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Signatures of Transverse Magnetic Anisotropy in Transport

through a Large-Spin Molecule in the Kondo Regime
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The e�ect of transverse magnetic anisotropy on spin-dependent transport through a large-spin molecule
strongly tunnel-coupled to ferromagnetic electrodes is analyzed theoretically. In particular, we investigate whether
it is possible to observe in transport signatures of oscillations of the ground-state doublet splitting due to the
application of an external magnetic �eld along the molecule's hard axis. We show that magnetic �eld leads to
revivals of the Kondo e�ect, with the Kondo temperature depending on the magnetic con�guration of the device.
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1. Introduction

The interest in spin-dependent transport through
large-spin nanoscopic systems, such as single-molecule
magnets [1] or atoms [2], is driven by the prospect of
encoding a bit of information into the physical state of
the system's spin being �up� or �down� [3]. The pre-
requisite for the required bistability is the uniaxial spin-
anisotropy of an �easy-axis� type, so that the two op-
posite spin states along a speci�c axis are energetically
favored. The key obstacle for achieving this bistability is,
however, the transverse anisotropy that generates spin-
tunneling between the �up� and �down� states [4�7], pro-
viding thus a channel for information loss. For this rea-
son, the knowledge of how the transverse spin-anisotropy
a�ects transport properties of a nanoscopic system is of
vital importance.
Here, we focus on analyzing the spin-dependent trans-

port through a model magnetic molecule strongly tunnel-
coupled to ferromagnetic electrodes. Since in such a case
spin-exchange (Kondo) correlations are in action, one can
expect anomalous signatures in transport to emerge at
low temperatures [8]. For molecules characterized by the
spin number larger than 1/2, the magnetic anisotropy
comes into picture and determines whether the Kondo
e�ect occurs or not. In a bistable system, the uniaxial
component of magnetic anisotropy generally suppresses
the e�ect [9�12], whereas the presence of an additional
transverse component leads to its restoration [13, 14].
In particular, in this work we consider the possibility of
observing the e�ect of transverse magnetic anisotropy on
molecule's transport characteristics in the presence of ex-
ternal magnetic �eld applied along the molecule's hard
axis.
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2. Theoretical description

Magnetic molecules can be described by a model con-
sisting of a magnetic core of spin S > 1/2, which is ex-
change coupled with strength J > 0 to a single conduct-
ing orbital level (OL). The respective Hamiltonian has
the form

Ĥmol = ĤOL + ĤS − J ŝ · Ŝ +Bx(ŝx + Ŝx). (1)

The orbital level is described by ĤOL = ε
∑
σ n̂σ+Un̂↑n̂↓,

with n̂σ = ĉ†σ ĉσ and ĉ
†
σ standing for the creation operator

for a spin-σ electron of energy ε in the OL. The Coulomb
energy of two electrons of opposite spins in the orbital is
accounted by U . We assume that only the core spin is
subject to magnetic anisotropy, and its magnetic proper-
ties are represented by the giant-spin Hamiltonian [1]:

ĤS = −DŜ2
z + (E/2)

(
Ŝ2
+ + Ŝ2

−
)
. (2)

Here, D and E are the uniaxial and transverse anisotropy
constants, respectively, and Ŝ± = Ŝx ± iŜy with Ŝj (j =
x, y, z) being the j-th component of the molecule's core

spin operator Ŝ. Moreover, we focus on the case of mag-
netic anisotropy of an easy axis type (D > 0), and assume
E > 0, which varies within the range 0 6 E/D 6 1/3.

The next term of Ĥmol is responsible for the ferromag-
netic (J > 0) exchange interaction between the spin Ŝ of
the molecule's magnetic core and the spin s of an elec-
tron residing in the OL, with ŝ = 1

2

∑
σσ′ ĉ†σσ̂σσ′ ĉσ′ and

σ̂ ≡ (σ̂x, σ̂y, σ̂z) denoting the Pauli spin operator. Fi-
nally, the last term of Eq. (1) accounts for the Zeeman
interaction, where Bx corresponds to an external mag-
netic �eld (measured in energy units, i.e. gµB ≡ 1) ap-
plied along the molecule's hard axis.
Transport of electrons through the system takes place

only via the OL, which is tunnel-coupled to two ferro-
magnetic metallic electrodes. The q-th electrode [q =
(L)eft, (R)ight] is modelled as a reservoir of noninter-

acting itinerant electrons, and described by Ĥqel =∑
σ

∫W
−W dεεâ†qσ(ε)âqσ(ε), where â

†
qσ(ε) is the creation op-

erator of a spin-σ electron and W denotes the band
half-width, taken as energy unit W ≡ 1. We restrict
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the discussion to the situation when magnetic moments
of electrodes are collinear (parallel or antiparallel), and
their orientation also coincides with that of the system's
easy axis. In such a case, tunneling of electrons between
the molecule and electrodes is characterized by

