF/8&~, were dctcrmi»ed in Cd and Rc by measurement of the amplitudes of
quantum oscill itions i» both the velocity of' loiigitudinal sound waves and the»magnetic susceptibility. For I-I

~~[0001] in Cd, our results fnr thc str;lin dependence of the a and p orbits agree with data obtained

applying uniaxial stress nr hydrostatic pressure. These rcsiilts are also i» good agreement witli a rigid-

parabolic-band model. Ff)r the C and D orbits, as well as for the a arid p orbit», ~dlnA, . /8a~ scales

roughly as 1/A, For H~~ [1010] in Re, our measurement» of the strain dependence associated with the
ellipsoids seem to be consistent with hydrostatic pressure results and in order-of-magnitude agreement with a
rigid parabolic band estimate. The strain dependence of a» orbit associated with 8th- or 9th-zone electrons
does not scale as 1/A, , but seems to have an anomalously laige strain dependence.

I. INTROI)U("I ION

The study of quantum oscillations in the mag-
netic susceptibility and in other physical quantities
has yielded extensive information about the Fermi
surfaces of metals. ' The oscillation frequencies
are related to the extremal cross-sectional areas
AF of the Fermi surface and cyclotron effective
masses may be determined from the temperature
dependence of the oscillation &.mplitudes. The
magnetic field dependence of these amplitudes has
also yielded information related to the electronic
relaxation times. In recent years, the magnitudes
of the oscillation amplitudes have been used to ob-
tain the dependence of the Fermi surface on strain
c or stress o.

The direct observation of quantum oscillations in
a crystal under hydrostatic pressure or uni uncial

stress requires some caution to avcid damaging
the crystal. On the other hand, these dangers
may be avoided and the stress dependence of the
Fermi surface may be determined from the oscil-
latory magnetostriction alone as was done hy Aron
and Chandrasekhar for Bi.'-' A different approach
to the problem was taken by Testardi and Condon. "'
These authors derived expressions relating
de Haas-van Alphen (dHvA) oscillations in the
ultrasonic velocity to oscillations in the magnetic
susceptibility. For the case of longitudinal waves
propagating along the magnet. ic field direction or
shear waves perpendicular to the i.'ield direction,
the equation relating the elastic constants C, , to
the differential magnetic susceptibility y = &M/0)l

takes a simple form'

C(,(ff) =- C(„()f= 0) —ll 'D(D, l(, . '-.
where the deformation parameter D, & InA, /0&,.

measures the dependence of the extremal cross-

ectional area A~ on the strain component &, This
c~q~ression is valid where the phase of the oscilla-
tory free energy is rapidly varying and where ql
'-l, q being the ultrasonic wave vector and I the
electronic meat& free path. Thus a comparison of
oscillation amplitudes in two physical quantities al-
lows the direct determination of the strain depen-
dence of the Fern&i surface. Similar comparison
methods, involving the relationship between dHvA

amplitudes in two physical quantities, have been
u;-ed by other authors. ' '

In this paper, we present experimental results
for the deformation parameter D, for certain or-
bits in Cd and Re, determined in a manner similar
to that used by Testardi and Condon. A brief ac-
count of these results has appeared elsewhere. "

For Hll[0001] in Cd, our results for the strain de
pendence of o and p orbits (notation of Tsui and
Stark" ) are in agreement with data obtained ap-
plying uniaxial stress" or hydrostatic pressure. ""
The strain dependence for these orbits is also in
agreement with estimates made using a rigid para-
bolic band (RPB) model. ' For the C and D orbits
(notation of Fletcher el al. (4), as well as for the
n and ff orbits,

~

&lnA /& F~secales roughly as 1/A(;,
as suggested in Ref. 6. Furthermore, our data are
consistent wit;h the assignment of frequency C to a
magtietic breakdown orbit involving the first- and
second-zone hole surfaces. For Hl([1010] in Re,
our measurements of the strain dependence as-
sociated with the el)ipsoids seem to be consistent
with hydrostatic pressure results'"' when certain
predictions of a simple RPB model are ignored.
The strain dependence of an orbit (P, ) associated
with eighth-'"' or ninth-"zone electrons does not
scale as 1/AF, but seems to have an anomalously
l~.rge strain dependence. This is consistent with a.
model by Chu et crl. '" for the anomalous pressure
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dependence of the superconducting transition tem-
perature in He.

