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[1] Derivation of OMD  Equations
Ref) 1) P Pechukas, Phys. Rev. 181, 1H-(1967).
2) J. Schwinger; J. Math. Phys. 2,407 (1%61),
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(Transformstion Function )

Suppose of the imitial Time &y , the nuclei are at R and. the
electon slale are specified by the density malwy /Q(R).
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Tre ane the usual (amli) Tome-cmderimg operators. Hi(t) are the
Hamillonian im the presence of different external polenliole V%, Vt.




(Usage )
Add the HomUtonian an additional term XK(T), then
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8 Decoupling of Nucleus-FElectron Motions
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Here, Tp o the time-ordercng openalor on the closed time path, amd
P denctes the (ntegration, over the path.
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(Stationary-phase Approximation)
We expand & on powers of h ; the finst term (s guwen by
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This transfbr'matm funclon ia eg.uwafen'f lo calewlale expedation
values by sotvimg the following QMD e;ma[am

MR(t) = —%—@—-%Q(p)d(mel?—ﬁ%j—glkw R> -->MD  (2)

2 Ik R> = h R, t) ki, R> with Ikit=t), Ry =1kR>  (13)

~-=> 1-parlcle Schrsdinger equoation
time- dependertt Density-functionad theory (TDDFT)
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X% (Stationary- phase approximation as a Small A Expansion )
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[21Validity of Classical ®th Methods

Ref) J.C.Twdly, vn“Dynamics of Molleculr Collisiona, Tart B, ed. W.H.
Millere (Plenum. , 1976).

We consider the same system as that in [1] except V=U=0.

(Adiabatic Representation )

FGRE) = ZHOR) N(RE) 15)
where the adiabatic basis are quen by
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Then, the Schrsdingen eaualion
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becomes
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If we sef TwW =0 m Eq.(1T), we get a nucleus molion vn
the presence of fe polerted Ex(R); the same picluie o
thot im QMD. In realily ; because of the quamlum milune
of nuclel, uamliom jumps governed by Tik Shewkl occunr.

(Validity of Dropping Ti )
Kk RE) = 5 (RT) expl-iE Rt /A ] (17
and  aaaume S (RE=0) = Sy . Then, for k+/,
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For TR ~ kT < E(R)-E;(R), Mo tmnsition occwe .

[31 Extension of QMD Equations ©
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If we set Tk =0 in E.(1T), we get/a nucleuws molion
in the presense of the adiabalic. polohlial swface Ep(R).
In the QMD equalions, Egs.(9) and (13), Ay the electronic. pant

makes nonadiabalie Thamsitions belween adiabalic swifaces e

while the clamical meucleua path, 4 gwen by some average
on several awfaces o Thie w umsatafaclory because patha
on different suafacea arne known To Exihibif ‘:}Iutlfe different

behaviours.
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(Validity of Adiabatic Approximation )
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ond, assume Sk(ﬁit-‘-()):ék)o. Therz, for k+0,
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For ITLO(F?)I & |E. Ry Ey(Q)’) o nonadiabalie lransition
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occwns. On in the OMD caloutstiona , if the viotalon of the condilin
Rohy = <kRl 0ty R> K41 Hfor k#0 (%)

A dcT'edfe,oL/ the sofulion s no more accundle [A. Selloni,
P. Comevali, R.Cor, amde MTrrinello, Phys. Rev. Lett &9, &23 (1987) 1.

[3] Extension of the QMD Equations ?
CF1 Surfce-Hopping Tiajectory Approximalion
[T.C. Twdly amd. R.K.Preslon, J.Chem. Phys. 5, 582 (1771) ]

Cf.2  Scattering Theory by FRechukas
[ Pechukas (1969) ]
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