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Introduction
Excitons in cuprous oxide are described by the Hamiltonian

H =
p2

e
2me

+Th(ph, I , Sh) −
e2

4πε0ε |re − rh|
, (1)

where the kinetic energy of the hole
includes band structure terms and
the spin-orbit interaction depend-
ing on the quasispin I = 1 and the
hole spin Sh = 1/2. In the bulk
the Hamiltonian can be reduced to
three-dimensional relative coordi-
nates, which is the basis for quan-
tum mechanical and semiclassical
investigations.
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Chaos in the classical exciton dynamics
For the investigation of the classical exciton dynamics we apply an adiabatic
approach by assuming that the dynamics in coordinate space is slow compared
to the spin dynamics. This yields energy surfaces Wy,g(p) for the computation
of yellow and green exciton orbits using the classical Hamiltonian

H =
p2

2µ
+Wy,g(p) −

e2

4πε0εr
. (2)

The classical exciton dynamics of both yellow and green excitons with principal
quantum number n = 5 in two-dimensional symmetry planes of the crystal are
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analyzed with Poincaré surfaces of
section (PSOS).
Top: The PSOS for the yellow ex-
citon series in the symmetry plane
perpendicular to the [001] axis con-
sists of mostly regular tori.
Bottom: The PSOS for the green
exciton series in the symmetry plane
perpendicular to [001] (left) shows
a mixed regular-chaotic phase space.
The dynamics for the green series in
the symmetry plane perpendicular to
[11̄0] (right) is completly chaotic.

0 20 40
x

1.00

0.75

0.50

0.25

0.00

0.25

0.50

0.75

1.00

p x

25 0 25
x

25
0

25

y

25 0 25
x

25
0

25

y

0 20 40
2x = 2y

1.00

0.75

0.50

0.25

0.00

0.25

0.50

0.75

1.00

2p
x

=
2p

y

25 0 25
2x = 2y

25
0

25

z

25 0 25
2x = 2y

25
0

25

z

J. Ertl, P. Rommel, M. Mom, et al., PRB 101, 241201(R) (2020)
S. Rentschler, Bachelor thesis (Uni Stuttgart), 10.18419/opus-13038 (2023)

Excitons in quantum wells
In a hydrogenlike model for excitons in quantum wells the Hamiltonian (1) can
be reduced to three degrees of freedom in the coordinates (%, ze, zh). Spectra
(here for m = 1) are obtained using B-spline basis functions with a highly
optimized version (CPU time and memory reduced to 1.2% and 16%) of a
program written by Pavel Belov. The ground state energy of the quantum wells
without Coulomb interaction ENe,Nh =

π2h̄2

2d 2

(
N 2

e
me

+
N 2

h
mh

)
has been subtracted.
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When the band structure terms are
considered, symmetries are further
broken resulting in a four-dimensional
coordinate space. Using relative and
center of mass coordinates in the xy -
plane and a further transformation
to cylindrical coordinates we have de-
rived the complete Hamiltonian

H = T (ρ, pρ,ϕ, Lz , pze, pzh, I , Sh) +V (ze, zh) −
e2

4πε0ε
√
ρ2 + (ze − zh)2

,

which will be the basis for future exact quantum computations of excitons in
quantum wells including the valence band structure.
F. Pfeiffer, Bachelor thesis (Uni Stuttgart), 10.18419/opus-13021 (2023)

Electromagnetically induced transparency (EIT) in Cu2O
EIT is a well established phenomenon in atomic physics. We have investigated
possible interseries transitions between exciton states of the green and yellow
series to realize EIT in cuprous oxide. For a three-level system consisting of
a green 2P -state and a yellow 1S -state it is possible to achieve EIT using a
laser field of ∼ 100 kV/cm. The decay rates are given as Γ

g
2P = 2.14 THz,

Γ
y
1S = 50 GHz and the Rabi frequencies are Ωp � Ωc = 249 GHz. Similar

results have been found for intraseries transitions in the yellow series.
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