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YTo 03HaYaeT TEPMHH «Iy4OK CBETa»?

3a nocnenHue fecath JeT HaubGonee TpUBHaANBHBIA W HanGonee Npo3payuHblil HayYHBIH
TEPMHH «MYy4OK CBETa» ITOABEPrcs W3MEHEHHsM, BBI3BAHHBIM HeAU(pParHpOBaHHBIMM My4Ka-
MU cBeTa B onTike. CTeneHb 3THX U3MEHEHUl Oblna HACTONBKO BENHKA, YTO, ONMPaAdiCh Ha
HOBOE 3HauyeHHE TEPMHHA «MY4OK CBETa», HEKOTOPbIE HCCNIENO0BATENHN OOMMYCKaNH CYLIECTBO-
BaHHe TaXHOHOB WIH CBEPXCBETOBbIX TAXHOHHBIX BOJIH BHYTPH YKa3aHHBIX CIeUHHYECKHX
TIy4YKOB CBETa.

TeHOeHUHS HCMONB30BATh HAYYHBIH TEPMHH «ITY4OK CBETa», HAMOMHEHHbIN HOBBIM PH3H-
YECKHM CONEPXAHHEM, MOABISETCH B CTAThsX [10 HenmbpamposaHHuM GecceneBbIM MyYKaMm
CBETa, 1O NyyKaM cBeTa Ha Gonbluyio ryGuHy ¢ NPOCTPAHCTBEHHO M BpeMEHHOH JIoKanu3a-
IiHER DHEPTHH, a TAKXeE M0 HEPACIUIBIBAIOIIMMCS BOJIHOBBIM MaKEeTaM KaK PEHICHHSM BOJIHO-
BOTO ypaBHEHUA. Bce 3TH HIMPOKONONIOCHLIE KOMIO3HLMM NAlOT MNPENeNbHYI0 NPOCTpaH-
CTBEHHO-BPEMEHHYIO JIOKATH3aLIKIO NONEH B XOIe Npoliecca PacnpocTpaHeHHS B CBOOOAHOM
MPOCTPAHCTBE. ,

Mexny TeM, HUKTO He 06CyXaan rMaBHO 0COGEHHOCTH YKa3aHHBIX CBETOBBIX MY4KOB, a
HMEHHO TO, 4TO NMyHKH CBeTa He 06pa3yloT TeHell HnHM TeHenoao6HON HHTEephepeHIIHOHHOI
KapTHHBI BHU3 110 Ny4Ky. ECny BBl yCTaHOBUTE HENpPO3pauHbI 3KPaH B 3TOT «IMY4OK CBETa»,
TO BBl HE YBUAMTE HUKAKOIO ABNCHMS TEHW BAOAL ONTHYECKON OCH 3TOTO «Iiy4Ka CBETa»,
BmecTo 3TOrO Bbl OOHApYXHTE HA HEKOTOPOM PACCTOSHHH 3a HENPO3payHbIM 3KPAHOM, YTO
ny4ok Beccens BoccTaHOBHIICS CHOBa, Kak ecnH Obl 3T0 6buTa NTHLA (eHHKC.

Yro6bl HCTIPABHTD 3TY NOXHYIO CHTYalHIO, MBI JOIXHB! BBECTH HOBBI (PU3HYECKHil Tep-
MHH C YHCTBIM CMBICIIOM. ABTOD CTaThlf OOBACHACT, KAK MOXHO 3TC CHE/ATh.

Pa6ora sbinonneHa B Jlaboparopuu anepubix npobnem OMSIH.

L Mpenpuyt O6beAMHEHHOrO HHCTHTYTA ANEPHBIX Hccnenosanuii. Qy6Ha, 1999
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What Does the Term «Light Beam» Mean?

During the last ten years the most trivial and the most lucid scientific term «light beam»
has been subjected to the transformations induced by the family of the non-diffracting light
beam in optics. The degree of these transformations was so high that due to the new meaning
of the term «light beam» some authors admitted the existence of tachyons or superluminal
tachyonic waves inside of these specific light beams.

This tendency of using the scientific term «light beam» filled with new physical content
we observe in the papers of the non-diffracting Bessel light beams, the large-depth light
beams with spatially and temporally localized energy and also on the non-spreading
wave-packet solutions to the wave equation. All these wide-band compositions give the ex-
tremely high spatio-temporal localization in the course of the propagation in free space.

