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On crystals containing growth defects, the “burst-like growth” mode, i.e., a sharp acceleration of the growth
of facets, has been implemented. This has confirmed the hypothesis that the same physical mechanisms are
responsible for the transition of facets in the state of anomalously rapid growth at high and low temperatures.
It has been found that the transition from the fast to slow kinetics of crystal facet growth is stepwise. It has
been established that the relaxation of the kinetic coefficient of growth is similar to the relaxation of the elastic
moduli of the crystal after the fast growth stage. The kinetic coefficients of crystal growth at fast and slow
growth stages have been determined.
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1. INTRODUCTION

A striking growth of helium crystals was discovered
in 1996: the growth of the facets of a 4He single crystal
was surprisingly accelerated above the threshold
supersaturation pb depending on the temperature. In a
series of experiments in the temperature range of 2–
250 mK [1, 2], the c facet of a crystal without growth
defects was at rest before this supersaturation was
reached. Then, rapid growth occurred accompanied
by a sharp drop of the pressure. The displacement of
the c facet was detected by an optical method. In a
series of experiments in the temperature range of 0.4–
0.75 K, the crystal was nucleated in a metastable
superfluid liquid [3]. The kinetics of its growth in this
temperature range was determined by the most slowly
growing segments of the surface, i.e., by the c and a
facets. The crystal grew in the form of a hexagonal
prism. After nucleation, the crystal grew slowly and
the pressure in the container decreased gradually.
Suddenly, the kinetic coefficient of growth for all fac-
ets increased stepwise by two or three orders of magni-
tude. As a result, the rapid growth of the entire crystal
occurred in a time of about 200 μs, which was accom-
panied by the abrupt drop of the pressure. The shape
and size of the crystal at this stage were detected by
video recording. The review of experimental methods,
phase diagram  demonstrating the region of
appearance of the anomalously rapid growth of crys-
tals, plots of the probability of appearance of the
burst-like growth mode and return to the normal state,
the effect of impurities, etc., can be found in [4].

The conditions of appearance of anomalous
growth have already been well studied. According to
the video recording of the shape of crystals at the rapid
growth stage, the transition of the a and c facets to the
rapid kinetics occurs with a time delay less than 40 μs,
see [4, Sect. 4.4]. The situation with the inverse pro-
cess is less definite. According to the pressures mea-
sured by a pressure gauge with a low time resolution in
the experiments in [1, 2], a facet returns to the initial
immobile state after about 1 s. In the experiments
reported in [4, Sect. 4.5], the time range was narrowed
and it was found that return to the normal slow growth
kinetics occurs after 20–100 ms.

The similarity of phase diagrams, the probabilistic
character of the appearance of the burst-like growth
mode, and the effect of small impurity on the phase
diagram  allow assuming that the same mecha-
nism is responsible for the phenomenon in different
temperature ranges. Nevertheless, this problem
remains open. A growth mode similar to that observed
in [1, 2] has not yet been experimentally reproduced in
the temperature range of 0.4–0.75 K. Thus, only the
single transition from the normal growth mode to the
anomalous one was observed in those experiments.
Attempts to create a high supersaturation in the con-
tainer with the crystal in the normal state were unsuc-
cessful for the following reason. Unlike crystals in [1,
2], crystals nucleated in a metastable liquid contained
growth defects [5]. For this reason, when the liquid
was introduced into the container, the crystal grew,
absorbing most of the introduced liquid and the nec-
essary supersaturation was not reached.
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Fig. 1. Average kinetic coefficient of growth versus the ini-
tial supersaturation  at T = 0.74 K. Empty circles cor-
respond to crystals with anomalously rapid growth. Filled
circles correspond to crystals with the normal slow kinetics
of facet growth caused by growth defects. The half-filled
circle is the kinetic coefficient of growth calculated from
the envelope  shown by the lower line in Fig. 2a.
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Measurements reported in this work were per-
formed using a method where restrictions of preceding
experiments are partially overcome. The internal vol-
ume of the container was reduced by a factor of about
50; as a result, the size of the crystal and, correspond-
ingly, the area of its growth surface decreased. The
impedance of the inlet capillary was reduced by an
order of magnitude. This allowed significantly
increasing the helium flow to the container at the
same parameters of the external pressure generation
system.