II. EXPERIMENT

6 81Dgle crystal Cd sample Used lD these ex-
llncIGX't had the form of a right circular cy in

( z.h=8. 9 mm) with cylinder axis para e o
the [0001] crystallographic axis to witbm
viously repor e o st d b ervations of quantum oscilla-
tions in the sound velocity in" Cd were made on,

the samp e use1 d here. Through the generosity of
Dr. L. R. Testardl~ R single clystRl of HG wRS o
taine . e 8d. The sample had been cut from material.

electron beam furnace and v hic pgx'own lIl an 6
/8 4.2 K)sessed a resistance ratio R(300 K)/8( .

=20000. The sample had the form of a right cy-
linder (length= 6.8 mm) with tbe cylinder axis
parallel to the [1010] crystallographic axis to
within 2'.

of URQ-Continuous ans and automatic measurements o quan-

using eth MCSkimin pulse superposition metho, "
with modifications similar to those of Re s.

and feedback21. That lsd fr'6qUency DlocIU1Rtlon Rnd

echoes ln reso
tude is maximumd aximum) and to permit continuous an
automatic recording of variations in the pulse re-

te. The system described in Ref. 21,
and much more extensively in Ref. 22, has een
used to study quantum oscillations in the sound
velocity at repetition rates up to -220 kHz. Shock
excitation of the transducer was used at high rep-

the out ut of
a rf pulsed oscillator was applied to the trans-
ducex". ID lg.
of the fractional change in the velocity of longi-
tudinal sound waves &V/V= [V(H) —V(0-)]/V(0), ob-
tained for Cd with Hii [0001]ilail~. This curve was
obtalQed 1Q 6 p =th = 2 mode with a pulse repetltlon
rate of -71 kHz and using the output of a rf pu se
oscillator. In Fig. 2, we show an xpe erimental

CADMIUM
T=13tK f=10.7MHz q,lHI[0001]

of +V/I/ fox J.ongitudlnal wRves ln He with
0IO~ I . This cUx've was obtained iD t 6 p=

mode but using shock exci.tation of the
-208kHz81Qc6 the pulse repetition rate wRS z.

Measurements were usually ma de with ultra-
sonic frequencies -].0 MHz, . R]though some mea-
sux'emeQts wex'6 made with qre uencies near 30
MHz to verify the lack of frequency dependence
for the oscillation amplitudes. %6 est'~ ~ ~ estimate that
the control and recording sysI.GII Usect to measU1 6

o -2 for thethe velocity osclllatlons ls accura e

and Dingle temperatures were determine rom
dependence of the velocity oscillations on tempera-
ture an md ~netic fieM." Temperatures be-
tweeD 3..3 an . .6 .

— . - x'-d 4 ' K wer6 determjQed by measur'-
ing the vapor press"essure over a helium bath. Mag-
Qetlc fields Up .o 70 kate were provided by a super-
coQcIUcting so,eQolt lenold with R fle'. d homogeneity of bet-
ter than 0.017' over a sphere of 1-in. diameter.

The measure the magQetlc sus pce tibilit oscil-
t s the sample was placed in a pickup coil

and the induced voltage t/ was measured as .

6 t. ' ' The Qlagne-magnetic field was l.inca.rly swep . '

tiz ation M of the sample mill. be nearly Uniform Rnd

xnay be repx'Gsented by Surface cUx'x'GQts. Ihese
surface currents, ln turn, may bbe simulated by a
coil tightly wound around the sump 6 sux'fRce RQd

ContRXQlng g tUX'Ds peX' Unl' eng.'. ~ .he ..„„
flowing ln 16D the sample coil is given by i= J, n,

aluewhere cJ 18 R 3QJ, "
J.

