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ANTENNA DESIGN FOR ELECTROMAGNETIC WAVES
PROPAGATION STUDIES THROUGH THE SALT ORE

Valeriu SAVU', Ion MARGHESCU?, Octavian FRATU?, Simona HALUNGA®,
Alina-Mihaela BADESCU’

Experimental analysis of dielectric properties of the salt and electromagnetic
wave propagation trough salt ore can provide opportunities for a small
astronomical observatory in a salt mine in Romania. Cherenkov radiation
(generated by neutrinos) detection threshold is very low for the salt, and represents
half of the ice one. Electromagnetic waves propagation is influenced by salt
dielectric parameters (the relative permittivity and tangent loss angle). To select and
measure the effects of neutrinos passing through the salt ore, electromagnetic
measurements should be conducted under a very low level of radiations, like in the
underground case.
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1. Introduction

To study the radio emission as a component of very high energy particle
radiation from stars, galaxies, quasars, and other astronomical objects which have
wavelengths in the range 10 meters (30 MHz) to 1 millimetre (300 GHz) one has
to study the shape and the amplitude of pulses generated by the radiation in
contact with the earth's atmosphere.

Detection of cosmic radiation with energies greater than 10" eV implies
the existence a neutrino energy flux with energies in the range 10'7-10"" eV [1].

Generation of radiation pulses that arise from interaction between high
energy neutrinos (Ultra High Energy, UHE) and a dense dielectric medium has
been first studied by Askaryan [2], who also presented the first results based on
laboratory tests.
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Askaryan also identified several natural materials that can be used as
neutrinos detectors: the salt blocks present in saline mines, the ice from polar
region and the soil of moon [3], [4]. It was proven that a solid block of salt is a
very good candidate for such detectors, since it suffers important changes of its
electrical properties, based on which, the neutrinos that pass through the block can
be detected.

Based on the Askaryan effect [5], [6], [7] the radiation that pass through a
dense dielectric generates a cone of coherent radiation in the radio or microwave
frequency domain, known as Cherenkov radiation [8], [9], [10]. In order to detect
this radiation, one has to determine the frequency domain in which those radio
impulses have maximum intensity and the parameters of an antenna that can be
used in a conventional receiver.

In an experimental setup with a particular configuration of transmitter and
receiver antennas one can measure the level and the range of the radiation
generated and, based on those results, can evaluate the neutrinos energy. The
system proposed in this paper consists in an Anritsu MS2690A signal analyzer,
having a signal generator incorporated, coupled to the transmitting and receiving
antennas [11].

The reminder of the article is organized as follows. In section two are
presented the parameters of the antennas especially developed for the salt mine
development. In section three is presented the system setup and the most relevant
experimental results, and in section 4 several conclusions and opened issues are
highlighted.

2. Design of the system and development details

For the experiments developed in the salt mine, two antennas, centred
around 450 MHz and 750 MHz has been especially designed. The main
parameters of the antennas as presented in the next section.

2.1. The antennas design
The length of a half-wave (A/2) dipole antenna is given by [12]:

C
M=o i (1)

where: ¢ =3x10*m/s and f'is resonance frequency of the antenna [Hz] and &, is

the electrical permittivity of the transmission media.
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Fig. 1. The half-wave antenna.

For antennas made of copper pipes considering as dielectric the salt,
results:

- L,=0.136 m for f=450 MHz,

- L,=0.082 m for f=750 MHz.

The radiation resistance that can be evaluated using [12]:

2
2r L,
Rasa/t = —ZO PR (2)
3 rsalt /1
where: ¢, 26, Z,=377Q and A = <

In the specific cases developed, it results:
1
R canasorm: = \/g

1

0.082
R, irsomms = \/g —7809. 587(040()) =13.546 Q for /=750 MHz.

—789.587| —— 0.136) =13.401 Q for /=450 MHz;
0.667

To match the antennas resistance with the coaxial cable impedance (50Q)
transmission line transformers (balloon) were used. They were built using small
ferrite cores in toroidal shapes. The system allows coupling a coaxial cable with a
symmetrical antenna (symmetrising circuit). The schematic diagram of the
antenna and the matching/symmetrising circuit is shown in Fig. 2.
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Fig. 2. The schematic diagram of the antennas, including the symmetrising circuitry
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The transformation ratio is 1:1 for the symmetrical transformer and 9:4 for
the transformer transmission line, so the antenna resistance, measured at the input
gate, results as:

- Ri=30.152 Q for f=450 MHz

- Ri=30.478 Q for =750 MHz.

The radiation diagram of the A/2 dipole antenna is shown in Fig. 3.

ANTEMNA

b i
} 4
\ i
B. HORIZONTAL FLANE
E. VERTICAL PATTERN
i ]
| ANTENNA Py
: Sy,
| A

i (INSIDE)

Fig. 3. The radiation diagram for a A/2 dipole antenna.

