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Experiments and possible experiments
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Effective mass "theorem?”
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Difficulties in observing
Bloch oscillations
Wavepacket spreading

Zener tunneling
Scattering processes

E(k)
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Semiconductor superlattices

Waschke et al.,
Phys. Rev. Lett. 70, 3319 (1993
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Optical lattices
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I. Bloch, M. Grenier (2005)

Ultracold atoms: small spread in momentum
Adiabatic loading: wavepacket in one band

Acceleration of the lattice: inertial force in
the lattice frame

Turn off the lattice: measure the velocity
at any desired time



<v> [vg]

-2 0 1

Ft, [K]

FIG. 3. Mean atomic velocity (v) as a function of the
acceleration time ¢, for three values of the potential depth: (a)
Uy = 1.4Eg, (b) Uy = 2.3Eg, (c) Uy = 4.4Eg. The negative

values of Ft, were measured by changing the sign of F. Solid
lines: theoretical prediction.

Dehan et al., Phys. Rev. Lett. 76, 4508 (1996)
Peik et al., Phys. Rev. A55, 2989 (1997)

Acceleration of a BEC:
Denschlag et al, J. Phys. B35, 3095 (2002)
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Energy
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2D atomic lattices

Chequerboard Triangular Dimer
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Lowest band
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Lowest band

Berry phase
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Lowest band

Berry curvature
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decay time increases with

smaller spread in k _.and with increasing
m and b
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Wannier’s (1960)
modified Bloch states
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Mathieu potential:
V(x)=sE, sin’ (%)

2.2
E = hﬂ'z
2mb

Gaussian wavepacket
initially in centre of
lowest band:

F. Dugue Gomez and J.E. Sipe,
Phys. Rev. A85, 053412 (2012)
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Mathieu potential:
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Gaussian wavepacket
initially in centre of
lowest band:

.................................... simple effective mass prediction

approximate analytic expression

full numerical solution

0.6
0.4 F
o 02}
=
E
> 0
S
ge
2 .02

Rubidium atoms

04 t
(b=390 nm, a=20 m/s?)

'''''''

180 270 360 450 540

t (microseconds)

0 90

F=—"_=0.143

R



Velocity (mm/s)

0.8
0.6
0.4
0.2
0
-0.2
-0.4
-0.6
-0.8

increase force
20m/s? to 60m/s?

Rubidium atoms
(b=390 nm, a=60 m/s?)

L]
........

0

25 50 /5 100

125 150 175 200

t (microseconds)

...still <17% Zener tunneling into other bands



Experiments

Rockson Chang et al.,
Phys. Rev. Lett. 112, 170404 (2014)
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Experiments in 2D systems?

Y. Fang, Federico Dugue-Gomez, and J.E. Sipe,
Phys. Rev. A90, 053407 (2014)

Load a wave packet
in a band and apply
a force
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Simple effective mass picture
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Simple effective mass
+ anomalous velocity picture
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and other ‘single particle”
quasi-particle properties
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Attosecond control of pulses should allow the
study of the emergence of "single-particle”
quasi-particle properties

What about materials like graphene?

How affected by electron-electron,
electron-phonon interactions?






