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Quantum Dynamics of Domain Walls
in Molecular Magnets

) Magnetic Burning: From thermal to quantum / l l

Deflagration Model: Domain wall
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« For this is quantum deflagration _ (with heating added)

« For small external bias this is prop: of quantum domain walls

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 etal; Belesi, Borsa and Powell)

Landau-Zener Effect
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Landau-Lifshitz equation 6= 1[., xA(t)], A() =eW(t) +e A
for the LZ effect: h

Is equivalent to the equation!

‘ Connection: LZ effect — DW dynamics ‘

Time dependence:
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Time-nonlinear LZ problems

« Inverse Landau-Zener problem

given P(t) (I - W(t)

1
Exact solution Manipulation of quantum states

Garanin & Schilling, EPL-2002 0
t

« Self-consistent LZ problem —  W(t) created by transitions of other spins

Example: Domain walls in . Self-consistent t field on a
spin results in a complete LZ transition. Exact analytical Walker solution for the
dissipationless DW motion — Déring mass of the DW

Moving DW_« LZ front

Formulation of the model

Equation of motion:
Use density-matrix equation for a pseudospin % coupled to bath. With

o=Tr(ps), ha,=A(t)=eW(t)+eA
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Here [ is the relaxation rate and

one obtains
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is the equilibrium magnetization Becomes Curie-Weiss equation

Dipolar field: W = g1, S(B, +BY) =W, +W®

where _ _ (95’ -
WO=ED, B =02 DL=3q0,
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Uniformly magnetized ellipsoid: D, =0,y ¢ =D,0, Vélz <«<r<<L
]

Small sphere:
Shape dependence D = D™ +47/(3%-n,) Inside summation
outside integration

N, — demagnetizing factor

V — number of sublattices, 2 for Mn12

0, simple cubic
D™ =42.155, Mn,, (bodycenteredetragon =—> D’ =1053
4.072, Fe,

For A pD.. the Curie-Weiss equation reads
Ep
0.(z) = tanh =D..(z
=(2) 2kpT ==(2)

uniform solution: D, =D,,0, £=2> To - EpD../ky

ForMny, Fp/kp =~ 0.0671 K
Thus for a Mny, cylinder: T, ~ 0.782 K

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

Static domain wall

1d approximation
Inhomogeneously magnetized long cylinder of radius R

21 R%0
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where Local term

k=

/3 — DEPY = dmy — DD > 0,

= 14.6 for Mni and k = 4.31 for Fes

the Curie-Weiss equation
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is an integral equation!

0, is due to A and very small, the DW is linear (Ising-like)

vpyw/B; (telative units)

Numerical solution for the DW profile T L L
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104 . For small B, the DW speed Vp,y is linear in B,
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- Direct phonon processes:
FIG. 1: Magnetization profile of a domain-wall in a Mz 2 N2 (g H L) - o Al ex 8 =10, B =01T,T=1K
cylinder at two different temperatures. = T a— coth - and & = 1 mm, this gives vpw ~ 1 m/s for (T') = 10
127y s~ and vpw ~ 10° m/s for (I) = 10¢ s~
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