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The Dzyaloshinskii-Moriya anisotropy, responsible for helimagnetism in Ba2CuGe2O7, has recently been

shown to comprise also a weak-ferromagnetic component. We theoretically demonstrate the signatures of weak-
ferromagnetism in the magnon spectrum when a magnetic �eld is applied perpendicular to the z axis. We also
anticipate the occurrence of unconventional domain walls in the so-called intermediate phase, and brie�y elucidate
the importance of the weak ferromagnetic component of the Dzyaloshinskii-Moriya anisotropy for the dynamics of
driven domain walls.
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1. Introduction

Ba2CuGe2O7 is a layered spiral antiferromagnet (he-
limagnet) thanks to a Dzyaloshinskii-Moriya (DM)
anisotropy [1]. Experiments in the late 90's [2] re-
vealed a Dzyaloshinskii-type [3] incommensurate-to-
commensurate (IC) phase transition when an external
magnetic �eld along the z axis exceeds a critical value
Hc ∼ 2 T. For H < Hc the ground state (GS) is an
incommensurate spiral whose period L(H) → ∞ when
H → Hc. For H > Hc the GS was thought to be a
commensurate antiferromagnetic spin-�op state. Some
time ago we predicted that the IC transition does not
occur immediately, but is mediated by an intermedi-
ate phase [4]. In short, there exist two critical �elds,
Hc1 ∼ 1.7 T and Hc2 ∼ 2.9 T. For H < Hc1 the GS
is a �at spiral (cycloid) that propagates along x while
the staggered magnetization rotates in the xz plane. For
H > Hc1 the cycloid becomes a conical spiral that prop-
agates along x and nutates around the y axis. Above
Hc2 the conical spiral degenerates into a spin-�op state
whose staggered magnetization points along y. This pre-
diction remained unexplored for almost a decade. How-
ever, new experiments have now con�rmed, that the in-
termediate phase occurs as predicted, and that it also
survives the presence of in-plane �elds H⊥ <0.25 T [5,6].
Further experiments have explored the phase diagram
in the presence of arbitrary canted �elds [6], and ob-
served an unexpected IC phase transition for a strictly in-
plane �eld at H⊥ ∼9 T. Our theoretical analysis [7] sug-
gested a nonzero weak-ferromagnetic (WF) component in
the DM anisotropy, estimated its strength and explained
the phase diagram. To our knowledge, Ba2CuGe2O7 is
the only system where DM-induced weak ferromagnetism
and helimagnetism coexist.
Our aim here is, �rst, to calculate the magnon spec-

trum in the spiral phase for the �eld applied in the xy
plane, thus providing a basis for comparison with future
inelastic neutron scattering studies. Second, we predict
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the existence of unconventional domain walls (DWs) in
the intermediate phase, and elucidate the crucial role of
the WF DM anisotropy for the dynamics of driven DWs.

2. Nonlinear σ model

The 2D low-energy dynamics can be calculated from a
nonlinear σ model governed by the Lagrangian density,
expressed in fully rationalized (dimensionless) units [4]:

L = L0 − V ; L0 = 1
2

(∂0n)
2

+ h · (n× ∂0n) ;

V = 1
2

(∂1n− e2 × n)
2

+ 1
2

(∂2n− e1 × n)
2

+

1
2

(n · h)
2

+ dz (h× e3) · n. (1)
Here e1, e2, e3 are unit vectors along x, y and z; the
staggered magnetization n = n1e1 + n2e2 + n3e3 is a
unit vector �eld (n2 = 1) that depends upon the in-
plane spatial coordinates x, y as well as the time vari-
able t: n = n(x, y, t). Spatial and time derivatives are
described by ∂1, ∂2 and ∂0. The applied magnetic �eld h
may point in arbitrary direction. Frequency (energy) is
measured in units of 0.24 meV, magnetic �eld h in units
of 1.68 T, and distance in units of 33.75 Å. The remain-
ing free parameter dz = Dz/D⊥ is a dimensionless ratio
of the WF DM anisotropy Dz and its helimagnetic in-
plane component D⊥. The latter has been completely
suppressed in Eq. 1 except for the de�nitions of rational-
ized units quoted above. Recent analysis [7] suggested
the value of dz =0.06.

