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The behavior of Mn overlayers on Fe(001) under the influence of external magnetic fields
is investigated. The electronic charge distribution, local magnetic moments as well as their
couplings are determined as a function of the external field by solving self-consistently a tight
binding Hamiltonian, parameterized to ab-initio TBLMTO calculations. Our method allows to
trace back the field-dependent average magnetization of the system to its electronic structure
and magnetic configuration. We show how in the noncollinear framework the response of the
system is markedly different to what is found in the collinear framework. If metastable magnetic
configurations exist, the external field can be used for tuning the system between some of them
because the system stays in some of those metastable states even after switching off the external
field.
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1. Introduction

The magnetism of a large variety of
nanostructures has been investigated in
the last decades from both experimental
and theoretical sides [1–4]. The full un-
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derstanding of the magnetic properties of
a given system requires not only know-
ing its intrinsic properties, but also its
response to external fields. Moreover,
many of the technological applications of
magnetism are based on the possibility
of engineering the system by the appli-
cation of external fields [5]. Experimen-
tally, the use of external magnetic fields is
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a common practice which helps to both
purposes. The investigation of the re-
sponse to external magnetic fields has
been carried out through various exper-
imental techniques, like magneto-optical
Kerr effect [6], magnetic transmission X-
ray microscopy [7], Fresnel and Foucault
microscopy [8], Lorentz microscopy [9]
or ballistic electron magnetic microscopy
[10]. All those techniques have limited res-
olution, reaching in some cases down to
40 nm. To increase the resolution, the re-
cently developed Spin-Polarized Scanning
Tunneling Microscopy can be used, mak-
ing possible the observation of hysteresis
at the nanometer scale [11]. Increasing the
level of locality of the applied fields is a
challenge which will improve the density
of information storage in recording media
and, consequently, the device miniaturiza-
tion.

From the theoretical side, most of the
studies and simulations of nanomagnetism
are associated with the investigation of the
intrinsic properties of the system. The
response of magnetic systems to external
fields has been less investigated. Usually,
this response is described on the basis of
phenomenological models, due to the com-
plexity of the nanostructures of interest.
For example, magnetic fields have been
used in theory as an instrument to se-
lect specific solutions (in particular those
corresponding to the spin density waves)
from a set of self-consistent ones [12]. In
that study, a magnetic field was intro-
duced in a collinear model so that all mo-
ments were ordered either along or oppo-
site to the field. Such situation can be ex-

perimentally realized in single molecular
magnets [15]. These systems contain su-
perparamagnetic 3d-clusters (for example
Mn12 or Fe8), and their total magnetic mo-
ments show a strong uniaxial anisotropy.
Molecular magnets demonstrate resonant
quantum tunnelling between states with
different spin projections having the same
energy in external magnetic fields. This
leads to step-like hysteresis loops at low
temperatures. However, in general, a non-
collinear theory is necessary for an ade-
quate description of the system response
to an external magnetic field. In sys-
tems where the magnetic anisotropy is
smaller than in molecular magnets, the
remagnetization process on an external
field involves the rotation of magnetic mo-
ments, which can only be studied un-
der a noncollinear approach. On the
other hand, noncollinear magnetism has
attracted considerable attention in recent
years and has been found in many systems
like exchange spring magnets [16], geo-
metrically constrained domain walls [2],
magnetic pendulums in thin wires [3,4], or
supported clusters [13,14]. In nanostruc-
tures, noncollinear states can appear as a
result of the combination of magnetic or-
dering and geometrical confinement. The
response of these states to external mag-
netic fields may be very rich and its study
can shed light on the behavior of nanos-
tructures in real devices.