2. EXPERIMENTAL METHOD AND RESULTS

Crystals were grown in the container using the
method developed in [4, Sect. 2]. The internal volume
of the container was 80 mm3. A tungsten needle for the
nucleation of crystals in the metastable liquid was
placed in the center of the container. One of the walls
of the container was the membrane of a capacitive sen-
sor with a response time of 160 μs. The fundamental
difference of this method from the preceding one is
that the nucleation of the crystal and its following
growth occur as the liquid is continuously introduced
into the container. Experiments were performed at
temperatures of 0.49 and 0.74 K. The upper limit of
supersaturation is determined by the spontaneous
nucleation of the crystal on the internal wall of the
container. In these experiments, the supersaturations
are in the range of 0.1–5 mbar. The kinetic coefficient
of growth K is determined from the expression

(1)

where  is the surface growth rate; ρ and  are the
densities of the liquid and solid helium, respectively;
and . The supersaturation  is mea-
sured from the pressure of phase equilibrium. The liq-
uid f low into the container results in the continuous
growth of the crystal, . The created
supersaturation is inversely proportional to the kinetic
coefficient of growth K. Thus, the normal slow growth
of the crystal occurs at high supersaturations, whereas
the supersaturation in the burst-like growth mode is
orders of magnitude lower. Both these processes are
seen in the time dependence of the pressure.

The supersaturation  at the nucleation of the
crystal determines its growth mode. Figure 1 shows the
kinetic coefficients of growth for a series of 24 crystals
at 0.74 K. As seen in Fig. 1, 12 crystals demonstrate
normal growth, and 12 crystals show an anomalously
rapid growth. The kinetic coefficient of growth for
crystals whose growth begins with supersaturation less
than about 2.5 mbar is K = (0.28 ± 0.16) s/m. At initial
supersaturations above 3 mbar, the average kinetic
coefficient of growth is (2.07 ± 0.20) s/m. The thresh-
old supersaturation  is in the range of 2.5–
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3.5 mbar, which is half the previously observed thresh-
old supersaturation (see Fig. 11 in [4]). At a tempera-
ture of 0.49 K, only the upper bound was determined
as  mbar, which is also at least half the previ-
ously obtained value.

Figure 2 shows the time dependence of the pressure
in the container during the crystal growth at two tem-
peratures. A critical nucleus appears at the time t = 0.
The crystal rapidly grows and the pressure drops
sharply to the pressure of phase equilibrium. At a tem-
perature of 0.74 K, the supersaturation decreases
monotonically. The kinetic coefficient of growth pre-
sented in the preceding paragraph was calculated from
the dependence . At T = 0.49 K, the kinetics of
facet growth increases so that it leads to the oscillatory
growth of the crystal (see [4, Sect. 2.5]), which relaxes
in ~10 ms. The estimate from the ratio of the ampli-
tude of the first oscillation period to the initial pres-
sure at this temperature is K = 6–7 s/m. The kinetic
coefficients of growth and their temperature depen-
dence are in agreement with the results obtained in
[4, Sect. 3].

As seen in Fig. 2, short jumps are imposed on the
smooth variation of the pressure. The slow component
is the same for crystals grown under the same initial
conditions. The lower lines in Fig. 2 are averaged
dependences  over a series of experiments under
the same initial conditions matched in the time of
beginning of growth and normalized. Such processing
averages the quasiperiodic jumps of the pressure. It is
seen that the supersaturation at both temperatures
increases, reaches a maximum at about 30 ms, and
then after about 250 ms approaches zero. Figure 3
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Fig. 2. Time dependence of the pressure in the container
during the crystal growth at the temperature T = (a) 0.74
and (b) 0.49 K. The line with the jump at t = 0 is the pres-
sure change at the growth of a particular crystal. The
smooth line shifted downward by the arrow is the result of
averaging over a series of measurements with the same ini-
tial conditions. The inset shows stepwise pressure changes
similar to the burst-like growth mode on a magnified scale
[1, 2].

(a)

(b) Fig. 3. Time dependence of the kinetic coefficient of
growth. The solid and dashed lines are calculated from the
envelope of a series of records at T = 0.74 and 0.49 K,
respectively.
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shows the dependences of the kinetic coefficient of
growth K calculated using the method proposed in [6].
First, the kinetics relaxes to the stationary state. These
segments of  are well approximated by an expo-
nential dependence with a time constant of 5 and 7 ms
at a temperature of 0.74 and 0.49 K, respectively. The
kinetic coefficient of growth becomes almost constant
after about 30 ms. The kinetic coefficient of growth at
a temperature of 0.74 K is K = (0.030 ± 0.006)) s/m
(see the half-filled circle in Fig. 1). Cooling to 0.49 K
increases the kinetic coefficient of growth by a factor
of more than 2 to the value K = (0.07 ± 0.007)) s/m.
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Abrupt drops of the pressure observed in the inter-
val of 30–250 ms indicate a rapid growth of the crystal,
i.e., the transition of the facets of the crystal to an
anomalous state. According to the dependences 
in Fig. 2, jumps at a temperature of 0.74 K appear at
supersaturations in the range of 0.3–0.8 mbar. As the
temperature is reduced, this range is shifted downward
to 0.05–0.2 mbar. The temperature affects the fre-
quency of appearance of jumps, as seen in the inset of
Fig. 2. Jumps at  K appear more frequently
than at  K.

