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Diffraction of a focused Gaussian beam in the Vigiof the waist region at the edge of the screen
is considered on the basis of humerical simulasiod experimental investigation. The Gaussian beam
propagation has been simulated on the basis dfithmholtz equation solution by the spectral method.
The diffraction of coherent laser radiation (wawgidh of 0,63um) at the edge of a rectangular screen
overlapping half the beam in the transverse divectias been analyzed experimentally. The laser beam
is focused by the lens of focal length of 4 cm.&pendence of the diffraction pattern on the scpen
sition relative to the focal waist position is obel. It is found that if the screen is locatedligtances
less than the focal length, then the diffractiottgra is observed in the dark region and represants
semicircle with diffraction fringes. If the screenplaced in the waist region, then the diffractaitern
becomes symmetrical with respect to the screen, edgkif the screen is located at a distance greate
than the focal length, then the diffraction patteymbserved in bright area with the diffractiomdyes
appearing on the other side. The results can ket fos¢he accurate determination of the focusedssau
sian beams waist position.
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Introduction

The focusing of structured light beams gives risadw effects in the focal plane [1]. Changing of
the sign of circular polarization of asymmetrichligpeams causes the transverse displacement of beam
waist [2—6]. Transverse focal displacement is alsservable in beams with vortices. The value of thi
displacement from the geometric focus depends ertdpological charge of the vortices, the vortices
initial position in the beam, and the beam aperjoy8].

Besides the transverse displacement, the longaldatal shift from the geometric focus is ob-
servable. This focal shift is directed toward tleadm aperture and depends on a Fresnel number][9, 10
For the focused Laguerre-Gaussian beams the langgtiufocal shift increases with the increasing of
the focal distance and decreases with the incrgadithe waist region diameter [11].

The diffraction by the screen with the straight @dialf plane) has been investigated for several
decades and revealed new properties of optical sveh®. It was found that the diffraction of a beam
with a zero topological charge gives rise to opticatices (wavefront dislocations) [13]. Half pkan
edge diffraction allowed researchers to determimedependence of diffraction pattern on the sign of
circular polarization and to demonstrate the vodiearacter of the longitudinal field component lud t
circularly polarized beams [14]. The diffractiontbe Gaussian vortex beam by the edge of the screen
resulted in the formation of polarization singuies, which appear from the transverse and longiaid
components of the diffracted beam electric fieldl][Moreover, half plane and slit diffraction ofdras
made possible the determination of the energy floection in beams with wavefront dislocations [16,
17].

The diffraction of focused beams by a screen Mlitivaus to research the properties of light in the
waist region. In this paper we present the resiltsumerical simulation and experimental invesimat
of the half plane diffraction of a focused Gausd¥aam at the beam waist.
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Half plane diffraction of a focused Gaussian beamsimulation

To obtain the diffraction pattern of the Gaussiaar cross section after the diffraction of the
beam by the edge of the screen we solved Helmbgltation using a spectral method. We calculated
the far-field intensity distribution. The screensalacated at different distances from the focalstveu
such way, that it always overlapped the right bathe beam.

The results of the intensity distribution calcwas are shown in Fig. 1. We can see that the
diffraction pattern changes with the screen mown@lthe beam propagation axis. If the screen is
located in the waist region, the intensity disttibn is symmetric with respect to the screen edyd a
forms an ellipse, the major ellipse axis is perpandr to the screen edge (Fig.d, If the screen is
before or after the beam waist region, the intgndistribution has an evident diffraction naturedan
forms a semicircle with diffraction fringes. If theereen is far from the beam waist, the diffraction
pattern is more evident, and the diffraction patierage depends on the screen location (beforéter a
the waist region). If the screen is located betbeebeam waist, the diffraction fringes are to #feof
the screen edge (Fig.dl b). If the screen is located after the beam wam, diffraction fringes are to
the right of the screen edge (Figd,X).

Flg 1. Calculated far- fleld intensity distribution
The screen is between the lens and the focal plane (a, b); at focal plane ( c) after the focal plane ( d, f)

Half plane diffraction of a focused Gaussian beamexperiment

For experimental investigation we used the radiatiba He-Ne laser generated on the main trans-
verse mode at the wavelength- 632,8 nm. The laser beam was focused by a Id@hsthe focal dis-
tance of &m. The opaque screen with the vertical edge wasitedwn a two-coordinate micro-motion
stage. We can smoothly insert the screen into mmpegerlapping the right half of the beam, and move
the screen along the beam propagation. The chamdles far-field intensity distribution on the chpm
of the screen location relative to the focal wavgre recorded by a CCD-camera (Fig. 2). At some
screen locations we detected clear vertical fri§&s. 2,a, b), which were observable under any beam
cross-section overlapping (by half or not). At sgpaént the light spot formed an ellipse, the magbr
lipse axis was perpendicular to the screen edge #c). A further move of the screen along the beam
propagation axis led to the appearance of vertiifihction fringes at the other side of the intgndis-
tribution (Fig. 2d, f).

