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Unexpected behavior of crossing microwave beams
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An anomalous effect in the near field of crossed microwave beams, consisting in an unexpected transfer of
modulation from one beam to the other, cannot be fully interpreted, at least not in a simple way, in terms of the
usual electromagnetic or related framework. It is hypothesized that a local breaking of the Lorentz invariance,
already invoked for an alternative interpretation of superluminal behaviors in these kinds of systems, could
provide a partial explanation of the present results, although other interpretations cannot be completely ruled
out.
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Superluminal motions~that is, motions at velocities
greater than the light velocity in vacuum! of wave packets
and photons have been extensively studied and demonst
in a variety of situations such as subcutoff waveguide pro
gation @1#, wave-packet propagation in the near-field@2,3#,
and stop-band optical filters@4,5#. These types of behavio
were interpreted within the framework of the usual elect
magnetic theory or, equivalently, within that of quantum tu
neling, properly translated into the electromagnetic fram
work, including the possibilities offered by a stochas
modelization of tunneling processes@6#.

The importance of the results reported in the present w
lies in the fact that they cannot be fully interpreted, at le
not in a simple way, in terms of the usual electromagnetic
related framework. A completely different interpretation
these results can be envisaged within a framework of
formed special relativity~DSR! which hypothesizes situa
tions of broken Lorentz invariance@7,8#. Rather surprisingly,
it is just the hypothesis of the broken Lorentz invarian
which could be capable of supplying a relatively simple
terpretation, in spite of understandable skepticism that s
an assumption can arouse@9#. The main purpose of the
present work, however, is to report on the results of a mic
wave experiment, leaving the problem of their interpretat
without a definitive answer.

The experiment consisted in measuring, as a function
the attenuation, the signal received at a given distance f
the area of interference~or better, of interaction! of two
crossing microwave beams at;9.5 GHz. The geometry o
the experimental setup, employing three horn antennas,
as launchers and one as receiver, is shown by the inset in
1. The main beam, or field (F1), was without modulation,
while the secondary beam, or field (F2), was modulated by a
square wave with a repetition frequency of;1500 Hz. Both
beams were derived by the same generator, in order to en
the coherence of the two fields produced.

The first measurement was performed with both bea
with vertical polarization~vp!, that is, with the electric field
perpendicular to the plain of the inset in Fig. 1. The init
signal~0 dB of attenuation! was about 440mV, as measured
after crystal detection, by a lock-in amplifier. By increasi
the attenuation ofF1 ~while F2 was maintained at its maxi
mum value! up to 40 dB, we observed the decrease repor
in Fig. 1, with an oscillating and damped shape up to
residual value of about 10mV. By increasing the attenuatio
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of F2 ~while, this time,F1 was maintained at the maximum
value!, we observed a constant decrease from the same in
value ~;440 mV! to the same residual~;10 mV!.

The ratio of the two levels, referred to each beam se
rately, with 0 dB of attenuation, at the receiver was found
be ;30 dB, which corresponds to a value of 1/1000, to t
point of representing a modest interference effect betw
the two beams directly on the detector system@10#. This
supports the hypothesis that we are presumably in pres
of an anomalous type of behavior and that the simple in
ference is not sufficient to interpret the results.

As a confirmation of this fact, the experiment repeat
with the beamF2 in horizontal polarization~hp!, that is, with
the electric field parallel to the plane of the inset in Fig.
maintainingF1 in vp, showed a completely analogous b
havior, even if with minor intensity~see Fig. 1!. The initial
value of the signal~;180mV! was a little less than one-ha
of the previous one. For a normal interference, with ortho
nal polarizations, the effect should nearly disappear. In fa
the interference term of the type (E1•E2)cosu, whereE1 and
E2 are the electric fields of the two beams andu is the spatial

FIG. 1. Signal amplitudeSas measured by the lock-in amplifie
connected to the receiver, withF1 and F2 in vertical polarization
~vp!, as function of the attenuation ofF1 ~diamonds! or of the
attenuation ofF2 ~squares!. WhenF2 was in horizontal polarization
~hp! the initial signal was lowered but the shapes as function of
attenuation ofF2 ~crosses! or of F1 ~triangles! are similar to the
previous ones. The geometry of the experiment is given in the in
the quotes in parenthesis refer to the case ofF2 in hp, the mouth
sizes of the horn antennas are also indicated.
©2004 The American Physical Society01-1
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dephasing, should become zero and only a small resi
amplitude is admissible.

