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It is shown that impurity vertex corrections do not significantly modify the expression for magnon

damping recently found by Korenman and Prange.

In a recent paper' Korenman and Prange found a
contribution to magnon damping in ferromagnetic
metals, involving a decay into electron-hole pairs
of the same spin, mediated by the spin-orbit inter-
action with the lattice. The expression found for
the frequency shift was (equation numbers preceded
by an I are from Ref. 1}

- ie.(k))'q. V.(k)(dn/dE. )
A-q. V.(k)+f/~

(I.35)
where q and 0 are the wave vector and frequency
of the magnon, 0 (k) is the electron velocity, n(E)
is the Fermi function, r is the electron lifetime,
and e Q is a function of band index and wave vec-
tor, defined in Eq. (I.36) and to be discussed be-
low.

The most striking consequence of Eq. (I.35}is
the prediction of increased damping for increasing
electron mean free path (ultimately saturating} in
agreement with experiments on the purity and tem-
perature dependence of the ferromagnetic-reso-
nance linewidth in Ni and Co. A number of our
colleagues have since remarked that this mean-
free-path dependence was not fully demonstrated
since we did not include impurity vertex correc-
tions in our calculation, and these apparently have
a drastic effect. It seems worthwhile to indicate
here why impurity corrections do not, in fact, play
a significant role in this calculation.

The problem arises since Eq. (I.35) is the imag-
inary part of a particle-hole bubble diagram, with
vertex E. Ignoring the momentum dependence of

c, were we to evaluate the same diagram including
impurity corrections, we would find4 (taking a
spherical Fermi surface)

Im(aA) ~ Av[T(1-T) —U]/[(1-T) + U], (1)

where

T= (ql) tan ~
(q—l),

U= (AT) /(1+q l )

the mean free path is E, and we have assumed
Av/ql «1.

For large ql, T and U become small and Eq. (1)
reduces to Av T which is our original result Eq.
(I.43). However, we have taken this result as
correct for all values of q/, leading to the predic-
tion of decreasing Im(b A) with decreasing ql, while
the expression in Eq. (1) becomes large for small
qE.

The crucial factor which determines which of
these behaviors is correct is, of course, the mo-
mentum dependence of the vertex e (k). In calcu-
lations of transport coefficients, such as the elec-
trical conductivity, irregularities at small ql do
not appear because the Fermi surface average of
the corresponding vertex vanishes. Any irregular
part of the coefficient would be, in fact, propor-
tional to the square of that average.

Vfe use a somewhat more general argument to
show that no irregularity occurs in the present
case. Equation (I.35) is the random-phase approx-
imation to the imaginary part of the correlation
function of the operator
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Now any singular small-q behavior of this correla-
tion function will reflect diffusive behavior in the
time evolution of O(t), and that will occur only if
50(q =0) is a conserved quantity, where 50 is the
deviation of 0 from equilibrium. If we can show
that (O(q = 0) ) is fixed by the symmetry of the situ-
ation, then 50(0) cannot have a conserved part,
O(t) will relax rapidly to its equilibrium value and
diffusive behavior will not occur.

But, as noted after Eq. (l. 40), e„(k) is the first-
order variation of the exchaage energy in band m
at momentum k, under a rotation of the applied
magnetic field. Then O(q = 0) is the variation of
the total Hartree-Fock exchange energy of the sys-
tem under the same rotation. As a global scalar
property of the system the total exchange energy
can only have a second-order variation when the
field is rotated from a symmetry direction of the
crystal. Now ferromagnetic resonance experi-
ments are generally done with the field in a sym-
metry direction, and we have implicitly assumed
this by taking the field and total magnetization in
the same direction. Then, in the context of our
calculation, (O(0)) is constrained by symmetry to
vanish and cannot have a partially conserved fluc-
tuation. The correlation function of O(q) does not
show diffusive behavior, and impurity vertex cor-
rections do not modify the mean free path depen-
dence of magnon damping as derived in I.

If the external field is not in a symmetry direc-
tion the above argument is invalid, but we may note
that magnetic anisotropy is a consequence of the
spin-orbit interaction and argue that the Fermi-

surface average of e(k) is of second order in this
interaction. This gives an irregularity at small
q/ whose strength is at most of fourth order in

V„, compared to the second-order term we have
found. Such a term would give only a small correc-
tion. Changes in the damping with field direction
have not been found~ but the experiments to date
have not been exhaustive.

%'e do not yet have a complete argument since
we have only discussed impurity corrections to the
correlation function found in I, while a calculation
taking account of impurities from the start might
lead to a quite different answer. Such a calcula-
tion (the same as done by Fulde and Luther~ but
including spin-orbit interaction in the basic Green's
functions) presents the difficulty that the basic
Green's functions are band functions while the im-
purity problem is only readily solved in a one-band
approximation. To avoid this difficulty we have
reformulated the magnon-damping problem using
a projection-operator technique based on the work
of Mori. ' Even in the presence of impurities the
damping is given by the correlation function of an
operator such as 0, but with & replaced by a spe-
cific matrix element of the spin-orbit interaction.
Again, when the field is in a symmetry direction,
we can show that (O(q = 0)) vanishes, so impurity
corrections do not lead to diffusive behavior. Mak-
ing a random-phase-like decomposition of the cor-
relation function we regain the behavior found in
I, though we have not been able to demonstrate the
numerical identity of the two results. Away from
a symmetry direction, the irregularity is again of
at least fourth order. Details of this calculation
will appear elsewhere.
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