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Nowhere days, a Bessel beams are of a great interest because of their high importance in practical
applications in micromanipulations of micro particles and possibility to create a bottle-beams which
employed in metal-cutting machines. Angular spectrum of a Bessel beam formed by a variety of a plane
waves, belong to a hollow conical surface with the angle 2p at the top of the cone. Take into account
this fact, one can form a Bessel beam by means of the conical lense-axicon. Generally speaking, we must
note, that such a beam, formed by axicon changes it is shape along the propagation axicon and become
the beam corresponding to Bessel-Gaussian solution.

Keyword: Bessel beams, Bessel-Gaussian beams, axicon, monochromatic light, polychromatic light,
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INTRODUCTION

Let us consider micro particles manipulation. For that purpose we need to have
the intensity minimum on the beam propagation axe. For that reason we may use the
beams obtained due to the diffraction of the Gaussian beam on the computers
synthesized hologram of an optical vortex. But the efficiency of this method not
applicable for non-monochromatic light and low coherent light.

The other way of hollow-beams generation applicable bought to polychromatic
and monochromatic light is the way to pass circularly polarized light through a uniaxe
crystal along its optical axe. While this, One can obtain optical vortex in the
orthogonal polarization, heaving the topological charge differs by 2 units from the
charge of the initial beams. This works both to monochromatic and polychromatic
beams.

The purpose of the work present is to make the future analysis of the Bessel-
Gaussian beams generation by means of the axicon-uniaxial crystal both to
monochromatic and polychromatic light.
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Fig. 1. Normalized spectral distribution in dependents from wave length of the light
source. Visible bandwidth plotted in a dash-dote lines, intensity maximum plotted in dash
line A =604 nm.

Such a beams can be represented by the superposition of an ordinary and
extraordinary beams, with linear polarized, azimuthally and orthogonal components:
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where K is generally a complex parameter, exp{Ko2 /(ZKOZO)} the normalizing factor,

o, =1-izlz,,, 2, =kW; 12, z, =k,W; /2, K, =n.k, kez(ngzlnf)ko, k is a wave
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number in a free space, W, is a waist of beam at the plane z=0. In order for the data

mode beam at the entrance face of the crystal form a single polarized beam right circularly
Bessel-Gauss, it is necessary that the field mode beam at the boundary agreed. This

L n
condition implies that K, = =K.
n

o
Lets consider that initial beam has CW polarization, that it’s circularly polarized
components will be written as:
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It has to be notified, that CCW polarized field component can be represented as a
super position of an infinite series of the Lager-Gaussian beams of a complex argument
function. It seems to be, that this super position might not have the field envelope in the
form of Bessel function, never the less comparison of such the field and the Bessel field
shows good match, accurate to the amplitude coefficient (Fig. 2).

)

Fig. 2. Comparison between CCW Bessel-Gauss and second order Bessel beam
polarization component in the crystal.

Let us consider the Bessel-Gaussian beam evolution along the crystal. As it might
seen at the picture, at the relatively small distances Gaussian field envelope has an
oscillations specified by the Bessel function modulation. On increasing the light
propagation length in crystal, this oscillation decreases and one can observe dipper
minima on the axis. Topological charge of the CCW beam component modulo 2 less than
CW beam component charge, because we choose negative topological charge of the initial
beam. The evolution of the Bessel-Gaussian beam formed by axicone shown on ( Fig. 2.)
As one can see, the beam with topological charge to generates in CCW beam component.

To calculate the propagation of the Bessel-beam in crystal we used following method.

We use the black body with color temperature 4800 K as a light source.
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RGB components of the monitor brightness were calculated according to the

following relations:
R Uf(i)l(x, y,z,/l)r(i)dﬂ%,

G=[[ (M) (xy.22)g(2)dr]". @)

Y

B=[ [ f(2)1(xy.2.4)b(2)d2]",

2 — — .
where (X, y,z,ﬁ):‘E(X, y,z,ﬂ,)‘ intensity distribution, T,T,b are coordinates of
color in the spectrum the integration is performed in the same range of wavelengths. y -

the nonlinearity of the monitor. As the table is set, then the integration in (3) is replaced
by a summation over 81 point in increments. If some of the integrals (3) are negative,
which means that the corresponding colors are outside the gamut of the monitor, and data
components of the color (negative), we assumed to be zero. In the calculations it must also
be taken into account the dispersion of the refractive indices of a uniaxial crystal. Fig. 3
shows this dependence in the visible range for the lithium niobate crystal, and the effect of
photo refraction we have not taken into account.
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Fig. 3. The spectral dependence of the refractive index of the wavelength of visible
range in lithium niobate.