' ear current density whose va ue
is M. Then the induced voltage V,. is given, by

V, = I.di/dt =- (I./tt)(dtf/dt)(dM/dH),

where I is the mutual inductance between the
' Dd icku coils. The mutual inductance

I. ". measured using a Hartshorn bridge avai a
in our laboratory. For Cd we obtained
&0.05 mH and for Re, L=-0.74+0.04 mH. During
the experiment, a buck-out coil p
8UperconductlQg Solenoid Rnd 18 Usect to cRQcel the

oil b theconstant voltage induced in the pickup coil y
linear variation of the magne iic field.

It is worth xnentioning that the pickup coils and

RHENiLIM
t = 1.52 I', t =10.7MHz qJ] H]II]010]

I it
=10I, I, I, I i l

60 62 64 66 68
H (kOe)

FIG. 1. FXRct1011R1 chRIlge bl the 101lg1tUdlDRl 80Mld
velocity 6V/V —= [ I/'(II) -V(0)j/V(0) vs external magnetic
field H for Cd with Hii[0001).

L L J i Lz
52 5F) 60 6/ 68

H I.'Roe)

FIG. 2. AV/V vs B for longitudinal Tvaves In Be vvIth
H ll&»&o).
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sample must be riI.'idly fixed in. place to avoid noise
due to vibration. The rate at which the magnetic
field is swept may be increased to increase the
signal-to-noise ratio, However, there are two
factors which limit the rate at which the field may
be swept. The response time of the amplifier
(Keithley 149) and recorder (Hewlett-Packard
7004B) together is about 0.5 sec and fast field
sweeps may reduce the induced voltage. Further-
more, eddy currents induced in the sample by
sweeping the field rapidly may also diminish the
oscillation amplitudes. The correct sweep rate
was determined empirically by reducing the sweep
rate until the ratio of the induced voltage to the
field-sweep rate was a constnat. We thus arrived
at field-sweep rates of 138 Oe/sec for Re and 223
Oe/sec for Cd. With these limitations, a noise
level of about 10% was present in the induced vol-
tage. In Fig. 3, we show an experimental curve
of y = sM/BH for Cd with Hll[0001] and, in Fig. 4,
the same quantity for Re with H !i[1010].

Since as many as four Fermi surface orbits may
be contributing simultaneously to the experimen-
tal curves, it is necessary to Fourier-analyze t eh

data to obtain the amplitude associated with each
dHvA frequency. Initially, the data were analyzed
over a large field interval (-10 kOe) to determine
the dHvA frequencies f,. Then, with these fre-

uenclesy the function (+ was constructed~ where

G = gA, cos(2', /H+ P;).

A least-sqaures fit of the function G was made to
the experimental data in a smaller field interval
(-4 kOe) to determine the amplitudes A, and the
phases (t) .. The resulting G was then subtracted
from the experimental curve and this difference
was again Fourler analyz6d. In this wayy frequen-
cies could not be lost nor could spurious be in-
jected. Using this procedure to analyze theoreti-
cally generated curves, it was possible to deter-

mine their oscillation amplitudes to a precision of
better than 1/g. For our experimental curves, with
a finite noise level, this analysis contributed to the
global error in a manner that depended upon the
relative magnitude of the oscillation amplitude
under consider ation.

III. RESULTS AND DISCUSSION

A. Cadmium

Experimental curves of AV/V and l[ for Cd, such
as those of Figs. 1 and 3, showed four dHvA fre-
quencies. 'The data ana1ysis procedure mentioned
above allowed us to distinguish the low-frequency

24oscillations associated with the n and p orblts.
These orbit labels refer to the hole pocket at the
first-zone corner H(a orbit) and the junctions at
H of the diagonal arms of the second-zone hole
surface (P orbit). Also present with large ampli-
tudes were the frequencies C and D, which have
been studied extensively in the ultrasonic-attenua-
tion experiments of Fletcher et al." Fletcher
et a/. have suggested two possible assignments
for frequency C. One possibility is the third-
zone electron surface referred to as the butter-
fl which was predicted in nearly-free-electron
(NFE) calculations. " Alternatively, they suggested
that this frequency might be associated with a
magnetic breakdown orbit involving the first-zone
hole surface and the arms of the second-zone hole
surface. The origin of frequency D is uncertain.