The detected signal, however, turned out to be stron
dependent on the reciprocal position of the two launchers
that we can suppose that the interference—which certa
subsists in the area of beams crossing—could be respon
~in some way! for the phenomenon observed. Figure 2~a!
shows the shape of the detected signal as a function of

FIG. 2. ~a! Same as Fig. 1, withF1 andF2 in vp and no attenu-
ation, as function of the position (x coordinate in the inset! of the
launcherF1; ~b! measured insulation between the horns havingF2

as launcher andF1 as receiver. The continuous line represents
‘‘average’’ of the data.
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position of theF1 launcher, denoted by the coordinatex @see
the inset in Fig. 2~a!#. With an increase inx, we observed an
oscillating and decreasing shape, with a half period that
creases from a value of;35 mm to one of;20 mm. This
last aspect can be interpreted on the basis of the existen
the complex waves~see Fig. 1 in Ref.@11#! that characterize
the near field produced by the launcher antennas. By ass
ing that the half period in Fig. 2a corresponds to a ha
effective wavelength, the ratioleff /l0 ~with l0.32 mm)
varies from;2.2, in the nearest region ofF1 launcher~nega-
tive values ofx), to ;1.25 in the farthest region~positive
values ofx). These values are directly related to the sup
luminal effect, since they correspond to the ratiou/c
(5leff /l0) of the observed velocity~u! to the light velocity
in vacuum (c), as predicted by the complex-wave mod
The latter, however, seems to be inadequate in explaining
strong signal observed, especially when the distance of
receiver is increased~see below, in relation to Fig. 3!.

n

FIG. 3. Signal amplitude measured by the lock-in amplifier co
nected to the receiver, withF1 andF2 in vertical polarization, as a
function of the distancer from the launcherF1. In the initial re-
gion, r<28.5 cm, we observe a rapid damped oscillation with
period of;2.5 cm. In the subsequent region,r>28.5 cm, we have
a slow damped oscillation with a period increasing from 10 to
cm. The average of the signal is described by an exponential d
with constantr0530.5 cm.
se
e

e

TABLE I. Summary of data and results of a two-horn antenna experiment, after Ref.@2#. L andl represent the longitudinal and transver
displacements, respectively, of the two horns, whiler is their distance. The anglesa and b denote the direction of observation and th
direction of the complex waves, respectively. The ratiobem5c/u5cos(a1b)cosh(bi) was evaluated by assuming thatb i ~the imaginary part
of b! is practically zero, so that coshbi.1. The attenuation constantAatt5(2pr/l0)sin(a1b)sinhbi was estimated by assuming the valu
of 0.02 for the product sin(a1b)sinhbi , in order to have results compatible with the measured levels.

L l r a b bem bs Aatt f E/N5 f hn

(5AL21 l 2) @5tan21( l /L)# (5c/u) (5ta /t0) (5e22Aatt) (hn537 m eV)

~cm! ~cm! ~cm! ~deg! ~deg! ~m eV!