We change integration to the summing by 81 points in optical bandwidth, having

RGB spectrum coordinates, set by specialized colorimetric table.
The color distributions in the circularly polarized beam components shown on (Fig. 4).
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Zz=4mm Z=5mm z=20cm z=50cm

Fig. 4. Generating optical vortex with a double topological charge in the white light
(I=0,n=0) with w, =20xmin a lithium niobate crystal, the image size on the axes x,

y: 5W, w=w,\1+(z/2,)".

As it seen, there is an optical vortex of charge to in the middle of the CCW beam component.

We made the following experimental set up to generate the Bessel-Gaussian beams.

The light from He-Ne laser passes through axicon, than it collimated by lens and
becomes CCW polarized after polarizer and A/4 plate. After this, this beam focuses on the
incoming fringe of the LiNiTiO; crystal, having its axis along the beam. The beam passed
through the crystal collimates by next lens and with the aide of polarizer and A/4 plate we
separates CCW Bessel-Gauss beam component with topological charge two. For the
generation of the higher order Bessel-Gaussian beams we only need to duplicate the
elements put in the dashed block (Fig. 5).
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Fig. 5. Experimental setup for obtaininga monochromatic beam of Bessel-Gauss:
Ls — laser, P — polarizer, A/4 — quarter-wave plate, Ax — axicon, L — lens, Cr — LiNbO;
crystal A — symmetry axis, CCD — CCD camera, PC — computer.
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Fig. 6. The experimental setup for generation of polychromatic Bessel-Gauss beam.

Fig. 7. Generation of "white" Bessel-Gauss beam with I=1.
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We have employed the property of the axicon- uniaxial crystal system to generate the
second-order vortex-beam both in monochromatic and polychromatic light. We have
performed two groups of experiments when the initial Gaussian beam passes at first
through the uniaxial crystal and then the axicon and vice-versa, each experiment being
accompanied by testing the obtained beam structure to slightest perturbations of the
elements of the experimental set-up. We have revealed that the most reliable optical
scheme both for polychromatic and monochromatic light is that consisting of the
sequence: axicon-crystal rather than the crystal-axicon. The experiments were
complemented by the interference patterns of the white-vortex- Bessel beams of the high-
orders (Fig. 6).

At the picture below (Fig. 7) we represents the experimental results of the first order
Bessel-Gaussian beam generation and there comparison with the computer simulation.

CONCLUSIONS

At the paper present it was theoretically reveled and experimentally proved that color
zero order Bessel-Gaussian beam could be generated by means of thermal light source
having spatial coherence rather then temporal by means of conical refractive surface-
axicone. It was theoretically predicted and experimentally proved that one can obtain
color second order Bessel-Gaussian beam generation in orthogonal circular polarized
component of initial beam passed through uniaxial crystal along it’s optical axis. The
system of uniaxial crystal-circular polarizer can be doubled thus charge also will be
doubled.
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AunexceeB O. M. I'enepanis Buxposux nyukiB Beccensi-I'aycca BUIIMX NOPAAKIB B HOJIXPOMATHYHOMY
CBiTJIi 3a J0MOMOIOI0 CHCTEMHM AKCiKOH-O0HOOCHLOBHIi Kpuctaix / AsexceeB O. M. // Bueni 3ammcku
TaBpilicbkoro HalioHansHOro yHiBepcurery imeHi B.I. Bepnancokoro. Cepisi: ®i3uko-mMaTeMaTH4Hi HAyKH. —
2012. - T. 25(64), Ne 1. - C. 87-94.

