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1.3.
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Formulas of Expectations

Consider a function f of x in Z. The expectation of f(Xn) is defined as follows.
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Bouwmeester et al. : Optical Galton board, PRA 61 (1999).
Landau-Zener

FIG. 1. (a) The classical Galton board, sloping downwards in
the z direction, yields a Gaussian distribution function for the final
position of the particle along the x axis. The dots represent pins at
which the balls are scattered. {b) The grid of Landau-Zener cross-
ings which is the guantum- or wave-mechanical analog of the clas-
sical Galton board: fr indicates the frequency axis, and ¢, is a
control parameter which is proportional to time.

BT 03
§ az 02
m l ’ 01
! 1l I ol— .
_ - 03 g—iE
02
0.1
0 ' Aodoainih,
o3 —=10 0 10 ® !
02 1
01
%% o o 1 16 0
Level Level

FIG. 6. Experimental test of the coherence quality of the system.
After the initial population of level 1 the grid parameters  and A
were tuned such that each individual Landau-Zener crossing had a
transition amplitude of approximately 0.5 and each double crossing
(back and forth through the same crossing as illustrated in Fig. 5)
had a transition amplitude close to 1 [e=3x10°s™! A=(02
*0.02) 7). The spectral distributions after (a) eight, (b) 16, and (c)
32 columns of crossings are shown. Graphs (d), (e), and (f) show
the corresponding numerical results, based on the treatment of the
optical Galton board as an array of pointlike beamsplitters in the
spectral domain. The dashed lines indicate the outermost levels
which can be populated.
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Knight, Roldan and Sipe : QW on the line as an interference phenomenon,
PRA 68 (2003).
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FIG. 2. Scheme for the optical implementation of the QW in a
Fabry-Perot cavity. The electro-optic modulator (EOM} shifts the m=—/
field frequency up or down in w/2 depending on its polarization,
and a quarter-wave plate (QWP) with its axis forming an angle 7/8,

/
with respect to the x axis, performs the Hadamard transformation
(notice that light passes twice through each intracavity element ev- | l//> = [Rm | m, X> + Lm | m, y>]
ery round-trip).
=—/
electrooptic modulator (EOM)
V |m,x(or) y)=|m=1x (or) y)
by means of a quarter - wave plate(QWP)

H | m, x (or) y>:i[|m,x>i|m,y>]

V2

(Hadamard transfor mation)




Oka, Konno, Arita and Aoki : Breakdown of an Electric-Field Driven System:
A Mapping to a Quantum Walk, PRL 94 (2005).
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FIG. 1. (a) Idealized energy levels of an electron system on a

ring plotted against the AB flux ¢ = FLt/h, which increases

linearly with time after the electric field F is turned on at 1 = 0.

Two paths (A and B) for the Landau-Zener transition among

neighboring levels are shown. (b) A mapping to a quantum walk,

where the energy levels are mapped to sites of the qubits and the

ground state to a reflecting boundary. 46




