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We propose a general and computationally attractive method that decouples the reactant from the
product for state-to-state dynamics calculation in quantum reactive scattering with multiproduct
arrangements. In this decoupled approach, the full wave function is divided into the reactant and
product components that are connected through absorbing potentials. Using this method, the overall
computational effort for state-to-state calculation is essentially the sum of those for the reactant and
product arrangements separately. This method solves, to a large extent, the notorious problem of the
choice of coordinates in quantum reactive scattering. Although the application of this decoupling
method is specifically presented for time-dependent implementation in this communication, the
basic methodology should also be applicable in the time-independent application as w&b960
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Recently, the time-dependerffD) wave packet ap- attempts. In the following, we discuss this method in the
proach has provided new hope for accurate quantum reactitene-dependent framework although the basic methodology
scattering calculations of chemical reactions involving morecan be easily implemented in the time-independent frame-
than three atom.’ The TD method is especially efficient work as well.
when applied to the calculation of initial state-selected but  Let us first partition the full wave function into the reac-
final state summed dynamical quantities such as total rea¢ant and a sum of all product components:
tion probabilities and cross sections. As shown in Ref. 2, one
can c_alculate the t_oFa_I reaction probab_|I|ty by evaluating the ‘I’(t)Z‘I’r(t)JFE W (b), (1)
reactive flux at a dividing surface and simply uses an absorb- p
ing potential to absorb the wave function beyond the transi-
tion state regiofi:® Thus, one can choose the Jacobi coordi—Wherer and p are Iabe_ls of reactant and .product arrange-
nates corresponding to the reactant arrangement to propag nts, respectlvely. Since we or].ly_ require th? full wave
the time-dependent wave function and avoid the need to de lIInCtIOI’l W (1) to satisfy the TD Schuiinger equation
with the wave function entering into the product arrangement J
space. However, if state-to-state dynamics information such iﬁﬁl‘I’(t)FHI‘l’(t)), (2)
as individualS matrix element or reaction probability is de-
sired, the problem facing the choice of coordinates surfacethere is considerable freedom in choosing the individual
again. Although one could still use a single set of Jacobtomponent. The main criterion is to confine each component
coordinates to carry out the state-to-state calculation, it cat its corresponding arrangement space. The conventional
only be done at an immense computational cost as demonvisdom is to devise coupled equations that determine all
strated in recent state-to-state calculations fos+BH  components of the wave function simultaneousi#> How-
reaction:%~12 ever, the coupled equation approach leads to the full overlap

In this communication, we present a general reactant-matrix between basis functions of different arrangements.
product decouplindRPD) approach to treat state-to-state re- The handling of the overlap matrix can be computationally
active scattering problems in the spirit of divide and conqueroverwhelming in terms of computer memory and CPU time
In our approach the wave function is partitioned into reactaneven in the time-dependent approd€f’ Another potential
and product components that are confined roughly to eacproblem of the coupled equation approach is related to the
arrangement channel space. The reactant and product comver-completeness of nonorthogonal basis functions defined
ponents are connected through the absorbing potentials birt different arrangement channels that are used to simulta-
the calculation of each component can be carried out sepaeously expand different components of the full wave func-
rately in each arrangement channel. Although the idea ofion. Also, artificially designed coupled equations can lead to
wave-function partitioning in reactive scattering is not new,unphysical behavior of the component wave function in the
the current approach is significantly different from previousinteraction regiort®
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In our present approach, we try to avoid all of the above-ized through the absorbing potential for the particular prod-
mentioned problems and instead design the followimg  uct channel of interest, independent of the rest of the product
coupledequations, channels.