Antiferromagnetic structures on ferro-
magnetic substrates are interfacial sys-
tems that have attracted considerable at-
tention[17,18]. One of the systems inten-
sively investigated experimentally[19,20]
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as well as theoretically [21–23] is Mn sup-
ported on Fe. The fact that Mn is located
in the periodic table between Fe (fer-
romagnetic) and Cr (antiferromagnetic)
gives rise to a large variety of local mag-
netic couplings in the collinear framework.
For instance, in the experiments of Ya-
mada et al.[19] and Schlickum et al.[20]
only the p(1× 1) configuration at the sur-
face is found, but there are some theo-
retical studies in which antiferromagnetic
c(2 × 2) configurations are proposed [22].
Concerning the magnetic coupling at the
Mn/Fe interface, some theoretical stud-
ies found this coupling to be ferromag-
netic [21,22], while other studies proposed
an antiferromagnetic coupling [23]. This
makes this system particularly interesting
as regards the possibility of noncollinear
magnetism and its response to external
magnetic fields. For instance, the presence
of monoatomic steps at the substrate leads
to noncollinear effects [24], with the devel-
opment of surface magnetic domains and
domain walls. The rich magnetic behav-
ior of Mn films supported on Fe and the
high spin-polarization of both elements
make particularly interesting to study the
response of the system to external mag-
netic fields, although the applied magnetic
fields are expected to be very high, due
to the difficulty to overcome the magnetic
couplings between layers in the system.
Furthermore, this system is an excellent
choice in order to perform a comparative
analysis of collinear and noncollinear pic-
tures.

In this paper, we report a detailed study
of the magnetic structure of six Mn layers

supported on Fe(001) and its response to
external magnetic fields. Our theoretical
method is described in section 2. In the
next sections we compare the results ob-
tained in both collinear and noncollinear
frameworks. We start discussing the in-
trinsic magnetic properties (in the absence
of external fields) and then we analyze the
response of the system to an uniform ex-
ternal magnetic field. The main conclu-
sions are summarized at the end.

2. Theoretical method

Our semi-empirical theoretical model is
based on the fully self-consistent Tight
Binding (TB) method that was used in our
previous studies of supported Cr and Mn
films over Fe [24,26,27]. Here we have ex-
tended this method to account for the in-
teraction of the spin-moments with an ex-
ternal magnetic field. A similar approach
have been used by part of us to describe
the remagnetization process in exchange
spring magnets [25]. The method allows
to consider both uniform external fields
and non-uniform fields, i.e., fields acting
with different intensity and orientation de-
pending on the atomic site in the system.
This last implementation would allow to
perform simulations of future experiments
in which local magnetic fields will be ap-
plied over selected parts of the system,
even at the atomic scale, a situation that
is not the aim of the present work, but
that will be explored in future studies.

Our TB method is parameterized
through a mapping to the ab initio TB-
LMTO [28] Hamiltonian in the first or-
der expansion of its Tight-Binding form
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and in the Slater-Koster approximation,
from which the two-center hopping inte-
grals can be extracted. The spin quantiza-
tion axis is independent in each site, thus
allowing to describe noncollinear mag-
netism. The electronic charge distribution
and the local magnetic moments in the
system are obtained by Haydock’s recur-
sion method [29] to self-consistently solve
the resulting one-particle TB Hamiltonian
for the s, p, and d valence electrons in
a mean-field approximation (equivalent to
the unrestricted Hartree-Fock approxima-
tion) which retains the main electronic
correlations effects to accurately account
for the itinerant magnetism in transition-
metal systems at T = 0K.

The Hamiltonian can be split into three
terms: a magnetism-independent term
Hind, an exchange term Hmag, and a term
containing the interaction with the exter-
nal magnetic field HBext. A localized or-
thogonal atomic orbital basis {|iα〉} is in-
troduced to represent in matrix form the
Hamiltonian H = Hind + Hmag + HBext,
where

Hind =
∑

i,j
α,β

[
(

ǫ0
iαδαβ + Uiα,jβ〈n̂jβ〉

+ZiΩiαδαβ) δij +

tαβ
ij (1 − δij)]|iα〉〈jβ|

[

1 0
0 1

]

(1)

Hmag =
∑

i,α,β

(−
1

2
Jiαβµiα)|iβ〉〈iβ|

×

[

cos θi e−iφi sin θi

eiφi sin θi − cos θi

]

(2)

HBext = −
∑

i,α

gsµB

h̄
~Bi

~Si|iα〉〈iα|

= −
1

2
gsµB

∑

i,α

|iα〉〈iα|

×

[

Bz
i Bx

i − iBy
i

Bx
i + iBy

i −Bz
i

]

(3)

