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Introduction.The present work attempts to find a
signature for "exotic" pairing in a superconductor. In
principle, it is possible to identify the type of pairing
from measurement of the heat capacity, but it is
difficult to identify the type of pairing unequivocally,
because of the close similarity of the behaviour of the
heat capacity for the cases of p- and d-pairing.

We propose a new criterion: to identify the pairing
scheme by studying the lifting of degeneracy of the
collective-mode spectrum. It is well known that this
spectrum depends on the kind of pairing present. For
systems with many internal degrees of freedom , the
spectrum will be more complicated than for a simple
s-wave paired BCS superconductor; indeed the num-
ber of degenerate modes will be equal to the number
of components of the order parameter |1 ]. External
perturbations can break the degeneracy of the collec-
tive-mode spectrum, and display its properties more
clearly. We have therefore studied the spectrum of a
thick p-wave paired heavy-Fermion superconducting
film [2]; the boundaries introduce a degcneracy-
breaking perturbation. This leads to the formation of
“textures”,. analogous to those seen in 3He . The
resulting degeneracy breaking displays the internal
properties of the Cooper pairs more clearly than is
possible in the degenerate situation. We find eight
collective modes (i.e. not all the degeneracy is lifted) ,
whose frequencies depend on the direction of the
excitation. Most of the modes have an energy gap.

We also find that the temperature dependence of
the collective-mode spectrum can provide a sensitive
probe of Ty For example, ultrasound is absorbed by

pair-breaking collective modes; this resonant
absorption of ultrasound will peak sharply at the
onset of superconductivity.

Model. Volovik and Gor‘kov (3] make a two-
dimensional Ansatz for the order parameter of a cubic
superconductor (for pair spin § = 1), i.c. p-pairing:
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We define a tensor order pafameter Al.j , and write
dn) = A;n;, wheren, = kil k|

and i and jare respectively spin and orbital indices. The Volovik-Gor‘kov form (1)

requires that
100
A.=(0-10
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For a film whose thickness is rather larger than the coherence length, the
gradient term of the energy may become much larger than the spin-orbit (i.e.
dipole-dipole) energy. This enables us to take the following simple Ansatz for the
order parameter between the middle of the film and the boundary:
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Here the gap function A = A sin 6 has zeros at the two points 8 = (0,7) — i.e.

at the intersections of the Fermi surface with a four-fold axis of the cubic crystal
[1]. We have previously shown [4 ] that in a Bose system with p-pairing (cf. *He),
the order parameter matrix takes the form

1 3

The general quadratic form for the action functional is:
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For the particular gap matrix (3), the coefficients take the form

A~A2+%w2; B~-A%; A'=nn A A,
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Substituting (2) in (4), we find three distinct independent quadratic forms. Two
of them are three-dimensional, for the variables
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() stggrtizg) and (vy,,055,033) » )
and the third is a two-dimensional form for the remaining variables
(uypttg)) s (Uggiz)) s (4y303))
Wpvy) s Waav3y) s (V3v3) ©6)
Here the 4 and v are respectively the real and imaginary components of a
complex Bose field.

Results.The solutions of the above quadratic forms determine the spectrum of
collective modes. We must solve the equations

detQ, =0

where Q‘. are the quadratic forms. We find the following results for the frequencies
of the collective modes:

w2=0, w? = 3A%

for the variables (6), and

2 _ 2 :
w; = a; A" for the variables (4, |,uy,,u35) ,

2 g 22 ; _
w; = ,3,. A for the variables (V)1 5V33) »

where all the six distinct coefficients a;, ﬂi are constants, of order unity.
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