The dHvA frequencies f of Table 1 were obtained
directly from the Fourier analysis and are in
good agreement with values usually observed"
for this orientation (Hll[0001]). The sum of the
frequencies corresponding to the orbits e and P
is equal to the frequency C, offering the possibility
that this might correspond to a magnetic break-
down orbit. The values of m* for orbits C and D
agree" with those of Ref. 19. The masses for
orbits n and P have not been observed in cyclotron
resonance experiments" and may be new. Our
data give very different values of TD for the vari-
ous orbits and thus indicate large differences in
the electron relaxation time over the Fermi sur-

TABLE I. Fermi-surface parameters for cadmium
with H)l [00011.

dH

66 68
H (Roe)

PIG. 3. Differential susceptibility g =8 M/8 II vs ex-
ternal field H for Cd with H ll[0001].

6.0 +0.2
6.5 + 0.2

12.6 + 0.3
16.1 +0.3

0.20 +0.01
0.33 + 0.01
0.38 + 0.05
0.40 + 0.02

Orbit f (10 Oe) nz*/mo

1.5 +0.1
0.6 +O. l
0.7 +0.1
2.2 +0.1

8 lydia
863

11 +3
9 +3
9 +3
5.5+ 0.9
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face. Large anisotropies in the electron relaxa-
tion time have been observed in the noble metals
upoQ Rlloylng Rt very low conceQtx'Rtlons. ' In
Cu, for example, transition metal solutes have a
far greater effect on the relaxation time associated
with electrons in low-curvature belly orbits than
on the relaxation time associated with electrons in
neck orbits, and thus may produce large scatter-
1ng RQlsotx'oples even Rt COQcentx'Rtlons which
change dHvh frequencies by less than j.%. On ihe
other hand, anisotropies in electron relaxation
time in pure Cu may be explained as a consequence
of the greater sensitivity to phonon scattering for
electrons on neck orbits. " %'e are unable to es-
timate the importance of such mechanisms in our
case, but the examples indicate how large aniso-
tropies in TD might arise.

Before discussing our results for the stxain de-
pendence of the Fermi surface of Cd, we wish to
consldel the ox'lglQ of fx'equeQcy C. Gamble Rnd
Watts" assigned the corresponding frequency C
of zinc to a magnetic breakdown orbit involvin. g
the first-zone hole surface and the arms of the
second-zone hole sux'face. This assignment was
made by comparing the sign and magnitude of the
experimentally determined stress dependence of
Ar, s 1 An+/9 owith theoretical values for the two
possible orbits, calculated using the NFK approxi-
mation. The sign of & lnA~/Scr was found to be the
same as that calculated for the magnetic break-
down orbit and the magnitude was in rough agree-
ment with the calculated value for this oxbit.
Furthermore, since the magnetic breakdown orbit
involves, for most of its length, a path on the
second-zone hole surface, it should have a sen-
sitivity to strain similar to that of the P orbit
which l.ies on the same surface. This is, in fact,
the case; in zinc, 8 lnA~/&c for the orbits P and
C differ by about 30%. Thus, based on these two
arguments, Gamble and Watts assigned the fre-
quency C to the magnetic breakdown orb:t. Al-

though we cannot determine the sign of the defor-
mation parameter for C in our experiment, the ad-
ditional information of Table 1 (m and TD) make
more convincing R comparison to the p orbit for
the purpose of assigning the frequency C in Cd.
In particular, if C is to be assigned to the magne-
tic breakdown orbit, involving, for the most part,
the second-zone hole surface, then we would ex-
pect it to show a sensitivity to strain comparable
to that of the P orbit, as well as similar values for
m* and TD. From "l able I, we see that this is the
case: m*, 7, and I&lnA /s&,

I

for freguency C
have values close to those for the P orbit. Thus,
an assignment of. frequency C in Cd to the magne-
tic breakdown orbit seems to be consistent with
our data. Considering the results of Gamble and
Watts for the corresponding frequency C in zinc,
this assignment becomes even more convincing.

