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Abstract

The long wavelength behaviour of the magnon spectrum for Co monolayer on Cu(0 0 1) is investigated from first-

principle. An asymmetry due to a Dzyaloshinsky–Moriya type interaction has been found resulting in a linear term in

the magnon dispersion relation in a direction perpendicular to the magnetization.
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Magnetic thin films have been in the focus of the

experimental and theoretical studies for several years

due to their technological importance in magnetic

storage technology. The relativistic effects such as the

spin–orbit coupling in thin films are more pronounced

than in bulk materials.

In order to describe the spin–wave excitations of

ferromagnets the itinerant electronic system is often

mapped onto an effective classical Heisenberg model,

H ¼
1

2

X

iaj

Jijrirj ; ð1Þ

where ri is a classical unit vector parallel to the

magnetization at site i and Jij is the exchange interaction

energy between sites i and j: The exchange couplings can
be calculated from first principle by using the method of

infinitesimal rotation [1] or by means of the frozen

magnon approximation [2,3]. The simple Heisenberg

hamiltonian can not account for the gap in the magnon
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spectrum at zero wave number or for other relativistic

effects.

We have recently developed a novel, relativistic first-

principles method based on the adiabatic approach and

on the magnetic force theorem in order to study low-

energy spin–wave excitations of itinerant ferromagnets

[4]. A spin–wave Hamiltonian has been constructed

starting from the Landau–Lifshitz equation and using a

harmonic approximation for the free–energy. Although

our method is not based on any generalization of the

Heisenberg model it is useful to compare their results to

those provided by a model hamiltonian. The most

general spin hamiltonian has the following form:

H ¼
1

2

X

iaj

Jijrirj þ
1

2

X

iaj

Dijri � rj

þ
1

2

X

iaj

rþ
i Aijrj þ

X

i

KiðriÞ; ð2Þ

The additional terms to the Heisenberg hamiltonian are

the Dzyaloshinsky–Moriya interaction (DMI), the

pseudo-dipolar interaction and the on–site anisotropy,

respectively. The on–site anisotropy including the

second-order uniaxial anisotropy and the fourth-order

in–plane anisotropy is responsible for the gap in the

magnon spectrum.
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Fig. 1. The mixed partial derivatives of the free energy for Co1/

Cu(0 0 1).

Fig. 2. Spin–wave spectrum for Co1/Cu(0 0 1) in the vicinity of

the G point. The solid and dashed lines represent the directions
parallel and perpendicular to the magnetization, respectively.
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In the following we are concerned on the second term

in Eq. (2). Fully relativistic screened KKR calculations

on a Co monolayer on Cu(0 0 1) substrate resulted in

in–plane easy axis. In the case of in–plane magnetized

thin films the inversion symmetry of the system is lifted

and DMI can appear. The only special direction is the

direction of the magnetization and the coupling

constants can be written as: Dij ¼ Dijn; where n is a

unit vector parallel to the magnetization. In the method

of Ref. [4] DMI appears via the mixed partial derivatives

of the free energy with respect of the polar and

azimuthal angles. The asymptotic behaviour of the

exchange couplings for itinerant systems has RKKY

character and Dijp1=R3
ij : In order to eliminate the decay

of the couplings the mixed partial derivatives of the free

energy for Co1/Cu(001) in Fig. 1 is multiplied by R3
j :

According to Eq. (2) there are no interactions between

the spins parallel to the magnetization as it is clearly

shown by Fig. 1. Consequently, the spin–wave spectrum

in directions parallel and perpendicular to the magne-

tization will be different. The calculated magnon

spectrum for Co1/Cu(0 0 1) in the vicinity of the G point
is depicted on Fig. 2. The magnons have parabolic

dispersion in the long wave–length limit: eðqÞ ¼ Dþ
Dðq2x þ q2yÞ; where D is the gap and D is the spin stiffness.

However, the presence of the DMI introduces a new

linear term which is the consequence of the antisym-

metric behaviour of the cross product. Obviously, this

linear term appears only in the directions perpendicular
to the easy axis as it is shown by Fig. 2. The dispersion

relation can be written as eðqÞ ¼ Dþ Dðq2x þ q2yÞ þ Aqy:
D ¼ 14:4 mRyd, D ¼ 518 meV (A2; A ¼ 5:5 meV (A for

Co1/Cu(0 0 1). All values are estimated by applying the

regularization procedure proposed by Ref. [5].
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