Meanwhile nobody discussed the main feature of such light beams, namely, that these

’ light beams do not produce a shadow or a shadow-like interference pattern down to the beam
stream. If you put an opaque stop into this «light beam», you do not see any shadow phe-
‘ nomenon along the optical axis of this «light beam». Instead you find out that some distance
behind the stop, the Bessel beam will be regenerated over again as if it were a phenix bird.

To correct this false situation, we must introduce a new physical term with a pure mean-
ing. The author of this paper explains how we can do this.

The investigation has been performed at the Laboratory of Nuclear Problems JINR
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1 INTRODUCTION

During the last ten years or so, the most trivial and the most lucid scientific term
”light beam” has been transformated and has been filled with new physical content.
The starting point of this process was the experlmental investigations of the so-called
non-diffracting Bessel beam [1]. This beam was generated from a cw laser light by
an annular slit and a collimating lens. This Bessel beam had sharply picked radial
profile over large distance outclassing the Rayleigh range. For example, an axiconic
laser string [2], having the form of thin light pencil beam, had the focal range of 50
meters, and the effective diameter of the string of ~ 70 um. The measurement error
of this axiconic laser string is of the order of 15 ym and is restricted practlcally by
the air turbulence. The focal range of the traditional lens of diameter D=100 mm
with focal length fo=25 m is equal only 500 mm, that is, the factor of merits of this
axiconic laser string in this example is equal to100:1 and can be made higher.

If Refs {1,2] and in many others a conical wavefronts are used. All such phenomena
can be covered by one general term MESO-OPTICS where we study and we use
conical convergent light beams with their extraordinary properties [3].

There have been treated some classes of non-spreading wide-band "focus wave
modes” [4], " Bessel-Gauss pulses 5], and "X waves” [6]. An optical version of the X

waves, named the ’ "Bessel-X pulse” with special localization of the order of 10=3 mm
and with time duration of 3 f sec (3 - 107*% sec) have been treated by computer
simulation and the cross-correlation interference patterns of these femtosecond Bessel-
X pulses have been estimated experimentally [7].

The degree of transformation of the scientific term ”light beam” was such that on
the basis of the new meaning of the term ”light beam”, several authors [8] admitted
the ex1stence of hypothetically tachyons or superluminal tachyonic ‘waves inside of
these light beams.

Meanwhile the main featute of all these light beams is that they do not produce a
shadow or a shadow-like interference pattern down to the beam stream. To prove this
it is sufficient to put an opaque stop into the.center of this "light beam”. You will
see that along the optical axis of this "light beam” there is no shadow phenomenon.
Instead of this you will ﬁnd that some distance behind the stop, the Bessel beam w1ll
be regenerated-over again ‘as if it were a phenix bird.

It is obvious that we must. correct this false situation: We must introduce a new
physical term with a pure physical meamng The author of this paper ‘explains how
to do this.

In Sec. II we give the analysis of the properties of the hght beam having plane
wave-front and a wave vector, which is perpendicular to the wave front. We describe
the structure of the interference pattern in the region of the overlapping of such two
plane beams. It is shown that the superluminal phase velocity along the interference
planes of extremum light intensity is observed inside the interference pattern exactly
in the same fashion as the analogous phenomenon taking place on the axis of the
Bessel light beam.
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In Sec. III we consider the shadow phenomenon in the case of the classical con-
ical beam (meso-optics). In Sec. IV we explain the mechanism of the longitudinal
interference of two coaxial conical wave fields. It is shown that this phenomenon is
equivalent to the shadow cone spreading in the case of only single conical convergcnt
wave. :

In Sec. V we present our proposal concerning the ellmmatlon of the false s:tuahon
with term "Bessel light beam”. It will be proved that the light structure observed
on the axis of the conical light beam must be called CENTRAL INTERFERENCE
LOBE. We present arguments for this proposal, which take into account the length
of the central interference lobe, its radial profile, the evident generalization on the
wide-band short Bessel pulses, the superluminal phase velocity as'a general feature
of any interference picture, azimuthal variation of the X-waves and the abscnce of
tachyons in the central interference lobe. : ’

2 PLANE WAVE FRONTS

In fig. 1 we present a 3D- scheme of the plane wave of light, w1th wave fronlb ()rxcnt( xd
perpendicular to Z-axis, where ) is the wave length and k (0,0, k) is the wave vector
oriented along Z-axis. The planes marked by the full lines correspond to positive
maximum of the electric field, and the planes marked by the dashed lmes correspond
to negative maximum of the electrlc field.

