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The optical-fiber-based dosimeter of the LUMINA project was deployed in August 2021 in the International
Space Station in the framework of the Alpha mission. The sensing elements of the dosimeter are P-doped opti-
cal fibers, which were proven to be excellent candidates for dosimetry applications. The twofold objective of this
paper is to provide a theoretical model for the radiation response of the dosimeter and to report on the experi-
mental work carried out at CERN for the qualification and calibration of the engineering model of the LUMINA
dosimeter. Combining the theoretical response and experimental data, the calibration curve of the flight model
is obtained. Finally, this study broadens the investigation of the room temperature radiation response of P-
doped optical fibers in a range of dose rates 10* times lower than previously reported, from 21 nGy(SiO,)/h to
145 mGy(SiO;)/h. ©2023 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement
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1. INTRODUCTION

It is well known that the radiation response of silica-based opti-
cal fibers (OFs) is extremely diverse and that some OF types are
remarkably sensitive to ionizing radiation [1,2]. One of the most
important macroscopic effects observed in OFs is radiation
induced attenuation (RIA). This is the darkening effect of the
OE which causes the transmitted light intensity to decrease
[2—7]. It is mostly due to the generation of radiation induced
point defects, also called color centers, and the appearance of the
associated absorption bands in the transmitted spectrum.

The feasibility of an OF dosimeter based on RIA was reported
by Evans and Sigel in 1974 [3]. It utilizes the intuitive idea
that a very long OF spool would provide correspondingly high
radiation sensitivity, a concept that was shortly after used by the
same authors to perform the first radiation dose measurements
in space with a RIA-based OF sensor.

The OF dosimeter installed on the Navigational Technology
Satellite 2 (NTS-2), launched in 1977, is the first application of
a RIA-based OF dosimeter in space and one of the earliest appli-
cations of OF sensors in space [8]. This dosimeter employed
some spools of different lengths of radiation sensitive OF,
while a real-time intensity normalization method was applied
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by means of the usual double-beam reference channel. The
radiation resistant channel was used to correct any drift of the
injected light power. In their pioneering application, they used
an OF with a very complex glass composition, which showed
some fading effect of the RIA, a characteristic that can be quite
detrimental to the accuracy of the dose measurement.

In the last decades, the study of radiation effects in OFs has
been vastly extended, and P-doped OFs emerged as natural
candidates for dosimetry applications, as suggested by several
authors [5,9-13]. In Ref. [4], Griscom ez al. provided exten-
sive analysis of P-related radiation induced point defects. By
combining optical attenuation (OA) and electron paramag-
netic resonance (EPR) measurements, they were able to assign
atomic models of such defects and make some hypothesis on
the associated generation mechanisms under irradiation. It
was shown that a thermally stable absorption band is induced
in the near-infrared domain (NIR) at about 1570 nm. Using
annealing studies, they demonstrated the correlation of this
absorption band with the EPR signature of the P1 defect, an
unpaired electron localized on a threefold coordinated P atom.
The NIR absorption band was then attributed to the P1 defect.
Several years later, dose effect studies at room temperature
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provided an independent EPR-OA correlation [14], confirming
the original assignment. Similarly, in the visible domain (VIS),
the RIA is dominated by the absorption bands associated with
the phosphorus oxygen hole center (POHC), which comes in
two varieties, metastable POHC and stable POHC, depending
on the localization of an unpaired electron on a single nonbridg-
ing oxygen (metastable) or on two nonbridging oxygen atoms
(stable). It is important to note that in P-doped OFs, the RIA
levels in the VIS are usually two orders of magnitudes higher
than in the NIR at room temperature, which makes this region
very interesting for low dose sensing,.

The thermal stability of the P1 defect at room temperature,
the monotone response with the dose, the non-dependence
on the dose rate, and the ideal spectral localization at telecom
wavelengths of the associated band make single mode (SM) P-
doped OFs almost ideal for dosimetry [12]. In recent years, their
properties have been thoroughly investigated to be employed
as distributed radiation in the mixed field environment of high
energy particle accelerators [12,13,15]. Although P-doped
OF are much more sensitive in the UV-VIS domain than in
the NIR, the suitability of such a spectral range for dosimetry
application has not received the same amount of validation as
applications in the NIR.

The LUMINA project [16], led by the French Space Agency
CNES and with the collaboration of iXBlue, the University Jean
Monnet, and CERN, aimed at deploying a first demonstrator
of a RIA-based OF dosimeter inside the Columbus module of
the International Space Station (ISS) [16,17] (shown in Fig. 1).
The dosimeter employs P-doped SM OFs produced by iXblue.
The low initial OA enables making very long fiber spools, which
increase the overall sensitivity and allow the detection of very
low radiation doses. The lowest dose rate tested in the present
study is 21 uGy(SiO;)/h, almost 10% times lower than the
lowest dose rate previously reported in Ref. [12].

Due to the LUMINA project, in the future, the early and reli-
able detection of rising radiation levels in space satellites will be
useful to further reduce the exposure of astronauts to radiation
and to mitigate effects on sensitive equipment.

Fig. 1. LUMINA dosimeter in the ®*Co irradiation facility at
CERN. In the inset, the LUMINA patch.
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2. EXPERIMENTAL DETAILS

The experimental activity reported in this contribution was
carried out on a dedicated engineering model (EM) of the
LUMINA dosimeter demonstrator. The calibration of the
flight model (FM), at present collecting data on the ISS, was
calculated based on the theoretical model and the experimental
results on the EM reported below.

