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ABSTRACT

The theoretical study of the mutual proximity of the superconducting states between two
superconductors of different parity led to the conclusion that their order parameters might
suppress each other strongly. A superconductor with an attractive triplet channel is not likely to
be attractive in any singlet channel and vice versa.

INTRODUCTION

[1] considered an arrangement in which a thin fitmckness a) of an s-wave superconductor is
placed on a bulk heavy-fermion superconductors {fjg
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Fig. 1. Arrangement for the experiment study of theproximity effect between an unconventional bulk
superconductor and a conventional s-wave supercondting film (Millis, 1985).
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The bulk critical temperature ) of the s-wave superconductor is suppressed smiadler that
that of the bulk heavy-fermion superconducto’)TThe measurement of the superconducting
order parameter on the film surface (point M) opgoso the interface by a tunnelling effect
gives information about the parity of the superaarohg state of the bulk material. This
arrangement can easily be studied as a one-dinmaispgroblem in the Ginzburg-Landau
approach. The behaviour of the system is mainlgrd@hed by the boundary conditions of the
interface.

If the bulk superconductor has s-wave symmetrywiit also induce a finite, detectable
superconducting order parameter in the film via pheximity effect. Immediately below the
bulk transition temperature,T the film order parameter behaves as

[Mar (T 0 [Mowk (T Eoak (T) T (L = T/TE)”

that is, as a “driven” order parameter. Below’)The order parametes, “has its own life” and
is then essentially proportional to (1 — I’b]Tz

In the case of an odd-parity (triplet) superconduah the bulk, it is assumed that a driven s-
wave order parameter in the film is absent or omeyy small, because the effect of a
magnetically active interface, which is able to wem even and odd-parity states, is considered
to be negligibly small in this picture. Thereforeeteffective boundary condition for a thin film
would have the form

a, Niilm [1/b Nfilm Jinterface= 0, 1.1

acting suppressively fafmm at the interface. The extra-polation length b etedmined by the
tunnelling and reflection properties of the intedaand by the properties of the bulk
superconductor (the effective coherence lengtheftwave order parameter in the bulk, e.t.c).

With this boundary condition the transition tempera of a film of thickness a is reduced
compared to %, as may be easily calculated in the Ginzburg-Larfdemulation,

Te=T[1- &? r(b/a)], 1.2
e

whereg, as the zero temperature coherence length oflthestiperconductorn( L2 for the dirty
limit, where L is equal to the mean free path & fitm) and r a function of the ratio b/a with r
- 102 for b << a. For temperatures larger tharthe s-wave order parameter detected at the M
would essentially be zero. From these two quakdyi different behaviours one could
distinguish experimentally whether even-or-odd{yasuperconductivity were present in the
bulk superconductor

THEORETICAL CONSIDERATION AND CALCULATION

By Variation of the free energy with these intedfderms, boundary conditions are found which
couple the order parameters of the two sides. Asxample we consider the consideration=G
G, = Dapandr® =15, r® =r5" with the general form of the free energy

F=[d [y * fsi™ + fio) * Fst™ + fooupling (N, )] 1.3
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where §; are the surface terms in each side of the interfac

feoupling= [T*T(N1y r]l(l)* - N1y r]z(l)*) N2z X (Mpx r]l(z) + npy r]2(2)) + C.Clnterface 1.4

Before performing the variation of F, it is convemi to diagonalize the bilinear surface terms
fsiayand £s2). For simplicity we fix n = (1, 0, 0), leaving the basis in (1) unchangekdene i
will be arbitrary, with

N® = naum® + nyy na?/Vny’ + nyy? 1.5
and
N2? = (-nzy N1? + N n2@/Vny? + nyy? 1.6
In the new basis the variation of F with respeat{& leads to the boundary conditions
&Mt = 1o @,
b
= -T*T .
: 1 +T*T -
Mo . V'I'“uj| = B ) 1]1{2] e ﬂl_z_'-.ﬂlxz + ﬂl-_fl 1]1{1] 1.8
v, = L (2) .
N> M2 0m) Mz 1.9

All equations are restricted to the interface. Bhadients are taken with respect to the basis of
the crystal lattice (1) and (2), respectively. Tergontaining the extrapolation Iengthél)b
describe the reflection property of the interfagjle the others describe the transfer property
[K(n) is a combination of coefficients inR in the free energy depending on 4 These
terms exhibit their physical interpretation if wetrbduce the order parameter in term$ &

™ expi 0; (1) separate them into real and imaginary partsmFthe first two equations
[connected with side (1)] we explain

(T*T = |T|%e™)

1
5 N1 = 5@ n,Y,

T
5 NP = 2—|szry Ny:Vna,” + Nyy® [N x cos [0 + 04(2) -

02(1)] 1.10

In1M18, (1)=0,

L TR o
|n:1]8,3, (1) = 5o N2 Nay? + Ny [P x sin [@ + @4(2) -
@,(1)] 1.11
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The other two equations lead to similar expressamiBoundary conditions belonging to side (2).
The imaginary part (the third and fourth equatidnequation 1.10 can be combined into an
expression for the current density at the interface

j =<0k, [P 12%8,21(1) + ko | 1P [%8,@2(1)]- T 1Pnaeinz + 02

122 M| x sin [@1 + 241(2) - @2(1)] 1.12

The real part [the first and second equations ahgn 1.10 is the effective boundary condition
for the superconductor on side (1). Solving thezBimg-landau equations and these interface
equations of both sides self-consistently, as a-dimmensional problem, we obtain the
characteristics of the current j versus the phéiferehce at the interface. In that calculation it
has to be taken into account that the order pasnmethe bulk region is also suppressed by a
finite current density. In general, for good coubl@D) superconductors, the characteristics
deviate considerably from the simple form

j =Jjmsin (O, + AO) [3].

RESULTS AND DISCUSSION

According to equation (1.2), a similar arrangemenas studied by [2]. Taking the opposite

approach, they assumed B T.°, and calculated the effective transition tempesanf the film

(at the point M) in the presence of different bphases. They found a significant difference in
the film transition temperature depending on whetiaglet or triplet superconductivity was

present in the bulk. Their result for the tempemtta- phase diagram is plotted in fig 2(a) for a
clean and in fig 2(b) for a dirty film [by renornmedtion of the film thickness rate T of the

interface (a = a/T)]. It is remarkable that theusttbn of the s-wave superconductivity of the
film by a triplet bulk superconductor is quantivally almost the same as by a normal (non-
superconducting) metal. Thus their effective exttafon length (Equation 1.1) has to be almost
equal.
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Fig. 2. Critical temperature T, of clean and dirty films (thickness a) in proximity contact with various bulk
materials (different types of p-wave superconducta, normal-metals and s-wave superconductors with

smaller T). The critical temperature is defined by the vaniking of the s-wave order parameter in the film.
T2 and T are the unperturbed transition parameter in the fim and p-wave superconductor, respectively,
is the coherence length of the s-wave superconductnd a= a/(1 — R) is an adjusted thickness whicim¢ludes

the effect of reflections at the interface: (a) ckn thin film (b) a dirty film. From Ashauer, Kieslemann, and
Rainer, 1986

CONCLUSION

Obviously, for an experiment, good films of a thmeks a of the ordef,T or smaller are
required, where, is the coherence length of the s-wave supercoadutherefore a large mass
mismatih, mentioned initially, could suppress Tosgly, so that this experiment is rather
difficult to realize with heavy-fermian superconttrc
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