Ĥtun =
∑
qσ

√
Γ qσ
π

∫ W

−W
dε
[
â†qσ(ε)ĉσ + ĉ†σâqσ(ε)

]
, (3)

with Γ qσ representing the strength of spin-dependent tun-
nel coupling between the OL and the q-th electrode.
If both electrodes are made of the same material, de-
scribed by the spin polarization coe�cient P , the hy-
bridization for majority (�+�)/minority (�−�) electrons
in the q-th electrode can be parameterized as Γ q± =
(Γ/2)(1± P ).
At low temperature T and low bias voltage Vb, the

di�erential conductance of the system can be approx-
imated by the symmetrized equilibrium spectral func-
tion [15, 16]:

dI

dVb

T→0
≈ 2e2

h
π
∑
σ

2ΓL
σ Γ

R
σ

ΓL
σ + ΓR

σ

Aσ
(
eVb

2

)
+Aσ

(
− eVb

2

)
2

, (4)

with the spin-dependent spectral function of the OL given
by Aσ(ω) = −(1/π)Im〈〈ĉσ|ĉ†σ〉〉rω, where 〈〈ĉσ|ĉ†σ〉〉rω is
the Fourier transform of the retarded Green function of
the OL. The spectral function Aσ(ω) is calculated by
means of the Wilson numerical renormalization group
(NRG) method [17, 18] with a full density matrix [19].
Here, in particular, we employ the Budapest Flexible
DM-NRG code [20]. In NRG procedure the conduction
band is discretized logarithmically with a discretization
parameter Λ and the whole problem is solved in an itera-
tive fashion by retaining Nk states during iteration. For
the present problem we exploited the Abelian symmetry
for the total charge and used Λ = 1.8 and Nk = 2500.

3. Results and discussion

It has already been demonstrated that if a molecule is
bistable, i.e., characterized exclusively by uniaxial mag-
netic anisotropy (D > 0 and E = 0), the Kondo e�ect
is generally suppressed, which is especially visible in the
antiparallel magnetic con�guration of electrodes [11, 12].
On the other hand, in the parallel con�guration due to
the presence of an e�ective exchange �eld [21�23] the
in�uence of magnetic anisotropy is limited only to the
particle�hole symmetry point (ε = −U/2) where the �eld
disappears. The reason behind such a behavior is that
the spin-exchange processes between the two metastable
ground states responsible for the formation of the Kondo
resonance are not allowed. Interestingly enough, when
the transverse component of magnetic anisotropy is in-
cluded (E 6= 0) the situation changes dramatically, as
this component [see the second term of Eq. (2)] makes
possible mixing of the core spin states, and thus, the
spin-exchange processes become active again. Speci�-
cally, in such a case, a molecule with a half-integer spin
St = S+s e�ectively behaves as a one-a-half pseudospin,
and one can observe the revival of the Kondo e�ect [14].

B
ia

s 
v
o
lta

g
e
 |
e

|V
b
/U

 (
1
0

-3
)

Conductance dI/dVb (2e2/h)

0 2 4 6 8 10

-4

-2

0

2

4

0.1 0.4 1
Conductance dI/dVb (2e2/h)

0 2 4 6 8 10

-4

-2

0

2

4

0.1 0.4 1

B
ia

s 
vo

lta
g

e
 |
e

|V
b
/U

 (
1
0

-3
)

0 2 4 6 8 10

-0.2

-0.1

0

0.1

0.2

0 2 4 6 8 10

-0.2

-0.1

0

0.1

0.2

Magnetic field Bx /U  ( 10
-3

)

0 2 4 6 8 10

-2

-1

0

1

2

B
ia

s
 v

o
lta

g
e

 |
e

|V
b
/U

 (
1
0

-3
)

Magnetic field Bx /U  ( 10
-3

)

0 2 4 6 8 10

-2

-1

0

1

2

(a)

AP

(b)

