
theoryaresuperconductors

The main result we want to discuss is

thatin the presence ofimpurities that

do not break time - reversal symmetry,

the gap egn, within theBCS
meanfield

is essentially unchanged latter making
reasonable assumptions), and therefore,

non-magnetic impurities
have a minimal

effecton the TC and D for an s-wave

super conductor

Rapicture:Inthe absence of any

impurities, the cooper pairs are made of

time-reversed single - particle states:
IE*)

and I- t). In thepresence of



impunities that respectthetimereversal

symmetry, i.e. 24,
n3 =0

where

It is theHamiltonian and I is the

anti-unitary operator corresponding
to

time-reversal, one can again form

copper pairs between time-reversed pairs

of single-particle state. Specifically,

if ltab is a siste-particle eigenstate

of M, then so is TIEx)=IE7,

with the same single-particle eversy.

Thus, the BCS mean-field it takes the

form:H2 [[Ect, catctical
+ A(ctx cty+h.c.)] which

can be diagonized in the
same way

as the

translationally invariant
version, leading

to 1BCs) =I(na+vacta ct 3107



One can to a little bitbetter than the

above mean-field.

let'sdo an actual calculation for

an s-ware sc in the presence of

time-reversal symmetric disorder.

H =ctf(r)[-- EF trer) (oCr)
of

+ [Acr ctacr ctr() ths.].

This Hamiltonian is time-reversal symmetic,

2xCr) -> CNCr), CHCr)--CNCH),

it-i (i.e. A+ D*) leaves it invariant

To diagonalize H, one considers the

following unitary transformation:



Cacr)=[Uncreuna-vecr ana]

C(r) = [Uncr) Rnt+v*n(n) 2t]

where uno are independent of

and the diagonalized to takesthe

form H = IEn Ytnt Yut,
R

which implies,

[H, ku]=- En Un

and SH, etur] =Enxtnt.

To find equations for Ur)
and

Uncr), let'scalcate
[H, C(r]

=

- - -EF+Mir] Cner)

-> A(r) CtCr)



=e)-2- EF#wor]Ihrnculmux-coming
-> Acr) (n*n(r) etna +vncrlYn]

Using the
relation between c and is

this must also equal

[H, CN(r]

- Uncr)[H,4na]-v(r) [N,xt]

=EUncrEn kna-v*ncr) xtnt]

Now, one can match the
coefficients

ofMnx and thtto obtain

equations for Uncr) and Uncr):

-e I M(r) -ErUnCr) + A(r) VnCr)I I
=En Un(r)



-

-

+M(r)-Er] v*n(r) +A(r)uCrI
-En v*(r)

which may succintly be written as,

-+M(r) -ErACI D*(r) -Stman-E)(
=En funI
To simplify these equations,

lets

assume that
A(r) Dr = independent

eigenvale

ofit) and solve an auxiliary problem

+MIV) - EFWuCr)
= 3n WUCr).[-e I



Let'swrite uncr)= n wncr)
N

Vn(r)
=

Vn We (r)

where in and in are independent
-

of r. Under such an approximation,

the eigenvalue problem becomes,

3

Iis7-Ente*

which is identical to theBCS

mean-field equations without any

impurities. Note thatther-dependence

has completely dropped out.



Therefore. En=I 13.

andACr)
=Vo[ UnCr) Vncr)

E
[1-2f (EnC]

=Vo WnsreR an*n [1-2f(En)]

=No 1 [1-2f(En]
-

2 JA2+3

Since Wucr) is the eigentu for

the Schrodingersin
the absence

of pairing, IWncrs12 - N=(0)

=devity ofstates atFermi
devel.

-> - 1NoNFCO)
* w e
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VoNFand to are


