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APPROACHES TO
QUANTUM DYNAMICS
_|_

m Wave packet molecular dynamics
E.J. Heller J. Chem. Phys. 62, 1544 (1975)

= DFT-MD
R. Car, M. Parinello PRL 55, 2471 (1985)

= Quantum dynamics in Wigner
representation
Filinov V.S. Mol. Phys. 88, 1517 (1996)

m Gaussian quantum dynamics

Corney J.F., Drummond P.D. PRL 93, 260401
(2004)



QUANTUM DYNAMICS IN
2 WIGNER REPRESENTATION

Quasi-distribution function in phase space for the guantum case
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RADON

TRANSFORMATION

(1D) images
e Quantum tomography

e 3D (2D) object reconstruction using 2D

X =4q +p
W (X, ,v) = [W (p,a)o(X — g - vp)dadp

W (p,q) _ J‘W (X’ﬂ’v)e—i(x_,,q_vp) dXd,ugl v
(27)
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TOMOGRAPHIC
REPRESENTATION

S. Mancini, V.l. Man’ko, P. Tombesi, Found. Phys. 27, 801 (1997)

T .
Radon transformation: WL(p,q):W(X,y,v) W eR
Marginal distribution function: W =0
W (X, z1,,t)= [W " (p,q,t)5(X = (22/q) — v p) Jdpdg
d d.d
W (pa,t)= [W (X, vt ) éﬂgﬁm‘/
Evolution equation:
OW _/p oW _ 1 pdXidsdk,, o) | (KVS)
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Classical limit /77— O:
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Characteristic equations for X, u, v



e PROPAGATORS AND
KOLMOGOROV EQUATION

Formal solution:

W (X’:U’V’t) = jH(X'ﬂ’V’t; XO’ﬂo’Vo’to)‘N (XO’ﬂO’Vo’to)dXodluod Vo
Properties:

H(zt'zt) 0 [M(z,t;2,,t, 0z =1
(z,,t:2,t ) = [ (2,12, M1(2,, 12,8 )z, ¢ <t, <t

(Chapman-Kolmogorov equation)
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Kolmogorov equatlon for propagator
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RECONSTRUCTION OF

TOMOGRAPHIC FUNCTION
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W(X,,u,v,t): jH(X,y,v,tO; XO,,uo,vO,t)\N(XO,,uo,vO,to)dXOdyOd V,
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CALCULATION OF
AVERAGES

Initial wave function (1D):

v,(0,p)= (ijm exp(—?(q —q,) + ippoj
Average value:
A(t)> — jexp iX)\N(X v, DA, v )dXd d v
Al v)= [ A" (a,p)exp(-i( g + v p))

Two sets of initial conditions:
=0, =1v, = ()} - coordinate

X
{ —O,uz—Ovz—l} momentum
At

At) = [AXW (X, 14 = 0,1, =0, = Ly, =0,
Energy and wave function are calculated similarly

dgdp

(272_)2Nd

) = [A(XW (X, 14 =11, =0, = 0,v, = 0,t)dX

t )X
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Coordinate and momentum
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HARMONIC WELL: WAVE
FUNCTIONS
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GAUSSIAN WELL: WAVE
FUNCTIONS
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EVOLUTION
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CONCLUSIONS

Dynamics of quantum particles is described by the
Kolmogorov equation for the Green function in tomography
representation (X, u, v)

This is equivalent to the system of Langevin equations for (X,
u, v) which can be solved by a combination of finite difference
numerical scheme and random sampling

Thus a quantum dynamics of particles is given by Markovian
random processes

The presented approach works very well for harmonic
potential and satisfactory well for more complicated potentials

The tomographic representation as well is a perspective tool
for creation of quantum dynamics methods based upon
Wigner formulation
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