3. Magnon spectrum for H⊥z
Without loss of generality we assume the applied �eld

h = h⊥e2. The GS is the �at spiral with n = n1(x)e1 +
n3(x)e3. This con�guration eliminates the positive Zee-
man term (n · h)2. For dz =0, the GS reduces to the
zero-�eld �at spiral for any h⊥, and the IC transition
never occurs. But for dz 6=0, the spin spiral depends on
the �eld through the single parameter h̄ = h⊥dz, and
the IC transition occurs at h̄c =0.3161 [7]. The mea-
sured critical �eld 9 T (h⊥ =5.36) yields dz =0.06. To
obtain the magnon spectrum, we expanded Eq 1 to 2nd
order in perturbations around the GS and solved the lin-
ear system by a Bloch analysis of the type given in [4].
Our results are shown in Fig. 1. The spectrum along Q1

has 2 modes; acoustic, depending only on h̄, and optical,
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depending on both h̄, h⊥. When h⊥ 6=0, the originally
continuous bands split at Q1 = ±nζ/2 (n =1,2,3. . . )
and optical modes are shifted to higher values. The low-
est acoustic band is �attened and its energy is greatly
reduced with rising �eld. At the critical �eld ∼9 T its
energy becomes zero over the whole zone thus indicat-
ing the instability. Dispersions of the next 2 bands are
also �attened and their energies become asymptotically
equal to the energy of their central point at Q1 =0. Note
that extra gaps at ±nζ/2 and instability appear only if
dz 6=0. Along Q2, the optical and acoustic modes are
hybridized. The spectrum strongly depends on both h̄,
h⊥. The lowest band is quadratic at h⊥ =0 but becomes
linear for strong �elds. The �at spiral does not �see� the
instability along Q2.

Fig. 1. Magnon spectrum in a magnetic �eld applied
perpendicular to the z axis. Acoustic and optical modes
in the spectrum along Q1 are distinguished by solid and
dashed lines. The wave numbers Q1, Q2 are measured
in relative lattice units de�ned in Ref. [4].

4. Domain walls in the intermediate phase

For H = Hze3 and Hz <1.7 T, the GS is the �at
spiral that propagates along x and rotates in the xz
plane. The GS is nondegenerate, with chirality χ =
+1 (χ ≡ sgn[e2 · (n × ∂1n)]) due to the helimagnetic
part of the DM anisotropy. The degeneracy with re-
spect to the U(1) symmetry [4,7] is not crucial and is
disregarded here. Stable DW are not possible in this
regime. In the intermediate phase (1.7 T< Hz <2.9 T),
chirality is again χ = +1, but the GS conical spiral
n = [n1(x)e1 + n3(x)e3] + κn2(x)e2, κ = ±1, is dou-
bly degenerate with respect to �conicity� κ, see Fig. 2a,b.
Here, DWs may exist as truly stable localized nonlin-
ear excitations connecting two topologically distinct spa-
tialy modulated vacua. An example is in Fig. 2c,d, with
DW obtained by a direct numerical minimization of the
potential V of Eq. 1 for the prototype DW. This type
of DWs in DM helimagnets is novel and di�ers signi�-
cantly from its more conventional counterparts. For ex-
ample, DWs discussed here possess only discrete trans-
lational invariance. Note that the DW depends on the
GS, whose properties, such as magnitude of n2 and the

spiral period L, can be tuned by changing Hz. Finally,
when the �eld acquires a nonzero transverse component
H⊥ applied along x (H = H⊥e1 + Hze3), the WF DM
anisotropy lifts the degeneracy of the 2 GS through the
term dz(h × e3) · n = −dzh⊥n2 in the potential V of
Eq (1).
Thus, H⊥ may trigger the dynamics of DWs via mech-

anism similar to that in ordinary weak ferromagnets [8].

Fig. 2. GS and DW spin con�gurations calculated for
H =2.05 T applied along z. (a) The components of the
GS conical spin spiral with period L along x. (b) The
two degenerate GS n = (n1, ±n2, n3). The thick lines
on the sphere are traced by the endpoint of n along x
during one period L. (c) A portion of the DW pro�le
around the centre x =0. At x → ±∞ the actual so-
lutions correspond to the two degenerate GS. (d) Path
traced by the endpoint of n for the DW solution.

5. Conclusions
We have shown that weak ferromagnetism in

Ba2CuGe2O7 becomes manifested in the magnon spec-
trum when the magnetic �eld is applied in the xy plane.
We have also shown that unconventional domain walls
may exist in the intermediate phase of the system.
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