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Gamma and gamma-coupled beams as a new kind of well focused laser beams
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[IpensnoxxeH HOBBIM Ki1acc XOpOUIO C(hOKYCHPOBAHHBIX OJTHOPOJIHBIX JIA3EPHBIX MMYYKOB C aK-
CHAJIbHOM CHMMETpPHEN, Ha3BaHHBIX raMMa-CBsI3aHHBIMH ITydykaMu. OHM ONMCHIBAIOTCS aHAJIUTUYE-
CKMMH PELICHUSIMH MapaKCHaJIbHOTO BOJIHOBOTO YpaBHEHUS B TepMUHAX OOOOLICHHOW HEMOIHON
raMMa (QYHKIIMH M €€ TIPOU3BEICHHI ¢ KBaApaTUYHBIMU QyHKIMAMU. B cpaBHenuu ¢ myukamu Jla-
reppa — ['aycca u beccens — [Maycca, ¢ 0IlMHAKOBBIM pa3MepoOM MEPETIHKKH, CEJIEKIUs BUAa raMMa-
CBSI3aHHBIX ITyYKOB M MOJICTPOMKA X CBOOOIHBIX MApaMETPOB MO3BOJISIET PACHIMPUTH HE MEHEE YeM
B 3 paza (okanbHyIO ITyOHMHY U MOBBICUTH HE MEHEE YeM B 2 pa3a CTENEHb JIOKAIU3AIMH CBETOBOM
SHEPIUU B IICHTPAIHLHOM JICNIECTKE, a TAKXKe MOJYUUTh OoJiee CTaOMIbHBIC TIONEPEYHbIH pa3Mep U
aKCUAIbHYIO HHTEHCUBHOCTD B IIpe/ienax (GOKaIbHON TTTyOHHBI.

10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100

r/wo
r/wy

Ilonepeunas koopaunara / Transverse coordinate p

Ilonepeunas koopauHara / Transverse coordinate p
. \ . \

-30 25 20 -15 -10 -5 0 5 10 15 20 25 0

Ocesas koopauHata /Axial coordinate £ = z

| y | | | | | |
-30 25 <20 -15 -10 -5 0 5 10 15 20 25 30

OceBas koopauHata /Axial coordinate £=z/Z

a b

HopMmupoBaHHBIE pacnipeienieHnss ”HTEHCUBHOCTH B MEPUIMOHAIBHBIX TUIOCKOCTSIX 0€CCeNb-rayCCOBOTO
nydka (&) ¥ raMMa-CcBI3aHHOTO my4Ka (D), MMEOIIHX OMHAKOBYIO SAMHIYHYO TIONYIIMPHHY B IEPETHKKE U
OJIMHAKOBbIE MAKCUMYMbI MHTEHCHBHOCTEH KaK IIEHTPAITHHBIX JIETIECTKOB, TaK U TIEPBBIX TOTIEPEYHBIX MAKCHMYMOB

Normalized intensity distributions in the meridional planes of the Bessel-Gaussian beam (a) and the gam-
ma-coupled beam (b) having the same unit half-width in the waist and the same maximum intensities of
both the central lobes and the first transverse maxima

A new kind of well-focused axially symmetrical homogeneous laser beams is proposed.
These beams were named gamma-coupled beams, since they are described by analytical solutions
of the paraxial wave equation in terms of the generalized incomplete gamma function and their
products with quadratic functions. When comparing with the Laguerre-Gaussian and Bessel-Gauss
beams with the same waist size, the selection of the kind of the gamma-coupled beams and the tun-
ing of their free parameters enable one to extend the focal depth of field by a factor of 3, to increase
the degree of light energy localization in the central lobe by a factor of greater than 2, and to obtain
more stable transverse size and axial intensity within the focal depth.
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