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Abstract—The monitoring of ionizing radiation is critical for the
safe operation of nuclear and other high-power plants. Fiber-optic
sensing of radiation has been pursued for over 45 years. Most
protocols rely on radiation effects on the optical properties of the
fiber. Here we propose a new concept, in which the opto-mechanics
of standard fibers coated by thin layers of fluoroacrylate poly-
mer are observed instead. The time-of-flight of radial acoustic
waves through the coating is evaluated by forward stimulated
Brillouin scattering measurements. The time-of-flight is seen to
decrease monotonically with the overall dosage of gamma radiation
from a cobalt source. Variations reach 15% of the initial value
for 180 Mrad dose and remain stable for at least several weeks
following exposure. The faster times-of-flight are consistent with
a radiation-induced increase in the coating stiffness, observed in
offline analysis. The effects on the coating are independent of
possible changes in the optical parameters of the fiber. The combi-
nation of opto-mechanical analysis together with established fiber
sensing protocols may help disambiguate the evaluation of multiple
radiation metrics and reduce environmental cross-sensitivities. The
technique is suitable for online monitoring and may be extended to
spatially distributed measurements.

Index Terms—Coatings, nonlinear fiber-optics, optical fiber
sensors, opto-mechanics, radiation monitoring, stimulated
Brillouin scattering.

I. INTRODUCTION

THE monitoring of ionizing radiation is essential for the
proper and safe operation of nuclear and other high-energy
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plants, waste disposal sites and research facilities. Measurement
capabilities become critical in cases of catastrophic failure, such
as the Fukushima incident of 2011 [1]. Most radiation dosimeters
are restricted to point-sensing [2], [3], which is difficult to
scale for the coverage of large areas. Point sensors also require
electrical or wireless connectivity and the supply of energy to
each measurement location [2], [3], which may fail in case of
an accident. Standard optical fibers constitute an exceptional
sensing platform [4], [5]. They enable measurements from long
stand-off distances, are easily embedded within many structures,
comparatively immune to electromagnetic interference, suitable
for harsh and hazardous environments, and may continue to
operate even where electrical shutdown had occurred. Moreover,
optical fibers support spatially distributed analysis, in which
every section becomes an independent node in a passive sensor
network [6]–[8].

The effects of ionizing radiation on optical fibers have been
studied for over 45 years [9], and they are investigated over
fibers installed in several large-scale facilities [10]–[12]. The
results provide the basis for optical fiber sensors of ionizing
radiation [10], [11], [13]–[21]. Most sensors monitor the effects
of radiation on optical properties of the fiber, such as induced
attenuation or refractive index variations [13]–[29]. For exam-
ple, attenuation in a standard single-mode fiber at 1,550 nm
wavelength increased to 42 dB×km−1 following exposure to 7.3
Mrad of gamma radiation from a 60Co source [24]. Despite much
effort and progress, fiber-optic sensors of ionizing radiation still
face several challenges. Attenuation and index changes depend
on multiple metrics such as radiation type, energy, overall
dose, and rate [13]–[29], thus the unambiguous interpretation
of results can become difficult. In addition, radiation effects
may be influenced by the presence and concentration of trace
dopants in the fibers, and by the history of previous exposures
and recovery [13]–[29]. Radiation effects on optical fibers are
also characterized by cross-sensitivities to other environmental
conditions such as temperature [30]–[32].

Fewer works addressed the effects of radiation on mechanical
properties of optical fibers. Several studies monitored radiation
induced changes to the backward Brillouin scattering frequency
shift [33]–[35], which depends on both the refractive index and
the velocity of dilatational acoustic waves in the core of the
fiber [7], [8]. In another example, changes in the density of silica
were observed following exposure to neutron radiation [36]. The
fibers may also suffer radiation-induced damage via their coating
layers. In one study, the tensile strengths of fibers coated by an
ethylene tetrafluoroethylene polymer buffer layer were degraded
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following gamma irradiation [37], [38]. The strength reduction
was attributed to the release of hydrogen fluoride from the buffer
layer, which corroded and weakened the silica fiber [37], [38].