Our results for the strain dependence of the Fer-
mi surface of Cd can be compared directly with the
stress measurements of Gamble and Watts. "
These authors applied a compressional stress
(v, ) along the [000lj axis of a Cd single crystal
and determined 8 lnA„/&o„ for the n and P orbits.
Using the low-temperature elastic constants for
Cd of Garland and Silverman, "we find that our ex-
perimental values of ID, I

for the n and P orbits
agre~ with values of IDs

I

calculated from &1nA„/
~o., of Ref. 10. However to facilitate comparison
of our data with hydrostatic pressure results" "
as well Rs the uniaxial stress data, "we present
the comparison. in terms of the quantity6, 0

X) =- & lnA„/&(c/a), where (c/a) = 1.886 is the axial
ratio. ' In Table II, we present the various ex-
perimental results. in terms of S for the frequen-
cies observed in our experiments. " For the a
and P orbits, our results are in good agreement
with both hydrostatic pressure and uniaxial stress
results.

To obtain some feeling about our results for
orbits C Rnd D, we note that Griessen and Sor-

TABLE II. Comparison of experimental determinations of S—= 8lnA. +/B(c/g) for Cd orbits
with HI I [0001

Orbit This work Stress" Pre~sure" Pressure" Pressure e

4.7 +1.3
3.8 +1.3
3.8 +1.3
2.3 + 0.4

4.1 ~0.1
4.1 +0.2

4.6 ~0.5
4.2+ 0.5

4.5 &0.1
4.2 + 0.2

4.5 +0.1
4.2 ~0.2

Sign of S for n and P orbits
agree with corresponding orbit
positive.

Reference 10.
'Reference 11.
Reference 12.
Reference 13.

taken from Ref. 10 {See also Ref. 31). Sign for orbit C taken to
C of zinc (Ref. 10). Sign for orbit D arbitrarily taken to be
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bello' and Griessen et a).32 have demonstrated that
in many cases one can expect the quantity & ln4r/
BI' to scale like 1/Az. This result can be arrived
at from a rigid-band model in which one assumes
that A~ depends on the difference between the Fer-
mi energy E~ and the energy of the band minimum. '
Thus, we can calculate S .for the p orbit by scaling
the value for the n orbit by the appropriate Fermi
surface areas. Using, for example, X)=4.6+0.5
for the n orbit from the fourth column of Table
II, we obtain &=4.2 +0.5 for the p orbit, in good
agreement with the data of Table II. Calculating
8 for the orbits C and D by scaling this same value
for the n orbit, one obtains 2.2+0.3 and 1.V +0.2
respectively. Because of the rather large experi-
mental errors associated with our data and those
of Ref. 11, these values can be said to agree with
our results of Table II. The importance point,
however, is that the general trend is correct, in-
dicating the usefulness of this type of scaling.

%e have made an estimate of the deformation
parameter D, for the a and p orbits using what
might be called a HPB approximation. ' Neglecting
the dependence of the effective mass, band gaps,
etc , on .strain, we write Sink~/Sc, = S ln(E„E„)/-
~&» where E~ is the energy at the top of the val-
ence band at the H point. Evaluating sEz/sc, and
sE~/se, as in Ref. 33, we obtain

-2(l+ 2S,~/S33)E~/3+ 2S,3Es/S„.
( )

Qbtaining Ez-E~ from Fig. 2 of Stark and Fali-
cov" and using the bandgap of -0.005 Ry between
the bands associated with the a and P orbitals, '
we obtain D, =8.4 for the n orbit and D, =V.8 for
the P orbit. Keeping in mind the comments of
P,ef. 31 regarding sign conventions, we see that
the signs of the D, from this simple calculation
agree with the stress and pressure results. More
surprisingly, however, is the fact that this simple
model is in reasonable agreement with the magni-
tudes of the D, . Qf course, .many approximations
were made in obtaining Eq. (2) and the results ob-
tained from Eq. (2) are very sensitive to the exact
value E~ -EH. Nevertheless, the good agreement
obtained here seems to bear out the conclusion of
Watts and Sundstrom3' that rigid-band effects are
most important in explaining uniaxial stress ex-
periments.

