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THE WANNIER-STARK PROBLEM

Single-particle quantum transport in a 1D spatially periodic lattice:
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review: Arimondo & SW in Dynamical Tunneling, CRC-Press, 2011 o
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THE WANNIER-STARK PROBLEM — INTERBAND

DYNAMICS

Band structure of unperturbed system (£ = 0):

-m/d, qg=0 n/d, %
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THE WANNIER-STARK PROBLEM — INTERBAND

DYNAMICS

With Wannier-Stark force (F' # 0):
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THE WANNIER-STARK PROBLEM — INTERBAND

DYNAMICS

Bloch oscillations and Landau-Zener (LZ) tunnelling:
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THE WANNIER-STARK PROBLEM — INTERBAND

DYNAMICS

Landau-Zener tunnelling between two bands:
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SURVIVAL PROBABILITY: TIME RESOLVED STRUCTURE
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Zenesini, Lignier, Tayebirad, Radogostowicz, Ciampini, Mannella, SW, Morsch, Arimondo PRL 2009
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RESONANTLY ENHANCED TUNNELLING (RET)
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NONLINEAR RESONANT TUNNELLING — EFFECT OF

INTERACTIONS

* theoretical prediction
(V/ Erec = 5)
SW, Mannella, Morsch, Arimondo,

Kolovsky, Buchleitner PRA 2005

* experimental results
(V/ Erec = 2.5)
Sias, Zenesini, Lignier, SW, Ciampini,

Morsch, Arimondo PRL 2007
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TWO-BAND MODEL FOR DOUBLY PERIODIC LATTICE
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TWO-BAND MODEL FOR DOUBLY PERIODIC LATTICE
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TwO-BAND BOSE-HUBBARD MODEL

n? 92
H=—g o5+ Vopt(2) +

with interactions ||  many-particle model
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Mapping onto Quantum Ising Model: Pl6tz, Schlagheck, SW EPJD 2011 e
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MICROSCOPIC MODEL FOR MANY-BODY

LANDAU-ZENER DECAY

From two-band model follow two dominating decay mechanisms:

H=F (Z (1)+hC > = I'1(F,V) ﬁ
H2 — WX(V) . <Z A1 (2) A T(2) (1) ( ) + h.c. ) = FQ(V) iﬁz
l

Effective Hamiltonian for ground band:
i
Hpu,s — HpH,1B — 5 [C1(F, V) +To(V)],

range of validity: F'- Dy, W, (V') < band gap energy.
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UNDERSTANDING COMPLEX QUANTUM SPECTRA?

Parameter scan for many-body Wannier-Stark system:
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FROM STARK LOCALISATION TO DIFFUSIVE DYNAMICS
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= Stark/Anderson localisation: log-normal distribution!
= microscopic quantum chaos/diffusive transport: power-law!

Tomadin, Mannella, SW PRL 2007
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SPECTRAL STUDY OF FULL TWO-BAND SYSTEM
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Parra-Murillo, Madrofiero, SW arXiv:1207.4699 %
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SPECTRAL DIFFUSION BY SWEEPING THE STARK FORCE
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Parra-Murillo, Madrofiero, SW arXiv:1207.4699
Parra-Murillo, PhD thesis, Heidelberg University (2013)
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CURRENT AND FUTURE WORK

e Open many body systems:

e controlling quantum dynamics
e rich interplay of discreteness, interaction, and openness/loss.

e Still open — Open two-band Wannier-Stark problem:

well index i %
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YOUR QUESTIONS?

Thank you very much!
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SURVIVAL PROBABILITY
Pa(t) = / dps ( / dp,dp. (7 t>|2)
7pc
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