Hind contains both diagonal and non-
diagonal magnetism-independent matrix
elements. The hopping integrals tαβ

ij

between orbitals α and β of different
sites i and j are assumed, as usual,
to be spin independent. These hop-
ping integrals take implicitly into ac-
count, through their parameterization to
the TB-LMTO Hamiltonian of supported
Mn films on Fe(001), the effects of the
reduced coordination at the surface and
the Mn-Fe hybridization at the inter-
face. The magnetism-independent diag-
onal elements ǫ0

iα + Uiα,jβ〈n̂jβ〉 + ZiΩiα,
are the sum of: i) the orbital level of
the isolated atom ǫ0

iα, ii) the electrostatic
level shift Uiα,jβ〈n̂jβ〉, accounting for the
electronic charge redistribution which is
parameterized by the Coulomb integral
Uiα,jβ, and the spin-explicit form of the
Coulomb integral is Uiαβ =

∑

i Uiαβδij =
(Uiα↑,iβ↑ + Uiα↑,iβ↓) /2, and iii) the crystal
field potential which, as a first approxi-
mation, reads ZiΩiα, where Zi is the local
atomic coordination of site i and Ωiα is
a potential which depends on the orbital
character (localized like the d orbitals or
delocalized like the sp ones).

Hmag describes the magnetic effects in
a molecular field picture through the ex-
change parameter Jiα times the local mag-
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netic moment, µiα, whose direction is
given by the angles (θi, φi) defined in the
spin-rotation matrix which is applied to
the spin basis at each atomic site. No-
tice that, in the noncollinear framework,
the spin-quantization axis is independent
at each site. The spin-explicit form of the
exchange parameter is defined as Jiαβ =
(Uiα↑,iβ↓ − Uiα↑,iβ↑).

HBext describes the interaction of the lo-
cal spin magnetic moments ~µi = gsµB

~Si

with the external magnetic field ~Bi, gs be-
ing the gyromagnetic factor and µB the
Bohr magneton. In the present work we
focus on the response to uniform external
fields and, therefore, for the calculations it
is pertinent to choose the direction of the
external magnetic field (which is the same
for all atomic sites) as the direction of the
reference (laboratory) quantization axis z,
to which the local spin-quantization axis
are rotated. In such conditions, the ma-
trix in equation (3) has a diagonal form,
since σx and σy Pauli matrices do not en-
ter in the expression.

The local densities of states (LDOS) are
calculated through the retarded Green’s
function using the recursion method [29]
in the real space which provides the lo-
cal orbital projected densities of states
(LDOS) on an arbitrary local quantiza-
tion axis through a rotation of the initial
recursion vector in the spin space. We
calculate electronic occupations and mag-
netic moments at each orbital and site
of the system by integrating the LDOS
up to the Fermi level, with the global
charge neutrality condition. All the pa-
rameters of the TB model as well as the

interlayer distances have been taken as in
Ref.[24]. The hopping integrals for surface
manganese layer, intermediate manganese
layer, interface manganese layer,interface
iron layer and other iron layers are taken
differently to distinguish the local environ-
ment of different atoms.

Self-consistency requires that the ef-
fective potential entering in the Hamil-
tonian leads to a charge and magnetic
moment distribution which generates the
same effective potential. We compute the
electronic charges and magnetic moments
from the retarded Green’s function as de-
scribed before, to be fed into the local ef-
fective potential leading to a new Green’s
functions from which the charge and mo-
ment distributions can be again calcu-
lated. When the electronic charges, lo-
cal moments (the three components in the
noncollinear framework) and the total en-
ergy differ from one iteration to the next
in less than a given accuracy, the self-
consistency is reached.

It is worth analyzing the orders of mag-
nitude involved in the interaction with the
external magnetic field. 1T = 5.789 ×
10−5eV/µB. This means that extremely
high external fields are needed to over-
come typical exchange couplings in tran-
sition metals. This is expected to come
out from our model, particularly in the
collinear framework where there is no pos-
sibility for the local moments to rotate to-
wards the external field.
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3. Collinear results

3.1. Intrinsic magnetic properties

We start with the analysis of the mag-
netic properties of six Mn layers supported
on the Fe(001) substrate. If we consider a
p(1 × 1) configuration, in which the mag-
netic moment of each Mn layer can point
either in the +z direction (+) or in the
−z direction (−), there are 26 = 64 pos-
sible collinear magnetic configurations in
the Mn slab. Some of them have been al-
ready studied in previous works by means
of ab initio DFT (Density Functional The-
ory) calculations [21,22].

