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Decoherence Corrected Ehrenfest Dynamics
using Approximate Electronic States

« Efficient propagation of classical degrees of freedom on the Ehrenfest potential
energy surface (PES)

* Refines trajectory dynamics with properties of the approximate electronic states to
avoid the qualitative error of mean-field PES propagation of standard Ehrenfest

 Refinements from the decoherence correction are applied without computing the
full electronic eigenspectrum!
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Decoherence Corrected Ehrenfest Dynamics
using Approximate Electronic States

« Efficient propagation of classical degrees of freedom on the Ehrenfest potential
energy surface (PES)

* Refines trajectory dynamics with properties of the approximate electronic states to
avoid the qualitative error of mean-field PES propagation of standard Ehrenfest

« Refinements from the decoherence correction are applied without computing the
full electronic eigenspectrum!

 Can be applied to systems where computing the full eigenspectrum would cause
dynamics simulations to become intractable!
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Collapse ‘to a block’ (TAB) corrected

Ehrenfest Dynamics
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M. P. Esch, and B. G. Levine, The Journal of Chemical Physics 152 (2020) 234105.
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TAB wave function collapse procedure inputs

1) The trajectory density matrix generated from the Ehrenfest wave
function c «
p°=c(t)e ()

2) The state-pairwise decoherence times
2
(Fi -F7)

TiJTZZZ ’hza ’

n n
B. J. Schwartz et al., The Journal of Chemical Physics 104 (1996) 5942.

3) The adiabatic electronic states

HV =EV



What to use instead of the complete adiabatic
electronic basis?

« Will generate a reduced rank approximate adiabatic basis using the history of the
time-dependent Ehrenfest electronic wave function c(t)

 Contains information of the dominant electronic states in the dynamics

 Calculated at every electronic time step, so no additional computation is required
to obtain it

Electronic time steps Ate

Classical time step At N\ \
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What to use instead of the complete adiabatic
electronic basis?

« Will generate a reduced rank approximate adiabatic basis using the history of the
time-dependent Ehrenfest electronic wave function c(t)

 Contains information of the dominant electronic states in the dynamics

 Calculated at every electronic time step, so no additional computation is required
to obtain it

For those familiar with recent Levine group developments...
D. A. Fedorov, and B. G. Levine, The Journal of Physical Chemistry Letters 10 (2019) 4542.



Basis reduction using time history of the
electronic wave function

C(t
1) Split the wave function into its real and / ( )\
Imaginary parts at electronic time steps
Cr (1) c, (t)



Basis reduction using time history of the
electronic wave function

C(t
1) Split the wave function into its real and / ( )\
Imaginary parts at electronic time steps
Cr (1) c, (t)

2) Store the most recent N time steps In
an array X

Xy on =| Ca (t=(N=1)AL, ),c, (t=(N=1)At, ), Cq (t—AtL, ),C, (t-AL,),Co (t),¢, (1) ]



Basis reduction using time history of the
electronic wave function

Xyon =| Ca (t=(N=1)At, )¢, (t=(N=1)At,),--,Cq (t- AL, ),C, (t-AL,),Co (1), ¢, (1) ]

XM 2N T QM,ZN RZN,ZN

\

transformation matrix into
the orthogonalized basis



Basis reduction using time history of the
electronic wave function

Xyon =| Ca (t=(N=1)At, )¢, (t=(N=1)At,),--,Cq (t- AL, ),C, (t-AL,),Co (1), ¢, (1) ]
Xuan = QuanRon2n

} \ OTHO = H*

QTzN,MC(t)M,l =c" (t)ZN,l l
Hkvk _ Ekvk



Basis reduction using time history of the
electronic wave function

Xyon =| Ca (t=(N=1)At, )¢, (t=(N=1)At,),--,Cq (t- AL, ),C, (t-AL,),Co (1), ¢, (1) ]
Xuan = QuanRon2n

} \ OTHO = H*

QTzN,MC(t)M,l =c" (t)ZN,l l
* 05 () =VT()Q (t)e()c (NQ)V; (1)  HVF =E*V*

M. P. Esch, and B. G. Levine, The Journa | of Chemical Physics
153 (2020) 114104.



TAB-DMS Inputs (TAB using an
approximate electronic basis)

1) The trajectory density matrix generated from the Ehrenfest wave
IO gt VT (0QT (De(t)e (DQV (1)

2) The state-pairwise decoherence times

2
kavg  pk,avg )
F77 | Fn,j

() -z

n n

3) The approximate adiabatic electronic states

H kvk _ Ekvk



Model PESs for Probabilities of Transmission
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Conclusions

« We have demonstrated the history of the time-dependent Ehrenfest wave function
can be used to generate a small approximate electronic basis that can be used by
compatible decoherence corrections to Ehrenfest dynamics

 Using a modest fraction of the total number of real electronic states TAB-DMS
produces results in statistical agreement to TAB

« Well parameterized TAB and TAB-DMS ensembles reasonably reproduce fully
quantum mechanical probabilities of transmission

« Work is being done to improve the accuracy of intuitive parameter TAB
ensembles, since the intuitive parameters can be reasonably approximated for real
systems using the ground state harmonic vibrational wave function.
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