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EFFECT OF HYDROSTATIC PRESSURE ON THE FERMI SURFACE OF Be *
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The effect of hydrostatic pressure on the Fermi surface of Be has been determined using both solid and
fluid He techniques. A comparison is made with the results of recent studies of the oscillatory magneto-

striction,

The Fermi surface of Be has been studied by
Watts [1] using pulsed field de Haas van Alphen
(dHvA) techniques. These results agree with the
predictions of the free electron model to a much
lesser extent than in the case of Zn [2], where

-the qualitative agreement with the free electron
model has been shown to extend to situations when
either the effective valence [3] or the c/a ratio
[4] is changed.

In this work we report measurements of the
effect of hydrostatic pressures to 4 kbar on three
prominent dHvA frequencies in Be single crystals
in the temperature range from 1 to 4°K. These
results are compared with recent studies of the
stress dependence of these frequencies using
magnetostriction techniques [5].

The dHvA oscillations were detected using the
d.c.field method with audio frequency modulation
as discussed previously [4]. Hydrostatic pres-
sures were generated in both solid [4,6] and

* fluid He [7].

We have examined the @ and o' oscillations
for H//[0001] corresponding to the maximum ex-
tremal and the waist cross sections, respective-
ly, of the cigar electron surface and the y oscil-
lations associated with the minimum cross section
of the waists of the coronet hole surface for

* This work was supported by the U.S.Atomic Energy
Commission.
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H// [1120]. The superposition of the ¢ and o' fre-

quencies which differ by 3.0% results in a pattern
characterized by strong beating. The dominant
frequency a was therefore measured, between
beat maxima, to 4 kbar over as many as 18 beats
over the field range from 10-30 kOe. The o'
frequency was determined from the number of
cycles % per beat as given byn = a/(a-a'). In
the fluid helium measurements [7], the shifts in
phase of single oscillations at beat maxima and
minima were measured. The pressure depen-
dences of the @ and o' frequencies can then be
obtained from

AH* dlne [dina dlne' P o
BAP  dP *[ AP ~~dp J[“‘”{/“ ¥

where aH* denotes the effective shift in applied
field caused by a pressure change AP, Bis the
magnetic field and «{ and 9B are the amplitudes
of the anda ' oscillations. The plus sign ap-
plies to the beat maxima; the minus, to the beat
minima. The amplitude ratio «{/B is obtained
from the measured ratio of the apparent ampli-
tude in the beat maximum, of +9B, to that in the
beat minimum, of - B,

The effect of pressure on the minimum Ccross
sectional area of the waists of the coronet was
also obtained both by dHvA frequency measure-
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: Table 1
comparison of the pressure derivatives of the dHVA frequencies F in Be expressed in 10-4 kbar-1.
“dmF Solid helium Phase shift Magnetostriction Simple
—dP technique technique method of ref. 5 scaling
prediction
d (llr;’a. 2.3( £ 0.5) 1.6( % 0.4 10( £ 4) 5.8
d ;'}‘J" -0.7(  0.5)2 -1.0( % 0.6)P 10( + 4) 5.8
dlInY -50 (£ 8) -40 (= 10) -160( + 100) 5.8
dpP - 50(+ 50)¢

a yalue obtained from the pressure derivative of the number of cycles per beat.
b yalues obtained from the phase shift analysis described in text.

¢ yalue for waist cross section for H//[1010].

d Error estimated from quoted 207 uncertainty in strain dependence of the cross sectional areas.

-ents to 4 kbar and by means of the phase shift
-ethod [7]. Again, we find agreement between
+s methods to within experimental uncertainty.
rhe results are also shown in table 1.

Since Be is very nearly ideal close-peaked
o/a = 1.57), from free electron considerations
«e would expect (by simple scaling of the Fermi
arface) all the cross-sectional areas to increase
it a rate given by % the volume compressibility
5.8 10~4/kbar) [8]. The small change in ¢/a
.,uld tend to decrease this effect in the case of
1o waists of the coronet and increase it in the
case of the cigar cross sections. However, the
sagnitude of this contribution is negligible. We
bserve that the coronet waists decrease rapid-
iy with pressure. The larger cigar Cross section
ncreases more slowly than scaling would pre-
iict while the smaller cigar cross section actual-
.+ decreases. These results cannot be explained
irom free electron considerations. -

Our pressure derivatives are in rough quanti-
tative agreement for the coronet waists with the
findings of Chandrasekhar et al. [5] (see table 1),
+ho determined the stress dependence of these
cross sections by comparison of the amplitudes
of the oscillatory components of the magneto-
striction and the magnetization. The agreement
of the cigar cross sections in poor (see table 1).
This disagreement probably stems for difficult-
ies inherent in the magnetostriction method in

relating the amplitudes of two different sets of
data, each consisting of the superposition of two
frequencies.

We conclude that the pressure dependence of
the Fermi surface of Be does not agree even qua-
litatively with the free electron model. We are
attempting a more sophisticated approach involving
a Heine-Abarenkov [9] type pseudopotential fit
as a function of unit cell volume.

We are grateful to Professor W. L. Gordon for
the use of the single crystal specimens used in
this investigation.
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