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is indeed observed.
The ratio of the two in-plane diffusion coeffi-

cients in smectic-C systems is finally obtained

(D 0/D 0') =exp[- (U —U ')/kT] (10)

and is expected to be relatively close to i.
It should be mentioned that within a "free-flow"

model of the smectic-A. phase the ratio of the
"out-of-plane" (D') diffusion constants is ob-
tained as

exp U U kT

where lt~ and l~ stand for the mean free path for
the "out-of-plane" and "in-plane" motion. If
the two-dimensional free-flow model should have
any meaning l~ should be much longer than I~I so
that the ratio (D~~'/D~') should be much smaller
than observed experimentally or predicted by
zq. {9).
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Evidence for Upward or "Anomalous" Dispersion in the Excitation Spectrum of He II
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The dispersion and attenuation of superthermal phonons (S~ »kT) in He II at 0.1 K are
remeasured and reinterpreted as a function of pressure, We find evidence for the exis-
tence of the three-phonon process and an upper energy cutoff to this process implying
anomalous dispersion. Our earlier conclusion on the absence of anomalous dispersion at
saturated vapor pressure is shown to be incorrect.

In order to explain ultrasonic data, ' it was first
suggested by Marie and Massey' that the v(k)
relation in He II at saturated vapor pressure
(SVP) had a small but finite upward curvature in
the energy range up to -8 K. Recently, we re-
ported group-velocity measurements' (v, =d&u/dk)
of propagating phonons generated by a supercon-
ducting Al film and it was concluded that the dis-
persion relation was linear below 4. 5 K. This re-
sult disagreed not only with other data, ' but also
with theoret ical" estimates of the mean free path
for these phonons [under decay via, the allowed
three-phonon process (3pp) where one phonon de-
cays into two] which should be substantially short-
er than our propagation length (a few millime-

ters) at SVP. It remained vital, then, to show
that the phonons measured were indeed of the en-
ergy range 0.5 K to 4 K. We report here new
measurements and a reappraisal of these earlier
measurements which imply that phonons of ener-
gy greater than this, generated by quasiparticle
relaxation, escape from the Al film and are long
lived in the He II. It is these higher-frequency
phonons which were detected and measured.

By studying the response of a detector super-
conducting tunnel junction as a function of the
bias of a generating junction separated by a me-
dium, one can determine whether phonons of en-
ergy h&u = 2h {the superconducting energy gap)
propagate through that medium. At generator
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bias voltages V=28/e and 4b, /e, changes in the
slope of the detector signal 8 should be observed.
The change at 24/e corresponds to the detection
of phonons generated by the quasiparticle recom-
bination process, and at 4b, je to a quasiparticle
relaxation to the superconducting-gap edge via
phonon emission. At a bias of V=46/e, the max-
imum relaxation phonon energy is 2d, the mini-
mum detectable energy of a similar tunnel junc-
tion.

In our earlier paper4 we had attempted to look
for such structure in the S-versus-I (generator
current) curves at 24 bar and at SVP. The signal
at SVP was interpreted this way but was suffi-
ciently weak below V=46/e to raise serious
doubts. Here we alleviate this problem by mea-
suring the derivative dS/dI as a function of the
generator. bias by using phase-sensitive modula-
tion techniques. Some improvement in signaI was
also achieved through a reduction of the genera-
tor-detector separation to 0.7 mm. The thin-

0
film (-1000 A) Al-oxide-Al tunnel-junction gener-
ator and detector were evaporated on glass sub-
strates. The normal-state resistances were
-0.5 0 and 2&A)=0. 38 meV. The results of this
experiment, for various pressures up to the so-
].idification point and T = G.l K, are shown in P'j.g.
1 where we plot dS/dI as a function of the gener-
ator voltage above the energy gap (eV —2b, ). At

24 bar it is generally believed that the dispersion
is normal and hence that the 3pp is inoperative.
Thus one expects propagation and detection of
phonons S~ = 26» and this is borne out by the
data. At 0 and 0.38 meV (eV —2aA~=2SA&) we see
steps in dS/dI corresponding to changes in the
slope of S. The peak at low energies (0.05 meV)
is probably due to direct quasiparticle recombi-
nation and need not concern us here.