Radiation can also affect coating layers outside optical fibers.
A series of studies by Rizzolo and coworkers has shown that
both temperature and radiation exposure could modify the
elastic properties of several types of coating, or the interface
between fiber and coating [39]–[42]. These changes are mani-
fested in distributed temperature measurements through optical
frequency domain reflectometry (OFDR), and may alter their
proper calibration [39]–[42]. Pre-treatments of temperature cy-
cles or radiation exposure were proposed and established to
reduce such inaccuracies [39]–[42]. Possible weakening of the
coatings themselves was investigated as well [43]. However,
the monitoring of fiber coating properties towards radiation
detection and sensing was not considered to-date.

Starting in 2016, a new concept for optical fiber sensing has
been proposed and demonstrated, based on fiber opto-mechanics
[44]. Short and intense optical pump pulses stimulate a wave
packet of guided acoustic modes, which propagate outward in
the radial direction from the core of the fiber towards the cladding
edge [45]. Multiple reflections take place at the cladding outer
boundary. Their magnitudes depend on the elastic properties
of the surrounding medium [44]. Echoes of the acoustic wave
packet across the fiber core are monitored through photo-elastic
phase modulation of an optical probe. The measurements were
shown to provide quantitative analysis of liquids outside the
cladding of standard, unmodified fiber, where light cannot reach
[44]. The principle was successfully extended to spatially dis-
tributed analysis, with resolution recently reaching meter-scale
[46]–[49]. The acoustic wave packet may also propagate through
certain thin layers of coating outside the fiber cladding [50]–[52].
Multiple acoustic reflections then take place, at the boundaries
between cladding and coating and between coating and air. The
timing of reflections directly indicates the acoustic time-of-flight
across the coating and can identify changes in metrics such as
thickness, density and stiffness [52].

In this work, we report the effect of ionizing radiation on
the opto-mechanics of standard single-mode fiber coated by a
thin layer of fluoroacrylate polymer. The acoustic time-of-flight
across the coating monotonically decreases with the overall
dosage of constant-rate gamma radiation from a 60Co source.
Changes remain stable for at least several weeks following ex-
posure. The faster times-of-flight are consistent with an increase
in the coating layer stiffness following irradiation, observed
using offline pico-indenter measurements [53], [54]. The results
provide first proof for a new potential concept of fiber-optic
radiation detection and monitoring, based on the elastic char-
acteristics of the coating layer rather than the optical proper-
ties of the fiber itself. The technique can complement estab-
lished fiber-optic sensing protocols, such as measurements of
radiation-induced attenuation, index changes or Brillouin shift
modifications. The introduction of additional and independent
observables may help disambiguate the analysis of multiple
radiation metrics and remove cross-sensitivities to environmen-
tal conditions. The method is suitable for continuous monitoring

of fibers within protective cables, and it is scalable to spatially
distributed analysis.

II. PRINCIPLE OF OPERATION AND RESULTS

A. Principle of Operation

The principles of opto-mechanical fiber sensing based on
forward Brillouin scattering are presented in detail in several
recent references [44], [46]–[50]. A brief description is reit-
erated below. Standard optical fibers support a discrete set of
radially symmetric acoustic modes that are guided by their entire
cross-sections and propagate in the axial direction [45]. Each
mode is characterized by a cut-off frequency, below which it
may not propagate. The cut-off frequencies of relevant modes
are in the range of few hundreds of MHz. The guided acoustic
modes may be stimulated by beating among the constituent spec-
tral components of nanosecond-duration, intense optical pump
pulses [44]–[52]. Optical stimulation is wavenumber-matched
only very close to the cut-off frequencies of the acoustic modes
[45]. At that limit the axial wavenumber of the acoustic modes,
while not strictly zero, is very small and the wave vectors
become almost entirely transverse. The material displacement
vectors are predominantly confined to the transverse plane as
well. Pump pulses therefore launch a wave packet of multiple
transverse, guided acoustic modes, in each cross-section of the
fiber. The optically stimulated wave packet propagates outward
in the radial direction, from the core of the fiber towards the
outer edge of the cladding.

