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The influence of nuclear radiation and particles has been the object of investigation for a long
time. For new materials and systems the research should be continued. Human activities in
various environments, including space, call for more detailed research. The role of fibers in
contemporary communications, medicine, and industry increases. Fibers, their connections
and fused optics components have one type of tasks - the transmission of information and
power. The other type of tasks is reserved for fiber lasers: quantum generators and amplifiers.
The third type of tasks is for fiber sensors, including high energy nuclear physics. In this paper
we present some chosen topics in the mentioned areas as well as our experiments with nuclear
radiation and laser beams to fiber and bulk materials of various nature (glass, polymer, metal-

lic, etc.).
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INTRODUCTION

The contemporary striving directions of the
mankind — travel to space, communication, medicine
and others — are full of demands for the consumption
of various energy types. Technical solutions concern-
ing the issues of fulfilling the demands offer many en-
ergy couplings, the transformations of one kind of en-
ergy into another, including trends which are — in
“philosophical” sense — positive, or negative. On the
scale where energies operate with the term “coher-
ence”, coherent energy (ASER effects —the amplifica-
tion of stimulated emission by radiation [1]), is ranked
highly, while the transformation of nuclear energy into
thermal would be considered as a “degradation of en-
ergy”. These issues might be a topic of many discus-
sions but the reality is full of both positive and nega-
tive examples of energy transformations of these
kinds, where one is considered to have the lower qual-
ity than the nuclear energy [2-4].
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On the other hand, communication demands the
transformation of electromagnetic radiation from opti-
cal frequencies to microwave and vice versa, due to
various reasons.

Medical applications use many various ELION
(electron, laser, ion, and neutron beams) techniques,
gamma and X radiation for following purposes: medi-
cal treatment, medical diagnostics, efc. [5-7].

The fibers express their roles in: fiber lasers, fi-
bers for information transmission, optical sensors as
the parts of other devices (fiber sensors), and also in
(optical) energy supply (fiber powered sensors). Indi-
rect roles cover tools for facility maintenance, with fi-
ber laser for material processing (welding of individ-
ual components in the facility) as an example.

The topics which cover the influence of various
types of radiation to materials have been naturally
present for a long time, due to the changeability of the
environmental operating conditions: the bottom of
mine pits, outer space, power plants (nuclear, thermal,
hydroelectric, efc.) [8-11].

The influence of optical radiation on the me-
chanical performances of optical fibers is expressed
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by the process of fiber drawing, and the influence of
CO, laser heating is strong.

The process of fiber drawing and influence of
CO, laser heating is analyzed. It can be seen that elastic-
ity modulus extremely change, i. e., 1.5 times. The pro-
cess can be discussed from the point of view of uncer-
tainty taking into account that the scattering data are
large. It means that the coherent radiation of 10.6 um of
wavelength strongly changes the mechanical perfor-
mances by drawing process.

The influence of various kinds of radiation (elec-
tromagnetic, electron beams, lasers, efc.) on living be-
ings, biological tissues, bio- and inorganic materials is
the subject of many research groups. In this work, we
shall present some results of exposing various materi-
als — some being used in optical componets — to
ELION beams. The irradiated components are of bulk
and fiber types. In the numerous applications of con-
temporary fiber technologies, connectors, integral and
fused optics play the great role. For connectors, it is
important to have different materials with the same
function: metals, ceramics, plastics, glass. Therefore,
in spite of the fact that the effects of the exposure of
pure and compound materials to the nuclear radiation
(gamma, efc.) from various sources are investigated
and mutually compared, a main question always arises
— where will the attenuation appear? In accordance to
the answer of this question, another question emerges:
how to plan the number of the connections on one line?
This is particularly important for non-standard tele-
communication long-term solutions, which are pres-
ent in — for instance — medical, military, mining tech-
nology applications and in working environment
where some of ELION techniques exist in processing
or process control [12-14].

In modern material processing, there is another
point of view: the comparison of ELION beam tech-
niques, where plasma, laser, water beams have com-
peting roles. The techniques of welding and soldering
processes based on some of ELION techniques includ-
ing plasma and other processes are especially of inter-
est for welding processes where hybrid techniques
play a large role. The laser welding of dielectrics,
polymers, etc. has been present for a long time in both
the industry and many practical situations.

The properties of fibers can be tailored to a wide
variety of applications. Adjusting the fibers to mea-
surement techniques requires many novel connectors
with broader possibilities of opening variables, partic-
ularly for devices of various types. Difficulties com-
monly emerge in complex cases, which oppose every-
day routine applications — communications, medicine,
etc.

There are defined working conditions in the pro-
fessional welding of steel. In regulation documents for
fiber testing, there are some administrative demands
concerning the radiation hardness to specific types of
radiation. In nuclear facilities, the implementation of

optical components in the control units displays growth
nowadays, which stimulates some research groups to
investigate the hardness of various materials to nuclear
radiation.