21 15 25.8 35.5 25 0.49 ;0.1 1.02 0.13 4.81
49 22 52.9 24.2 25 0.65 0.66 2.10 1531023 0.55
61 25 65.9 22.3 25 0.68 0.73 2.62 5.331023 0.20
. . . . . . 72 25 20 0.71 0.75 2.86 3.331023 0.12
. . . . . . 83 25 20 0.71 0.83 3.30 1.431023 0.05
99 30 102 16.8 25 0.74 0.94 4.06 0.331023 0.01
111 30 115 15.1 25 0.76 ;1 4.56 0.131023 0.004
1-2
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Another possible mechanism which can produce a tra
fer of modulation from one beam (F2) to the other beam
(F1) has to be envisaged in the mutual influence between
two launchers. Since the two horns are within their n
fields, they are coupled together and the field from one
modulate the radiated field on the other~near-field cross
talk!. The cross talk phenomenon is often a problem, bu
can be also useful since it is employed in several kinds
devices@12#. In order to do an estimate of its effect, we ha
measured the insulation between the two horns, taking
(F2) as launcher and the other (F1) as receiver. The results
as function of the reciprocal position of the two horns, a
shown in Fig. 2~b!. First of all, we note that by comparin
the shape of the data in Fig. 2a with those in Fig. 2~b!, it is
difficult to recognize any kind of correlation between them
correlation which should be reasonably envisaged if the
served effect@Fig. 2~a!# would be due only to the coupling
between the two horns. Moreover, the measured insula
~of at least;40 dB! corresponds to an induced level on t
launcherF1 of the order of 100mV, which become of the
order of a few microvolts at the receiver of the main expe
ment. Over an equivalent level of;1 V at the mouth of the
launcherF1 , 100mV represent only the 0.01%, a value com
pletely inadequate for explaining the observed effect~;400
mV over ;10 mV at the receiver in the main experiment, s
Ref. @10#! equal to;4%.

As a further test we measured the signal detected by
receiver horn as a function of the distancer from the
launcherF1 ~see the inset in Fig. 3!. The results obtained
with both beams with vertical polarization, are shown in F
3: we see a damped oscillating behavior around an expo
tial decayS(r)}exp(2r/r0), with r0530.5 cm. In the ini-
tial portion ~r<28.5 cm!, the oscillation has a nearly con
stant period~equal tol/2 in the present case! of about 2.5
cm, while in the subsequent portion~r>28.5 cm! the period
suddenly increases to 10–14 cm. The behavior in the in
portion can be ascribed to an interference effect between
two beams which produces an evident transfer of modula
from F2 to F1. According to the model of Ref.@2#, the in-
terference in the initial portion can be interpreted by the
istence of complex waves that characterize the near field
duced by the two launchers. By means of the express
reported in Table I, the data forr<28.5 cm can be approxi
mately fitted~for a50! by assuming forb the value of the
complete flare angle of the horns~b550°!, and forb i ~the
imaginary part ofb! a value of the order of a few degree~so
that coshbi'1), which is a reasonable one@2#. By these
parameter values, the ratio between the propagation velo
u and the light velocityc is u/c51.56@a value comprised in
the interval;1.25 and;2.2, as deduced before from Fig
2~a!# which confirms a superluminal behavior.

More problematic is the interpretation in the subsequ
region where a period of 10–14 cm appears a disproport
ate one for an explanation in terms of an interference, e
considering the residual tails of the complex waves.

So, we are tempted to search for a different way to in
pret the behavior observed, not simply on the basis of
interference at the position of the receiving antenna, or
the basis of a mutual influence between the two launch
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but rather as if anonlinear mediumwould be situated in the
area of beams’ intersection, so to allow a sufficient trans
of modulation from one beam (F2) to the other (F1).

