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Decay of quantized vorticity in super#uid He at mK
temperatures
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Abstract
An experimental investigation of the free decay of quantized turbulence in isotopically pure super#uid He at mK
temperatures is discussed. Vortices are created by a vibrating grid, and detected by their trapping of negative ions.
Preliminary results suggest the existence of a temperature-independent vortex decay mechanism below ¹&70 mK.
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A tangle of quantized vortex lines in He II [1] represents a particularly simple form of turbulence. Above
1 K, it can be maintained by e.g. a pressure or temperature gradient. If the driving force is removed, the tangle
decays according to the Vinen equation
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where ¸ is the length of vortex line per unit volume and
s is a (weakly temperature-dependent) dimensionless

constant. The physical mechanism driving the decay is
believed [2}4] to involve crossings and consequent reconnections of lines. The rapid self-induced motion of the
resultant sharp cusps through the normal #uid is dissipative, leading to line shrinkage. The presence of the
normal #uid component is thus a key component of the
decay mechanism. In the mK range, where the normal
#uid density becomes vanishingly small, it is unclear how
the tangle will decay. Pioneering numerical investigations are in progress [5]; we are investigating the question experimentally.
The techniques commonly used above 1 K for vortex
creation (thermal counter#ow) and detection (attenu* Corresponding author.
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ation of second sound) do not work in the absence of
normal #uid component, so new methods have been
required. To create vortices we have employed a resonantly excited circular grid [6]. The expectation was that,
in the absence of normal #uid, the amplitude of vibration
would grow until a critical velocity was attained, after
which the energy drawn from the exciting "eld would be
converted to vorticity. To detect the vortices we have
observed the attenuation of ion signals caused by trapping of the ions on vortex cores as the ion clouds pass
through a vortex tangle in isotopically pure He [7] at an
average speed slightly beyond the Landau critical velocity v [8]. The mechanism by which a rapidly moving
*
ion can get trapped in the e!ective potential [9] provided
by the vortex remains unclear, but may involve e.g. the
excitation of vortex waves.
The electrode structure used for the experiment is
shown schematically in Fig. 1. The operating procedure
was performed in two stages. First, the grid was driven
for several seconds, to build up a tangle of vorticity.
Secondly, the "eld-emitter was then pulsed, repeatedly, to
create a sequence of ion clouds, which travelled down the
cell inducing signals on arrival at the collector. The
sequence was then repeated, ensemble-averaging the collector signals to enhance the signal/noise ratio.
Fig. 2 shows a collection of sequentially recorded signals to illustrate their evolution: their growth with time
following the grid-driving is attributable to the decay of

Fig. 1. The experimental arrangement (schematic).

a vortex tangle. We have found [8] that, for ¹(70 mK,
the decay process is apparently temperature-independent. Remarkably, the data follow quite well the equation
obtained by integration of Eq. (1):
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Fig. 2. Signals recorded sequentially before (on the extreme left)
and after (other signals) transiently applying the grid driving
force. The abscissa axis (arbitrary scale) indicates the times at
which the signals were propagated: the signals were of duration
&200 ls, and they were separated by 1.3 s intervals.
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where S and S are, respectively, the signal heights in the

absence and presence of vortices, A is a constant containing the ion-vortex trapping cross-sections, ¸ is the initial
G
vortex line density at t"0, and d is the length of the
vorticity-"lled region. Plots of [ln(S /S)]\ against

t yield straight lines [10]. The absolute density of the
vortices, and their distribution within the cell, remain
unknown and will be the subject of further research.
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