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The TT-SOFT Method
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25-Dimensional S1/S2 Wavepacket Components
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Comparison TT-SOFT versus Experimental Spectra of Pyrazine
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Fast%Gaussian%Wavepacket%Transform%
Fast% Gaussian% wavepaccket% transform% follows% matching% pursuit% and% transforms% each% one%
dimensional% Gaussian% into% a% sum% of% narrow% Gaussians% that% validates% the% harmonic%
approxima9on%again.%%

The% Gaussian% wavepacket% transform% works% by%
construc9ng% in% momentum% space% % series% of%
Gaussians%%
%
%
and%window%func9ons%%
%
%

Basis%func9ons%can%be%obtained%by%Fourier%transform%of%the%Gaussians%in%momentum%space%
%
%
%
%
%
%
And%coefficients%can%be%calculated%by%several%FFT%
%
%
%
Where%%%%%%%%%%%%%is%the%target%func9on%in%momentum%space.%In%this%case%the%target%func9on%is%
one%dimensional%Gaussian%so%the%Fourier%transform%is%performed%analy9cally.%
%
%%

Qian, J.; Ying, L. Fast Gaussian Wavepacket Transforms and Gaussian Beams for the 
Schrödinger EquaDon. J. Comp. Phys. (2010) 229: 7848–7873.
Kong, X.; Markmann, A.; Batista, V.S., A Time-Sliced Thawed Gaussian Propagation Method for 
Simulations of Quantum Dynamics. J. Phys. Chem. A 120: 3260-3269(2016).
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Time Sliced Thawed Gaussian Propagation Method

FGWT HT
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Kong, X.; Markmann, A.; Batista, V.S., A Time-Sliced Thawed Gaussian Propagation Method for 
Simulations of Quantum Dynamics. J. Phys. Chem. A 120: 3260-3269(2016).



Time Sliced Thawed Gaussian Propagation Method
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Kong, X.; Markmann, A.; BaEsta, V.S., A Time-Sliced Thawed Gaussian PropagaEon Method for 
SimulaEons of Quantum Dynamics. J. Phys. Chem. A 120: 3260-3269(2016).



Thawed'Gaussian'Propaga2on'
Solving( )me,dependent( Schrödinger( equa)on( with( numerically( exact( methods(
requires(computa)onal(effort(that(scales(exponen)ally(with(dimensionality(of(the(
system.(This(problem(can(be(avoided(by(employing(a(representa)on(of(the(wave(
func)ons(in(non,orthogonal(narrow(Gaussians(
(
(
(
(
(
that(validate(the(local(harmonic(approxima)on.(

With(the(local(harmonic(approxima)on,()me,dependent(Schrödinger(equa)on(for(
a(basis(Gaussian(
(
(
(
can(be(solved(by(comparing(terms(of(the(same(orders((
(

σ

∆E
max

j(

Heller, E. J. Time-Dependent Approach to Semiclassical Dynamics. J. Chem. Phys. (1975) 62: 1544–1555.
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Hagedorn, G. A.: Raising and lowering operators for semiclassical wave packets. Ann. Phys. 269: 77-104 
(1998)] and [Faou, E.,Gradinaru, V.; Lubich, C: Computing Semiclassical Quantum Dynamics with 
Hagedorn Wavepackets. SIAM J. Sci. Comput. 31: 3027-3041 (2009)]:

Gaussian Beam Thawed Gaussian Propagation
Hermite Gaussian Basis
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Time Sliced Thawed Gaussian Propagation Method

HT
Lagrangian propaga+on

Eulerian propaga+on
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Kong, X.; Markmann, A.; Batista, V.S., A Time-Sliced Thawed Gaussian Propagation Method for 
Simulations of Quantum Dynamics. J. Phys. Chem. A 120: 3260-3269(2016).



Time Sliced Thawed Gaussian Propagation Method
n-dimensional implementation
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Time Sliced Thawed Gaussian Propagation Method
n-dimensional implementation
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Time Sliced Thawed Gaussian Propagation Method
n-dimensional propagation
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Kong, X.; Markmann, A.; Batista, V.S., A Time-Sliced Thawed Gaussian Propagation Method for 
Simulations of Quantum Dynamics. J. Phys. Chem. A 120: 3260-3269(2016).



Benchmark*Calcula.ons:*Comparison*with*SOFT*
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Holstein-Primakoff Representation
Spin-Boson Hamiltonian
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[T. Holstein and H. Primakoff Phys. Rev. 58, 1098-1113 (1940)]



Schwinger-Bosonization
Schwinger-Jordan Transform
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[P. Jordan, Z. Phys. 94, 531 (1935)]

[J. Schwinger, in Quantum Theory of Angular Momentum, edited by L. C. Biedenharn
and H. V. Dam Academic, New York (1965)]



Schwinger-Jordan Representation
Jordan-Schwinger Transform
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[P. Jordan, Z. Phys. 94, 531 (1935)]

[J. Schwinger, in Quantum Theory of Angular Momentum, edited by L. C. Biedenharn
and H. V. Dam Academic, New York (1965)]

Constraint:



Schwinger-Jordan Representation

Spin-Boson Hamiltonian
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[P. Jordan, Z. Phys. 94, 531 (1935); J. Schwinger, in Quantum Theory of Angular 
Momentum, edited by L. C. Biedenharn and H. V. Dam Academic, New York (1965)]
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[H.-D. Meyer and W. H. Miller J. Chem. Phys. (1979) 70, 3214; M. Thoss and G. Stock Phys. 
Rev. Lett. 78, 578 (1997); V.S. Batista and W. H. Miller J. Chem. Phys. 108, 498 (1998)]

Schwinger-Jordan Representation

N-Level Hamiltonian



Harmonic Basis Set
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Matrix Representation of Boson Operators
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Single Boson Representation of Pjk= |j><k| Operators
6-level System: Single Boson Representation
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Single Boson Representation of Pjk= |j><k| Operators
6-level System: Single Boson Representation
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Recurrence Relation:

Single Boson Representation of Pjk= |j><k| Operators
6-level System: Single Boson Representation
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N-level System: Single Boson Representation

N-level System: Jordan-Schwinger Representation
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Two-level Systems: Single Boson Representation
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Two-level Systems: Single Boson Representation
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Single Boson DVR Hamiltonian

H(x, p=0)

x
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Single Boson DVR Hamiltonian
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Single Boson DVR Hamiltonian

|Ψ(x)|, Re[Ψ(x)]

x

P(t)

t
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Single Boson Representation of Pauli Matrices
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Single Boson Representation of Pauli Matrices
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Single Boson Representation of Pauli Matrices
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Single Boson Representation of Pauli Matrices


