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from the magnetic layer !z=−tL". The length tR is an effec-
tive distance over which the current is assumed to maintain
quasiunidirectional flow. The magnetic layer is assumed to
have infinite extent in the xy directions. When we refer to the
region above !below" the nanocontact, we mean the positive
!negative" direction along the y axis.

We calculate the spin accumulation due to current flow
through a ferromagnet using the same method described in
Ref. 4. We consider the behavior of the spin accumulation in
the nonmagnet in response to a nonuniform magnetization
M! =Msu! , where Ms is the saturation magnetization. As
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spin-wave angle -00−90°. The top panels depict the spatial
variation of uy at a specific time, and the lower panels show
the energy density for each state. The energy density E!r ,%"
is calculated by taking the time average of the squared mag-
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û# +
u! #

,u! #,
, u! # +

1
.
*

0

2.*
0

1

u!!r!,%!,z,t"r!dr!d%!,

!A2"

which we use as the orientation of the longitudinal spin ac-
cumulation. The total spin accumulation is

m! ! = m! "
! + &mz!0" + mz!t"'û#, u!" = u! − !u! · û#"û# ,
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where the longitudinal spin accumulation is the sum of the
contributions from each interface z=0 and z= t.

For a uniform applied field of the form h!!

=h!&sin!/!"cos!0!" , sin!/!"sin!0!" , cos!/!"', the dispersion
relation for exchange spin waves in a thin film is

62 = &*k2 + h! cos!/e − /!" − cos2!/e"'

'&*k2 + h! cos!/e − /!" − cos!2/e"' , !A4"

where /e is the equilibrium magnetization polar angle satis-
fying h! sin!/e−/!"− 1

2sin!2/e"=0.
We briefly discuss the numerical method we have used to

solve Eq. !2". The polar coordinate system is a particularly
efficient and accurate choice for nanocontact simulations.
The discretization we use is nonuniform in radius !“inner”
and “outer” grids" and uniform in angle:
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1r! /R dr! d%! and E is the complete
elliptic integral of the second kind.


