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Multi-configurational time-dependent Hartree approach

The calculation of the thermal flux eigenstates as well as the subsequent imaginary and

real time propagation require an efficient scheme for high-dimensional wave-packet propa-

gation. Thus, the multi-configurational time-dependent HartreeS1,S2 (MCTDH) approach is

employed.

The ansatz for a set of MCTDH wave functions within the state-averaged approachS3

reads

Ψw(x1, . . . , xd, t) =
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· · ·
nd∑
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A1
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jk
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In this two-layer representation time-dependent basis functions Φ1;k
jk

(xk, t), called single-

particle functions (SPF), are used. They are subsequently expanded in a time-independent

basis {χkj (xk)}:
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This approach can be extended to a multi-layer representation,S4,S5 where the SPFs are

recursively expanded in a time-dependent basis. Considering, e.g., two layers of SPFs, the

multi-layer (ML) MCTDH ansatz reads
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di.
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An efficient scheme for the propagation of MCTDH wave functions is the constant mean-

field (CMF) integration.S6 This work uses a revised version, the CMF2 scheme.S7 Matrix

elements of a general potential energy surface (PES) are obtained using the correlation DVR

(CDVR)S8 scheme with its multi-layer extension (ML-CDVR)S5,S9 throughout this work.

Primitive and Single-particle Basis Sets
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Figure S1: Structure of the ml-MCTDH wave function used. (a) J = 0 simulations (b)
close-coupling simulations. The basis set sizes are given in Tabs. S1 to S6.

The primitive basis sets employed are given in Tabs. S1 and S2. The structure of the

multi-layer MCTDH wave function is shown in Fig. S1. The time-dependent basis set sizes

employed in the thermal flux eigenstate calculation are given in Tabs. S3 and S5 and for the

S-3



imaginary and real time propagations in Tabs. S4 and S6 for the J = 0 and close-coupling

simulations, respectively.

Table S1: The time-independent grids used for J = 0 simulations. See also Fig.
S1.

Coordinate Grid type Grid size range
ρ 128 FFT 130 - 550 a.u.
α 128 FFT 0.15 - 2.0 a.u.
θ1 96 Legendre-DVR
θ2 64 Legendre-DVR
ϕ 64 FFT 0 - 2π
r1 15 Hermite-DVR

Table S2: The time-independent grids used for close-coupling simulations. See
also Fig. S1.

Coordinate Grid type Grid size range
ρ 256 FFT 130 - 550 a.u.
α 256 FFT 0.15 - 2.0 a.u.
θ1 128 Legendre-DVR
θ2 64 Legendre-DVR
ϕ 64 FFT 0 - 2π
r1 15 Hermite-DVR
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Table S3: The number of SPFs used in the flux eigenstate calculations employing
J = 0.. See also Fig. S1.

s
nα 7
n1 28
n2 28
nρ 7
nθ1 7
nθ2 7
nϕ 7
nr2 1

Table S4: The number of SPFs used in the imaginary and real time propagations
employing J = 0. See also Fig. S1.

s m B Γ
nα 7 9 11 18
n1 28 36 45 54
n2 28 36 45 54
nρ 7 9 10 12
nθ1 7 9 10 12
nθ2 7 9 10 11
nϕ 7 9 10 12
nr2 1 1 1 1

Table S5: The number of SPFs used in the flux eigenstate calculations for close-
coupling. See also Fig. S1.

s m1 m2
nα 5 7 7
n1 15 17 17
n2 15 21 21
nρ 5 6 6
nθ1 5 6 6
nθ2 5 6 6
nϕ 5 8 8
nr2 1 1 1
nJ 3 5 7
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Table S6: The number of SPFs used in the imaginary and real time propagations
for close-coupling. See also Fig. S1.

s m1 m2 B1 B2 Γ1 Γ2
nα 5 7 7 11 11 13 13
n1 15 17 17 28 28 36 36
n2 15 21 21 28 28 36 36
nρ 5 6 6 8 8 9 9
nθ1 5 6 6 9 9 10 10
nθ2 5 6 6 7 7 8 8
nϕ 5 8 8 10 10 12 12
nr2 1 1 1 1 1 1 1
nJ 3 5 7 5 7 5 7
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Convergence Tests for J = 0

The convergence of the thermal rate constants employing J-shifting with respect to SPF

basis sets and the reference temperature are given in Figs. S3 and S2, respectively. For

a definition of the basis sets see Tab. S4. For higher reference temperature, deviations of

over an order of magnitude at the lowest temperatures considered are observed. The results

obtained with reference temperatures of 400K or 300K give converged results even down

to the calculation of thermal rate constants at 150K. For these two reference temperatures,

very good basis set convergence is found. The error in the thermal rate constant at 150 K is

estimated to be less than 10 %.
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Figure S2: Thermal rate constants obtained through J-shifting for different reference tem-
peratures T0 and basis set sizes (see Tab. S4). (a) B basis (b) Γ basis.
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Figure S3: Thermal rate constants obtained through J-shifting for different basis set sizes
(see Tab. S4) and reference temperatures T0. (a) T0 = 400 K. (b) T0 = 300 K.

S-8



Convergence Tests for Close-Coupling

The convergence of the thermal rate constants with respect to SPF basis sets and the refer-

ence temperature for close-coupling simulations are given in Figs. S4 and S5, respectively.

For a definition of the basis sets see Tab. S6. Convergence of thermal rate constants employ-

ing close-coupling calculations are more demanding and least the basis set B is needed for

convergence at low reference temperatures. At the lowest reference temperature employed,

good convergence is achieved and the rates at 250 K differ by less than 10 % for the four

largest basis sets employed. With respect to the reference temperature, it can be seen that

the higher reference temperatures give larger errors for rates below 300K.
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Figure S4: Close-coupling thermal rate constants for different basis set sizes (see Tab. S6)
and reference temperatures T0. (a) T0 = 750 K. (b) T0 = 600 K.
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Figure S5: Close-coupling thermal rate constants for different reference temperatures T0 and
different basis set sizes (see Tab. S6). (a) B basis (b) B2 basis (c) Γ basis (d) Γ2 basis.
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