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INTRODUCTION

The physics of liquid and solid 4He in restricted geometries has motivated a num-
ber of interesting experiments. Recent experiments include detailed measurements of
the phase diagram for bulk liquid in vycor [l], showing a suppression of the superfluid
transition and elevation of the melting pressure, and measurements of the superfluid
fraction in vycor, aerogel, and xerogel glasses near the lambda point [2], in which
critical exponents differ from the pure 4He values have been observed. Many striking
features in several of the experiments on helium in restricted geometries are poorly
understood.

We have performed inelastic neutron scattering measurements of liquid helium
in aerogel glass above and below the superfluid transition for two samples of different
porosities. The kinetic energy (KE) of the confined liquid is the same as that of the
bulk liquid in the normal phase, but is clearly higher than the bulk values in the
superfluid phase. The observed scattering in the superfluid phase is more peaked
than in the normal phase: consistent with the presence of a Bose condensate. An
estimate of the condensate fraction using a modification of a method due to Sears [3]
yields values consistent with those estimated for the bulk liquid.

Aerogel is a porous silicia glass formed by the supercritical drying of a colloidal
silicia-ethanol mixture [4]. The pores span a wide range of sizes (unlike vycor and
xerogel, where the pore distribution is more uniform ) with a typical open volume
fraction in excess of 90%. This high porosity favors aerogel for neutron scattering
studies since the size of the helium signal is increased relative to background scattering
from the glass is increased. Beam attenuation effects are also negligible for silicia glass.

The dynamic scattering function SIA{Q,V) in the Impulse Approximation (IA)
is directly related to the momentum distribution n(p). In isotropic systems such as a
liquid, (Q/M)SIA{Q,U) is a function of a single scaling variable Y = (M/Q)(u — u>r),
where M is the mass of the scatterer and ur — Q2/2M is the recoil energy. The
scattering is then directly proportional to [5]

-i r+oo r+oo r+oo
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which is the longitudinal momentum distribution. J M ( Y ) exhibits several features
which are characteristic of the IA. It is symmetric about Y — 0 and depends on Q
only through the scaling variable Y.
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RESULTS

measurements were carried out using the PHOENIX spectrometer at the
Intense Pulsed Neutron Source at Argonne National Laboratory using a mean mo-
mentum transfer of 23 A"1 . Two sets of measurements were performed. The first
set of measurements was at temperatures of 1.45, 2.0, 2.2, and 2.5 K; the second set
was at temperatures of 0.7 and 2.3K using the less porous aerogel. All measurements
were performed at the saturated vapor pressure of the bulk liquid.

After subtracting the background signal from the sample cell and the aerogel,
two scattering components are visible. In addition to the helium peak centered at
Y — 0, a much smaller broad component about five times as wide as the helium peak
is present. Part of this broad component [3] is due to secondary scattering from the
walls of the cryostat and the radiation shields. The remainder can be interpreted as
scattering from an adsorbed layer of helium tightly bound to the pore walls. We were
not able to separate these two contributions accurately. However, both components
are essentially flat over the region of the helium peak and do not change the shape of
the peak in the region of interest. We subtract this broad component from the data
to obtain the scattering from the liquid inside the aerogel.

Figure 1 shows the liquid scattering seen at 0.7 and 2.3K. The scattering is clearly
close to the IA predictions that it be symmetric and centered at Y — 0. The extra
scattering in the superfluid near Y — 0 relative to the normal liquid scattering is also
seen in the bulk liquid data, where it is believed to be due to the presence of a Bose
condensate.

The data in Figure 1 still contain the effects of instrumental resolution and broad-
ening due to final state scattering of the recoiling helium atom from its neighbors,
called final state effects (FSE). To remove these effects we characterize the true scat-
tering in the IA using a model J(Y) which is the sum of two gaussians. The model
scattering is convoluted with instrumental resolution, determined from a Monte Carlo
simulation of the instrument response, and FSE, using a recent theory [6] for the bulk
liquid by Silver. The amplitudes, widths, and common center of the Gaussians are
varied to obtain the best fit to the observed scattering. Information on the momentum
distribution is then obtained from the model distribution.

Table 1 shows the KE calculated from the model J(Y) along with values for
the bulk liquid obtained using the same data analysis procedure [7]. The bulk liquid
data in the table were taken at a constant density of 0.147 gm/cms, which is close
to the saturated vapor pressure density near T\. The absolute values for the KE are
sensitive to the tails of J{Y) and have an error of+20, —10%[7]. Nevertheless, since
both of these experiments were performed on the same instrument and used the same
data analysis procedure, we believe we are justified in making relative comparisons.
The kinetic energies of the confined liquid are close to the bulk values in the normal
fluid, but are systematically higher than the bulk values in the superfluid.

We can also attempt to estimate the size of the condensate fraction using a
modification of a method due to Sears which associates the increase in scattering at
small Y with the appearance of a condensate. Figure 2 shows the integrated intensity
of the model J{Y) as a function of a cutoff momentum for the lowest and highest
temperatures for each porosity. The superfluid data clearly show more intensity at
low momenta, consistent with the development of a finite condensate fraction.

The magnitude of the condensate fraction may be estimated from the integrated
intensities in Figure 2 if the singular behavior induced by the condensate is known.
We make use of the calculation by Griffin which has given reasonable agreement for
measurements in the bulk liquid. This implicitly assumes that the singular behavior,
due to coupling of long wavelength phonons to the condensate, is not affected by
the confining medium. Table 2 lists the inferred values for n0 for both the bulk and
confined liquids.



Temp.
(K)

0.35
0.7
1.0
1.5
2.0
2.2
2.3
2.5
2.8

KE
Bulk
13.3

14.5
14.5
14.8

16.1

16.6

KE
HP

15.3
15.6
15.7

16.4

KE
LP

15.7

16.5

n0

Bulk
8.9

7.5
6.8
3.7

n0

HP/LP

9.0

8.3
3.4

Table 1: Kinetic energy and condensate fraction for bulk liquid and the confined
liquid in the high porosity (HP) and low porosity (LP) samples.

The magnitude and temperature dependence of the condensate fraction for the
confined liquid is not noticeably different than for the bulk liquid. This is consistent
with the small depression of the superfluid transition observed for liquid helium in
aerogel. However, it is rather surprising considering the difference between the kinetic
energy of the confined and bulk liquids. The smaller change in KE at T\ would imply
a smaller value for the condensate fraction.

CONCLUSION

Measurements of the high energy inelastic neutron scattering from normal and
superfluid 4He in a confined geometry axe consistent with the predictions of the IA,
when final state effects are included. The observed scattering consists of a broad
component, representing atoms localized on the pore walls, and a narrow component,
representing the liquid in the pores. The scattering from the liquid component is
quite similar to the scattering from the bulk liquid. The inferred condensate fraction
has the same magnitude and temperature dependence as in the bulk liquid. However,
the kinetic energy of the confined liquid is higher than that of the bulk liquid in the
superfluid phase, suggesting that the decrease in the high Y tails of the observed
scattering is not as lar^e as in the normal liquid.
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Figure 1 - Measured scattering from liquid 4He in aerogel at 0.7K and 2.3K.
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Figure 2 - Integrated area a = /Q
Po n[p)p2dp of the two Gaussian model

momentum distributions as a function of the cutoff momentum pc for
the confined liquid in the normal and superSuid phases.