PSD techniques, developed since 1970s, which
serve simultaneously for both the measurement and
distinguishing of different kinds of radiation, apply a
crystal (or plastic) as a key element, whose character-
istics might be improved by the exposure to laser
beams —achieved in the case of polymers in nuclear ra-
diation or fibers drawing.

It has been shown that the target temperature is de-
pendent on the pulse regime of the incoming beam. For
instance, after the exposure to ps pulses, the temperature
of the dental tissue remains the same, but it rises after the
exposure to fs pulses. Note that enamel is known as one
of the materials with the highest hardness and is hard to
process for common “non-laser” techniques.

Ion implantation conditions on the depth de-
pendent refractive index profile n(z) for some material
defining optical wavelength deserves discussion.
Many theories exist and nowadays there are many hy-
potheses that need to be confirmed and to solve the
question of the doses and the question of the optical
and other characteristics of the materials.

EXPERIMENTAL PROCEDURE

Optical connectors exposure to
gamma radiation

In order to estimate the radiation hardness of
some optical components — standard optical connec-
tors, standard and modified optical fibers, components
made of fused optical materials — several laboratory
and commercial samples have been exposed to gamma
and other kinds of radiation.

In this paper, some of the used samples had been
exposed to gamma radiation prior to the experiments,
while others had not been exposed. The purpose was to
compare the transmission characteristics of optical fi-
bers and connectors before and after the irradiation.

The samples were chosen from “Alcatel” modi-
fied single-mode optical fibers (MOF) as well as from
“Molex” and “Diamond” optical connectors of the
FC/PC, DIN, and SC types for single-mode optical
fibers. The attenuations of optical connectors were
less than 0.4 dB/km and backscattering greater than
—30 dB/km, and fibers 9/125/3000 um [15, 16].

For this purpose, single-mode fibers (“Molex”
and “Diamond”) have been used in the optical win-
dows of 1300 and 1550 nm (II and III windows).

According to the manufacturer specification, MOF
(by “Alcatel”), have the following losses: single-mode
9/125 pm 0.34 dB/km (Il window) and 0.21 dB/km (III
window). MOF have been obtained by coating optical fi-
bers with composite materials. Composite coating has
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been formed in the various concentrations of Ba-ferrites
and SmCos; powders dispersed in the solution of
poly-ethylen-co-vynil-acetate RVA in toluene [15-18].
The MOF length varied in the 1-10 m range. The MOF
and connectors have been irradiated with beams from the
linear accelerator 10 MeV of X-rays. The dose rate has
been adjusted in two steps up to the level of 4.7 Gy/min
for the two energies, 10 Gy and 30 Gy, measured in the
field of 30 cm x 30 cm. Before and after the exposure to
the nuclear radiation, the fiber-optical tester EXFO FOT
900 has been used for the measurements and control of
the characteristics of modified fibers and optical connec-
tors. The measurements have been performed by a
cut-back method.

The losses have been measured before the expo-
sure of the chosen type of radiation and after the fibers
and the connectors have been exposed to the radiation
[15-18]. The main characteristics of the samples of op-
tical fiber 9/125/3000 are presented in tab. 1.

Table 1. Main characteristics of the
irradiated samples

N° Type of optical | Irradiation
fiber [Gy]
1 FC/PC 10
2 FC/PC 10
3 DIN 10
4 SC 10
5 FC/PC 30
6 FC/PC 30
7 DIN 30
8 SC 30

Some of the results are presented in figs. 1(a)
and (b).

The results represent the mean values of the at-
tenuations on both ends of the samples (fiber-connec-
tor compounds). According to figs. 1(a) and (b), the at-
tenuation deterioration depends on the connector type,
so it seems that the influence of the connector is impor-
tant. Greater deterioration is present for FC/PC con-
nector types and fibers at 1300 nm.

Fiber exposure to laser beams

Laser beam damages represent a large area of in-
vestigation. We applied different optical components
including scintillator materials, fibers, as well as
non-linear crystals invented for modulations compo-
nents etc. [19, 20]. Some of the exposures to
Nd*":YAG laser beam of fiber, ferrulas and three-lay-
ered structures [21, 22] are presented in figs. 2(a)-(d).

Fiber exposure to electron beams

The exposure of materials to electron beams in-
duce changes of optical and other material perfor-
mances and is frequently compared to the influence of
other ELION beams with gamma and X radiation in-
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Figure 1(a). Attenuation before and after the exposure to
nuclear radiation, 1300 nm, average
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Figure 1(b). Attenuation before and after the exposure to
nuclear radiation, 1550 nm, average

Figure 2(a). Multimode optical fiber (core diameter 100 Lm)
damaged by several Nd*": YAG pulses (11 J, 4834 J/cm?)