Consider fibers that are coated by a thin polymer layer and
kept in air. The acoustic wave packet undergoes multiple partial
reflections at the interface between the silica cladding and the
polymer coating and at the outer boundary of the coating. The
reflectivity values depend on the mechanical impedance of the
coating layer [50]–[52]. Reflections form a series of delayed
echoes of the acoustic wave packet across the core of the fiber.
The acoustic echoes eventually decay on time scales between
tens of nanoseconds and few microseconds due to dissipation in
silica and coating. The series of acoustic echoes may be mon-
itored through photo-elastic phase modulation of a continuous
probe wave that co-propagates with the pump pulses [44]. The
modulation of the optical probe is wavenumber matched with
the optically stimulated acoustic modes over a broad range of
wavelengths [45].

We assume that the cross-sections of fibers under test are
uniform and that external conditions do not vary along their axes.
In these cases, the photo-elastic phase modulation of the probe
accumulates over the length of the fiber, and its instantaneous
magnitude at the output is proportional to that of the acoustic
wave packet across the core in every cross-section [45]. The
temporal dynamics of acoustic perturbations can become rather
complex [50]–[52]. Nevertheless, the time difference between
specific events may be related to the two-way time-of-flight of
dilatational acoustic waves across the coating layer ([52], see
also below). In a previous study, pump-probe opto-mechanical
measurements were used to characterize the temperature
dependence of the acoustic velocity in several types of coatings
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Fig. 1. Schematic cross-section of the single-mode fiber used in experiments.

[52]. In this work, we observe the effects of gamma radiation on
the acoustic time-of-flight through a specific thin coating layer.

The coating layer must be comparatively thin and with low
acoustic losses, or else the acoustic wave packet might not
reach its outer boundary. For example, standard dual-layer
or single-layer acrylate coatings strongly absorb the acoustic
waves, and do not support measurements of two-way acoustic
times-of-flight. Polyimide coating layers exhibit sufficiently low
acoustic dissipation [50], [51]. However, we did not observe
measurable changes in the acoustic time-of-flight through poly-
imide coatings following exposure to gamma radiation from a
cobalt source, up to an overall dose of 110 Mrad (see below).

Fluoroacrylate coating of single-mode fibers is commercially
available and has low enough acoustic dissipation to allow for
times-of-flight measurements. The coating is designed for a
low index of 1.405 refractive index units. Due to inherently
low refractive indices, fluoroacrylate coatings also serve as
light guiding claddings in different specialty optical fibers [55].
Unlike polyimide, the acoustic times-of-flight through the fluo-
roacrylate layer did change with exposure to gamma radiation, as
described in detail next. We therefore chose this type of coating
for quantitative experiments. The coating outer diameter was
136 μm, chosen based on availability.

The single-mode fiber under test was provided by OFS com-
pany. It was drawn from an SMF-28-compatible, G.652 preform,
and had a germanium-doped silica core and a pure silica cladding
of 125 μm diameter. The specifications of the core have little
effect on measurements of acoustic times-of-flight through the
coating. The fiber was coated by fluoroacrylate polymer at
production. The fiber cross-section is illustrated in Fig. 1.

B. Experimental Results

Eleven sections under test, each between 6–10 meters long,
were taken from a continuous, 100 meters-long reel of the above
fiber. Each section was exposed to gamma radiation of 1.173
MeV and 1.332 MeV energies from a 60Co source (FTS 812
Foss Therapy Services Inc.), at a fixed nominal rate of 2.4 Mrad
per day, for a different duration of 1–10.5 weeks (accumulated
dosages of 17–180 Mrad). The uncertainty of all dosages is
±5%. Temperature during irradiation varied between 20–30 °C.
The opto-mechanical measurements of each fiber sample were
carried out in a different laboratory, after its irradiation period
had ended. Opto-mechanical pump-probe traces of each sample

Fig. 2. Schematic illustration of the measurement setup of fiber opto-
mechanics [52]. PC: polarization controller; EOM: electro-optic Mach-Zehnder
intensity modulator; EDFA: erbium-doped fiber amplifier.

were taken the day after the end of its exposure, and four more
times over the course of few weeks.

