Section 12.2*:Trajectory surface hopping with
temporally localized forces

Coker and Xiao [3] proposed a modified TSH algorithm that integrates the
force (12.33). It employs a predictor-corrector method (see Section 15.2), break-
ing the time interval A up into M = % intermediate segments. A predictor step

Hamiltonian matrix H;(#' +md) that linearly interpolates between HJ(t') and
HE (U + A):

HE( 4+ md) = Bt + T (OIAVP )y (), m < M, ()

comprising instantaneous adiabatic eigenstates 1; and v;, is diagonalized at
each instant ¢’ + md . The difference AVP(t’) involves the interaction between
classical and quantal degrees of freedom at the time ¢’ and the preceding time
' —A:

AVP(H) = VP (x, X[t']) — VP(x, X[t — A]) (2)

With these assignments, the propagation technique can be summarized as a
sequence of three basic operations:

1. The interpolation (1) is used to advance the expansion coefficients ¢;.
More specifically, diagonalization of Hf’j at each timestep t' + md yields
new energy eigenvalues F, (¢’ + md). These instantaneous eigenvalues, in
turn, define a propagator matrix T(¢'+(m+1)d, ¢’ +md) for the coeflicients
¢;. The short time approximation for T may be written in a split operator
form (see Sect.15.2.2) as

i

2h(Ei(t’ + (m+1)d) + E;(t' + md)]
X (Wit + (m +1)8) |1 (t' +md))

T;;(t' +md,t +md) = exp|
! 3)

From

c(t' + (m+1)0) = T(t' + (m+1)d,¢ + md)c(t’ + md) (4)

one deduces the hopping probabilities g,g (11.15) at each time step and
decides if a transition to another surface occurs or not, enforcing the con-
straint that the total instantaneous energy of a given trajectory must be
greater than the adiabatic potential energy of the new state for a hop to
take place.

2. If no hop occurs at any of the M steps into which the time interval is
subdivided, the motion remains confined to the adiabatic potential energy



surface with index «. The nuclear motion results from the action of the
Hellman-Feynman force

0F,

X (5)
If, on the other hand, a hop takes place to the level 3 , the instantaneous
Pechukas force Fg, (Eq. 12.33) is employed. The acceleration associated
with Fg, is used to define the velocity at the starting time of the interval
A | namely:

Faoz =

(EB — Ea) Afi\a

v{E) =v(t'-A) - ALVt —A) M

(6)

Simultaneously, all particle velocities are scaled to reconcile (6) with the
energy conservation constraint (12.36). Lastly, nuclear dynamics in the
interval A proceeds on the adiabatic energy surface 8 according to

Xt +A)=X({t)+v(tA+ %Fﬁﬁ (7)

3. The final nuclear position vector X (¢ + A), obtained in the predictor
cycle, is used to define a new interpolating Hamiltonian matrix for the
subsequent corrector cycle. In analogy to Eq.(1), we write:

HE(t' +md) = Ei(t')d;; + mK(;<wi(t’)|AVC(t’)|wj(t’)>, m<M (8)

and

AVE(t) = Ve(x, X(t' + A]) — Ve(x, X () 9)

The steps (1) and (2) are now repeated adopting the corrected Hamiltonian

(8)-

Realizing this scheme allows for comparison with exactly solvable model prob-
lems and thus to assess the effect of the lack of unitarity that mars the semiclas-
sical propagator approach, as pointed out in the preceding section, . Treating
the cases of the Tully canon (see 11.2.1) by the numerical procedure outlined
above, Coker and Xiao [3] arrive at results that typically deviate by ten percent
from the quantum mechanical standard.
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