To this end, let us reconsider the results of Ref.@2#, rela-
tive to two horn antennas~one as launcher and the other
receiver!, always on the basis of the complex-wave mod
described therein. The salient results are summarized
Table I. In Fig. 4a we report the values of the ratiobs
5ta /t0 between the measured delayta , and the delayt0
corresponding to the light velocity, as a function of the d
tancer between the launcher and the receiver antennas
the same figure, we report also the ratiobem5c/u, as result-
ing from the electromagnetic model. From an examination
Fig. 4~a!, we note that, except for the value ofbs.0.1,

FIG. 4. In ~a! we report values of the ratioc/u as reduced from
delay measurements (bs) and from the complex-wave model (bem)
as function of the distancer between the launcher and the receiv
antennas~after Ref.@2#!. In ~b! the square (c/u)2 of the same values
is reported as function of the residual unitary energyE/N. The bs

2

values can be roughly fitted by Eq.~1! with E055 meV and n
57; the bem

2 values can be described by a different choice of p
rameter values.
1-3
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which is decidedly in disagreement with the correspond
bem.0.5, the other values are in reasonable agreement.
discrepancy increases with increasingr. This can be ex-
plained by considering that, whenr becomes of the order o
1 m, the contribution of the normal wave becomes predo
nant with respect to that of the complex waves, and
anomalous effect~the superluminal motion! is masked~see
Fig. 5 in Ref.@11#!. In the penultimate column of Table I, w
report the square of the attenuation of the field, which rep
sents the attenuation of the power and, therefore, also o
energy. In the last column, we report the residual unit
energy~that is divided by the numberN of the photons! at
the distancer of the receiver. In Fig. 4~b! we report data of
b25(c/u)2, according to the values of Fig. 4~a!, but situated
at the corresponding values ofE/N.

Let us assume that the interpretation of the superlum
behavior as given in Refs.@7,8#, which is in the framework
of the DSR theory, is correct. Here, we do not discuss
rightness or less of such an interpretation; rather, we sim
adopt it as a framework. Accordingly, whenb2 is appreciably
less than unity, we should be in local situations of brok
Lorentz invariance. At a distancer&20 cm ~the mean dis-
tance of the intersection area from the launchers in
present experiment!, such an effect should be much evide
(b2&0.5) in order to justify the anomalous effect observe
according to the following reasoning.

Figure 4~b! shows an indubitable dependence ofb2 on the
energyE ~hereafter,E stands forE/N). According to the
above assertion,b2,1 is representative of clear anomalo
behavior~superluminal motion!, but also has the role of a
nonlinear medium, as hypothesized previously. The dep
dence ofb2 on E can be described by a form such as@see
Fig. 4~b!#

b2~E![~c/u!25S 12
E

E0
D n

~1!
e

c
.
tt

e

s.
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with E<E0. Thus, whenE50, b251 and we resume the
normal type of behavior. On the other hand, the attenua
of the energy can be written asE5hn exp(2r/r0), wherehn
is the photon energy andr0 is a length constant~see Fig. 3!.
By inverting, we have

r

r0
5 lnS hn

E D . ~2!

Let us admit that in a beam-crossing situation, in the cross
area, there is a transfer of energy« from F2 to F1, as the
consequence of a further ‘‘space deformation’’ due toF2, in
addition to the one due toF1. This will produce a variationd
of r0 ~relative toF1) according to Eq.~2! rewritten as

lnS hn

E1« D5
r

r01d
. ~3!

But it is simply an increment ofr0 @even if it is very small:
d/r05(r0 /r)«/E will be of the order of a few percent#
which can produce a relatively strong signal~if the increment
« alone is modulated! similar to the ones reported in Fig. 1

Therefore, it seems that the behavior observed could
ascribed, at least partially, to a local broken Lorentz inva
ance. This assumption seems to provide a simple interpr
tion of the experimental observation. Such daring appro
to the problem, however, deserves to be considered in m
detail before any serious conclusion can be safely dra
Other interpretations cannot be ruled out@13#. The interfer-
ence effect~which is certainly present in the area of bea
crossing and survives, although attenuated, even at the
ceiver position! and the cross talk between the two launch
seem to be inadequate to account for the strong obse
effect, even if some role could be played as concomit
effects.

We are indebted to F. Cardone and R. Mignani for help
discussions and suggestions.
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