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what do we mean by exact?

Progress..
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“Doina exact auantum dvhamics means
f—_——-\

Some Quantum More Quantum

Effects Included ‘ QuaSiCIIaSSical Semlcllassmal ‘ Effects Included

Classical Simulations Exact Quantum Dynamics

t t

Uses Hamilton's Uses Schrédinger's
Equations Equation
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>> Solve The time 1ndependent
Schrodinger equation

H|¥Y) = E|W¥)
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>> Numerical diagonalization via a
basis set expansion

e

Hopn = (@ |H| D)

In general, all quantities of 1nterest
can be computed from the eigenenergies
and eigenfunctions
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>> Three basic steps to EQD
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>> Three basic steps to EQD

V(x) = Ax*4 + Bx*3 + Cx*2 + Dx

>> Phase space truncated momentum
symmetrized Gaussians

>> Correlated energy truncated
harmonic oscillator states

>> Direct diagonalization using Lapack and
Scalapack libraries
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>> Exponential scaling

L

Hopp = (O | H|P;)

ICD{I}> — |¢n1> ®|¢n2> X ... ®|¢np>

For a DPB, the size of the Hamiltonian
matrix grows exponentially with the
dimensionality (D) of the system
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>> Bas1s truncation

Basis Efficiency: € =— K/N

Problem specific criterion for increasing
the basis efficiency by decreasing N but
maintaining K
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>> Bas1s truncation

Phase Space Truncation:
H(qli P1, ---,4p, pD) = Emax

Energy Truncation:
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How do we connect phase space

and basis truncation?
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>>Wignher-weyl formalism

K
Density Operator: Pg = Zlq’i)(q’d
i=1

weyl transformation: px — Pk(qq,p1 .- 9p,Pp)

The density operator for a given
Hamiltonian defines a wWigner PDF. That
PDF defines a phase space volume: HRJ(
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>>Wignher-weyl formalism
K

Density Operator: Px = Zlq’i)(q’d
i=1

Quasi Classical Approximation:

[Emax " 4 H(QD P1--4p, pD)]

Progress..




/work/01922/thalvers/

>>Wignher-weyl formalism

N
Density Operator: Py = Zlq)j)(q)jl
—

]
weyl transformation: py — Pn(qq4,P1 - 9p,Pp)

The density operator for the
representational basis defines a wigner
PDF. That PDF defines a phase space

volume: HR%J

Progress..
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How do we design a basis set

from localized functions?
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>> Phase space wavelets

Jmn (@)

Progress..
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>> Doubly dense Von Neumann
lattice

Lo 2 . _1. 2
(2) (q) = 7'[_1/46 2(61 mA) emAqe > lmni

Imn

The (2) superscript denotes double
density: A% = 11h
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>> Doubly dense Von Neumann
lattice

Lo 2 . _1. 2
(2) (q) = 7'[_1/46 2(61 mA) emAqe > lmni

Imn

Pros: Collectively local and complete
Ccons: Linearly dependent
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>> Momentum Symmetry

P= -7
— ZWQI%
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>> Momentum symmetrized, doubly
dense Gaussians

1 ¥4 ¥[4
G = [87(nm+n+1)ggr)l(Q) n e—y(nm+n+1)g(2) ()]

N5 m(—n)

4\ "/

Gmn(q) = (;) > e—%(q—\/ﬁ)zsin[n\/% - % (2m + 1)]

Pros: Complete, linearly independent,
collectively local

cons: non-orthogonal?

Progress..




Higher D

>> Start with a
Direct Product
basis

>>0nly keep
functions that
are inside E

maXx

Defeats exponential scaling
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But what about non-localized

basis functions?
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>> Phase space based energy
truncation

Progress..
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>> Phase space based energy
truncation

Harmonic oscillator basis
functions are amenable to Energy

Truncation: D B
=

How do we choose the coefficients?

Progress..
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>> Phase space based energy
truncation

Progress..
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>> Phase space based energy
truncation

If choice 2 1s so much better, why
ever choose 17
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Position Projection of 2D Wigher PDF




Position Projection of 2D Wigher PDF
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>> Phase space based energy
truncation

conclusion: For N>>K, low efficiency
but high accuracy, choose 1

Progress..
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>> Phase space based energy
truncation

conclusion: For N~K, high efficiency
but low accuracy, choose 2

Progress..




/work/01922/thalvers/

>> Hybrid truncation

Progress..
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E B < Ep® < E5°
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>> Hybrid truncation

Progress..
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>> Features

Progress..
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>> Workflow

Insert FEP

Lnent [P

HOB Choose basis SGRB

Choose u Choose ¢

_ ¥
erpl o B je—fpsT

Matrices

symmetry 1

Diagonalize
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>> Issues

Progress..
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>> Issues

[ oy |

Progress..
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>> Issues

ST

Progress..
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>> Issues

[ i e |
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>> Coupled Anharmonic Oscillators

4th order FFP in normal mode coordinates:

H = z w;(p7 + q7) +Z ®ijxqiq;qx + Z ®iji19:9; 991

Uk ijkl

w; =1;: Vi — Diiii = @;
l ¢Uk diijj = bij

Progress..




— Hybrid
Harmonic Oscillator Basis
— — Symmetrized Gaussians

N=102340

N=100016

20000 40000 60000 80000 100000
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>> P,0 (D=3)

4th order FFP in normal mode coordinates:
H = Zwi(piz +q7) +Z¢iijiquk +Z¢ijleinQle
i

ijk ijkl

>> 18 potential energy terms

FFP: C. Pouchan, M. Aouni, and D. Bégué, Chem. Phys.
Lett. 334, 352(2001)
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>> CH,NH (D=9)

4th order FFP in normal mode coordinates:
H = Zwi(piz +q7) +Z¢iijiquk +Z¢ijleinQle
i

ijk ijkl

>> 159 potential energy terms
FFP: C. Pouchan, K. zaki, J. Chem. Phys. 107, 342(1997)
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>> CH;CN (D=12)

4th order FFP in normal mode coordinates:
H = Zwi(piz +q7) +Z¢iijiquk +Z¢ijleinQle
i

ijk ijkl

>> 311 potential energy terms

FFP: D. Bégué, P. Carbonniere, C. Pouchan, J. Phys.
Chem. A. 109, 4611(2005)

Progress..
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>> CeH; (D=30)

4th order FFP in normal mode coordinates:
H = Zwi(piz +q7) +Z¢iijiquk +Z¢ijleinQle
i

ijk ijkl

>> 1022 potential energy terms

FFP: A. willetts, N. C. Handy, W. H. Green, and D.
Jayatilaka, J. Chem. Phys. 94, 5608(1990)
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>> Symmetry

Progress..




719588
717697
717955
717602
707327
709084
708032
709057
5706342

B

1 | A +Ey | 710588
2 | A+ By | 717697
3 | By +E, | 717955
4 | B+ E, | 717602
5 | sg+E, | 707327
6 | B+ E, | 709084
7 | A +E, | 708032
8 | Ay +E, | 709057
_Total | - | 5706342

Progress..




*A. wWilletts, N. C. Handy, W. H. Green, and D. Jayatilaka,
Progress.. 3. Chem. Phys. 94, 5608(1990)
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>>Sti1l] more to do

Progress..




>> EOF

>> Questions?
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