P

(c)

AP

(d)

P

(e)

AP

(f)

P

E/D = 0 E/D = 0

E/D = 1/10 E/D = 1/10

E/D = 1/3 E/D = 1/3

Fig. 1. Di�erential conductance as a function of mag-
netic �eld Bx applied along the molecule's hard axis and
bias voltage Vb for indicated values of E/D. Left/Right
column corresponds to the antiparallel/parallel mag-
netic con�guration of the leads. Dashed lines serve
as a guide for eyes and schematically depict excitation
energy within the ground state doublet. Parameters:
S = 2, U/W = 0.4 (with W ≡ 1 being the energy
unit), ε = −U/2, J/U = 0.01125, D/U = 3.75 × 10−3,
Γ/U = 0.1, P = 0.5 and T = 0.

A feature characteristic to nanoscopic large-spin sys-
tems exhibiting both uniaxial and transverse magnetic
anisotropy are oscillations of the tunnel splitting ∆ of the
ground state when an external magnetic �eld is applied
along the system's hard anisotropy axis [1, 24]. Since at
low temperatures transport properties of the system are
fully determined by its ground state doublet, it is thus
interesting to analyze how the oscillations of the ground
state splitting a�ect respective transport characteristics.
In general, at low bias voltage one then expects to ob-
serve excitations within the ground state doublet. For
this purpose, in Fig. 1 we present the density plot of the
di�erential conductance dI/dVb as a function of an ex-
ternal magnetic �eld Bx applied along the hard (x) axis
and the bias voltage Vb calculated for ε = −U/2.
Let us �rst consider the case when transverse magnetic

anisotropy is absent (E = 0), Fig. 1a,b. As mentioned
above, for Bx = 0 the ground state doublet is degenerate
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and the Kondo e�ect is suppressed due to the uniaxial
magnetic anisotropy, which does not allow for spin-�ip
processes responsible for the Kondo e�ect. As the �eld
gets increased the ground state becomes monotonically
split, which translates into the occurrence of a dip in
di�erential conductance around Vb = 0. The position of
edges of this dip is marked by dashed lines, from which
one can estimate the value of the tunnel spitting ∆. It is
also interesting to note that the dip is more pronounced
in the parallel magnetic con�guration, see Fig. 1b.
The response of the system to magnetic �eld Bx be-

comes signi�cantly di�erent when the transverse com-
ponent of magnetic anisotropy is included, Fig. 1c�f.
First of all, for Bx = 0 one observes that the lin-
ear conductance achieves the unitary limit of 2e2/h due
to the Kondo e�ect. This is especially noticeable for
E/D = 1/3, (e)�(f), whereas for E/D = 1/10, (c)�(d),
it can be barely seen, but closer analysis proves the for-
mation of the Kondo resonance also in this case, albeit
with much smaller Kondo temperature. With increas-
ing Bx, the degeneracy of the ground state doublet is
removed, which leads to the splitting of the resonance
and formation of a dip in di�erential conductance. How-
ever, unlike for E = 0, further growth of Bx restores
the condition ∆ = 0, which essentially results in the re-
vival of the Kondo e�ect. For a molecule under discussion
with St = 5/2 (i.e., at ε = −U/2 when the OL is occupied
by a single electron), the degeneracy of the ground state
doublet can be recovered with application of Bx twice [1].
What is more, the resonant �elds, at which the Kondo
e�ect is brought back, do not occur at the constant in-
terval 2

√
2E(D + E), as observed for systems described

entirely by the giant-spin Hamiltonian (2) [24�26]. This
is due to the fact that the model considered here also al-
lows for charging the molecule with additional electrons
occupying the orbital level, contrary to the giant-spin
Hamiltonian where the molecule is solely described by
the anisotropy constants D and E. Finally, we note that
although the revivals of the Kondo e�ect occur in both
magnetic con�gurations, this e�ect is more pronounced
in the antiparallel con�guration compared to the parallel
one, which is associated with smaller Kondo temperature
in the latter con�guration.

4. Conclusion

We have analyzed the e�ect of transverse magnetic
�eld on the spin-dependent transport through a large-
spin molecule strongly coupled to external ferromagnetic
leads. We have shown that, when the molecule exhibits
�nite transverse magnetic anisotropy, the magnetic �eld
gives rise to revivals of the Kondo e�ect, with the Kondo
temperature depending on the magnetic con�guration of
the device.
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