Reducing the pressure we see dramatic changes.
At 12 bar, the step at 2A diminishes in strength
and broadens to higher energies. The step at 0
disappears. We interpret this as the onset of the

3pp for phonons of energy 4. 5 K. By reducing the
pressure further, the "24" step becomes much
weaker and occurs at higher energies. '7his im-
plies that phonons of energies greater than 24
escape from the Al film and that those of energy
less than the step are strongly scattered. 7 The
step gives us a measure of the energy at which
the 3pp cuts off (E,). As the pressure is reduced
to SVP the onset increases in energy to 0.8 meV
or 9.5 K. Above T = 0.3 K the structure at 2A at
24 bar disappears. In this case the generated
phonons decay rapidly and approach a thermal
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distribution.
These results indicate that in our earlier ex-

periments at SVP and 0.1 K, the detected phonons
were not those of energy 24» but of higher ener-
gy (0.8 meV). These were not as efficiently down-
converted' to 2h as they would be in a stronger
electron-phonon-coupled superconductor such as
Sn. ' Tuning 24 down by magnetic field had little
influence on these high-frequency phonons and no
change in velocity with field was observed. For
phonons of energy 26» the 3pp was indeed opera-
tive. As the pressure was increased to 12 bar,
E, decreased and the medium became transparent
for phonons of energy 2d». This resulted in a
sharp rise of the signal at 12 bar. These data,
then, imply that the 3pp acts as a filter with a
high-frequency cutoff. At SVP this cutoff E, is
measured from the data of Fig. 1 to be 9.5 K and
corresponds to phonons of wave vector k, = 0.51
0
A '. Phonons with k &k, are not subject to the
3pp and are thus detected. From detailed mea-
surements of the type shown in Fig. 1 and mag-

eV-26&I(rneV)

FIG, 1. dS/dI versus generator voltage for various
pressures. Note that the nonlinear voltage scale is
measured from 2h.~ and note the change of scale at 10
bar.
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netic tuning of the superconducting energy gap,
E, and k, as a function of pressure can be ex-
tracted, The existence of the 3pp and a well-de-
fined cutoff energy imply an upward curvature to
the excitation spectrum. In addition, from pulsed
time-of-flight measurements the group velocity
of these phonons at k, can be measured and com-
parisons with existing models for the excitation
spectrum can be made. These detailed analyses
and comparisons will be the subject of a future
publication. '

In summary we have direct evidence for the ex-
istence of the 3pp operative in an energy range up
to a cutoff E, in the excitation spectrum of He II.
This implies that upward dispersion does exist.
Our previous conclusions from pulsed measure-
mens were erroneous as we were detecting pho-
nons of energy E &E,. From detailed measure-
ments of this type we can directly compare re-
sults with various E(k) models for He II."

We thank W. I.. McMillan and H. J. Maris for

valuable discussions, and M. Chin and J. P. Gar-
no for invaluable assistance.
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W'e propose an instability of a vortex array in the presence of axial normal-fluid flow
in He II. This instability may be responsible for the influence of thermal counterflow on
ion-trapping cross sections reported by Cheng, Cromar, and Donnelly.

It is generally accepted that, upon rotation,
He II is threaded by an array of quantized vortex
lines parallel to the axis of rotation. ' This array
exhibits oscillation modes which in the long-
wavelength lixnit are similar to classical iner-
tial waves and in the short-wavelength limit are
related to the waves of isolated vortex lines.
Hall' predicted these modes on the basis of a set
of phenomenological two-fluid equations and was
able to observe the modes and, from their dis-
persion relation, to determine the vortex core pa-
rameter. In this paper we use the Hall' equa-
tions to investigate the normal modes of a vor-
tex array in the presence of axial normal-fluid
flow. We find that some of the modes become un-
stable when the velocity of the axial flow exceeds
some (rather small) critical value. This implied
disruption of the vortex array may be the explan-
ation for the anomalous ion-trapping results re-
ported by Cheng, Cromar, and Donnelly4 and

may be relevant for an interpretation of some re-
sults of Williams and Packard. '

We begin by considering an apparently unrelat-
ed situation, that of a vortex ring in counterflow. '
Viewed in the frame of reference in which the
superfluid is at rest at infinity, a, ring having ra-
dius R travels with velocity

V = (g/4mR) ln(BR /a —a ), tc = k/rn,

where h is Planck's constant, nz is the mass of
a helium atom, and a is the core parameter (- I
A). If the normal fluid is at rest in this frame,
dragging of the vortex ring through the normal
fluid causes the ring to lose energy steadily, and
hence to decrease in size. If, on the other hand,
the normal fluid is moving faster than (and in the
same direction as) the ring, it is clear that ener-
gy is being added to the ring and, because of the
peculiar dynamics of a ring, it will continue to
grow. Equation (I) then represents the critical
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