To adjust the antenna impedance to a 50 Q coaxial cable, (type CFD400),
a IT matching network was used. The parameters of the matching network, based
on [13], are
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where:

- R, is load resistance of the matching circuit, which is the input
impedance of the antenna,

- Ry, is resistance seen at the adapter output (i.e. the resistance seen by the
signal generator of the MS2690A Anritsu analyzer),

- Q is the quality factor of the loaded IT matching circuit,

- w=2r f is pulsation of the working frequency,

- C, is the output capacitance of the MS2690A Anritsu analyzer.

Fig. 4. The II matching circuit [12].

For the working frequency f'= 450 MHz it is known that R, = 30.152 Q;
Ry =50 Q; C;=0.1 pF; L., = 17.18 nH, and, based on relations (3-7) we obtain:
0=0.936; X5=3536.78 Q; C; =5.93 pF; C, =387 pF; L=11.13 nH.
The inductance of the IT matching circuit is given by [14]:

L=200-1- [m[%j - 1} 107 [H]; (8)

where: / is the length of the inductance [m],
d is the diameter of the inductance [m].

To implement the inductance L = 11.13 nH a copper conductor of 17 mm
long and with a diameter of 2 mm has been used.

For the frequency /= 750 MHz (see Fig. 6b) we have: R, = 30.478 Q,
Ry, =50 Q; C;=0.1 pF; L., = 9.14 nH and we obtained the next values:

0=1.116; X5 =2040.45 Q; C; =4.45 pF; C; =4.04 pF; L =7.8 nH,

The schematic diagram for the matching circuit for the two frequencies is
shown in Fig. 5.

J1 L1 32 J1 L1 J2
IN (From_Generator) 11.13 nH OUT (Antenna) IN (From_Generator) 7.8 nH OUT (Antenna)
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Fig. 5. Schematic diagram of the IT matching circuit for frequency 450MHz (a), respectively 750
MHz (b).
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To implement the inductance L = 7.8 nH, again, a copper conductor with a
diameter of 2 mm and 12 mm length has been used.

Fig. 6 shows the physical implementation of the matching circuits
designed above.
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Fig. 6. Physical implementation of the IT matching circuits for the frequencies of 450 MHz, left
and 750 MHz, right.

2.2. Antennas and related circuits implementation

In order to use the antennas in a very corrosive salty environment, an
insulator with the shape and dimensions given in Fig. 7 have been developed and
inserted between the two dipole elements.
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Fig. 7. The insulator dimensions.

For antenna feeding, an RGS58LL shielded cable has been used, having a
loss 0f 0.328 dB/m at 400 MHz and 0.459 dB/m at 700 MHz.
The dipole antennas were made of copper pipe with 12mm diameter (Fig. 1). The
physical implementation of the antennas and their final implementation using a
protection tube are shown in Figs. 8.

i /.—--gqe{lm;
. = : s

Fig.8a. Antennas for 450 MHz and 750 MHz.
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Fig. 8b. Antennas for 450 MHz and for 750 MHz with thermo-contraction protection tube.

Fig. 9 presents the physical implementation of the antennas coupled to the
IT matching circuits for the two working frequencies: 450 MHz and 750 MHz.

Fig. 9. Coupling the antenna with the IT matching circuit for frequency 450 MHz, left and
750MHz, right.

In order to adjust the MS2690A Anritsu analyzer with the antenna, an
unmodulated signal with a power of 0 dBm produced by the generator block of
MS2690A analyzer platform is injected, and, by tuning the trimmer C1, we tried
to obtain a maximum value of the signal displayed on the analyser screen, as
shown in Fig. 10.

Fig. 10. The test assembly used for the IT matching circuit’s adjustment.
3. Experimental results

In order to evaluate the performances achieved by the system developed
above, a number of measurements have been performed inside Slanic Prahova
Cantacuzino salt mine. The antennas were placed into the salt ere block as shown
in Fig. 11.
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Fig. 11. Experimental positioning of the antennas into the salt mine.

The measurements were made for 495 MHz and 750 MHz frequencies, 7
measurement points, as shown in Fig. 12, were chosen. The holes made for
introducing the antennas in salt have 4 cm diameter and had 0.9 m depth. The
receiver antenna has been considered fixed (placed in point “0”in Fig. 12) while
the transmitter antenna was moved for each measurement in different 7 positions
(A1 to A7 in Fig. 12). An example of antenna placement is shown in Fig. 13.
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Fig. 12. The measurement points considered during the experimental setup for propagation
measurement in salt ore in Slanic Prahova Cantacuzino mine.
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el L, k-
Fig. 13. Example of antennas placement during the measurements campaign of radio-wave
propagation through the salt ore.

Based on a number of previous measurements [15], two values have been
chosen for the electric permittivity of the salt, namely & =6+ j0.006 and
g, =6+ j0.06. In Figs. 14 and 15 there are shown the simulated values of the

absolute value of the electromagnetic field as a function of frequency for the two
values of the permittivity [15].
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Fig. 14. Electric field generated in salt for a dipole antenna versus frequency fore, = 6+ j0.006;
the angle 6 is considered as parameter.
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Fig. 15. Electric field generated in salt for a dipole antenna in function to frequency for
g, =6+ j0.06, the angle 6 is considered as parameter.