In Table 1 we report those collinear
magnetic configurations which are solu-
tions of the self-consistent calculation.
Starting from the 64 possibilities, we
have obtained 23 configurations (the
other 41 inputs converge during the self-
consistency to some of the solutions listed
in Table 1). Both parallel and antiparal-
lel couplings between Mn layers as well as
at the Mn/Fe interface exist. The ground
state in the collinear framework shows
antiparallel couplings between Mn layers
and a parallel coupling at the Mn/Fe in-
terface, in agreement with experimental
results[19,20]. As a general trend, we
find that those metastable configurations
which are energetically close to the ground
state have antiparallel coupling between
the Mn-surface and subsurface layers as
well as between the Mn layers adjacent
to the Fe interface, and a parallel cou-
pling at the Mn/Fe interface. A va-
riety of metastable configurations corre-
sponding to different magnetic couplings
in Mn (particularly in the central lay-

state E(eV ) µ(µB) configuration
0 0.000 −0.16 – + – + – +
1 0.088 0.22 + – – + – +
2 0.117 1.12 + – + + – +
3 0.199 0.12 + – + – + –
4 0.209 0.31 + – + – – +
5 0.270 −0.28 – + + – + –
6 0.294 −0.11 – + + – – +
7 0.318 −1.16 – + – – + –
8 0.381 −1.12 – + – + – –
9 0.395 −0.30 – + – + + –
10 0.464 −0.72 + – – + – –
11 0.469 0.12 + – – + + –
12 0.531 0.19 + – + + – –
13 0.604 1.12 + + – + – +
14 0.769 −0.19 – – + + – +
15 0.787 −1.18 – – + – + –
16 0.793 −1.03 – – + – – +
17 0.942 0.16 + + – – + –
18 0.950 1.03 + + – + + –
19 0.996 0.23 + + – + – –
20 1.188 −1.14 – – + + – –
21 1.272 −1.06 – – – + – +
22 1.627 −1.99 – – – + – –

Table 1
Collinear magnetic arrangements ob-
tained for the 6Mn/Fe(001) system. The
signs indicate the orientation of the mag-
netic moments of the Mn layers with re-
spect to the positive z axis (Fe bulk ori-
entation). The first sign in each config-
uration refers to the surface Mn layer. µ
indicates the average magnetic moment in
the Mn slab. Energy differences relative
to the collinear ground state and average
magnetic moment for the Mn layers are
shown.



Response of Mn overlayers on Fe to external magnetic fields. 7

ers of the slab) are obtained within a
small energy range. The existence of all
these metastable configurations indicates
two facts: i) this system is a clear can-
didate to exhibit more stable noncollinear
magnetic arrangements if we remove the
constraint of collinearity. This is in accor-
dance with results of Hafner and Spǐsák
[22] for supported Mn slabs with 1 or 2
layers thicknesses; ii) This system should
be particularly interesting as regard to
its response to external magnetic fields.
In this context, it is also interesting to
note that the magnetic moments of Mn
are quite large, being the surface and the
interface moments (4.0µB and 3.0µB, re-
spectively) larger than the moment of the
central layers (between 2.5−2.9µB), as the
effects of decreasing the number of neigh-
bors (surface) and the influence of the ef-
fective magnetic field from the Fe layers
(interface) are taken into account.

3.2. Response to an external mag-

netic field

Starting from the system in its collinear
ground state (configuration 0 in Table 1),
we apply an uniform external magnetic
field along the moments of Fe substrate,
choosing the z axis as parallel to the field.
We calculate the electronic structure and
magnetic configurations as functions of
the field, whose intensity is increased until
the system reaches the magnetic satura-
tion. Then the field intensity is decreased
to zero. In Figure 1(a) we plot the aver-
age magnetic moment in the Mn slab as a
function of the external field. Each point
in this graphic represents a self-consistent
calculation. Units of the external field are

