Pilna energijos konversija tarp orbitinj judesio kiekio momentg pernesanciy lazerio pluosty
taikant koherentinj populiacijos pagavimg dvigubos-A atomuy-Sviesos saveikos schemoje

Complete energy conversion between light beams carrying orbital angular momentum using
coherent population trapping for a coherently driven double-A atom-light-coupling scheme

Hamid Reza Hamedi', Emmanuel Paspalakis?, Giedrius Zlabys', Gediminas Juzelitinas', and Julius Ruseckas’
Hnstitute of Theoretical Physics and Astronomy, Vilnius University, Sauletekio 3, Vilnius LT-10257, Lithuania
2Materials Science Department, School of Natural Sciences, University of Patras, Patras 265 04, Greece
giedrius.zlabys @tfai.vu.lt

The interaction of coherent light with atomic sys-
tems allows observation of several important and inte-
resting quantum interference effects such as coherent po-
pulation trapping (CPT) [1], electromagnetically induced
transparency (EIT) [2], and stimulated Raman adiabatic
passage (STIRAP) [3]. These phenomena are based on
the coherent preparation of atoms in a so-called dark state
which is immune against the loss of population through
spontaneous emission.

A light beam can carry orbital angular momentum
(OAM) due to its helical wave front [4]. Such a light be-
am with the spiral phase has an optical OAM. The phase
singularity at the beam core of the twisted beam renders
its donut-shaped intensity profile. A number of interes-
ting effects appear when this type of optical beam interacts
with atomic systems. Among them optical vorticities of
slow light [5, 6] have generated considerable interest, as
the OAM brings an additional degree of freedom in the
manipulation of the optical information during the stora-
ge and retrieval of the slow light.
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Fig. 1. Schematic diagram of the double-A atomic
system.

We propose a procedure to achieve a complete ener-
gy conversion between laser pulses carrying orbital an-
gular momentum (OAM) in a cloud of cold atoms cha-
racterized by a double-A configuration of the atom-light-
coupling scheme (Fig. 1.), described by the atomic Ha-
miltonian
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A pair of resonant spatially dependent control fields
with Rabi frequencies €., and Q., prepare atoms in a

position-dependent coherent-population-trapping [1] sta-
te, while a pair of much weaker vortex probe beams (Ra-
bi frequencies Q,,, and ,,,) propagate in the coherently
driven atomic medium. Using the adiabatic approxima-
tion we derive the propagation equations for the probe be-
ams. We consider a situation where the second control
field is absent at the entrance to the atomic cloud and the
first control field goes to zero at the end of the atomic me-
dium. In that case the incident vortex probe beam can
transfer its OAM to a generated probe beam.

We show that the efficiency of such an energy con-
version approaches the unity under the adiabatic condi-
tion. On the other hand, by using spatially independent
profiles of the control fields, the maximum conversion ef-
ficiency is only %2 [7].
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