The opto-mechanical measurement setup is illustrated in
Fig. 2 (for greater detail see [44], [56].) The section of fiber under
test was placed within a Sagnac interferometer loop [56]. Light
from a first laser diode at 1,550 nm wavelength was intensity
modulated to obtain pump pulses of 1.5 ns duration and 5 μs
period. The pump pulses were amplified by an erbium-doped
fiber amplifier to 300 mW average power and launched into the
section under test in the clockwise direction only. Each pump
pulse stimulated a wave packet of radial guided acoustic modes
as described above. A polarization scrambler on the pump path
was used to suppress the contributions of non-radial guided
acoustic modes [44], [45], [56]. A tunable optical bandpass filter
blocked the pump pulses from reaching the loop output.

Continuous wave light of 1,532 nm wavelength and 30 mW
power from a second laser diode served as an optical probe
and was coupled into the loop in both directions. The clock-
wise propagating probe wave replica underwent photo-elastic
phase modulation in the fiber section under test due to the
stimulated acoustic waves. The counterclockwise propagating
probe acquired much weaker phase modulation due to the lack
of wavenumber matching [44], [45], [56]. The beating of the
two probe wave components at the loop output converted the
non-reciprocal photo-elastic phase modulation into an intensity
signal. Polarization controllers were adjusted to obtain maxi-
mum intensity variations at the loop output [44]. The output
probe wave was detected by a photo-receiver of 27 V × W−1

responsivity and 15 ps rise time. The instantaneous receiver
voltage was proportional to the magnitude of the acoustic wave
packet across the core in each fiber cross-section. The output
voltage was digitized by an oscilloscope at a rate of 4 giga-
samples per second for further offline signal processing. Traces
were averaged over 4,096 repeating pump pulses.

Fig. 3 presents a reference trace of the normalized probe wave
phase modulation as a function of time, taken on one section of
fiber prior to exposure to gamma radiation. The three panels
show different time scales. A first and strongest impulse at time
t = 0 is due to the cross-phase modulation of the probe by
the pump pulse through the Kerr effect. A primary series of
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Fig. 3. Measured normalized phase modulation of the output probe wave as
a function of time, on a reference fiber section prior to radiation exposure. The
three panels show different time scales. A first impulse at time t= 0 represents
cross-phase modulation by the pump pulses through Kerr nonlinearity. A primary
series of events (vertical dashed black lines) is due to photo-elastic modulation
by successive echoes of the acoustic wave packet, following multiple reflections
from the boundary between coating and cladding. A secondary series of impulses
corresponds to reflections at the outer coating boundary (vertical dashed red
lines). The time difference between adjacent primary and secondary events
represents the two-way time-of-flight of dilatational acoustic waves through
the coating layer.

events (black dashed lines) at fixed intervals of 21 ns repre-
sents photo-elastic modulation of the probe due to successive
reflections of the acoustic wave packet at the boundary between
cladding and coating. This time difference equals the two-way
acoustic propagation delay from the fiber axis to the edge of
the silica cladding and back [52]. The duration of impulses is
on the order of 1.5 ns, corresponding to the duration of pump
pulses and the acoustic propagation time across the fiber’s mode
field diameter. A secondary series of impulses (red dashed lines)
stems from reflections of the acoustic wave packet at the coating
outer boundary. Successive echoes take up different temporal

shapes since the frequencies of acoustic modes are not integer
multiples of a unit value [44], [45], [52].

Data analysis focuses on the time difference between a pair
of adjacent primary and secondary reflections (see Fig. 3). This
difference of 6.0 ± 0.03 ns denotes the two-way time-of-flight
of dilatational acoustic waves across the coating layer. We
arbitrarily mark the first primary event at the minimum dip
and the corresponding secondary event at the maximum slope
(Fig. 3). That choice assists in subsequent correlation processing
(see below), but it is not unique: other features may be used to
identify changes in times-of-flight as long as the choice remains
consistent for all samples.