referred to BC
S = 14 × 103T (index C de-

notes “collinear” case), which is the in-
tensity required for the system to become
magnetically saturated in the collinear
framework. In the magnetically saturated
configuration (S in Fig. 1) all the local
magnetic moments of the system are ori-
ented along the field (also those of the Fe
substrate) and reach their maximum value
since the electronic structure is fully spin-
polarized. It is worth to note that inter-
mixing at the interface can decrease the
spin-flip magnetic field. Calculations per-
formed within collinear periodic Anderson
model for Fe/Cr multilayers [30] demon-
strate that even the shape of hysteresis
loop calculated individually for Fe and for
Cr atoms changes significantly depending
on the chemical structure of the interface
region. In Figure 1(a) we observe both
smooth and sharp changes of the average
magnetization depending on the external
field. When the average moment increases
(or decreases) smoothly as a function of
the field, the electronic structure of the
system corresponds to a magnetic config-
uration in which the moduli of the local
moments vary while preserving the rela-
tive magnetic couplings. Those regions
are marked with a bidirectional arrow in-
dicating their reversible character. When
the external field reaches a critical value,
it overcomes a local exchange coupling,
and an irreversible change in the response
is obtained. This situation is reflected by
a sharp change in Figure 1(a). The sys-
tem undergoes a transition to a magnetic
configuration where, not only the moduli
of the local moments vary, but also their
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Figure 1. (a) Evolution of the average magnetic moment (collinear approach) in the Mn
slab as a function of the external uniform magnetic field (in units of the saturation field
BC

S ) starting from the collinear ground state: from 0 to BC
S (black squares) and from BC

S

to 0 (red circles). Bidirectional arrows indicate the reversible parts of the process. (b)
Evolution of the total energy in Mn slab for the process shown in Panel (a). Note that the
red circle and black square at 0 T don’t overlap, actually the vertical difference between
them is the energy difference between configurations 0 and 4 in Table 1, which is about
0.2 eV .

Figure 2. As in Figure 1 but starting from the metastable solution 4 and closing the cycle
before reaching the magnetic saturation.
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relative exchange couplings change. If, at
this point, the applied external field is re-
duced, the old configuration is not imme-
diately recovered, but at an smaller ap-
plied field. The system describes then a
hysteresis cycle, as can be seen in Figure 2
between solutions 2 and 1. In Figure 1(a)
several of such irreversible transitions can
be identified. One of them leads the sys-
tem to a magnetic configuration with lo-
cal exchange couplings similar to those of
solution 4 in Table 1, but with different
magnitudes due to the presence of the ex-
ternal field. There are other irreversible
transitions which lead to configurations
showing magnetic behaviors which are not
selfconsistent solutions in the absence of
external field and, therefore, are not re-
ported in Table 1. These are, namely, a
(− + + + −+), b (− + + + ++), and c
(+ + + − ++).

By analyzing the electronic structure
and the magnetic configurations of the
system as increasing the external field,
we come to conclusions about the relative
strength of the exchange couplings at the
different parts of the Mn slab. As increas-
ing the field intensity, moments of the cen-
tral layers are the first to flip and to point
along the field orientation (configuration
a), followed by the moments close to the
interface (configuration b), and finally by
the surface moments. Notice that the lo-
cal moments at the surface are larger than
the rest arising from the electron localiza-
tion due to the lack of neighbours, that
is, surface atoms are close to the atomic
limit. These results indicate that the an-
tiparallel exchange couplings at the cen-

tral layers of Mn are weaker than those at
the interface and than those at the sur-
face regions, a fact reflected in the larger
external fields required for demagnetiza-
tion. This is consistent with the results
obtained in the absence of external field,
where the antiparallel couplings at the
surface region and near the interface char-
acterize the metastable solutions close to
the ground state, see Table 1.

The non-reversible character of the
transitions between configurations having
different relative exchange couplings gives
rise to the possibility of using a external
magnetic field for tuning the system be-
tween different magnetic solutions which
are local minima in the absence of an ex-
ternal field. This fact is already demon-
strated in Figure 1(a). Starting from the
ground state (configuration 0), we were
able to excite the system to configuration
4, which is a local minimum without an
external field. These two solutions have
similar average magnetic moment, but it is
also possible to switch the system between
two configurations with different average
magnetization, as shown in Figure 2. In
this case, starting from solution 4, we can
reach solution 2 of Table 1 well before the
magnetic saturation of the system. From
solution 2 we can reach solution 1, clos-
ing the cycle, by using appropriate fields.
Therefore, we are able to switch the sys-
tem between configuration 1 (with a low
average moment of 0.22µB) and configura-
tion 2 (with high average magnetization of
1.12µB), and vice versa. Although in this
example we have artificially constrained
the system to collinear configurations, sit-
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uations similar to the present one can be
achieved in systems with a strong uniaxial
anisotropy, like single molecular magnets,
mentioned in the introduction.

