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obsarved by using a radic-wave pulse
to split the two groups into pairs of en-
tangled atoms flying apart with equal
momentum but in opposte directions.
In both ovedapping and displaced cas-
o8, noise distributions from the two en-
ergy-level groups yielded similar pat-
terns, even when (in the second case)
the growps were separated by as much as
350 pm. The results appear to offer sig-
nificant potential for studying a variety
of quantim and multiparticle phenam-
ena, including Cooper pairs in an atom-
ic Fermi gas, antiferromagnetic phases,
and spin waves in optical lattices,

“There are a number of interesting
quantum states that are not obvious-
Iy seen i you just take a picture.” [in
said A Fermi condensate, for exam-
ple, would not show up in an ordinary
irn age. However, cormelations between
atarmns should actually show up in the
noise in these images.”

Hassaun A, Jones-Bey
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OPTICAL VORTICES
Phase functions
are inseparable
in helico-conical
optical beams

Mast optical vortices, or light beams
with phase singularities, have a vanish-
ing field at the singularity location, me-
sulting in a doughout- or ring-shaped
intensity cross section. Strongly focused
aptical vortices, used for trapping of
particles, alsx impart an orbital angular
momentum to the trapped particles and
are potentially usefil in the develop-
ment of optical microfluidic and micro-
manipulation systems.

COrptical vortices are typically de-
scribed as Laguerre-Gaussian beams
featuring helical phase fronts ar
higher-order Bessel bea ms with phase
fronts appearing as the sum of helical
comical functions. In either case, the

WWW.LASERFOCUSWORLD.COM

phase can be considered to have separable radial and azi-
muthal dependence. But scientists from the Mational [nsti-
tute of Plysics at the University of the Philippines (Quezon
City, Philippines) and the Cptics and Plasma Research Die-
partment of the Rise National Latoratory (Reskilde, Den-
mark] have created a nowvel helico-conical optical beam that
is the product of helical and conical phase terms leading

to a nonseparable radial and azimuthal dependence and a
phase that is net entirely continuogs !

Craated by spatial light modulator
To generate the helico-conical beams, a 20-m\W Helde laser
is expanded tao about 24 mm in diameter. While control-
ling the intensity with a half~wave plate and polarizer, the
expanded beam is passed through a beam splitter onto the
20 20-rm face of a reflection-type spatial light modela-
tor. An adjustable circular aperture stop with a maximum
diarneter of 11 mm is placed in front of the spatial-light-
madulater sirface, with the beamsplitter directing reflected
light from the modulater through alens and neutral-den-
sity filter toward a CCD camera. The CCD images are cap-
tured by a perscnal computer through a peripheral-compo-
nent-interface/videa-captume card.

Representing the phase function y of the helico-c onical
beam as:

Win & =I8(K - rirg

‘where ! is an integer that determines the number of In phase
shifis that ocour across one evolution ofthe azimuthal angle
A, r, is a pormalization factor ofthe radial coordinate « and
K is a constant that takes a value of either 1 or 0, phase masks
can be developed by using the Kvalues of 1 and 0and choos-
ing ;1o coincide with the radius of the circular aperture stop
placed in front of the spatial light modalator. The correspond-
ing 2-[ phase profiles from the phase masks show mized heli-
cal and conical featires.

The intensity at the CCD sensor can be both mathemati-
cally computed and physically recorded as an arithmetic
spiral of points {(see Agure). Depending upon the valuwe of

THE SCIENTISTS FOUND THAT THE
INTEMNSITY PROFILE ROTATES AS THE
BEAM PROFPAGATES, AND APPEARS
TO REVERSE IN HANDEDMESS AS T
EVOLVES IN THE REGIOM PRIOR TO
THE FOCAL PLANE.

K., the intensity distribution varies as a function of radi-
al dependence. When the scientists sudied the three-di-
mensional intensity distribution near the focal plane, they
found that the intensity profile rotates as the beam propa-
gates, and appears to reverse in handedness as it evolves

in the region prior to the focal plane. Propagation beyond
the lens focus ischaracterized by a dilation of the intensity
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distribution, remaining nearly invari-
ant in structure. Propagation toward
the focal plane is particularly inter-
esting in the case of K = 0, where the
projected intensity distribution forms
an intensity hot spot that follows a
corkscrew path around the propaga-
tion axis.

The researchers see this optical vor-
tex as being unique: as well as being
able to simply trap particles, its he-
lico-conical shape could be used for
rotational positioning of asymmet-
ric particles, or even for the collection
and accumulation of smaller particles
toward the focal point. Senior scientist
Jesper Gliickstad from Rise, who came
up with the idea of the helico-conical
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The 2-D intensity distribution at the focal plane of an imaging
system that sends a planar HeMe laser beam through a specially
engineered phase mask can be physically recorded by a CCD
camera (left) and simulated numerically (right). This intensity dis-
tribution appears quite distinctly as a spiral and reveals its helico-
conical beam shape when viewed in three dimensions.

beams, notes that
the next steps in
this research would
include implement-
ing the helico-coni-
cal beams inan op-
tical-trapping laser
system with higher
power to observe
the behavior of
microparticles un-
der the influence of
these beams.
Gliickstad also
suggests continued
exploration into
the basic propaga-
tion dynamics in further search of
interesting properties of helico-coni-
cal beams. “The radically different
beam profile we have observed shows
that there is a wealth of interesting re-
sults to be explored in the nonlinear
combination of phase functions,” he
says. “More than that, our work dem-
onstrates the flexibility provided by
digitally addressed spatial light mod-
ulators. These devices empower re-
searchers to think outside the box and
easily conjure up beam profiles unat-
tainable with conventional optics.”
Gail Overton
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