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Motivation:
Nonequilibrium dynamics of electron-phonon systems


Methods:
ED in limited functional space (LFS)


Optimal boson basis


Time evolving block decimation (TEBD) with local basis optimization


Applications
Relaxation of an excited charge carrier


Transport through a structure with electron-phonon coupling







Holstein polaron


Holstein model
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Polaron problem ⌘ one electron + N phonon sites







ED in a limited functional space (LFS)
Systematic procedure for generating a truncated Hilbert space
Key idea: keep phonon configuratons around the electron
[J. Bonca et al., PRB 60, 1633 (1999)]


Procedure Time evolution
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[F. Dorfner et al., PRB 2015]







Dynamics of a highly excited electron


Initial state: highly excited electron, no phonon


| 0i = c†K |;ie ⌦ |;iph


Semiclassical theory: relaxation to stationary state
net energy transfer from electron to phonons







Relaxation and stationary state
Relaxation in weak-coupling adiabatic regime
Coherent state oscillations in strong-coupling antiadiabatic regime
Relaxation to oscillatory state in crossover regimes


Adiabatic regime Antiadiabatic regime
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See poster P5 by Florian Dorfner







Local Hilbert space reduction


On-site reduced density matrix


⇢(s 0, s) =
X


{s2,s3,...,sN}


 ⇤(s 0, s2, s3, . . . , sN) (s, s2, s3, . . . , sN)


Optimal phonon states ⌘ local density-matrix eigenstates
Useful physical information
Reduction of computational effort
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[Zhang, EJ, White, PRL 80, 2661 (1998)]







Nonequilibrium optimal phonon states
[F. Dorfner et al., PRB 2015]
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Time-Evolving Block Decimation (TEBD)
[G. Vidal, PRL 91, 147902 (2002); 93, 040502 (2004) ]


Matrix-product state for 1D systems
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Simple algorithm for time evolution (Trotter-Suzuki ) two-bit gates)
Easily parallelized & highly scalable with up to N/2 processors
[M. Einhellinger, A. Cojuhovschi, EJ, PRB 85, 235141 (2012)]


Higher computational cost for bosons (CPU time ⇠ �3
M3)







TEBD with bare boson basis


TEBD vs strong-coupling antiadiabatic PT
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TEBD vs LSF
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Bare boson basis & a priori basis optimization
Method: Shifted and squeezed oscillator eigenstates
Test problem: Quantum impurity coupled to a boson bath
[M. Einhellinger, PhD thesis, 2013]


Ground state Time evolution
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Agreement with NRG [Tornow et al., PRB 78, 035434, (2008)]


Matrix dimension �⇡ 150, Site dimension M  8


High computational cost







Local basis optimization
Generalization of local Hilbert space reduction for static problems
[Zhang, EJ, White, PRL 80, 2661 (1998), Guo et al. PRL 108, 160401 (2012)]
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Transport through an e-ph coupled stucture


One electron on a chain, one site with e-ph coupling


Initial state ⌘ Gauss wave packet, no phonon


Transmission and reflection


Self-trapping (localization on the phonon site)?


Dissipation (irreversible energy transfer e ! ph) ?
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See poster P6 by Christoph Brockt







Preliminary results


Phonon number Electronic density
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Temporary self-trapping
) Complicated transmission & reflection patterns
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Theory ?







Optimal vs bare basis
Phonon states Matrix dimension
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Conclusion
Summary


Methods for nonequilibrium Holstein polaron


Dynamics of a highly excited electron


Nonequilibrium optimal phonon states
Useful physical information


Reduction of computational effort


Outlook
Applications


Transport through an e-ph structure (quantum wire, molecular junctions)


Polaron-exciton problem (Dynamics of an electron-hole pair)


Optimal phonon basis methods
Dispersive phonons


Finite electronic density


Ladders


. . .







