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Orbital angular momentum swapping of light via biexciton coherence
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Inthis papat wa study orbital angular mamanturm [(AKM) transher atwes noapplied lights via tiexaitan o renoa
and ereiton spin cotmranea. The quantum dot Serives by twa contral Aelds that couple to s biexeiton state which
Teads ta the destructive inferferance, while s waak probe Tight interacts by ore of the ground-lemal exciton
trarsitiars. In this ssanario, & rew waalk signal light can e parerated via the Four-wawe mixing [FWM) mech-
anism in & seaond groundHare] ecitan traraition. We will study the wale of excitan spin wlaxation & wall as

intaraity of caupling lights on the exchangs afficianar of FWM machanism. We will also diseuss the spatially
depandent optical effacts via A M state and azimuthal angle of vartex Tight.

1, htroduchons

[t is widely lmawn that aptical wartex light can cantzin arbital
zmgular mamentum DA, which equates o the vartices af a helical
rhase exg|ilp). The topalagical charge is represented by the parameter [,
which relates ta the winding number [1]. Applicatians far aptical vartex
light in the OAM state include infarmatian technalagy and quantum
cammunicatians [2-5]. Numeraus research teams have exhaustively
investigated the mteractions af different quantum systems with aptical
vattex lights [2,4,6-3]. Beveral phenamens, such a= electramagnetical |y
induced tramsparency [E[T) [F], electramagnetically induced grating
[E[G) [14,11], atam-phatan entanglement [12], and the praductian af
navel structure light [12] have been comprehensively studied vsing
aptical vartex lights. Bar instance, Hamedi et al. [#] investigated the
zzimuthal madulation of  the E[T  phenamena in a2
cambined-tripad-lambda [CTL) five-level atamic system. They found
that the spatially dependent aptical transparency can be cantralled by
varping the QA M number af aptical vartex lights. Asadpaur et al. [11]
alsa covered the EIG phenamena in a faur-level N-type atamic system
using compasite aptical vartex ight. They realized that by changing the
OAM number and azimuthal angle af the compasite vartex light, the
diffractian grating cauld be altered and the prabe energy can transter
fram zera arder ta higher arders. [n arder ta conwert OAM data fram
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coherent aptical wartexz light to a freshly produced signal beam,
faur-wave mixing [E¥M) pracedures have recently received substantial
zttention [14-14]. [t hasbeen reparted that the multi-arder fluarescence
signals in a Pri*:¥258i0y crystal can generate twin beams by the pars
metric amplification four-wave mixing pracess and triplet beams by the
parametric amplification six-wave mixing [FA SWh) process [16].
Furthermare, it was shawn that the OAM state af ight can be switched
betwesn by twa weak aptical fields thraugh maise-induced caherence
[17]. In anather study, DAM was switched fram astrang caupling light
ta a praduced signal beam in an atamic medium with three levels of
braken gpmmetry using nanlinear three-wave mixing [TWMI [158]. [n
cantrast ta E[T regimes, they have concluded that the Autler-Tawn
splitting [ATS) can imprave exchange efficiency. [t has alsa been dis
cussed about haw different techniques might be used ta transfarm the
OAM state of light in a quantum well waveguide [17]. The exchange
efficiency has been studied in the EIT, caherent papulatian trapping
[CFT), and spin coherence tegimes in the quantum well waveguide.
They found that in the spin caherence regime, it is possible to ranster
the OAM ztate af light fram coupling light to a generated wealk signal
light and that the exchange efficiency can be mproved. Semicanductar
guantum wells and quantum dats nanastructures have patential vse in
guantum and phatanic devices due ta their large nanlinear coefficients
and band gap tunability [20-24]. Asadpour and his colleagues have
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