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NMR measurement of quantized vortex lines in rotating 3He-A
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Abstract

The dominant vortex line in 3He-A has singularity-free order parameter structure and low-critical velocity. It is formed
in magnetic "elds above 1 mT, where the orbital and spin parts of the order parameter are `unlockeda, it carries two
quanta of circulation ("2i

0
), and gives rise to a frequency-shifted satellite peak in the NMR absorption spectrum. We

have measured its NMR response with improved resolution and "nd that the satellite amplitude, in addition to being
proportional to the number of vortex lines, also includes a small texture-dependent contribution. ( 2000 Published by
Elsevier Science B.V. All rights reserved.
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1. Introduction

NMR spectroscopy of topological defects in super#uid
3He-A is based on the measurement of satellite peaks in
the NMR absorption spectrum [1]. The frequency shift
of the peak arises from spin}orbit `unlockinga in the
central `soft-corea of the defect and is a characteristic
signature of each defect. The integrated absorption of the
satellite gives the number of these defects and is thus
composed of a sum of equal increments, which again are
a characteristic feature of each type of defect.

2. Experiment

Our 3He NMR cell is a cylindrical quartz container
(radius R"2.0 mm, length ¸"8 mm), connected via
a + 0.45 mm aperture to a tubular liquid 3He column,
which provides thermal contact to the nuclear cooling
stage of the rotating cryostat. A record of the satellite
amplitude as a function of X during slow rotational
acceleration and deceleration is shown in Fig. 1.

The critical velocity v
#
"X

#
R marks the upper limit of

vortex-free counter#ow and the point when a new vortex
line is formed during the slow linear increase of X. In the
present container v

#
is low, 0.4}0.6 mm/s, which is

thought to be caused by the inhomogeneity of the global
order parameter texture [2]. This inhomogeneity, one
example of which is the frequent presence of soliton-like
domain walls, is generated while cooling through ¹

#
, by

the rapid variation in heat #ow through the small aper-
ture to the container. The linear increase in the signal
above X

#
arises because a new vortex line is formed

periodically whenever v
#

is reached. This situation cor-
responds to the minimum possible number of vortices.
The required increment in X for each new vortex is
d)"i

0
/(pR2)&5.3]10~3 rad/s. The number of lines

at a given value of X is N(X)"pR2(X!X
#
)/i

0
. In the

present measurement, the resolution in the determination
of N approaches one vortex line.

3. Annihilation threshold

During deceleration the number of vortex lines is given
by
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Fig. 1. Peak height of the NMR satellite from doubly quantized
vortex lines versus X. Both during acceleration (right branch)
and deceleration (left branch) the rate is DXQ D"2]10~3 rad/s2.
The magnetic "eld is oriented in the direction of the rotation
axis. The inset shows the slow relaxation of the absorption signal
after stopping acceleration.

Fig. 2. Relaxation time q at the "nal constant velocity X
&

after
a linear increase of X, plotted as a function of X"X

&
.

where d(X) is the width of the vortex-free annulus, when
vortex lines annihilate [3]. This situation corresponds to
the maximum number of vortex lines which "t at any
given X into the rotating cylinder. The deceleration in
Fig. 1 gives b"0.14 ($0.05). This value has to lie be-
tween b"0, the ideal homogeneously "lled upper limit,
and b"0.14, the equilibrium state value [3]. In Ref. [3]
b"0.16 was determined from the measured integrated
absorption of the satellite peak. Both the new and pre-
vious data agree with the equilibrium-state behavior and
point to a very small annihilation energy barrier at the
lowest X values ([0.5 rad/s) [3].

4. Second-order corrections

On exceeding X
#

during acceleration, the linear slope
of absorption is reached within several seconds. This is
expected since the mutual friction-damped migration
time of a vortex from its nucleation site at the wall to the
center of the cylinder is less than 1 s. Nevertheless, when
acceleration is stopped at X

&
, the satellite amplitude

continues to increase with exponential relaxation. The
time constant q+34 s of this additional signal increase
has been plotted in Fig. 2 as a function of X and is found
to be roughly constant, i.e. not a strong function of the

number or density of vortex lines. In contrast, the ampli-
tude of the relaxing signal depends on several factors, it is
not uniquely "xed from one measurement to the next,
and, e.g. when the "eld is oriented in the transverse
direction, the relaxation is not observed. We believe that
the time constant re#ects the exponential over-damped
relaxation within the newly formed vortex array and the
slow rearrangement in lattice defects, while the signal
amplitude arises from an interaction of the soft vortex
core with the gradient in the external orbital order para-
meter texture. The existence of this signal component
shows that the satellite can include small contributions
from textural interactions. Thus, the change in signal per
vortex line during acceleration and deceleration may
di!er by a few percent.
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