Simulations have been performed for an antenna with a diameter
d;/~12mm and the length /,,~=136mm, placed within a hole with the diameter
dp=4cm; the electromagnetic field is measured at the distance »=10m, while 8 is
the angle between the propagation direction and the antenna axis.

Comparing Figs. 14 (tg 6 = 0.006) and 15 (tg 0 = 0.06) we can observe
that, for a dipole antenna, the electromagnetic field depends significantly on the
loss angle tangent, tgo. The maximum value of the electromagnetic field being
higher as the loss tangent angle is smaller, and occurs at lower frequencies.

Fig. 16 presents the simulated directivity characteristic of the same
antenna as a function of the angled, for different values of the loss angle tangent
(tgo), at frequency /=495 MHz and Fig. 17 shows the effective length of the
antenna as a function of tgo, for the two working frequencies and different values
of A[15].
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Fig. 16. Directivity characteristic of the antenna with the parameter &,..
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Fig. 17. Effective length of the antenna versus the loss angle tangent (tgo') for the two frequencies:
450 MHz and 495 MHz.

From those figures we can observe that the effective length of the antenna
is approximately constant as of tgd is smaller then 10, and then decreases
rapidly.

Fig. 18 shows the noise level was measured in air (upper points) and in
salt (lower points) [15]. It can be observed that the noise threshold is around -115
dBm in air while in salt is much lower, around -119 dBm.
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Fig. 18. The measured noise at different working frequencies.

From those simulations we can observe that, by introducing the antenna
into the salt block, almost all its parameters (radiation pattern, input impedance,
frequency band, the effective length, etc.) changes with respect to the original
ones. This is caused by the random distributions of impurities in the salt block.
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In order to control and eliminate, if possible, the effects introduced by
each element of the measurement chain is necessary to determine the attenuation
introduced by each block.

Based on the measurements performed, we determined the antenna feeding
cable attenuation, at the two frequencies of interest. The results are shown in
Table 1.

In order to determine the attenuation introduced by the two antennas and I1
matching circuits, a signal of 1 dBm power level is injected into the circuit. The
distance between the two antennas (transmitting/receiving) is 1m. The results are
presented in tables 2, 3, 4 and 5.

Table 1
Attenuation introduced by the cables
F CFD400-E (5m) R-6763,0400 (21m)
450MHz -0.31 dBm -3.05 dBm
750MHz -0.6 dBm -4.22 dBm
Table 2

Attenuation introduced by the antenna (L, = 0.136 m) without matching circuit

fIMHz] | 450 | 440 | 460
Py [dBm] | -13,2 | -14,3 | -15,8
Table 3
Attenuation introduced by the antenna (L, = 0.136 m) with matching circuit
fIMHz] | 700 | 450 490
Py [dBm] | -33 | -41,3 | -46,4
Table 4

Attenuation introduced by the antenna (L, = 0.082 m) without matching circuit
fI[MHz] | 750 | 740 | 700 800

Py [dBm] | -22 | -22 | -25,4 | -22,49

Table 5
Attenuation introduced by the antenna (L, = 0.082 m) with matching circuit
f[MHz] 750 450

Pou [dBm] | -33.5 | -32.47

4. Conclusions and Future Work

In the context of measurement the electromagnetic field caused by
neutrinos passing through dense dielectric medium, like salt, a very sensitive and
reliable test-bead has to be implemented. Since the absolute value of the electric
field has to be measured, all the instrumental errors have to be exactly evaluated
and corrected before the effective measurements are performed. This implies
perfect amplitude calibration as well as system delay correction. Since those
measurements are independent of external events, there is no need of an absolute
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timescale, and, therefore, only the relative time delays between the antennas have
to be known.

To eliminate the systematic errors that occur we calculated the differential
attenuation, considering two points in the same direction. We have removed the
attenuation introduced by the cable and the antenna. The global values given in

table 6 have been obtained [15].
Table 6
Attenuation length in the measurement directions (see Fig. 11)

Direction of measurement | f/[MHz] | S E W
450 341 1,01 | 9,71
Attenuation length [m] | 495 1,23 1 1,92 | 7,52
550 2,12 | 1,47 | 9,61

We noticed that the lowest frequency is most suitable for further
experiments. From table 6 it is clear that the attenuation length depends on the
measuring point, due to the irregular distribution of impurities in the salt ore.

On the other hand, the results obtained in table 6 are lower than the
expected ones. This can be explained by the fact that the antennas were designed
for operating in salt, considering that the propagation media is homogeneous. But,
in practice, we have an air cavity around each antenna, which is difficult to be
characterized mathematically from radio propagation point of view. There are
reflections, refractions and dispersions in the proximity of the antenna and,
consequently, additional propagation losses and difficulties of matching the
antenna at the given frequency results.

In order to eliminate the near-field effects due to discontinuities of the
propagation media, one possibility is to fill up the cavities that remains between
the antennas and the salt block with saline solution and let it re-crystallize around
the antennas.

It is quite clear that it is very difficult to completely control the conditions
in the proximity of the antenna (for example the conductivity of the salt, in case
we are using solutions of salt in water to re-crystallize the salt), but a mounting
procedure must to be developed in order to obtain better propagation
performances.
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