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Physics Department, Bitlis Eren University, Bitlis 13000, Turkey

J. Yuan

Department of Physics, University of York, Helington, York YO10 5DD, UK

(Dated: May 12, 2021)

There is now considerable activity and much inter-

est in optical and electron vortex waves both of which

continue to be researched theoretically and experimen-

tally. There is also growing interest in other matter vor-

tex waves. Atoms, positrons, neutrons and neutrinos are

among those currently being considered. Electron vortex

waves have already been created and experimentally in-

vestigated in electron microscopes [1, 2] and have been

shown to be similar to but they are also rather di↵erent

from optical vortex beams [3]. Neutrons were next to be

explored for the possibility of generating neutron vortex

states [4]. Research on matter vortices now seems to be

heading towards spanning a number of disciplines, with

their use now contemplated in various areas, including

biophysics and nuclear and particle physics.

Earlier proposals of matter vortices other than elec-

trons had involved theoretical studies which focused

solely on neutral atoms as possible candidates for the

generation of atom vortex beam states carrying orbital

angular momentum [5]. These proposals appeared par-

ticularly persuasive in view of the extensive work on the

well-developed field of atom optics in which atomic beams

were passed through optical di↵ractive elements. Very re-

cent experimental work appears to have been successful

in generating atom vortex waves. The article by Alon

Luski et al [6] reported the creation of the first atom vor-

tex beams as well as those of molecules. Their atom vor-

tex beams emerged on di↵racting neutral helium beams

of supersonic speeds o↵ binary transmission gratings.

The ability to generate optical vortex beams as well as

matter beams, particularly neutral atoms suggests sce-

narios in which vortex atoms can be made to interact

with vortex photons. These scenarios promise a wealth

of new physics, most notably exchange of orbital angu-

lar momentum in multipolar interactions, the e↵ects of

optical spin and optical spin-orbit coupling where the

longitudinal optical field component comes into play.

This talk will outline the general concepts underlying

particle beam generation. It then surveys matter par-

ticles including composites such as neutral atoms and

small and large molecules which can be subject to quan-

tum di↵raction. Fundamental vortex properties, namely

linear and orbital angular momentum contents, spin and

associated electromagnetic fields as well as mechanical

and vortex multipolar interactions are discussed. Several

features involving spin-orbit coupling, chiral atom trap-

ping potentials and angular momentum exchange with

matter are highlighted. Two sets of our recent results

highlight the chiral e↵ects of spin-orbit coupling on the

trapping potentials of neutral atoms in the presence of

the longitudinal field of Laguerre-Gaussian (LG) dough-

nut beams LG`=±1,p=0. Figures 1 and 2 explain how

the atom experiences di↵erent trapping potentials for cir-

cularly polarised single and bi-chromatic LG doughnut

beams which di↵er only in the sign of their winding num-

ber `. The spin-orbit interaction and the inclusion of the

longitudinal field components are crucial in this context

[7].
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FIG. 1: (a) The optical dipole potential energy for right-handed circular polarization. Solid line represents the

case where ` = +1, dashed curve represents the case where ` = �1; (b) The optical dipole potential energy for

left-handed circular polarization. Solid line represents the case where ` = �1, dashed curve represents the case

where ` = +1. In both (a) and (b) the dotted line shows the optical dipole potential energy without taking into

account the contribution of the spin-orbit term. The insets to the figures show the potential energies of the solid

curves and their projections in the focal plane. These insets should be interchanged for the dashed curves. In all

plots the potential energy is in recoil energy units while the radial distances are in LG beam waist w0 units. For

details see [7]

FIG. 2: (a) The optical dipole potential energy for a bi-chromatic field with ` = 1 (solid line). The plot is inverted

if ` = �1 (dashed line). (b) Optical dipole potential energy for a bi-chromatic field with ` = 5 (solid line). This plot

is inverted if ` = �5. In both plots the potentials are given in recoil energy units while the radial distances are in

LG beam waist w0 units. For details see [7]


