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The maximum number of vortex lines at a given angular velocity Ω is obtained during deceleration when
vortices annihilate at the wall of the container. The width of the vortex-free region in the decelerated state
has been measured by cw NMR for vortex lines with singular and continuous core structures. It corresponds
to the limit of stability of peripheral vortices for single and double quantization respectively.

It is well known that in rotating superfluids quan-
tized vortex lines (VL) (circulation κ) corotate with
the normal fluid, forming in a cylinder a circular bun-
dle with a density n = 2Ω/κ. However, the bundle
does not fill the whole container of radius R so that
the VL number is given by

N = N0(1− d/R)2 ' N0(1− 2d/R). (1)

N0 = 2πR2Ω/κ is the maximum possible number
and d is the width of the vortex-free layer at the pe-
riphery, which depends on rotational history.[1] Its
minimum dmin(Ω) is obtained with the maximum VL
number Nmax(Ω) during deceleration when vortices
annihilate. Nmax is bracketted by N0 (d = 0) and
the equilibrium number Neq = N(deq) below which
annihilation is not energetically favorable. Experi-
mentally, the equilibrium number is best approached,
together with the minimum energy structure, by
cooling the rotating sample from the normal state
through Tc at constant velocity.

In a simple model, the potential energy of a rec-
tilinear vortex line at a distance x < d from the
wall is given by ε = (ρsκ2/2π)[ln(2x/rc)/2 + (x2 −
2dx)/rv], where ρs is the superfluid density, rv is
the vortex unit-cell radius and rc is an effective core
radius.[1] The equilibrium state is given by the con-
dition ε(deq) = ε(x ∼ rc), which corresponds to
d2

eq ' (κ/4πΩ) ln(rv/rc). It also follows that the
energy maximum vanishes at the minimum distance
dmin = rv, a result that does not depend on the de-
tails of the vortex structure as long as rc � rv.

The anisotropic superfluid 3He-A can sustain dif-
ferent vortex structures in rotation.[2] Among them
are singular and continuous-unlocked vortices (SV
and CUV respectively). Vorticity is supported by
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Figure 1: Measured CUV satellites during deceler-
ation. Lines are superpositions of lorentzians for
the primary, secondary and main peaks (from left to
right) with Ω-independent quality factors (540, 230
and 3000 respectively), but Ω-dependent frequency
shifts (2.57+0.67Ω and 7.70+1.48Ω and 15 kHz re-
spectively). ICUV is the sum of the integrated inten-
sities of the primary and secondary satellites.

spatial variation of the orbital momentum axis l̂. In
our experimental magnetic field, l̂ deviates from the
direction of the spin quantization axis d̂ ⊥ H ‖ Ω
(unlocked texture) within a soft core of radius rc ∼
10 − 30 µm. The SV has an additional hard core,
in which the superfluid density ρs is depleted, and is
therefore singly quantized (κ = κ0 ' 0.067 mm2/s)
whereas continuous vortices are doubly quantized
(κ = 2κ0).

The NMR technique utilizes the fact that, due
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Figure 2: Normalized CUV absorption as a function
of rotation velocity during deceleration (full circles).
The solid line is a fit to the data using Eq. (2). The
empty circle denotes the initial state cooled through
Tc. The recorder trace shows the CUV peak ampli-
tude during deceleration.

to their unlocked soft cores, vortices give rise to ex-
tra peaks in the absorption spectrum whose inten-
sities are proportional to the vortex number and of
a specific kind. Our resolution of ∆N = ±3 in the
best case does not allow the direct measurement of
the quantum number. As in Eq. (1), bulk and sur-
face effects will be distinguished by their different
Ω-dependences to the satellite intensity :

I = α(Ω− β
√

Ω). (2)

Here β = (2d/R)
√

Ω.
Our measurements are performed with a smooth-

walled container in the supercooled A-phase. The
sample is initially cooled from the normal state at
Ω = 0.6 rad/s, which produces only SV lines in our
NMR field, and only CUV lines if the field is zero at
Tc. The NMR spectrum is measured at constant ve-
locity and frequency (380 kHz) by sweeping the field
about the Larmor value of 11.8 mT. The frequency
shift of the main peak (f − f0 = 15 kHz at 0.50 Tc)
with respect to the Larmor frequency f0 is used as
a thermometer. As seen in Fig. 1, the CUV absorp-
tion is distributed into two well resolved satellites,
denoted as primary and secondary peaks. A super-
position of Lorentzian lines, with respective intensi-
ties 4

7ICUV and 3
7ICUV, were used to fit the spectra.

Other parameters are given in Fig.1. The SV satel-
lite is closer to the main line (f −f0 ' 8.1 kHz), and
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Figure 3: Same as Fig.2 for singular vortices SV. Two
sets of data have been included to improve statistics.

therefore its intensity is measured less accurately.
As seen in Fig. 2, the normalized CUV intensity

deviates from the linear law αΩ expected for a full
container. It even vanishes at a finite velocity Ω ∼ 40
mrad/s. The points can be fitted to Eq.(2) which
yields α ' 0.199± 0.005 and β ' 0.16± 0.01. Other
lines refer to different states and are labelled by their
distinct β values (α = 0.199). The full cell (β = 0)
and the initial cooled state lines (β = 0.21) are shown
for comparison. A small but signifiant difference is
observed between the steady states (Ω = const.) at
which the spectra were measured and the dynamical
states (dΩ/dt = 1 mrad/s2) observed by monitor-
ing the NMR signal during deceleration. The latter
correspond to β ' 0.14 quite close to the theoret-
ical estimation β = (2/R)

√
κ0/π ' 0.12 for dou-

bly quantized vortices. In spite of the larger scat-
ter, the data for SV lines (Fig. 3) show the same
qualitative features and yield β ' 0.08± 0.03 which
is significantly smaller than that of CUV lines and
α ' 0.094±0.005. We find βCUV/βSV ' 1.75 close to
the value

√
2 expected from the quantization ratio.

Our measurements confirm the existence of a fi-
nite annihilation barrier in 3He-A. The barrier van-
ishes within experimental uncertainty at the ex-
pected value dmin ' rv(Ω) for both singly and doubly
quantized vortices.
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