The two-way acoustic time-of-flight through this fluoroacry-
late coating layer was previously found to increase by 43 ps
per °K [52]. Temperature in the standard, air-conditioned char-
acterization laboratory varied by ±2 °C among experiments
performed over several months. The fibers under test were coiled
over few-centimeters radius, and placed on the optical table
of the laboratory. The temperatures of the fiber samples were
uniform along their lengths during data acquisition. Temper-
ature was measured during each acquisition using a standard
laboratory thermometer, placed next to the coiled fibers. The
uncertainty in the temperature measurements was ± 0.1 °C. All
observed times-of-flight were corrected to a common reference
temperature of 22 °C.

Fig. 4(a) shows a magnified view of the normalized output
probe phase modulation for several fiber sections following dif-
ferent radiation doses between 50 and 180 Mrad. The reference
trace of Fig. 3 is drawn again for comparison. The first primary
reflections of all traces were aligned at t = 21 ns. Radiation-
induced changes to the acoustic time-of-flight across the coating
were identified through cross-correlation between the secondary
impulse in a fiber under test and the corresponding event in the
reference trace. The acoustic time-of-flight across the coating
layer is seen to decrease monotonically with the overall dose
of gamma radiation between 17 and 180 Mrad (Fig. 4(b)). The
change Δτ reached 900 ps, or 15% of the reference value, for
the largest dose tested.

The time-of-flight measurement uncertainty ±στ was esti-
mated as ±30 ps, or ±0.5% of the mean value, based on the
standard deviation of five measurements of each sample taken
at one-week intervals following irradiation. The repeating mea-
surements (not shown) did not reveal any annealing or recovery
trends of the acoustic times-of-flight, which remained stable.
Linear regression of the experimental data yielded a best-fitted
slope S of −5.3 ps × Mrad−1 (Fig. 4(b)), with 95% confidence
intervals±σS of±0.6 ps×Mrad−1. The radiation dose absorbed
by a given sample can be estimated as D = Δτ/S , with

an experimental error ± σD = ±
√
2σ2

τ + (σSD)2/S. The

uncertainty is ±√
2στ/S ≈ ±8 Mrad for low radiation doses

and approaches ±(σS/S)D ≈ ± 0.11D for large values.
The transmission losses of the fiber samples were measured

during each opto-mechanical experiment: five times over the
course of five weeks following irradiation. The mean losses var-
ied between 1-2 dB, and the standard deviations among the five
measurements of each sample were between ±0.5 dB and ±1
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Fig. 4. (a) Measured normalized phase modulation of the output probe wave as
a function of time, for several fiber sections following different doses of gamma
radiation from a cobalt source (see legend). The timing of a primary acoustic
reflection event from the boundary between cladding and coating is noted by
a vertical dashed black line, as in Fig. 3 before. The two-way acoustic time-
of-flight across the coating decreases with the radiation dosage. (b) Measured
two-way acoustic time-of-flight across the coating layer as a function of the
overall dose of gamma radiation (blue circular markers). The dashed red line
shows best-fitted linear regression.

dB. The mean losses and experimental uncertainty are primarily
due to splices and connectors. The uncertainty in transmission
losses over the short fiber sections under test corresponds to
tens of dB per km [24], [57]. We could not identify a trend
of increased attenuation as a function of radiation dose, due to
the short fiber lengths. We did not observe trends of changes in
transmission losses over time since the end of exposure either.
Losses were measured days and weeks after the end of radiation
exposure, so transmission may have recovered.

Mechanical measurements of fiber samples were performed
off-line. Samples were mounted in a PI85 pico-indenter
(Hysitron Incorporated), equipped with a Berkovich indenter
probe. The entire pico-indenter load frame was installed in an
Ultra Pus scanning electron microscope (Zeiss) to visualize
and record the experiments. The samples were positioned to
be perpendicular to the indenter probe. The indentation cycle
included transverse force load at a constant rate of 200μN× s−1,
a constant loading force of 5,000 μN for 40 seconds, and
force unload at the same constant rate. The displacement of
the tip inside the coating layer was continuously recorded with
a resolution of 0.02 nm. The stiffness of the coating layer was
calculated from the measured curves of displacement vs. load
[53], [54].