In practice, one first carries out the scattering calculation

9 _ for ¥, (t) using the reactant Jacobi coordinates in much the

'ﬁﬁm’r(t)): H|W (1) =12 V| P (1)), same way as in the calculation of total reaction probabilities

3 without final state resolutioh? This part of the calculation
requires essentially the same computational effort as in the

iﬁ;t|‘1’p(t)>:H|‘1’p(t)>+in|‘1’r(t)>, calcula.tion of total reaction probabi]ity, andt (t) spans a

space in the reactant arrangement just beyond the transition
state regiort:2 The only extra effort required here is to write
where —iV, is the negative imaginary potentiedbsorbing out the quantity/, W (t) on the strip of absorbing potential
potentia) used to block the wave functio#(t) from enter- to a computer disk for later use. The second part of the
ing the p product arrangement space. One can see immedealculation is to carry out an essentially inelastic propagation
ately that the first equation i(8) is exactly the same equa- of the wave function?” (t) for the desired product channel
tion that has been successfully employed to calculate thg in Eqg. (3) using thepth product Jacobi coordinates. The
total reaction probability for four-atom reactions using theformal solution for¥ ,(t) can be written as
reactant Jacobi coordinatts. The solution ofd,(t) is com-
pletely independent of those df ,(t). If the absorbing po- |\I/p(t+A)>:e*(i/h)HA|q,p(t)>+ Eef(i/ﬁ)HA
tential vV, is chosen smooth enough to absorb Yhgt) per- h
fectly without any appreciable reflection, thdh (t) will be (A
the correct representation of the full scattering wave function xf e (MR 1@ (t"))dt'.  (4)
in the reactant and strong interaction regions whége-0. t

Thus the product component wave functidfy(t) needs to | we use the trapezoidal rule to evaluate the integral for a

be nonzero only in the correspondinmh product space ghort time steph, we obtain a propagation equation
starting from whereV,, is turned on. In other words, the

W ,(t) only covers the inelastic region in theth product
arrangement and its calculation involves essentially an in-
elastic propagation only. The# ,(t) satisfies an inhomoge- A
neous equation with a source teiivi, ¥, (t) that provides + V|, (t+A)). (5)
the driving force towards the asymptotic region in tbi ZZ

product space. If we sum over the equations for all the com: =

ponent wave functions ifB), we recover the original Schro If we define a new product wave functioff,(t)=",(t)
’ + 1 H
dinger equatior{2) for the full wave function. Thus, we still (A72)Vp¥ (1), which is everywhere the same #5,(t)

o . except in the absorption region, we obtain the simplified
solve the Schrdinger equation correctly for the full wave P P g P

function. The main attraction of this approach is that thepropagatlon equation fobp(t)

overall computational cost is divided into that for each ar- ~ _ ~ A

rangement channel and the dynamics calculation for each |Wp(t+A))=e~ M4 w 1))+ Vel Wi(t+4))  (6)
arrangement component wave function can be carried out -

individually using the Jacobi coordinates of the correspondvhich is the final working formula foW(t). Using Eq.(6),
arrangement channel. The exchange of information betwee@ne carries out the standard split-operator propagation for
the reactant and product component wave functions is real¥’(t) and simply adds the second term in E8). afterwards.

. A
[Wp(t+A))=e"IRALW (1)) + VW (D)]

TABLE |. State-to-state reaction probabiliti®,_,,;, at E=1.0 eV. SKVP: the results of Zhang and Miller
(Ref. 19 using S-matrix Kohn variational principle method. JKNB: the results of Judson, Kouri, Neuhauser,
and BaenRef. 20.

I SKVP Present work JKNB u’,j") SKVP Present work JKNB
0,0 8.0E-2 8.0E-2 8.4E-2 1,0 2.1E-2 2.1E-2 2.2E-2
0,2 14E-1 14E-1 15E-1 1,9 3.5E-2 3.36-2 3.4E-2
0,2 7.4E-2 7.7E-2 7.5E-2 1,2 1.8E-2 1.7E-2 1.8E-2
0,3 1.7E-2 1.76-2 1.8E-2 a3 3.2E-3 3.36-3 3.3E-2
0,9 24E-2 2.2E-2 2.2E-2 1.9 1.2E-4 12E-4 1.2E-4
0,9 3.1E-2 3.4E-2 3.2E-2 1,9 4.9E-9 3.3E-9 3.5E-8
(0,6) 1.6E-2 15E-2 15E-2
0,7 2.6E-3 2.5E-3 3.3E-3
0,8 1.7E-4 2.3E-4 2.0E-4
0,9 6.9E-7 7.2E-7 14E-6
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