4. Noncollinear results

4.1. Intrinsic magnetic properties

In view of the multiple magnetic so-
lutions obtained in the collinear frame-
work, Mn is a clear candidate to exhibit
noncollinear effects. This possibility has
been explored within the DFT approach
by Hafner and Spǐsák[22] for one or two
Mn layers supported on Fe. Larger thick-
nesses require a huge computational cost
within DFT.

In Figure 3(a) we show the noncollinear
ground state magnetic configuration ob-
tained for six Mn layers supported on
Fe(001). This solution presents local cou-
plings approaching to those obtained in
the ground state collinear configuration
(antiparallel couplings between Mn lay-
ers, and parallel couplings at the Mn/Fe
interface and between Fe layers) but, in
contrast, the surface magnetic moment is
now perpendicular to the Fe bulk mo-
ment. The noncollinear ground state (Fig-
ure 3(a)) and the collinear one (solution 0
of Table 1) have otherwise similar ener-
gies, differing in few meV. The small en-
ergy difference can be understood consid-
ering that the local magnetic couplings are
essentially preserved. Moreover, only one
self-consistent magnetic arrangement (lo-
cal minimum) is found in the noncollinear
case, regardless of the input. As soon
as one of the metastable configurations
found in the collinear case is slightly per-

Figure 3. Selected noncollinear magnetic
configurations corresponding to different
values of the uniform external magnetic
field applied in the z direction. One atom
per (001) layer is shown. The Mn atoms
are represented by yellow balls while the
Fe atoms are represented by red balls. The
arrows are proportional to the local mag-
netic moments, and the direction of the
magnetization in the Fe bulk is parallel to
the external field which is represented by
the black vector under each figure.
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turbed and introduced as input of the non-
collinear calculation, it evolves towards
the noncollinear ground state. The release
of the collinear constraint provides a new
degree of freedom to the local moments
and their relative exchange couplings. We
have seen that in the collinear frame-
work the ground state can be only reached
through the variations of the moduli of the
local moments, and the system can get
trapped in multiple local minima. Now,
within the noncollinear framework, the lo-
cal moments can continuously rotate dur-
ing self-consistency towards the ground
state. The mechanism of spin-flip is there-
fore different in both frameworks, and this
will have important implications in the re-
sponse of the system to external magnetic
fields. As we will see in the next section,
in the noncollinear picture the local mo-
ments will tend to rotate towards the field
while preserving, at the same time, their
relative exchange couplings.

4.2. Response to an external mag-

netic field

In the noncollinear framework the local
magnetic moments of the system can have
both longitudinal and transversal compo-
nents (referred to the direction of the mo-
ment in the bulk). In Figure 4 we plot
both components of the total moment in
the Mn slab as a function of the exter-
nal field, starting from the noncollinear
ground state shown in Figure 3(a). As
in the collinear case, each point repre-
sents a self-consistent calculation. In con-
trast to the collinear picture, now the re-
sponse is reversible because the local mo-
ments can rotate and there is only one

magnetic solution for a given value of the
external field. Lower applied magnetic
fields are now required to change the mag-
netic configuration, as compared with the
collinear case. For instance, the applied
field needed to reach the magnetic satura-
tion is now BNC

S = 9.4 × 103 T (index
NC denotes “noncollinear” case), about
two thirds of the value obtained in the
collinear situation.

In Figure 3 we show several selected
magnetic configurations corresponding to
different intensities of the applied field. In
absence of external field, the longitudinal
component of the total magnetic moment
in the Mn slab is very small (1.32µB). As
the field is applied, the total moment ro-
tates towards the field and the longitudi-
nal component increases rapidly (see Fig-
ure 4(a)). However, there is a compe-
tition between the tendencies of the lo-
cal moments to align themselves with the
field and to preserve their antiparallel ex-
change coupling. This is clear in the se-
lected magnetic configurations of Figure 3
for low fields, in which not all the local
moments rotate towards the field. For in-
stance, for B = 0.01BNC

S the moment of
the subsurface Mn layer tries to preserve
its antiparallel coupling with the moment
of the surface layer, which rotates itself
towards the field. This also happens in
other parts of the slab. As increasing the
field up to about 0.1BNC

S , the magnetic
moments continue rotating; while the in-
tensities of external magnetic fields are
between this value and 0.3BNC

S , the lo-
cal couplings in the system are similar to
those of the collinear solution 2 of Ta-
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Figure 4. Evolution of the longitudinal (a) and transversal (b) components of the total
magnetic moment in the Mn slab as a function of the external magnetic field (in units of
the saturation field BNC

