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Abstract

We have considered coreless vortices in p-wave superconductors for arbitrary ratio j ¼ k=n (here k and n are the

magnetic length and the coherence length correspondently). Both order parameter and magnetic field of the coreless

vortex decaying from the vortex axis demonstrate essential difference of the vortex structure for different j parameter

and from those calculated for the vortex in liquid He3. In particular, strong asymmetry usual for some of the com-

ponents of the order parameter disappears when j parameter approaches 1.
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1. Introduction

Order parameter describing Cooper pairs in non-

conventional superconductors generally has several

components [1]. Examples include description of high Tc
superconductors as a mixture of d-wave and s-wave

components [2] and of p-wave superconductors like

heavy fermion UPt3 [3] or newly discovered Sr2RuO4 [4].

The symmetry of the order parameter is related to the

crystallographic symmetry group of the material and to

the effective attraction mechanism of Cooper pairing.

Although the number of charged fields and their trans-

formation properties under rotations are different a

common feature of theories describing these diverse

systems remains the U(1) local gauge invariance. It is

well known that, while in the simplest one component

case the Abrikosov vortices are the only kind of topo-

logical defect, in the multicomponent case other types of

defects exist.

In this paper we concentrate on a complex vector field

model (describing, in particular, certain superconductors

with p-wave pairing) that possesses an approximate

global SOð3Þ symmetry. In this case the number of the

components of the order parameter n ¼ 3 provided more

sophisticated structure of the topological defects. Two

topologically distinct ‘‘non-Abrikosov’’ (which in this

context denote one component topological solitons with

additional components vanishing) types had been found:

coreless magnetic skyrmions [5] and the ‘‘vector vortices’’

(VV) (pointed out by some of us recently [6]) which have

a complex core more typical for superfluid He3 rather

than superconductors. The VV are also not related to

unconventional vortices in two component order pa-

rameter models.

We have considered before both structure and dy-

namic generation of coreless vortices when the ratio

j ¼ k=n is rather large, j ¼ 10 (where k and n are the

magnetic penetration depth and the coherence length

respectively), while in real p-wave superconductors it

varies in a wide range of j > 1=
ffiffiffi
2

p
. The large j case is

simpler to investigate analytically and it enables a

qualitative comparison with a very extensively studies

case of the tensor order parameter in superfluid He3. In

this paper we tackle a more demanding case of inter-

mediate and small j. We calculated numerically both the

structure of the order parameter field and of the mag-

netic field as function of the distance from the vortex

axis and demonstrate essential difference of the vortex

structure for different j parameter.
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2. Vector vortex structure for arbitrary j

The interaction of the complex vector field theory

when the order parameter wðrÞ ¼ ðw1;w2;w3Þ is a three

component complex vector with magnetic field described

by a vector potential AðrÞ is described by the free energy

functional

F ¼
Z

d2r
K
2
jðr

�
� iAÞwaj2 � ajwaj2 þ b1

2
ðwaw	aÞ2

þ b2

2
jwawaj2 þ B2

8p

�
ð1Þ

Here B ¼ r
 A is the magnetic field, a ¼ 1; 2; 3. Since
the configuration is assumed to be homogeneous in the

direction of the magnetic field all the fields are consid-

ered in two dimensions, r ¼ ðx; yÞ.
We look for a solution in the following SOrð2Þ

symmetric ansatz:

w1 ¼ cðrÞ cosu þ idðrÞ sinu

w2 ¼ �cðrÞ sinu þ idðrÞ cosu

w3 ¼ f ðrÞ

Ax ¼ bðrÞ sinu; Ay ¼ �bðrÞ cosu

Here u is the azimuthal angle, cðrÞ, dðrÞ, f ðrÞ and bðrÞ
are even real functions of the radial coordinate which

have been calculated analytically in the case of large j.
Substituting the ansatz into Eq. (1), one can obtain

the components of the superconducting current:

j2Ju ¼ 2dc
r

þ F 2b

where F 2 ¼ ðf 2 þ c2 þ d2Þ. The necessary condition

Jr ¼ 0 implies Ar ¼ 0.

For arbitrary j magnitude the only numerical solu-

tion is possible. We calculated the order parameter

F 2 ¼ jw1j
2 þ jw2j

2 þ jw3j
2
, the single vortex spatial pro-

file of magnetic field, and supercurrent (Ju, the azi-

muthal component) for different j. It shows that the

minimal magnitude of the order parameter F 2
min ¼ 0:5

for j ¼ 10 is monotonically decreased to F 2
min ¼ 0:2

when j ¼ 1; before approaching zero at critical jc.

While it is strongly spatially asymmetric, for large j, the
VV becomes symmetric jw1j

2
component becomes sym-

metric (Fig. 1). In contrast to the order parameter, both

the azimuthal component of the superconducting cur-

rent and magnetic field in the vortex center increase

significantly for small j parameter values.

The energy EðjÞ of the single vortex in p-wave su-

perconductor

EðRÞ ¼
Z 2p

0

du
Z R

0

f fwðrÞ;A; jgrdr

(here f fwðrÞ;Ag is the Hamiltonian density). This de-

pendence can be approximately described by the de-

pendence

� ¼ EðjÞ
Eð20Þ  C1ðln j þ C2Þ; C1 ¼ 2:85; C2 ¼ 2:5

The structure of the vortex core might have various

static and dynamic implications on the physics of the p-

wave superconductors. For example, the existence of a

superconducting component in the core must signifi-

cantly decrease the pinning force and thereby the

transport properties.

References

[1] G.E. Volovik, L.P. Gorkov, Sov. Phys. JETP 61 (1985) 843;

T.A. Tokuyasu, D.W. Hess, J.A. Sauls, Phys. Rev. B41

(1990) 8891;

I.A. Luk�yanchuk, M.E. Zhitomirsky, Supercond. Rev. 1

(1995) 207.

[2] Y. Ren, J.H. Xu, C.S. Ting, Phys. Rev. Lett. 74 (1995) 3680.

[3] K. Machida, M.A. Ozaki, Phys. Rev. Lett. 66 (1991) 3293;

T. Ohmi, K. Machida, Phys. Rev. Lett. 71 (1993) 625T;

T. Ohmi, K. Machida, J. Phys. Soc. Jpn. 65 (1996) 4018.

[4] F. Agterberg, T.M. Rice, M. Sigrist, Phys. Rev. Lett. 78

(1997) 3374.

[5] A. Knigavko, B. Rosenstein, Phys. Rev. Lett. 82 (1999)

1261.

[6] E. Pechenik, B. Rosenstein, B.Ya. Shapiro, I. Shapiro, Phys.

Rev. B 65 (2002) 214532. Note that in this paper the Anzatz

and the expression for the current of the VV contain

misprints which are correted in the present paper.

-3 -2 -1 0 1 2 3 4-4
-3

x

-2

-1

0

1

2

3

y

Fig. 1. Usually strongly anisotropic distribution of jw1j and

jw2j components of the order parameter for large j becomes

completely isotropic at j ! jc ¼ 1=
ffiffiffi
2

p
.
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