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We study the Kondo effect in a quantum dot (QD), which is coupled to ferromagnetic leads, and
analyze its properties. The main goal of our work is to investigate how ferromagnetic leads influence
the Kondo effect. In the extreme case of half-metallic leads, minority-spin electrons are completely
absent, i.e., the screening of the dot spin is not possible, and no Kondo-correlated state can form.
What happens, however, for the generic case of partially spin polarized leads (typical situation of
most magnetic materials)? How does the spin-asymmetry affect the Kondo effect? Is there still a
strong coupling limit, and how are transport properties modified?

Based on a poor man’s scaling analysis we first show that a splitting of the Kondo resonance similar
to the usual magnetic-field-induced splitting will appear. The most important result is that this
splitting can be fully compensated by an appropriately tuned external magnetic field and the strong
coupling limit of the Kondo effect can be restored. We found the analytical formulas describing the
spin-splitting and the Kondo temperature dependence on the spin polarization for the compensate
case. It occurs that the spin-splitting depends linearly on spin polarization, what means that it can
be easy compensate. However, the value of the Kondo temperature decreases with increase of the
spin polarization and is suppressed to zero for the full spin-polarized system (half-metallic leads).

Moreover, we adapt the NRG method to the case of a QD coupled to ferromagnetic leads. We show
that the Kondo effect in the presence of ferromagnetic leads has unique properties such as a strong
spin polarization of the density of states (DOS) at the Fermi level, similarly as for ferromagnetic
and/or spin-polarized materials. In addition, we find, surprisingly, that even in the presence of
strong spin asymmetry in the QD spectral function at the Fermi level, the ground state of the
system has a fully compensated local spin and displays Fermi liquid behavior. We also verify
that the Friedel sum rule is fulfilled for this system and gives predictions consistent with the ones
obtained by NRG. Electronic transport is investigated in the unitary limit at T = 0, and we find
that the system has the same conductance G↑ = G↓ ≤ e2/h for each spin channel, despite of the
strong spin asymmetry in the spectral density at the Fermi level.

We also analyze within an EOM approach the nonlinear transport through the QD. We find that
for parallel alignment of the lead magnetizations the zero-bias anomaly is split. This splitting can
be removed by appropriately tuning of a magnetic field. In the antiparallel configuration of the
lead magnetizations and symmetric coupling no splitting occurs.

A conceivable realization of proposed system might be carbon nanotubes or other molecular systems
in contact to ferromagnetic leads, or magnetic tunnel junctions with magnetic impurities in the
barrier.
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