S ) starting from the noncollinear ground state. (c) Evolution of
the total energy in Mn slab for the process shown in Panel (a) and (b). The symbols in
the subfigures (a-f) correspond to those states presented in Figure 3.
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ble 1. In other words, the system gets
trapped in a collinear magnetic configura-
tion. This is reflected in the longitudinal
and transversal components of the total
magnetization in Figure 4, which stay al-
most constant between the referred fields.
A less steep region of the energy plot in
Figure 4(c) also shows this collinear con-
figuration. For fields beyond 0.3BNC

S the
moments keep rotating up to the magnetic
saturation. As obtained in the collinear
framework, the magnetic couplings in the
central layers are weaker than those at the
interface region and at the surface.

Recently experimental results by Ko-
jima et al [31] for the CdCr2O4 system
show a similar noncollinear remagnetisa-
tion feature at low temperature. They ap-
plied external magnetic fields up to 140 T
in their geometrically frustrated system
which saturated at 90 T . These au-
thors referred to a 1/2 plateau phase in
which Cr3+ has a 3-up 1-down collinear
spin configuration. In our calculations
for the Mn/Fe system we also obtain a
collinear window for field intensities be-
tween 0.1BNC

S and 0.3BNC
S . As regard

to the order of magnitude of the required
external fields during the remagnetization
process, we note that the exchange param-
eter J = 0.6 meV estimated by Kojima et

al for the system CdCr2O4 is several orders
of magnitude weaker than those involved
in our Mn/Fe system (J = 1.125 eV
in manganese layers and J = 1.265 eV
in iron layers). Therefore, huge external
fields are expected to be required for the
remagnetization process in our case, and
in particular to reach the magnetic satu-

ration.
The very different behavior of the sys-

tem in collinear and noncollinear frame-
works emphasizes the necessity of using
the second one when studying in a realistic
manner systems like the one investigated
here.

5. Summary

We have investigated the response of six
Mn layers supported on Fe(001) to exter-
nal uniform magnetic fields by solving self-
consistently a tight-binding Hamiltonian,
parameterized to ab initio TB-LMTO cal-
culations, which we have extended to
account for the interaction of the spin-
moments with the external field. Our
quantum-mechanical approach is based
on electronic structure calculations and
describes the remagnetization process in
transition metal systems with itinerant
electrons.

In the collinear framework and in ab-
sence of an external field, we have ob-
tained multiple magnetic configurations,
the ground state showing antiparallel cou-
plings between Mn layers and parallel cou-
pling at the Mn/Fe interface. Similar lo-
cal magnetic couplings have been obtained
in the ground state configuration found
in the noncollinear framework, although,
in this case, the surface magnetic moment
is perpendicular to the bulk moment and
no other metastable configurations are ob-
tained.

When the external field is applied, there
is a competition between the tendencies
of the local moments to align themselves
with the external field and to preserve
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their antiparallel exchange coupling. In
the collinear case with an external mag-
netic field only the value of the moments
can vary continuously, whereas their di-
rections can only be changed via spin flip
transitions. In the noncollinear approach
the local moments can both rotate and
change their value continuously. The re-
sponse in the collinear case shows both
smooth and sharp changes of the average
magnetic moment of the Mn slab depend-
ing on the external field. The smooth
changes correspond to reversible varia-
tions of a magnetic configuration of the
system, while the sharp ones are the result
of spin flip transitions between the con-
figurations with different local exchange
couplings, and correspond to a non re-
versible situation. In contrast, a re-
versible response is always obtained in
the noncollinear framework for the full
range of applied fields. Therefore, the
response of the system is markedly dif-
ferent in both approaches. Due to the
non-reversibility obtained in the collinear
framework, the external magnetic field
can be used to switch the system between
different metastable configurations, some
of them having very different average mag-
netic moments. This situation can be
achieved in real systems with strong uni-
axial anisotropy.

The present study opens new prospects
for investigating the response of other
complex nanostructures, not only to uni-
form external magnetic fields, but also to
non-uniform fields having different inten-
sity and orientation in different local parts
of the system (even at the atomic scale),

like for example ferromagnetic or antifer-
romagnetic clusters supported on polariz-
able substrates, a situation that could be
managed in the near future. Work in this
line is in progress.
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