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 Viewing noise as a disorder in time domain 

White noise 
Telegraph  noise 

Random potential  



 Stueckelberg quotes Landau’s and Zener’s papers  

(1908-1968) (1905-1993) (1906-?) 
(1905-1984) 

Zener was aware of  Landau’s paper 

1.  L. D. Landau,  Phys. Z. Sovietunion 1, 88 (1932)  

2.  C. Zener, Proc. R. Soc. London A137, 696  (1932)  
3.  E.  Majorana,  Nuovo Cimento  9,  43 (1932)  

4.  E. C. G.   Stueckelberg,  Helv.  Phys.  Acta 5, 369  (1932) 



Semiclassical description applies for 

(1933-2005) 
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Semiclassical energy levels: 

Energy levels coincide at two points in the complex plane: 

 Probability to stay on the same diabatic level: 

diabatic level  

1<<LZQ

transition time 

Probability to survive 
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Asymptotic solution  at  

Exact result:  
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is accompanied by slowly  
decaying oscillations   
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Why the problem is so delicate?  

2

( ) exp
2z

ivtS t
 

∝ ± 
 

 Almost adiabatic transition:   1J
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splitting of 
energy levels at 0t =



Landau-Zener transition today: single passage     

LZ transition is crucial for robust manipulation of coherent quantum states    



LZ transition    

Multistate, 
since 1968   

Interferometry, 
since 2005  Noise-driven  transition,          

Theoretical developments     
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since 1985  

two-level system  
modulates the   
coupling  



I. Pioneering  paper on  multistate  LZ transition  

The net survival probability is a 
 product of partial probabilities 



Main  result on multistate  LZ transition 
“No-go” theorem  

∞→tUpper level is not populated  in the limit 





 No interference effects in exactly solvable 
multilevel  LZ problem 







II.  





Pioneering paper: 
Noise-driven LZ transition 

Random coupling: 

General expression: 

III.  
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Expansion in powers of  2J
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Two limiting cases: 

correlation  time    much shorter than the transition time  

Leading contribution comes from   diagrams with ordered times  

I.  

↓→↑↑→↑Probabilities  and are almost equal 

Fast noise: 1−= γτc
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(2 1)!!n − Only a single out  of   pairings contributes 
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For the fast noise:  
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Derivation for the fast-noise limit 
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in the language of spin dynamics 

exponentially small polarization 
in rapidly changing magnetic field 

spin dynamics 
equation of 
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II.  Slow noise: very long correlation times  

Contributions of all diagrams  of  the same order are equal  

Combinatorial factor: 

LZ  probability   

is averaged  over the distribution  of couplings 

of  non-diagonal matrix element   

In both limits correlation time does not enter into the answer   
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1.  Analytical results for slow noise do not contain correlation time 

2.  For the telegraph noise with correlator 2
0

| ' |( ) ( ') exp
c

t tJ t J t J
τ

 −
< >= − 

 
)(tJ takes the values 0J±  Average  LZ probability is not affected by noise 

cτ









−==−

v
JQP LZLZ

2
02exp1 π

Crossover from “slow” to “fast” noise is not captured by the Kayanuma theory 

Our study: Motivation 
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We start from  slow telegraph noise: 

Switching takes place at 0t t=
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 Our prime finding: 
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For  0tt < the solution with  −∞→tat right behavior  
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Without switching: 

LZ result  
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Switching at 
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For switching at 0t = we have 1B = complete survival ! 
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Our prime observation: 
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Telegraph-noise switching takes place at 

For  0tt < the solution with  
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0=A 1=LZQ

Rare realizations of noise have an exponentially strong effect   

diabatic levels  
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Typical  switching moment: 0 ~ c LZt τ τ>>

Survival probability at small  0t

finite- correction cτ
dominates for strongly 
adiabatic LZ transition 

contribution from rare 
 noise realizations  



Gaussian noise 
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When  ( )J t  changes continuously, 
the  major contribution to the survival 
probability comes from  realizations for 
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renormalized velocity and coupling  



Gaussian  distribution of the slopes J ′ has the width: 
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exceeds the standard result 

by a big logarithmic factor 
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Leading contribution: 

Sub-leading  correction: 
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Fast noise: 

finite- cτ correction originates from rare realizations when the switching   

does not take place during anomalously long time   
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Summarizing: 

Evolution of the survival probability 
with the  noise correlation time 
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Other moments when coupling passes through zero 

do not affect LZQ



Correlator of the telegraph noise 
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