Figure 2(b). Optical connector ferrule damaged by Nd**:
YAG laser pulse (13 J)
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Figure 2(c). Duplex optical cable (core diameter 100 mm)
damaged by several Nd**: YAG pulses

Figure 2(d). Macro (left) and micro (right) transversal
damages of optical fiber bundles after exposure to Nd**:
YAG laser, analyzed by SEM

cluded. Though many facts about exposures of
well-known materials are known, the exposure of op-
tical systems, novel materials and components needs
much more research effort. This is particularly valid if
the combinations of different beams simultaneously or
consecutively appear with various temporal dynamics.
In these cases, the situations leading to annecaling
should be chosen, or others, where damage is aug-
mented. In figs. 3(a) and (b), the optical fibers of tele-
communication types are exposed to gamma radiation
and after a long time to electron beams which com-
pletely cut the fiber. For the comparison, the bulk ma-
terial of metallic type can be welded with the same
electron beams figs. 3(c) and (d).

In figs. 4(a) and (b), the transmission spectra in
visible range before and after the exposure to gamma
(°°Co) radiation are presented. The results are the part
of the work presented in [22, 23].

Influence of optical radiation in femtosecond
range to PMMA-based material

The interaction of femtosecond laser beam to
targets of various materials has been covered by litera-
ture for more than 30 years [22, 24-27].

The interaction of fs laser (Coherent Mira 900)
beam (pulse repetition rate 76 MHz, wavelength
400 nm, average power 230 mW) to samples of
PMMA doped with dyes or modern magnetic mate-
rials [28-31] is presented in figs. 5(a) and (b).

Figure 3(a). Communication optical fibers irradiated by
electron beams. In the past, the sample were irradiated
by nuclear radiation [19]

Figure 3(b). The detail of fig. 3(a)

Figure 3(c). Bulk steel material welded by electron beam

e F

Figure 3(d). Another angle of view of the specimen from
fig. 3(c)
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6 ser beams or combined beams. In the chosen power
4 F—#— density ranges several situations occurred: from mini-
24 mal damages (localized craters, etc.) and welding to
0 . total destruction and burning.

400 500 600 700 In spite of the fact that the number of published

Figure 4(a). Attenuation spectrum (arbitrary units) of
PMO95 before the exposure to gamma radiation (range
400-700 nm)
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5 . N
e ————
0- . ‘
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Figure 4(b). Attenuation spectrum (arbitrary units) of
PM95 after the exposure to gamma radiation (range
400-700 nm)

Figure 5(a). Interaction of fs laser beam with transparent
doped PMMA sample

Figure 5(b). Light microscope view of the fs beam dam-
age at the surface of PMMA samle doped with NdFeB

CONCLUSIONS
In this paper we present the interaction issues of

some optical materials (fiber, PMMA doped or not,
metallic) exposed to nuclear radiation, electron and la-

papers dealing with the combined influence of various
beams (gamma, electron) to some materials is rather
small, the interest for the influence of electron beams
(alone) to those materials is large. The experimental
facts of chosen materials and kinds of radiation could
be of interest to complete the picture.

Considering the results given for the mean val-
ues of attenuations, the attenuation deterioration de-
pends on the connector type, manufacturer and expo-
sure dose with the conclusion that the deterioration is
greater for 1300 nm and FC types. We think that both
multiple experiments and greater number of samples
would be preferred for further investigation.
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YTULAJ HYKIIEAPHOI' 3PAYEIbA U JTACEPCKUX CHOIIOBA HA
OIITUNYKE ®UBEPE 1 KOMITIOHEHTE

YTuuaj HyKJleapHOT 3paydera U HyKJeapHuX yecTula Beh ayro BpeMeHa je mpegMeT HayqHor
UCIATHBaka. 3a HOBE MaTepHjalie 1 aKTUBHOCTH Y pa3HUM oOnactuMa, yKibydyjyhu u Kocmoc, notpeGHa
Cy fleTajbHUja HMCTpaxkumBama. [loceOHO, yjora ONTHMYKUX BJaKaHa y CaBPEMEHMM KOMYHHUKalyjama,
MEIUIMHY ¥ HHAYCTPHjH, CTATHO pacTe. BirakHa n BMX0Be Be3e, 1 KOMIIOHEHTE Ha 6a3W CTOTbEHE ONTHKE
uMajy jeqHy BPCTY 3a/1aTaKa — ia IPeHoce HH(popMauH]e u eHepryjy. Jpyru Tun 3ajaTaka OqHOCH ce Ha (hu-
Oep Jacepe, TO jecT, KBAHTHE reHepaTope u nojauaBaue. Tpehu Tun 3ajaTaka Be3aH je 3a ceH30pe Ha 6a3u
ONTUYKUX BJIaKaHa, KOjU YKJbyuyjy HykjeapHy (pU3MKY BUCOKHUX €HEpruja. ¥ OBOM pajly ce Ipukasyjy
n3abpaHe TeMe U3 OBe OOACTH, KaO W HaIlM EKCIICPUMEHTH Cca HyKJICapHUM 3padeihiuMa U J1acePCKIM
CHOIIOBAMA Ha MaTepujajrMa BIAKHACTOT U OalIK THUIIA pa3InIuTe nNpupoje (CTakio, HOIUMep, METaIH,

UTH).

Kwyune peuu: olitiuka 84aKHa, epeKiliu 3padersa, eAeKitpOHCKU CHOTO08U, e(peKilil OKOAUHe, 2aMa U
o3pauasarbe




