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The susceptibility tensor of a ferromagnet with a Bloch domain wall is presented and discussed for the applied
magnetic field dependent on the space coordinate that is perpendicular to the wall plane.

In a previous communication [1] we dealt with the
longitudinal part of the susceptibility tensor of a ferro-
inagnet with a Bloch domain wall (BDW). In this paper
ull the components of the iensor will be obtained but
for the case of the magnetic external field b(y, £), where
the y axis is perpendicular to the BDW plane — xOz.
The general case of b(#, £) involves the exact treatment
of the magnetic dipolar contribution [2] but the sus-
zeptibility tensor obtained below does not change its
structure, Qur results are similar in part to those of [3]
written for the specific situation of nuclear magnetic
resor:ance.

The energy density of the ferromagnet in question
is

W= W W, + Wy + 27 8 M2 (0— 0 (1)2/2 . (1)

[he first two terms in the right-hand side of (1) des-
cribe the exchange energy (stiffness constant & > 0) and
the energy of the uniaxial anisotropy along the z axis
withi the constant 8> 0. wy, is the energy of the system
in the external weak magnetic field h=A(y, f). The next
term is the dipolar interaction energy due to small de-
viation of the magnetization vector M from the static
BDW plane — the xOz. The last term stabilizes M in
the xOz-plane (4], ¢,(») is the static Bloch angle
(cosp, = —tanh (y/8),6 = \/a/B is the BDW thickness).
Tne 8 constant relates to K’ of [4] by the identity
8 =2kIM2.

It is useful to write down the dynamical equation for
small deviations of the magnetization /2 from its static
position in the local coordinate system with the Z axis
along the static magnetization vector and the X-axis

perpendicular to the Z-axis in the xOz plane

iy, =M+ B Ymy= —yMhy (3,8) ,

iy + MW +4m)my, = YMh(,1), @)
hy zh, cosg, —h,sing, ,

where v >0 is the gyromagnetic ratio. The Hermitian
operator W = —aA + § cos 2y, gives two modes [4]:

1) precessional mode (PM) yEM(7) = 2m)~3/2

X (14 (k,8)2)=1/2(ik, 6 +cosg,) exp (ik * ), 2) transe
lational mode (TM) yTM(r) = 2-327-15-1sing,

X exp (ik *#), where k = ("x’o",‘xz)'

Expanding (2) in Y§™ and ¢ we come to the fol-
lowing non-zero components of the susceptibility tensor
Xik
xkx= Aa;

AN
Xpy =  Aylal,

Xy = Xy =icorMIal ;

4, 4;1?,2 viwlr+ Ql M2, [=(PMTM), rXM
A= (W = (w+iQ]/ryM) (w+iQ)/ryM);  (3)
QM=yM@n+ax?), QM=yM@n+p+ak?),

M=y M@ ran?), QM =y M@B+5 +ak?),

and where w/ = \/ﬂ{ﬂé are the frequencies of PM and
TM in dipolar energy representation of (1) [4], 7 is the
damping time of the Landau—Lifshitz equation. Of
course (3) is valid but for PM and TM with &= (0, k},. 0),
k=0.
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cording 1o €3) the PM and TM dampings differ
yMr) T QayM+(Qf +Q5)2), j=(PM,T™). O

Thir ratio is independent of 7
AP = (@m+B2) (r+ B2 48 <1, ®)

Tae observed value of -yTM/'yPM > 1 (in YIG [5])
.t tilus the discrepancy may be attributed to the dif-
ferent types of the damping mechanisms for TM and
PM.

Let us consider a few simple cases of the excitations
by the field b(2) (7 = o).

1)b=(0,0, k). The only excited mode is the uni-
forim TM with the resonance frequency w = w™ (k=0)
=yM\/4np [1].

2) b =(h,,0,0). The uniform PM-ferromagnetic re-
sonance wPM(k=0)=yM~/(4r+B)(8+8).

3)bh= (O,hy,O). Both PM and TM are excited:

a) uniform TM

mt= iy M (W™ - w?)
®
mpM =8 MM (™) - ) .

So h,,(r) field causes a resonance shift of BDW [6].
b) PM with &, # 0. The field component h;M o
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ih—1(mk,/2) gives rise to the effestive ung- of the
excited PM magnons wave-numbers k, <5~ 1. The
predicted absorption region due to this mechanism is
rather broad

Aw~yM(/2B(2+4m) —B(B+4m), (@]

and well comparable to that of polycristalline samples
[7].

The results presented above are in qualitative agree-
ment with reported experimental observations [8].
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