The stiffness of the coating layer increased from 30.0 ± 1.8
μN × nm−1 in a reference sample to 35.5 ± 2.4 μN × nm−1

following 102 Mrad dose of gamma radiation. Although this
difference is only slightly larger than the measurement uncer-
tainties, the trend of stiffness increase is consistent with faster
acoustic velocity following exposure. The measured stiffness
subject to static and plastic deformation of the coating layer
cannot be directly and quantitatively related to the velocities of
high-frequency, elastic acoustic waves. Nevertheless, radiation-
induced changes to the layer properties could be qualitatively
identified.

Fourier transform infrared (FTIR) spectroscopy analysis of
the coatings was carried out using a Thermo Fisher iS50 spec-
trometer in attenuated total reflection configuration [37]. A
germanium internal reflection element was utilized. The infrared
beam probed about 1 μm depth of the analyzed coating layer
[58]. The measurements did not reveal measurable differences
between the reference and samples exposed to 34, 85 and 102
Mrad of gamma radiation. This observation is in agreement with
a previous study [37].

The tensile strengths of two fiber samples were measured
using two-point bending (Fiber Sigma Instruments) at a strain
rate of 4% per minute. The measurements evaluate the strength
of the silica fiber within a short equivalent length of 20-200 μm
near the bending tip [59]. The fibers were pre-conditioned at 23
±2 °C and 50± 5% relative humidity for at least 12 hours before
strength testing. The mechanical strengths of the reference fiber
section and the sample irradiated by 102 Mrad were found
to be 5.3 and 5.7 GPa, respectively. The two measurements
are insufficient for drawing conclusions regarding the strengths
of irradiated samples. However, the absence of the strength
degradation is consistent with handling and visual inspection,
which did not reveal qualitative deterioration of the fiber itself
or the coating layer.

III. DISCUSSION

Effects of gamma radiation on mechanical properties of the
thin polymer coating layer of a standard fiber were observed
using forward stimulated Brillouin scattering analysis. Optical
pump pulses launched a packet of guided acoustic waves which
propagated radially, outward from the core of the fiber. The
acoustic time-of-flight across the coating layer was retrieved
through the monitoring of multiple acoustic echoes, reflected
from the boundaries between cladding and coating and between
coating and air. The time-of-flight in the specific coating of
fluoroacrylate polymer decreased monotonically with the over-
all dose of fixed-rate gamma radiation from a cobalt source.
Variations reached 900 ps, or 15% of the initial value, following
180 Mrad dose. Radiation-induced changes remained stable over
at least several weeks following exposure. The faster times-of-
flight observed are corroborated by a measured increase in the
stiffness of the coating layer following exposure.

The quantitative estimate of radiation in real time using the
proposed method would require the tracking of temperature with
sub-°K accuracy, otherwise the detection may be misinterpreted.
Distributed temperature measurements may be performed using
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a number of established optical fiber-sensing protocols, such as:
distributed Raman scattering analysis [60], OFDR of Rayleigh
back-scatter [39]–[42], [61], phase-sensitive optical time do-
main reflectometry (phi-OTDR) based on the same mechanism
[62], or Brillouin optical time-domain analysis (B-OTDA) using
backward stimulated Brillouin scattering [7], [8]. The fiber
sensor systems would also identify possible changes in tem-
perature due to the radiation itself or due to radiation-indued
absorption of light. The application of established fiber sensing
protocols alongside our proposed technique could help remove
the ambiguity in measurements of temperature and radiation.

In addition, the measurements of acoustic wave packet echoes
provide an inherent temperature calibration, since the acoustic
time-of-flight through the silica cladding is measured as part of
the acquisition protocol. Acoustic velocity in silica decreases by
0.6 m× s−1 per °K [52]. Note that the monitoring of coating layer
properties described in this work is separate and independent of
optical properties of the fiber itself, such as its refractive index
or Brillouin frequency shift. Standard Brillouin sensors, such
as B-OTDA, do not address the coating layer. The Brillouin
frequency shift and the refractive index of the fiber were not
measured as part of this work.

