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Tunneling relaxation in MMs can occur via self-induced re sonance tuning of the
dipolar field leading to a propagating front of Landau- Zener transitions.

• For large external bias this is quantum deflagration (with heating added)

• For small external bias this is propagation of quantum domain walls

Our main point::

Here we concentrate on quantum domain walls near the zero-field tunneling resonance.

Domain walls and the underlying ordering*) are due to the DDI.

*) Investigated and observed on several MMs (Fernandez & Alonso;   Martinez Hidalgo, 
Chudnovsky and Aharony;   Luis et al;   Morello et al;    Belesi,  Borsa and Powell)

Landau-Zener Effect
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experimental observation on Fe-8: Wernsdorfer et al, J. Appl. Phys.-2000
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Time dependence:
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“Magnetization“: ψψ σσσσ̂=σ

Landau-Lifshitz equation
for the LZ effect:
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Is equivalent to the Schrödinger equation!
Connection: LZ effect – DW dynamics

Time-nonlinear LZ problems
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Exact solution: 
Garanin & Schilling, EPL-2002

Manipulation of quantum states

• Inverse Landau-Zener problem

• Self-consistent LZ problem – W(t) created by transitions of other spins

Example: Domain walls in ferromagnets. Self-consistent time-dependent field on a 
spin results in a complete LZ transition. Exact analytical Walker solution for the
dissipationless DW motion – Döring mass of the DW 

Moving DW ↔↔↔↔ LZ front

In general, LZ transition is incomplete and there are ex citations behind the front

Formulation of the model
Equation of motion:

Use density-matrix equation for a pseudospin ½ coupled to bath. With
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Here Γ is the relaxation rate and
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is the equilibrium magnetization Becomes Curie-Weiss equation

Dipolar field:
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Uniformly magnetized ellipsoid: zzz
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Shape dependence
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Small sphere:
Inside summation
outside integration

nz – demagnetizing factor

ν – number of sublattices, 2 for Mn12
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Magnetic ordering

Uniform solution:

Thus for a Mn12 cylinder:

For the Curie-Weiss equation reads

zzzzz DD σ=

For Mn12

comparable with the experimental value 0.9 K, F. Luis et al, PRL-2005

Inhomogeneously magnetized long cylinder of radius R:

Local term

Static domain wall

the Curie-Weiss equation

is an integral equation!

1d approximation

σx is due to ∆ and very small, the DW is linear (Ising-like) 

Numerical solution for the DW profile Domain-wall mobility
For small Bz the DW speed vDW is linear in Bz
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DW mobility µDW follows from the static DW profile from the energy balance: 

Direct phonon processes:


