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6.5: Landau—Zener Transition Probability

Clearly the adiabatic approximation has significant limitations in the vicinity of curve crossings. This phenomenon is better
described through transitions between diabatic surfaces. To begin, how do we link the temporal and spatial variables in the curve
crossing picture? We need a time-rate of change of the energy splitting, E= dE,;/dt. The Landau-Zener expression gives the
transition probabilities as a result of propagating through the crossing between diabatic surfaces at a constant E. If the energy
splitting between states varies linearly in time near the crossing point, then setting the crossing point to t = 0 we write

E,—E, = FEt (6.5.1)

If the coupling between surfaces V,; is constant, the transition probability for crossing from surface a to b for a trajectory that
passes through the crossing is

27rV;%
P, =1—exp|——— (6.5.2)
h|E|
and P,, =1 — By, . Note if V,; = 0 then P,, = 0, but if the splitting sweep rate E is small as determined by
27V.2 > h|E| (6.5.3)

then we obtain the result expected for the adiabatic dynamics Py, ~ 1.

We can provide a classical interpretation to Equation 6.5.2 by equating E with the velocity of particles involved in the crossing.
We define the velocity as
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=— 6.5.4
V=2 (6.5.4)
and the slope of the diabatic surfaces at the crossing,
F;, =0E;/OR. (6.5.5)
Recognizing
(B, —Ep) /t=v(F,— F) (6.5.6)
we find
Pu=1 2V, 6.5.7
O e F, — Ry (6.5.7)

In the context of potential energy surfaces, what this approximation says is that you need to know the slopes of the potentials at
their crossing point, the coupling and their relative velocity in order to extract the rates of chemical reactions.
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