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O+H2    performed as the standard QM calculation  

Ground state-to-all probability vs collision energy

Theory was generalized to
arbitrary coordinate systems
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The main challenge:  long time stability
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Technical details
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Conservation of energy is a bit trickier:  r and p are coupled

is block diagonal, with blocks

Only S needs to 
be inverted

For example, 

Size of matrix                           , computational complexity



Quantum energy

Trajectory location

Trajectories; up to 200 
oscillations  or 1.5 ps

Hydrogen molecule
1 a. 
u.=1/40 fs
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Rescaled (more quantum!) hydrogen molecule 
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Good tests  for multidimensional systems?  
nothing to compare with
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We use our own model of a single reactive Eckart 
potential and many Morse oscillators (Nbound=17), 
all “coupled” by a unitary transformation



Quantum energy 

Rective coordinate + environment 
(oscillator)

“Coupling” by rotation:
positions after 15 vibrations

SETCA08



High dimensionality

Achieved long-time ZPE description in high dimension
 for open reaction coordinate
Need to do double well to model proton transfer
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Convergence with the number of 
trajectories
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Summary

• Bohmian formulation is an excellent foundation for a 
semiclassical method in coordinate space

• Long time stabilitiy requires modification of the 
differential equation (is it a general conclusion?)

• MULTI-dimensional anharmonic systems are now 
easy to do

• Next step:  systems with multiple minima (double 
well).  At present the multiple minima DOF quickly 
become nearly classical
– We plan to use subspaces, but balancing all errors is so far 

too tricky for us


