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Bloch oscillations

Hy = % —Vpcos?(kyz), H= Ho+ Fx
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Bloch band spectrum of the atoms in the optical lattice with the
depth Vo = Ex (a) and Vo = 4ER (b).

Floquet-Bloch solutions: x(x,t) ~ Y.y pn(x).

Tp = 27wh/dF — Bloch period



Tight-binding model

P(z,t) =D al®)gi(z) = all),
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where ¢;(x) are the Wannier functions
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Gauge transformation
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Bose-Hubbard model
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Parameters:

wp — Bloch frequency;

J — hopping matrix element;
W — interaction constant;

n — mean occupation number (filling factor).



Floquet-Bloch operator

~ [ i [
U = exp [—— H(t)dt]
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A.R.Kolovsky and A.Buchleitner, Phys. Rev. E 68 (2003),
056213.
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Matrix of the Floquet-Bloch operator for strong (a) and weak (b)
static field (W ~ J, n ~ 1).



Quantum chaos
Poisson distribution (integrable systems):
P(s) = exp(—s)

Wigner-Dyson distribution (chaotic systems):
P(s) = (7°/6)sexp(—mns?/4)
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Integrated level spacing distribution (upper panel) and distribution
of the matrix elements (lower panel) of the Floquet-Bloch operator

in the weak field regime.



Mean field approach

a/n— a(t), a&'/n— a*(t)
Discrite nonlinear Schrodinger equation
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iha; = ~5 (e ar41 + e 1) + glal®ar
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Bloch oscillations

J .
bo(t) = exp (zd—F sin(wpt) — z%t) bo(0) , bezo(t) =0



Dynamical (modulation) instability

Bloch oscillations

bo(t) = exp (ZdiF sin(wpt) — z%t) bo(0) , bezo(t) =0

br(t) ~ exp(vt)be(0)

dx/2xw
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Increment of the dynamical (modulation) instability v as the func-
tion of the static force magnitude F' and the quasimomentum x for
g = 0.4. (The lattice period d and the tunnelling constant J are
set to unity). The inset shows v = v(F) for k = 7/d (edge of the
Brillouin zone).
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System dynamics (stroboscopic map over Bloch period) for F <
Fer(g) (upper panel) and F > F..(g) (lower panel).
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Two-site model

H(t) = gI? — JV1 — I? cos(wpt) cos @,

where a2 — \/211,2 exp(i@l,g), I = Il — IQ, 6 = 01 — 92.
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Phase portrait (stroboscopic map) of the ‘pendulum’ for g
and FF = 2.0 (upper left panel), F = 1.3 (upper right), F
(lower left), and F = 0.5 (lower right panel).
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Decoherence due to chaos

prm(t) = NTHW(t)[a]am|W(t))
pl,m(t) L~

Y (t)am(t)))

p2(t)
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Upper panel: Dynamics of p?(t) = Tr[p2(t)] for the two-site system
with n = 50 and ¢ = nW = 0.4. Lower panel is the ‘classical’
simulation of the decoherence process.
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Bloch oscillations

—\ 1/2 ,
2 _ > |al| > __ v
a]” = fa]* + € | —= ,  |a[* = exp 5
L\ -1)2
0 =¢ (4n|az|2) , o ap = |ag| exp(¢6;)
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Bloch oscillations of the mean atomic momentum for F' = 1.3 > Fg,
(a) and FF =0.7 < F, (b).
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