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Comment on "Coupling of Spin Waves with
Zero Sound in Normal sHe"

Ketterson recently proposed a pulsed NMR and
acoustic experiment to study the transverse spin-
wave excitations of normal He. ' He suggests
preparing He in a uniform, nonequilibrium state in
which the magnetization is tipped at an angle 00 re-
lative to the static field Ho and rotates with angular
velocity 0 o= —yHO. The angle 00 is constant for
times short compared with the spin-relaxation time,
which is long enough for sound to be used as a
probe of the spin system. Ketterson also proposes
that particle-hole asymmetry (pha), a small effect
from the energy dependence of the density of
states, provides the coupling between zero sound
and the spin-wave modes. With He prepared as a
bath of homogeneous spin waves, zero sound can
be used to excite spin waves with finite wave vector
in a process where the q = 0 spin waves stimulate

the decay of zero sound into spin waves with fre-
quency co,„(q) = to ( q) —Q o. Thus, tuning the
field and sound frequency co to observe the decay of
zero sound should determine the spin wave spec-
trum to,„(q). Although Ketterson's idea is appeal-
ing, spin waves are not excited by zero sound as
suggested in Ref. 1. This fact follows from spin ro-
tation invariance. The initial nonequilibrium state
is described by precession of the tipped magnetiza-
tion, Mo = R[HHy" ] (XHo), about the static field;
M(r) =R[Qor] Mtt. The corresponding density
matrix is o.(M) = p[H —yX 'M S], where
tr(XHo) is the equilibrium density matrix, H is the
Hamiltonian, and S is the total spin. Dipolar in-
teractions are neglected (as in Ref. 1) so that H is
invariant under spin rotations, implying that the
linear response of the spin density s (x) to a scalar
field that couples to the density n (x) can be writ-
ten in terms of operators carrying the time depen-
dence generated by H;

xt), nH(x'i')]]).X,„[M ]=R[Q t] ( —i(l(t —t')tr{" (M )[s (

So R '[ Q ot ] X,„(i.e., the response function in th
culated in the tip~ed field X 'Mo. Thus, X,„ is si
{ut u2 u3], with M(t) parallel to u3(r). For any spin

Xs„[Mo]=R[Q or] R[A] R [Q st] X,„[R
specifically A = (7r/2)Mo implies X,„=X'u3(i) In
the rotating frame, X,„ is a purely longitudinal mag-
netic response along the same tipped field Mo that
appears in the density matrix a-. Since there are no
longitudinal spin-wave modes in He, X does not
contain contributions from any spin-wave mode.

However, there is an interesting magnetic
response to zero sound at frequencies cu + 00 due
to pha in Ketterson's proposed experiment. The
particle-hole transformation, represented by a uni-

tary operator C, is an approximate symmetry of the
low-energy (quasiparticle) part of the Hamiltonian;
CHC =H + pha terms. If all pha terms are

neglected, then C sC = s, CnC = —n, Co-C
=o-, and X,„=—X,„=O. The pha terms imply
that X,„ is nonzero and first-order in pha,
X —qX„„, when q —tQo/(Fermi energy) «1,
and X„„is the density response function. The mag-
netic response to a density wave,
5n =Sn(qto)e"" ", is 5m=� (yt/2)(X'/X„„)
xsn(x, t)u3(t); there is a magnetization wave in-

duced by zero sound which is transverse to the stat-
ic field Ho,

5m„+i 5m~

= ( —,
'

yt)qsinHHgn (x, t)exp(+i Qor). (1)
These oscillations are the driven response of the
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e rotating frame) is the equilibrium response function cal-
mply described in terms of orthonormal coordinate axes

rotation R[A],

[A] Mp];
' magnetization along the instantaneous direction of

the rotating magnetization M(t). In the stationary
frame these oscillations are modulated by the uni-
form rotation of M(t). This is a different physical
picture from that proposed by Ketterson; for
80 A 0 and with pha, the spin variables that couple
to zero sound have no natural oscillations. They
are not propagating spin waves; consequently, there
is no resonant coupling between zero sound and the
spin-wave system as is implied by the quantum de-
cay process suggested in Ref. 1.

The pha effect described above may be observ-
able since the induced magnetic oscillations, which
are small in magnitude, are separated in frequency
from both the unperturbed rotating magnetization
and the sound wave.
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