" The interference picture produced by two plane waves in the reglon of its mutual
~ overlapping is stable in space (fig. 2), if A1 = A2. The interference frmge's are oriented
along the bisectrix of the angle between two wave vectors kl and kz If we fix our
attention only on one interference plane then we find out that the phase velocity of
light along this interference plane is equal to V2 ¢, where c is the velocxty of light in
vacuum, that is, this is a superluminal moving.

If two plane beams have different wave lengths, A\; # Az, and AX = A; — Aq, then
the interference fringes are oriented at the angle ¢ = tn~ 1/\2//\1 and the interference
pattern is moving as a whole in space with velocity vy, oriented perpendicular to the
interference planes, where vy = AM Do -c/V/2, and 2Xo = A; + Xy (fig. 3).

3 CONICAL WAVE FRONTS

A 3D-scheme of the convergent monochromatic conical wave, produced by the conical
transducer, is given in fig. 4. In the region of the overlapping of all componcents
approaching the optical axis Z from various azimuthal directions we observe so-called
monochromatic Bessel light beam, which is none other than an azimuthal symmctric
interference picture with radial profile described by the Bessel-function:

Alp, Z, ‘P?‘t) = Cl" JO(kP) exp[i(z - Ct)]) . . (3'15

where kz = k - cos§, § is the angle between the wave vector k and Z-axis, and

_ c/cosO (¢>0), .. » v , ‘ (3.2)

is the phase velocity of light along Z-axis.

The interference picture in-this overlapping region'is produced by two groups of
the conical wave fronts. The first group is the conical wave fronts before the crossing
of Z-axis, and the second group consists of the conical wave fronts after the crossing
of Z-axis.- And the convergent conical waves after the crossing of Z-axis became the
divergent ories. So the length of the "Bessel light beam”,; which exists only in the
region of the overlapping of all components of the initially convergent conical light
beam, is restricted. ' ' '

In fig. 4 we present also the cross section of the "Bessel llght beam” in its central
part with typical radial interference profile.

From fig. 5 we may conclude that at some point A on the axial symmetrlc conical
wave there is a set of wave vectors k laying on the conical surface with apex angle
8 = in~'k,/kz. Therefore Z-axis can be considered only as a symmetry axis. This’
feature is typical for any interference picture, in particular, shown in fig.2 for the case
of two plane waves, where the number of wave vectors is equal to two.

In fig. 6 we show the shadow phenomenon for plane wave (a) and for convergent
conical wave (b). In fig. 6.2 the shadow, produced by ball of the diameter d, is
oriented along the wave vector k, that i is, parallel to Z-axis. The depth distance B,
at which the shadow does practlcally dlsappear, is equal to -

B~ d2/2;\ - ' (3.3)

The same depth dlstance B defines the length of the shadow phenomenon also for
conical light beam, whxch must be count out along each wave vector k.

The structure of the shadow at different Z coordinates is shown schematically in
fig. 7 for the case of the conical light beam, at Z = 0.23 and 48 mm. From fig. 7
we see also that the light intensity on the symmetry axis after ball is influenced by
this ball only at small distances after ball. At very large Z-coordinates the influence
of the ball on the zero intensity light region is practically absent.