Y poboTi mokazaHo, IO MPH MOJMIXPOMAaTHYHOTO My4ok beccemns-I'aycca HyIbOBOTO MOPSAKY MOXE OyTH
OTpHMaHH{ IpH MpOIycKaHHi BumpomiHioBanHs HID nammy yepe3 OJHOMOJOBE BOJIOKHO, Ha SIKOMY
TeHEePY€EThCs TayCiB My4YOK, 1 KOHiYHY JiH3Yy (aKcikoH). TeOpeTHYHO OOTPYHTOBAHO Ta EKCHEPUMEHTAIBHO
MOKAa3aHo, 110 MPH MPOXOHKCHHI IUPKYISIPHO TONSIPU30BaHOTO myuka beccens-'aycca uepe3 0HOOCKOBHUI
KpHCTaJ B3IOBXK HOTO ONTHYHOI OCi, B OPTOTOHAIEHO LUPKYJISPHO IOJISIPH30BAHOI KOMIIOHEHTI T'€HEPYEThCS
ny4ok Beccens-T'aycca mpyroro mopsiaky B Oiomy cBiti. [Ipu mpomymieHHI Takoro mydyka 4yepes KackKasn
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OJHOOCHOBHUX KpPHCTQJIiB 3 pPO3TAIIOBAaHMMH MK HHUMH LHUPKYJISIPHO TOJISIPU30BAaHUMHU  (igbTpamu
(ckmamaeTbcs 3 aXpOMAaTHYHHI TUIACTHHHU 1 JIIHIHHOTO MOJSIpU3aTOpa) TeHepyeThes Mmydok beccens-Taycca
BHLIOTO MOPAAKY 3 MAPHUM iHAEKCOM. Takuii Iy4oK MOXHa BUKOPHCTOBYBATH B BUCOKOIOTYXHHUX ONTHYHHX
CIaHepax JJIs 3aXOILUICHHS 1 TPAHCHIOPTYBAHHS MiKPOYAaCTHHOK.

Knrwuoei cnosa. mnydoxk beccens, mnydok beccems-I'aycca, axcikoH, MOHOXpPOMAaTHYHE CBITJIO,
HOTIXPOMAaTHYHE CBITJIO, aKCIKOH-OJJTHOOCHOBHI KPHCTAIL.

AnexceeB A.H. Tenepaunusi BuxpeBbIXx myuykoB beccens-I'aycca BblcIMX NOpPSIAKOB B
MOJIMXPOMATHYECKOM CBETE MO0 CPeACTBOM CHCTEMbI aKCHKOH-0HOOCHBIN KpucTaswi / Anekcees A. H. //
VYyensie 3anucku TaBpHYeCKOro HAIIMOHANBEHOTO YHUBepcuTeTa uMeHu B.U. Bepranckoro. Cepusi: duznko-
MmaremaTudeckue Hayku. — 2012. — T. 25(64), Ne 1. — C. 87-94.

B pa6ote nokaszano, yTo npu noimxpomaruueckuii mydok beccenst ['aycca HyneBoro mopsiika MoxeT OBITH
MOJTy4€eH MpH NMpomycKkaHuu u3nydenus HID nammbl uepe3 0fHOMOAOBOE BOJIOKHO, HA KOTOPOM I'€HEpUpPYeTCs
rayccoB IIy4OK ¥ KOHHYECKYIO JIMH3Y (aKCHKOH). TeopeTHyeckd 060CHOBAHO U SKCIICPUMEHTAIBHO TOKA3aHO,
YTO TPHU TPOXOXKICHUU LHUPKYJSPHO MOJSIpH30BaHHOTO mydka beccensg-I'aycca uepe3 oIHOOCHBIH KpHCTaILT
BJIOJIb €r0 ONTHYECKOW OCH, B OPTOTOHAIBHO IMPKYJSPHO MHONAPH30BAHHOW KOMIIOHEHTE TCHEPUPYETCS
nydok Beccemns-I'aycca BToporo mopsimka B 6enom cBete. IIpn mporryckaHMM Takoro Iydka depe3 KacKal
OJTHOOCHBIX KPHUCTAUIOB C PACIIOJIOKCHHBIMH MEXIy HHUMH [UPKYJISPHO IOJIIPU30BAHHBIMH (HIBTPAMHU
(cocTouT U3 aXpOMaTHYECKON TUIACTHHBI A 14 u nuneitnoro MOJIAPM3aTOpa) TeHepUpyeTes Mydok beccens-
I'aycca Bblcuiero mopsiika ¢ 4eTHBIM HHJEKCOM. Takoil Imy4oK MOXKHO MCIOJb30BaTh B BBHICOKOMOIIHBIX
ONTUYECKHX CIIaHepax JUId 3aXBaTa U TPAHCIIOPTUPOBKH MUKPOYACTHIL.

Knrouesvie cnosa: nydox beccens, mydok beccens-I'aycca, akCHKOH, MOHOXPOMAaTHYECKHUH CBeET,
MOJIUXPOMATHUECKUN CBET, aKCUKOH-OAHOOCHBIM KpUCTAILI.
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