RHENIUM
Hti[&otoj

"dM
)0-

I"... dH

4G
I I

44 48
H(kGe)

FIG. 4. g ve H for Be with H ll[1010).

TABLE III. Fermi-surface parameters for rhenium
vrith HI I [1010].

Thorsen et a/. ,"who tentatively assigned it to an
orbit on the ninth-zone electron surface of Mat-
theis. " Testardi and Soden, "on the other hand,
suggested an assignment of these oscillations to a
small I'- centered cavity in the eighth-zone electron
surface on the basis of their geometric resonance
data. 'The difficulties in making an assignment of
this frequency are compounded by the extreme
sensitivity of these regions of the Fermi surface
to small changes in the Fermi energy. "

In Table III we also present values for the cyclo-
tron effective mass m*, the Dingle temperature
To, and the magnitude of the deformation param-
eter

~
D,

~

=
~

sin A„/S e, (
. Our value of m*/m,

=0.12 +0.01 for the ellipsoids agrees with the value
0.12 estimated by Testardi and Soden from the
dHvA data of Joseph and Thorsen. " Furthermore,
our value of m*/m, =0.1"1+0.01 is roughly consis-
tent with the value 0.19 estimated for, ellipsoids
tilted at 60' with respect to the field direction. In
contrast to what we found for Cd, the values for
7.'~ are equal for the several orbits under consider-
ation, and, therefore, electron scattering is iso-
tropic over the Fermi surface. The relatively
large values of TD are consistent with the high
resistivity ratio of our crystal, since it is knowns'
that the residual-resistance ratio is not necessar-
ily a good measure of the scattering seen by an
electron in a Landau level.

We now wish to consider the values for ~D,
~

for
the various orbits and compare them with our ex-
perimental results. Svechkarev and Pluzhnikov"
measured the hydrostatic pressure dependence of

Q. Rile BlUI

A Fourier analysis of experimental curves of
&V/V and )t (see Figs. 2 and 4) showed three dHvA

frequencies, two of which are associated with the
fifth-zone hole surfaces which resemble

ellips-

oidss."""The third frequency which we observe
in our data (64 & 10' Oe) was first observed by

Orbit f (105 Ge)

7.6+0.2 0.12 +0.01 0.8+0.1
13.4+ 0.4 0.17+0.01 0.8 ~ 0.1
64 +0.5 0.43 +0.03 0.8 +0.1

~For orbit notation see Befs. 16 and 35.

ll +3
12 +3
14 +3
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AF for the ellipsoids with major axes along the
magnetic field. We immediately encounter a dif-
ficulty here, however, because we cannot calcu-
late 5) for the pressure results in Re as we did
above for Cd. The reason for this is that, in Re,
the linear compressibilities parallel and perpen-
dicular to the c axis are equal to within experi-
mental error'" and, therefore, the application oi
hydrostatic pressure does not change the ratio
c/a for Re.