4 LONGITUDINAL INTERFERENCE OF THE
COAXIAL CONICAL WAVES

The experimental setup with two narrow coaxial transmitting rings (annular slits),
which has been used for experimental investigation of the longitudinal interference of
the coaxial conical waves, is shawn in fig. 8 [9,10,11]. A collimated light beam from



laser 1 is converted by the objective lens 2 into a convergent light beam which goes
through the pinhole in the opaque screen 3. The second objective lens 4 produces the
single mode light beam which illuminates the screen 5 with narrow coaxial transmit-
ting rings. The second opaque screen with annular transmitting zone 6 restricts the
number of the narrow coaxial transmitting rings, which contribute to the observed
interference pattern. Narrow coaxial transmitting rings of width 20 gm each on the
opaque screen 5 were fabricated by the laser photosynthezator [2]. The diametér of
the focused laser spot was equal to 1 pm. The grooves on the glass backing of the
opaque screen 5 are working as a circular diffraction grating, and the observer scas
the rainbow spectra by placing the opaque screen 5 between the glow lamp and the
eye. The system of 10 narrow coaxial transmitting rings with spacing 200. pm has
been fabricated. ‘

The positions of maxima and minima of the longitudinal modulation of the light
intensity on the optical axis of the system is shown in fig. 9. As the angle between
two wave vectors k; and k; is very small, ~ 10~*rad., the fringe period Az of this
modulation is of the order of 10 mm. The fringe perlod Agz is also a slowly varying
function of the order number of maximum N. This is a consequence of the fact that
each narrow coaxial transmitting ring contributes to the interference picture as a
point-like light source and the angle between the wave vectors k) and k; is varying
inversely proportlona] to the dlstance from the opaque screen 5 to the observation
point.

In fig.10 we explain the mechanism of crea.tlon of the on-axis longitudinal inter-
ference which can be produced by comcal or helical light waves with mutual angle
(8, — 6,) between wave vectors k; and E; of two coaxial conical waves not equal to
zero. The on-axis phase velocities of wavefronts, both above the light velocity ¢, arc
different. In the meridional cross section in the region of mutual overlapping of these
two conical waves the interference fringes are oriented parallel to the bisectrix of the
angle (8, — 0;). The period of these fringes is equal to

a = Afsin(8; — 0,). (4.1)

The orientation angle 0, of these interference fringes is equal to

1 ’ .
00 = 5(01 - 02). (42)

Each point of the meridional cross section shown in fig. 10, corresponds to a circle
with center on the optical axis. Only the points lying on the optical axis ol the
system are indeed points. The period Az of the on-axis longltudmal interference of
two coaxial conical waves is equal to

0+ 6,
—
The length of the on-axis longitudinal interference picture is equal to CD.

Az = afsin (4.3)

lii fig. 10 we show separately the conical waves going to the optical axis rom the

upper parts of these conical waves and the conical waves going to the optical axis

froin the lower parts of the same comca] waves. Olherwmo the picture \\ou]d be very.
complex for explanation.

Thus the on-axis longitudinal interference of the ]lght is the result of coherent su-
p(‘r])OSlthll ol two ml('rfor(-nco structures wlucll propagate to Z-axis from two opposite
directions, one from the upper side and another fromn the lower side of the meridional
cross section. Each such interference structure is moving to the optical axis. then it
crosses this axis and finally is propagating from the optical axis. To demonstrate this
process visually in the experiment, we have chosen the experimental arrangement. in
which the number of the narrow coaxial transmitting rings giving rise to the inter-
fercuce was eqnal to 10. The interlerence pictllro prod‘uced by overlapping of all 10
coaxial conical waves consists of one intense head maximum and 9 small secondary
maxima. Thus we can see the evolution of each individual interference fringe.

T hc evolution of the interference pic ture in the planes per pendicular to the symmne-_
try axis at var |ous distances from’ the pl.—m(' where narrow coaxial transinitting rings
ate present, is given in figi11. The sequence of slx interference pictures observed in
the planes perpendicilar to the sylmnol Ty axis are sho\\ winfig. 12at Z = Zy+ kA2,
k=0,1,2,3,4,5" hi fig. 12-a the inaxima pl‘()dll((‘d by the ‘upper hall coincide with
maxiima prodiiced by the lower Lialf of the inter ference pdll(‘lll and are in phase. T he
radius of ‘the first ring is cqudl t0 39.5 mn. In the ﬁg 12-b we see the picture at
7 = Zo+ AZ. The first ring is splitting into a doublet of two rings with radia 35.5
mm and 43.5 mm. In the planc with Z = Zp +2AZ the corresponding radia are 31.5
mm and 47.5 nun. So the splitting gap is a lincar function of Z:coordinate (fig. 13).

