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Time-dependent formulation

pHHH  0
H0 – Non-perturbated Hamiltonian
Hp – Perturbation Hamiltonian
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Prove it!

Multiply by at left and integrate
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An approximate way to solve the differential equation
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dt


Guess the “0-order” solution:  (0)
na t

Use this guess to solve the equation and to get the 1st-order approximation:  (1)
ka t

   
(1)

(0) knk i t
p n

n

da t
i k H n a t e

dt


Use the 1st-order to get the 2nd-order approximation and so on. 
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Suppose the simplified perturbation:
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Otherwise
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Only transitions with  ~ 0 
take place.



L I G H T  A N D
M O L E C U L E S

10


kneark

ikk PW
'

'
1


i

kk ,

Near k: density of states dE
dn

k 

  kikikkkik
kneark

ikk dPdEPPW 





11
'

'



L I G H T  A N D
M O L E C U L E S

11

  kikikkkik
kneark

ikk dPdEPPW 





11
'

'

Using 
 

22

22' 2/sin4
ki

ki
ikik HP







kikk HW  2'2




 





 ki
ki

kikk dHW
ki







 2

22' 2/sin141


2/



L I G H T  A N D
M O L E C U L E S

12

Suppose the harmonic perturbation:
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Transition rate between states i and k:

(First order time-dependent perturbation theory)

pi H k

t0 
0

Hik

constant Oscillating ()pi H k
Hik

-Hik

0

i kP is max for  0i kE   i kP is max for  i kE   

(Internal conversion, collision) (Photoinduced)
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Light-matter perturbation Hamiltonian in dipole approximation:
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Transition rate:
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Anisotropic case:
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Where the density of radiant energy is:
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Einstein coefficient B for absorption
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In atomic units:
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If E21 = 4.65 eV and f21 = -0.015, 
what is the lifetime of the excited state? 
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Converting to nanoseconds:
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For a Gaussian peak:
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• Hilborn, Am J Phys 50, 982 (1982)
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Problem: if the molecule prepared in state 2 at x = ∞ moves through a region 
of crossing, what is the probability of ending in state 1 at x = ∞?

H12

• Desouter-Lecomte and Lorquet, J Chem Phys 71, 4391 (1979)
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xFHH 122211 
constant, 1212 FH

1. Landau-Zener
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2. Demkov / Rosen-Zener
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3. Nikitin
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4. Bradauk; 5. Delos-Thorson; 6. …
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Multiply by at left and integrate
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In the deduction it was used:
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• Wittig, J Phys Chem B 109, 8428 (2005)
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Since there are only two states:
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Solving (i) for a2 and taking the derivative: 
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Zener approximation: tHH  2211
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Problem: Find a2(+∞) subject to the initial condition a2(∞) = 1.

The solution is:
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The probability of finding the system in state 1 is:
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The probability of finding the system in state 2 is:
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Example: In trajectory in the graph, what are the probability of the 
molecule to remain in the * state or to change to the closed shell state?
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Example: In trajectory in the graph, what are the probability of the 
molecule to remain in the * state or to change to the closed shell state?
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For the same H12, Landau-Zener predicts:

Non-adiabatic (diabatic) Adiabatic
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For the same       , Rosen-Zener predicts:

Non-adiabatic (but not diabatic!) Adiabatic
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For the same  0 (H12), Nikitin predicts:
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AB → A+B  20
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AB → A+B

G0

AB

A+B

 2 0
12 expk H G  

• Jortner and Bixon, Adv Chem Phys 106, 35 (1999)
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The problem with the previous formulations is that 
they only predict the total probability at the end of 
the process.

If we want to perform dynamics, it is necessary to 
have the instantaneous probability.

Fewest‐switches surface hopping is a good option.
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• Femi’s Golden Rule is the key to describe transfer 
between states.
• There are many different ways of computing 
nonadiabatic transition probabilities.
• It is important to have an intuition about when 
transition is more probable.