The uncertainty in radiation dose estimates was on the order of
±10% for tens of Mrad exposure or higher. Variations in coating
diameter among different fiber sections may have contributed
to the measurement error. Adjacent samples from the same
fiber reel were used in our experiment, hence coating thickness
differences were likely to be small. Specific reference traces can
be recorded from each section prior to irradiation, to reduce this
potential source of error even further.

The minimum dose initiating a detectable change in opto-
mechanical properties was on the order of 10 Mrad. To put this
level in perspective, a similar overall dose of gamma radiation is
accumulated within the core of a few-MW nuclear reactor within
minutes (although the energies spectrum is not the same as that
of a cobalt source). This dose is also similar to those of typical
sterilization equipment. The minimum detectable radiation dose
is comparable with that of attenuation measurements at 1,550 nm
wavelength over standard single-mode fibers of similar lengths
(10 meters) [24]. Specialty fiber coatings may be developed for
higher radiation sensitivity, with no modifications required to
the fiber itself.

The signal-to-noise ratio (SNR) of the collected traces scales
with the fiber length. For the 6–10 meters lengths used, the
accuracy of acoustic delay measurements is restricted by the
limited bandwidth of forward Brillouin scattering in SMF, sev-
eral hundreds of MHz, and not by the SNR. The length of fibers
used in opto-mechanical analysis has been successfully reduced
below 1 meter [63]. The measurement of times-of-flight over
shorter sections may be limited by poor SNR.

Radiation effects on acoustic times-of-flight may also indicate
variations in the polymer layer density, chemical modifications,
or changes at the interface between cladding and coating [39]–
[42]. The observation may be compared with previous reports of
radiation effects on coated fibers, such as in OFDR calibration
[39]–[42]. Protocols for the pre-treatment of the coated fibers,
developed towards OFDR [39]–[42], may be applicable to the

detection of radiation as well. Heating of the fibers during
radiation exposure does not exceed a few degrees Kelvin [64],
and it would not lead to permanent thermal changes in the coating
layer.

The maximum radiation exposure could be limited by coating
degradation. Radiation effects on the specific polymer will be
examined further in future work. The exposure of the fiber can be
restricted by excessive radiation induced optical losses as well
[24]. The characterization of radiation induced losses requires
longer fiber sections. Above a certain limit of radiation exposure,
sensing fibers would have to be eventually replaced.

Over the last three years, our group and others reported
several protocols for the spatially distributed analysis of forward
Brillouin scattering along optical fibers [46]–[49]. The spatial
resolution of the analysis has been recently brought to below
1 meter [48], [49]. Other protocols reached kilometers range
[46], [47]. This research subject benefits from rapid and exciting
progress. These protocols are directly applicable to the spatially
distributed forward Brillouin scattering-based mapping of elas-
tic properties of the coating layer [50]–[52]. The technique is
suitable for continuous monitoring of fibers protected within
cables.

Similar to other measurement protocols, we anticipate that
the opto-mechanical response of a fiber would depend on the
overall dose, rate, type and energy of ionizing radiation, and
vary with the specifics of the coating layer and external condi-
tions. In particular, quantitative interpretation of data might be
challenging due to ambiguity between rate and dose. However,
the application of opto-mechanical sensing in conjunction with
established fiber-optic methods might help disambiguate the
monitoring of multiple radiation metrics.

IV. CONCLUSION

Fiber-optic monitoring of ionizing radiation is drawing great
interest and represents a complex challenge. The results pre-
sented in this study may serve as a basis for a new detection
and sensing concept. Unlike most known techniques, measure-
ments track elastic, rather than optical, observable quantities and
address the coating layer and not the silica fiber itself. The ex-
tension of the proposed approach towards quantitative dosime-
try requires much further work. Nevertheless, opto-mechanical
analysis may add a new dimension to fiber-optic sensing of
ionizing radiation.
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