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Molecular Quantum Dynamics
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Molecular Quantum Dynamics
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o number of Hartree products grows exponentially: 9 DOF, 32 basis
functions per mode - 3.5 x 10'3 Hartree products
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Photodissociation
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MCTDH

o time-dependent basis functions allow efficient truncation of the

basis set
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MCTDH

o time-dependent basis functions allow efficient truncation of the

basis set
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o EOMs derived from the Dirac-Frenkel variational principle:

(60| H — 9, | W) =0

o to make the propagation uniquely defined:

GO (o>> = b

(6 (1)|0eu(t)) =
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MCTDH

o EOMs for the coefficients and the basis functions
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MCTDH

o EOMs for the coefficients and the basis functions
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@ where

P = o) o
Jr

is the projection operator (= 1 for the full basis set),
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MCTDH

o EOMs for the coefficients and the basis functions

A =3 () o) A

s'.L

H(ss)

i8t¢(n,s) =(1 _ ps, s) -1 Z< 35/)> (5,5")

@ where

P = o) o
Jr

is the projection operator (= 1 for the full basis set), p(**) is the
density matrix

Robert Cvjetinovié 6/12



MCTDH

o EOMs for the coefficients and the basis functions

DA = 3 (8] 6 |8 g
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H(ss)

@ where

plrs) — Z ’¢(_f:,8)> <¢§m s)
Jr

is the projection operator (= 1 for the full basis set), p(**) is the
density matrix and
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Monte Carlo Canonical Polyadic Decomposition

e numerical evaluation of NV dimensional integrals with ng.;q points

N
scales as n grid

Robert Cvjetinovié



Monte Carlo Canonical Polyadic Decomposition

e numerical evaluation of NV dimensional integrals with ng.;q points

N
scales as n grid

A\ (K) s

° <H(85 )> and <<I>S>

products of low dimensional integrals if Hamiltonian (PES) is
written as a sum of products:

R A ) =
> <¢(“ \hﬁ’s (@1 >\¢<“> (5 | (@) [ 65

H(ss) )‘bf/)> can be written as a sum of

)

Robert Cvjetinovié 7/12



Monte Carlo Canonical Polyadic Decomposition

e numerical evaluation of NV dimensional integrals with ng.;q points

N
scales as n grid

A\ (K) s

° <H(85 )> and <<I>S>

products of low dimensional integrals if Hamiltonian (PES) is
written as a sum of products:

(o). ool ) =
> <¢(“ \hﬁ’s (@1 >\¢<“> (5 | (@) [ 65

H(ss) )‘bf/)> can be written as a sum of

)

o MCCPD transforms Vi1, Vio and Vao into a sum of products form

Robert Cvjetinovié 7/12



Monte Carlo Canonical Polyadic Decomposition

e numerical evaluation of NV dimensional integrals with ng.;q points
N
scales as Ngrid

A\ (K) s

° <H(85 )> and <<I>S>

products of low dimensional integrals if Hamiltonian (PES) is
written as a sum of products:

(60 [ HO ) =
S e (850 [e@Qu |50 {6 [ @ 0™

T

H(ss) )‘bf/)> can be written as a sum of

A

o MCCPD transforms Vi1, Vio and Vao into a sum of products form

o Monte Carlo integrals to avoid exact numerical integration during
the transformation to SOP form
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Simulated Systems

XBF

Energy [ eV

source: J. Chem. Theory Comput. 2022, 18, 4627-4638
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Ammonia
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Hydroxymethyl Radical
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Conclusion

e time dependent basis functions enable quantum dynamics
simulations of high dimensional systems

@ long lived resonances and chaotic dynamics NH3 remain a
challenge for MCTDH

o full dimensional simulation of hydroxymethyl radical validate
previous 4D model
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