The comparison of Fig. 1 and Fig. 2 demonstrateg the symmetric diffraction pattern
corresponds to the screen location at the focalepl@his fact allows us to assume that the focahepl
position can be determined from the diffractiontgrt form. We showed that the symmetry of the
diffraction pattern is broken under the screen ldigment by 20 um from the focal plane. Therefore,
using a lens with the focal distance ofc#h, we could determine the focal plane position vath
accuracy of 20 um.

a) b) c) d) f)
Fig. 2. Experimental far-field intensity distributi ons. The screen is located a) at 1,5 mm before the focal plane; b) at
75 pum before the focal plane; c) at the focal plane; d) at 75 um after the focal plane; f) at 1,5 mm after the focal plane
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Conclusion

We investigated experimentally and theoreticall{f Ipdane diffraction of the focused Gaussian
beam in the vicinity of the waist region. We fouhdt if the screen is located at distances legs ttia
focal length, the diffraction pattern appears ia tkark region. If the screen is placed in the waigton,
the diffraction pattern becomes symmetrical witkpet to the screen edge. And if the screen idgddca
at a distance greater than the focal length, tfieadiion pattern appears in the bright area. Tdwmilts
can be used for the accurate determination ofdbiesed Gauss beams waist position.

This work was partly carried out within the scogdele topic of State Assignment N839-2016-
0003.
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Ha ocHOBe YMCIIEHHOTO MOJICIMPOBAHHS U 3KCIIEPUMEHTAIBHOTO MCCIIEIOBAHUSI PACCMOTPEHA JIU-
(dpakius Ha Kparo SKpaHa c(hOKYCHPOBAHHOTO My4ka ['aycca B OKpECTHOCTH 00aCTH MepeTsHKKH. Mo-
JICIIMPOBAaHUE PaCIPOCTpaHEHU MMyYKa ['aycca MpoOBOAMIOCH HA OCHOBE peEIICHUs ypaBHEHUs | enbm-
TOJIbIIA CTIICKTPAIEHBIM METOIOM. DKCIIEPUMEHTAIBHO UCCIIEA0BANACh TUPPAKIIHSI KOTEPEHTHOTO JIa3ep-
HOTO M3JTydeHHs Ha JuHe BoiHbI 0,63 MKM Ha Kparo IpsSMOYTOJILHOTO SKpaHa, MEePEeKPHIBAIOIIETO IM0-
JIOBHHY ITyYKa B MOMEPEYHOM HamnpapiicHnH. DokaibHas mepeTsikka (oOpMUPOBAIACH ¢ TIOMOIIBIO JIMH-
36l ¢ (POKyCHBIM paccrossHreM 4 cM. beuia 0OHapykeHa 3aBUCUMOCTh KapTHHBI AU(PPAKIIUU OT TOI0XKE-
HUS DKpaHa OTHOCUTEIHHO TOJIOKEHNS (DOKATBHOHN mepeTshkki. OKazanoch, YTO €CJIM dKpaH paciiolio-
JKE€H Ha PaCCTOSHHUSIX MEHbIE (DOKYCHOTO, TO MupaKkIIMOHHAS KapTHHA HAOMIOAaeTCs B 00JIaCTH TEHU U
MPENICTaBIsIeT CO00I MOMYKPYT ¢ MUPaKIMOHHBIMU TToJIocaMu. Eciy 3kpaH moMenieH B 001acThb mepe-
TSOKKH, TO TUPPAKIIUOHHAS KapTHHA CTAHOBHUTCS CHMMETPUYHOW OTHOCHUTENFHO Kpas dKpaHa. A eciu
9KpaH PacIoNIOkKEH Ha PACCTOSIHUU OoJIbIIeM (POKYCHOTO paccTosiHUS, TO qU(paKIMOHHAS KapTHHA Ha-
OJroIaeTCsl B CBETIION O0JIACTH, TIPU 3TOM AU(PPAKIIMOHHEIC TIOJIOCHI MOSIBIIIIOTCS YKE C IPYroil CTOpo-
Hbl. [TomydeHHbIE Pe3yabTaThl MOTYT OBITh HCITOJIE30BAHBI JUII TOYHOTO ONPE/ICIICHUS TIOJI0XKCHHUS TTepe-
TSOKKU c(HOKYCHPOBaHHBIX My4yKoB ["aycca.

Kniouesvie cnosa. ny4yokK Faycca; nepemsicKa nytma; d)OKCUlea}Z NJI0CKOCMb, duqbpaicuuﬂ ceemd.
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