To compare our results with the pressure ex-
periments we consider the relation'" cl lnAF
= D ~ S 0, where D is the deformation tensor whose
components were defined above, v is the stress
tensor, and S is the 6 x 6 elastic compliance ma. —

trix for Re. For hydrostatic pressure o, = 0., = o„,

and 0, =05=0, =0. To compare our D,. with
the hydrostatic pressure results, however, we use
(sce Ref. 31) the equation

~ln AFF = (D, + D,)(S„+S,, + S, „, ) + D„(2$,„+S,, ) . (3)

The S,, were calculated from the low-temperature
elastic constants C, , of Shepard and Smith, '" as
was the compressibility for converting ~ lnAF, ~&lnV

of Svechkarev and Pluzhnikow to B lnA~/BP =+ 2. 5
&&10" cm'/dyn for use in Eq. (3). An estimate of
the D, using the RPB approach (see below) mdi-
cates that D, &0 while D, &0 for the ellipsoids.
Taking

~
D,

~

= 11 from Table III and assuming D,
= D„we ha.ve D, = D, = -11. Then to obtain agree-
ment with the work of Ref. 15 through Eq. (3), we
require D, = 224. This rather l.arge elastic anisot-
ropy for the ellipsoids is surprising and we wish
to consider the case where both D, and D., are
greater than zero. In this case, with D1 D2 11,
we require D, =26 to sa. tisfy Eq. (3).

The D, for the ellipsoids were calculated using
the RPB approximation introduced above. D, was
obtained from an expression similar to Fq. &2)

with E„replaced by E~, the energy at the top of
the valence band at the L point. The energy dif-
ference EF —E~ was taken from Fig. 3 of Ref. 37.
Admittedly this value is subject to a rather large
error, but this should not affect the sign of the D,
We thus obtained D, =27. In the same spirit we
wrote D, = BinA~/Be, = (I/S„)Bln[EF —Ez]lac, . Cal-
culating BE~/Bv, and BEz/Bv, as above (and in Ref.
33), we obtained D, = -58, where the large nega-
tive contribution from the term in I;~ was partially
cancelled by the term involving EF. Thus, the
RPB estimates do not show the large elastic an-
isotropy necessary for our data to agree with the
pressure results of Ref. 15. In fact, these esti-
mates indicate that ~iD, ]

& ]D, ~, a trend which
would be consistent with scaling by 1/AF. " If D,
&0, contrary to the RPB predictions, then the

large elastic anisotropy is reduced and the magni-
tude of D, predicted by the model is in better
agreement with experiment. For these reasons,
and because the model is obviously oversimplified,
this possibility looks distinctly more attractive
than accepting the RPB signs for the D, . In any
case, it does not seem surprising that the situation
is complicated for this piece of the Fermi surface
which involves such a tiny fraction of the carriers
(0.0007 holes/atom). Clearly more work is needed,
using a more sophisticated approach than t, he RPB
model used here.

As for the deformation parameter iD,
]

for the
frequency P„we note that it seems to be rather
large. If we expect D, to scale as 1/AF, ' -' then
for P, with an AF roughly one order of magnitude
larger than for the ellipsoids, we expect D, to be
roughly an order of magnitude smaller than for the
ellipsoids. In Table III we see that this is not the
case; ]D, ]

is somewhat la!!,e! for P, than for the
ellipsoids. Now it does not seem likely that the
ellipsoids, whose Fermi surface volume is so
s!nail (0.0007 hole/atom), would have an abnormal-
ly s»~all strain dependence. Furthermore, our
iD,

~

for the ellipsoids seems to be consistent with
the pressure results and, at least, in order of
magnitude agreement with RPB estimates. We
conclude, therefore, that ~D, ]

for the frequency
P„ is anorna, lously large and that those parts of the
Fermi surface associated with this orbit are un-
usually sensitive to strain.

This result touches on another problem. The
superconducting transition temperature T~ in Re
has been found to be very sensitive to inhomoge-
neous strain" and shows anomalous behavior under
hydrostatic pressure. '" To explain the anomalous
behavior of T~ under pressure, Chu eI al. '" pro-
posed a model involving an abrupt change in Fermi
surface topology with pressure. These authors
noted that certain fl.at regions of the Fermi surface
in the eighth- and ninth-zones were very sensitive
to small changes in EF and suggested that necks
might appear in the electron sheets in these
zones. " If I', can be identified with electrons in
the eighth- or ninth-zones, the large value of ~iD, ~

we have observed would be consistent with and
tend to support the model of Chu el al.
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