At somie Z-coordinate the upper and the lower contributing interlerence compo-
nents will be in antiphase, and the waximum disappears. The corresponding circle
reappears again as W¢ move along Z-axis. V\o sce that in the experiments with loun-
gitudinal interference we may separate the upper and the lower components of the
convergent conical waves

The diffractive c]cmcnl,s, proposed in [12] to control the structure of the non-
diffracting beam over the given depth, cousists of amplitude and phase parts. and the
main variations in both parts of the diffractive elements are in the region of radial
coordinates where our annular slits are present in the experiment, shown in fig. 8.
for observation of the longitudinal interlerence ol the coaxial conical waves. Thus the
main contribution give the conical components in the initial aperture plane.

5 INTERFERENCE LOBES OR INTERFERENCE

MODES

The shadow phenomenon, observed in the convergeut conical wave, and the interler-
cnce patiern, produced by two coaxial conical waves, demonstrate clearly that the



term ”Bessel light beam” is wrong and that the observed phenomenon is indeced of
pure interference nature.Our attention is concentrated usually on the light field which
is in the vicinity of Z-axis. So we deal with only central interference picture, which is
termed a "lobe”. The central lobe is surrounded by the lobes of higher orders. The
light intensity in these lobes is decrcasing with radial distance p = VZzZ+ ylasph.

However, the so-called X-waves has a complex azimuthal structure. In this case
the azimuthal variation of the light mtensxty in the Z-waves can be termed as X-
branches of the azimuthal, structure of all interference lobes, or X-branches of the
mterference lobes. Everywhere the term "beam” is ‘omitted. .

In any case we must understand that the term ”Bessel light beamn” is uncorrect
and that we have no scientific reasons to search for.in the central interference lobe
the mysterious tachyons or other rmagmatrons .

However, we may use the term "wide-band femtosecond oomcal light”.

An impression is evoked that the authors of Ref. [13] share, at least partially,
the remarks on the term ”Bessel light beam”, presepted here. The term 7heam”
is redefined more exactly several times in Ref. [13], and the term "mode” is used
instead of the terms "beam”. We find in Ref. [13] also the correct comparison of
the “higher-order vector beams” with ”hrgher—order concentric-circle-grating surface-
emlttmg modes” in free space [14]. ¢The term "vector Bessel-Gauss beam” is used

also as "mode solutions of the vector wave equatlons Each member of this family .

of beams is defined by azimuthal mode number by radial polarization parameter and
includes many solutions with zero mtensrty on the optical axis of the system
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Fig. 1. Instantaneous. presentatron of the plane light bea.m of the wave length A with
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Fig. 2. Interference fringes of two mutually coherent plane light beams with A; = As.
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Fig. 4. 3D-scheme of the convergent. conical light wave. The cross section of the ™ Bessel
light beam” is shown below.
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{
Fig. 5. The locus of the wave vector E, at the point A on the symmetry axis of the ; (\
convergent conical light wave. ‘ I /

Fig. 6. Shadow phenomenon observed in the case of the plane wave (a) and in the case
of the convergent conical wave (b).
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Fig. 7. The evolution of the shadow structure along Z-axis for convergent conical light

wave.

12

Fig. 8. The experimental setup used for experimental observation of the longitudinal

interference of two coaxial conical waves.

memn

Fig. 9. The period of the longitudinal interference picture on the symmetry axis versus
of the mimber of maxima, N. Below  the on-axis light intensity along Z-axis.
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Fig. 1‘0._; "The explanation of thé mechanism of the léngit{ldinal interference on the sym-
metry axis of the convergent conical light waves. CD is the length of the on-axis

longitudinal interference picture.
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Fig. 11. The evolution of the interference p_iCtii_;'é?é.t ‘different distances from the plane
with narrow coaxial transmitting rings:™ -~ ¢ . ©
a) in the plane of the rings,
b) in the plane of selfimaging Talbot,
c) before the interference region.
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Fig. 12

16

f)
Fig. 12. Sequence of six interference pictures in the planes perpendicular to the symime-

try axis of the convergent conical light wave in the case when the number of the
narrow coaxial transmilting rings is equal to 10: a, b, ¢, d, e, £
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Fig. 13. The radius of the central bright fing's at different Z;coordinates.
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