The monotonic increase in the supersaturation
after a jump is due to the return of the facets of the
crystal to the normal state with slow kinetics. The
dependences  show that return to the normal
state occurs without a significant delay, which does
not exceed the response time of the pressure measure-
ment system of 160 µs. The shape of the pressure
jumps is asymmetric. After the appearance of the
burst-like growth mode at  K, the pressure
drops in about 400 µs. This time is determined by the
kinetic coefficient of growth and corresponds to the
rapid growth after the nucleation of the crystal. Super-
saturation returns to the initial value in 4–5 ms. The
pressure drop time at a temperature of 0.49 K is 200–
250 µs. It is noteworthy that this time is determined in
this case by the frequency of soft oscillation modes of
the pressure at the oscillatory growth of the crystal
rather than by the kinetic coefficient of growth [4,
Sect. 2.5]. The supersaturation recovery time
decreases to 0.6–0.8 ms. After about 250 ms, the
supersaturation decreases and the burst-like growth
mode ends.
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3. DISCUSSION OF THE RESULTS
The experiments showed that the burst-like growth

mode, which was previously observed for perfect crys-
tals, is also implemented for crystals with growth
defects. The anomalously rapid crystal growth mode is
manifested identically in both higher, 0.4–0.75 K, and
lower, 2–250 mK, temperature ranges. This is a strong
reason for the physical identity of both effects.
Although this conclusion does not clarify the physical
mechanism responsible for the effect, it allows elimi-
nating many possible explanations. For example, since
the effect is observed for a perfect crystal facet [1, 2],
all the possible explanations associated with the pres-
ence of growth defects should be removed.

The only difference of this experiment from previ-
ous ones is that the container volume is about two
orders of magnitude smaller. Since the volume of the
crystal is proportional to the internal volume of the
container, the final sizes of the crystals in these exper-
iments are about one fifth of the sizes of previously
studied crystals. These results are insufficient to state
that just the sizes of the crystal provide this effect on
the boundary  separating the normal and anom-
alous regions. This is only an assumption.

The kinetic coefficients of growth at the rapid
growth stage calculated from the pressure drop after
the crystal nucleation are in agreement with the previ-
ously measured values. Thus, the rapid growth is iden-
tical for conditionally “large” and “small” crystals.

The drop of the kinetic coefficient of growth in
about 30 ms after the end of the rapid growth stage
demonstrates the relaxation of the burst-like growth
mode to the normal slow growth mode. It is notewor-
thy that the real and imaginary parts of the elastic
modulus of the crystal relax during the same time (see
[4, Sect. 4.7.2]). The relaxation time of this process is
3–4 ms and varies slightly in the temperature range of
0.4–0.75 K. The existing experimental data are insuf-
ficient to answer whether this coincidence is acciden-
tal or these are two aspects of a single process.

As seen in Fig. 1, the kinetic coefficients of growth
for the crystals grown in the normal state are an order
of magnitude smaller than the coefficients K at the
rapid growth stage. The kinetic coefficients of growth
at  K measured by different authors are in a
wide range from 4 × 10–4 to 0.02 s/m (see Fig. 4 in [4]).
This spread is not surprising because the facets of the
crystal grow in this regime owing to growth defects,
and the defect structure strongly depends on the
mechanisms of crystal growth, annealing, etc., which
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are individual for each experiment. The effect of the
concentration of growth defects on kinetics is clearly
manifested in the different growth rates of equivalent a
facets in the process of free crystal growth [5]. High
growth rates of small crystals are possibly due to their
defect structure. It is noteworthy that the stationary
kinetic coefficients of growth calculated from the pres-
sure envelope are an order of magnitude lower than
those for the normal growth of crystals in these exper-
iments (see Fig. 3). They are close to the values previ-
ously obtained in the works of other authors.

4. CONCLUSIONS
To summarize, the burst-like growth mode previ-

ously observed in [1, 2] has been reproduced on crys-
tals containing growth defects. This indicates that the
same physical mechanisms are responsible for the
transition of facets in the state of anomalously rapid
growth in the temperature range from 2 mK to 0.75 K.
It has been found that the transition from the fast to
slow kinetics is stepwise or, at least, occurs in a time
less than about 200 µs. It has been established that the
relaxation of the kinetic coefficient of growth is similar
to the relaxation of the elastic moduli of the crystal
after the fast growth stage. The kinetic coefficients of
crystal growth at fast and slow growth stages have been
determined.
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