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Abstract

Matter wave optics with ultracold samples has
reached the point where non-classical states can be
prepared and their fascinating properties can be
explored. In optics, parametric down conversion is
routinely used to generate light with squeezed ob-
servables as well as highly entangled photon pairs.
The applications of these non-classical states range
from fundamental tests of quantum mechanics to
improved interferometers and quantum computa-
tion. Therefore, it is of great interest to realize
such non-classical states with matter waves. Bose-
Einstein condensates with non-zero spin can pro-
vide a mechanism analogous to parametric down
conversion, thus enabling the generation of non-
classical matter waves. We observed magnetic field
dependent spin resonances [1] where the spin dy-
namics is enhanced. On these resonances, a para-
metric amplification process produces entangled
matter waves excited spatial modes. We show that
this exponential amplification can amplify both
classical matter waves as well as vacuum fluctua-
tions to macroscopic clouds [2]. Intriguingly, these
spatial modes can carry orbital angular momen-
tum. A first analysis shows that the system may
serve as a source of atomic Bell pairs with entan-
gled angular momentum states, possibly allowing
for Bell type measurements with neutral atoms.
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Figure 1: Parametric amplification of excited spa-
tial modes. (a) Absorption images of spinor con-
densates after the separation of the spin compo-
nents mF for specific magnetic field strengths. (b)
Spatial distribution of the modes in mF = ±1 from
a simple theoretical model. The left hand mode
corresponds to the ground state, the center mode
is radially excited and the right mode carries angu-
lar momentum.


