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Outline

• Introduction to Landau-Zener transitions
• Some applications of the Landau-Zener theory
• Why and when noise is substantial
• Description of noise
• Transitions in the presence of fast noise
• Interaction of the transverse and longitudinal noise
• Conclusions 
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Introduction: LZ theory
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Adiabatic levels:

2
21 2

2

E E
E ±

− = ± + ∆ 
 

2 1 /2E E t=− =Ω&

LZ parameter: γ ∆=
Ω&h

1γ �

1γ �

Diabatic levels:



June 19-20, 2008 Landau Memorial Session 5

LZ transition matrix * *U
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Some applications of the Landau-Zener theory

Electronic transitions at atomic collisions

B.M. Smirnov, Physics of Atoms and 
Ions, Springer, 2003. 
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Molecular magnets
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Spin reversal in nanomagnets

W. Wernsdorfer and R. Sessoli, Science 284, 133 (1999)
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Controllable switch between states
for quantum computing (qubit):

The noise introduces
mistakes to the switch
work.

Transverse noise

Longitudinal noise 
create decoherence

Why and when noise is substantial?
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Thernal noise changes the hysteresis loop at T>0.5 K

Molecular magnets
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History

Longitudinal noise

Y. Kayanuma, J. Phys. Soc. Jpn. 54, 2087 (1985)

Y. Gefen, E. Ben-Jacob, and A.O. Caldeira, Phys. Rev B 36, 2770 (1987)

P. Ao and J. Rammer, Phys. Rev. B 43, 5397 (1991)

Y. Kayanuma and H. Nakamura, Phys. Rev. B 57, 13099 (1998)

Classical transverse noise
Y. Kayanuma, J. Phys. Soc. Jpn. 53, 108 (1984)

V.L. Pokrovsky and N.A. Sinitsyn, Phys. Rev. B 67, 144303 (2003).

Quantum fast noise

V.L. Pokrovsky and D. Sun, Phys. Rev. B 76, 024310 (2007).
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Description of noise

•Transverse or longitudinal

•Fast or slow

•Quantum or classical

•Strong or weak

•Thermal or non-thermal
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LZτ

Accumulation time:
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Time separation of LZ and transverse-noise-induced transitions
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Transition is produced by that spectral component of noise, 
whose frequency is in resonance with instantaneous 
frequency of the LZ 2-level system.
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Transition probability measures
the spectrum of noise

Fast transverse noise in 2-level systems: 

Master equation
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Master equation:
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New dimensional parameter:
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Renormalization of the LZ gap

Correlated transverse and longitudinal sound produces almost instantaneous
transition between the states of the 2-state system exactly as LZ gap ∆ does.
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Renormalized gap does not depend on temperature. 

Renormalzation is isotopically sensitive (Wernsdorfer et al.)
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Zero temperature
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Only spontaneous
emission is allowed

Exact calculation: no assumptions on strength of noise
and short correlation time

M. Wubs, K. Saito, S. Köhler, P. Hänggi, and Y.Kayanuma, Phys. 
Rev. Lett. 97, 200404 (2006).
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Conclusions
• Transitions induced by transverse noise are 

accumulated during a long time 
• The LZ gap induces transitions during a shorter time
• The longitudinal noise is effective during the same time
• The coherence is destroyed during the longest time
• Within the accumulation time the transition probability 

obey the Master equations if noise is moderately strong
• The correlation of longitudinal and transverse noise 

leads to renormalization of the LZ gap, which explains its 
isotopic variation and violation of selection rule in 
molecular magnets

/LZτ = ∆ Ω&

( ) 1
2

dec nuτ τ
−

=

( ) 1

acc nτ τ
−

= Ω&


