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Overview

« A brief remind about the nature of the semiclassical prefactor.
« The problems of the semiclassical prefactor.

« Qverview of the existing approximations.

* Derivation of a new class of prefactor approximations.

« Numerical test on chaotic potentials.

 Numerical test of real cases, i.e. molecules.
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The origin of the semiclassical prefactor
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The origin of the semiclassical prefactor

__Ht 1 L.St( t 0)
g = [ Dl
q,

Feynman path-integral <qt

e

2¢ cl
——Ht q, [ Cl(qtq0)+16 (QrQn)5qt]
‘qo> f Dlq(t)]eh o’
d,

aq, B
ap,

[ l -
ﬁStc (qt,qo)—LVE

——Ht 1
van-Vleck <q ‘ ‘CI o> 2 (2mih)N

Clpaths

S, (q,9,)- V
x (q»x(qo)eh Aedo™™

IVR <X‘e __Ht j j dq.dp, (Zm'h)"’

Contains the quantum fluctuations around the classical trajectories.
At caustic points the determinant is zero. 3
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Semiclassical Initial Value Representation
Dynamics

I(E) = (x|3(H — E)|y) == I(E) = —f dt 'ﬁ”t‘x> ekt

SC-IVRI42]

t( 0 0
e (Znh) ﬂ dp,dq,C.(p, q,) eh 1P:q:XPoq0l

[4] K.G. Kay, Annu. Rev. Phys. Chem. 56, 255 (2005).

G. Di Liberto [56] W.H. Miller, Proc. Natl. Acad. Sci. U.S.A. 6660, 102 (2005). UNIVERSITA DEGLI STUDI DI MILANO

[6] M. Ceotto et al., J. Chem. Phys. 135, 214108 (2011). M. Ceotto et al.,J. Chem. Phys. 130, 234113 (2009) B/ it

[7] A. Kaledin and W.H. Miller, J. Chem. Phys. 118, 7174 (2003), J. Chem. Phys. 119, 3078 (2003). DIPARTIMENTO DI CHIMICA



Semiclassical Initial Value Representation

Dynamics
I(E) = (x|3(H — E)|y) == I(E) = —f dt hﬁt‘x> eiEt
SC-IVRI45]

S.(poq
e (Znh) ﬂ dp,dq,C.(p, q,) eh Iptqt><Poqo|

Time Averaging — Separable Approximation(®7]

1) = (-1 ' dp-dg.—— 2
(E) =\ 27 ﬂ Po®doy 1

 Monodromy matrix dependent. x
« Troubles for chaotic trajectories.
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Development of new models
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Numerical instability of the prefactor
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Numerical instability of the prefactor

C= Jdet[(M +M, +h M, +hyM )]
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Approximations to the Prefactor
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Approximations to the Prefactor
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Prefactor in the Log-Derivative formulationl!3!
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Approximate solutions of the Riccati equation

Harmonic '+ tan(hyt)
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Harmonic Zero Point Energy contribution
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Approximate solutions of the Riccati equation
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Harmonic Zero Point Energy contribution
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Miller’s prefactor approximation
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Our recursive approach
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« As R(Y, the exponential part of the prefactor is oscillating. 10
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Our recursive approach
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Our recursive approach
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Recursive formula
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Approximations summary

ﬂog-Derivative formulatiN
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Numerical test: Henon-Heiles potential
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Numerical test: Henon-Heiles potential
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Numerical test: quartic potential
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Numerical test: quartic potential
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Numerical test: H,0
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Numerical test: CO,
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H,CO
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Numerical test: CH,
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ical test

14000 Trajectories, Time = 30000 au

Numer

MAEI20] / cm-"

23.4

22.9

60.3

74.7

18.3

18.5

19.1

3000

2500

1500

Energy / cm

[21] S. Carter et al.,, J. Chem. Phys. 110, 8417 (1999).

10O

UNIVERSITA DEGLI STUDI DI MILANO

DIPARTIMENTO DI CHIMICA

=
-
o
o
D
o
~
NI
M~
~
=)
<
-
%]
>
1=
[a
IS
(O]
e
©)
J.
o
=
o
(O]
)
=
[9)
-
c
Q
)
4
g
0
o
=
o]
IS
)
(@]
?
L
D
O
0
®©
€
®©
—
o
~
=

G. Di Liberto




Conclusions and Outlooks

1. The most reliable approximations are the Adiabatic, Johnson and our proposed
ones.

2. The adiabatic and Johnson approximations can numerically diverge for chaotic
potentials.

3. Deep investigations of some of the existent prefactor approximations.

4. Development a new class of approximate solutions of the Herman-Kluk
prefactor in the Log-Derivative formulation.

5. No need to evaluate the amount of chaos, all trajectories contribute to the
Monte Carlo integration.

 Enhance the accuracy of the developed approximations.
* Increase the stability of the prefactor for very complex systems.
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