A. Schematic Description of the Sensor

The OF dosimeter is manufactured by iXblue [18]. Its func-
tioning relies on RIA, and it is composed of two independent
channels, one operating in the VIS and the second one in the
NIR. Some details of the sensor architecture have been reported
in Ref. [16] and will be detailed in a future publication.

The optical architecture of the VIS part of the LUMINA
dosimeter is analogous to the one reported by Evans ez 4/. in
Ref [8]. It is constituted by a sensitive channel and a reference
channel for the correction of any drift of injected light power
(double-beam technique). One of the main differences from
Ref. [5] is in the OF sensor itself, which in the case of the present
investigation is constituted by a 2 km long P-doped OEF inter-
rogated at 638 nm and is SM at this particular wavelength. The
VIS source is a DFB laser with a linewidth of 1 MHz injecting
0.25 mW of optical power. This setup allows performing a direct
RIA measurement, i.e., the measurement of the decrease of
transmitted light power associated with the radiation dose.

Unlike the VIS part of the LUMINA dosimeter, the NIR part
introduces two novelties with respect to Ref. [5]. The sensing
element is a 7 km long SM P-doped OF (its composition is
very close to that of the fiber in Ref. [12]), and the actual light
intensity measurement is carried out in backreflection, as shown
in Fig. 1. A continuous beam of infrared light at 1535 nm is
injected at one end of the OF The NIR source is an erbium-
based amplified spontaneous emission source with a 20 nm
linewidth injecting 0.6 mW of optical power. The injected light
is reflected by a mirror at the other end of the OF, and travels
backwards for an additional 7 km. The mirror is composed of a
silver-coated fiber-end with a flat 98% reflectivity at 1535 nm.
Finally, all backscattered light is routed to the photodetector,
which measures the output intensity. The relative change of
output intensity is related to the RIA, which in turn is supposed
to depend linearly on the deposited radiation dose [12]. The
injected power is monitored in real time to correct for possible
drift or fluctuations. The corresponding reference channel is not
shown in Fig. 2.

To further increase the precision of the measurements in both
the VIS and NIR, the temperature of each photodetector is
monitored by means of thermocouples and used to apply further
corrections to the measured intensity.

OF sensor

Mirror
NIR source |~ Y
Photodetector | s\'
plitter

Fig.2. Schematic representation of the OF dosimeter. For simplic-
ity, the reference channel has been omitted.
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Table 1. Irradiation Conditions®

1stIrrad. 2ndIrrad. 3rdIrrad. 4thIrrad.
Dose rate 21 uGy’h 66.6 uGy/h 209 pGy/h 145 mGy/h
Uncertainty (20) 1% 1% 1% 4%
Homogeneity 99% 99% 99% 99%
Irrad. time (h) 91.16 64.26 44.39 6.90
Recovery time (h) 122 107 268 181

“All doses are in a—SiO,.

B. Calibration Facilities and Irradiation Conditions

The experimental activity to qualify and calibrate the OF
dosimeter was carried out in May/June 2021 at the irradiation
facilities of CERN. The facilities are equipped with several ®*Co
sources and all necessary instrumentation to ensure extremely
well-controlled irradiation conditions down to average dose
rates comparable to the ones in the ISS, ~200 uGy/day [19].

The irradiation testing consisted of a single data acquisition
over the course of 39.4 days. During this period, the acquisition
was stopped four times for technical reasons, never for more
than 20 min and never during the irradiation phase nor immedi-
ately after. During each stop, the EM was relocated inside the
facility but always kept powered. T variations during these
operations were lower than 3 K.

All irradiations were performed under ®*Co y rays and at
temperatures between 295 and 301 K. These temperature
irradiation conditions are comparable to the ones of the ISS.
Four different dose rates were used, and each irradiation run
was followed by a few days of monitoring to detect possible
recovery of the RIA. The precise dose rates reported in Table 1
were determined during a thorough calibration of the radiation
field carried out the day before the start of the irradiation. The
time sequence of the irradiation is plotted in Fig. 3.

The dose rate was progressively increased while decreasing the
duration of the irradiation. The last irradiation allowed to reach
atotal dose of 1 Gy(SiO,), which is roughly 2.5 times more than
the total dose expected fora 5 year long mission on the ISS.

3. THEORETICAL MODEL OF THE DOSIMETER

The VIS part of the LUMINA dosimeter is designed to per-
form a direct RIA measurement, for which the usual RIA
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Fig.3. Irradiation testsequence.
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formula is used and that is a straightforward application of the
Lambert—Beer law:

10 7
RIA(z) = —Tlog10 <%> . (1)

1(z) is the light intensity transmitted at any time after the
start of irradiation, and 7(0) is the light intensity before the
start of irradiation. For simplicity, the corrections related to the
subtraction of noise level and fluctuations of the injected light
power are not explicitly reported in Eq. (1). During the calibra-
tion procedure, the relation between the irradiation time and
the dose is well known, and it is possible to establish a biunivocal
relation between the RIA and dose if the fiber sensor behaves as a
radiation dose integrator [12].

The NIR part of the LUMINA dosimeter is also based on
the RIA effect, but the specific optical architecture is such that
the radiation response of the dosimeter is not as direct as the
VIS counterpart. The modeling of the sensor response can be
done in two steps. The first step is a generic derivation that
makes no assumption about the OA of the sensing element or
its dependence on the radiation environment. In the second
step, we assume that the properties that were demonstrated for
this type of P-doped fiber in Ref. [12] also hold at much lower
doses and dose rates. The exactitude of this hypothesis can be
verified & posteriori by comparing the predicted response with
the experimentally measured one.

To calculate the radiation response of the dosimeter, it is
necessary to evaluate the amount of light that reaches the photo-
detector for an arbitrary value of OA in the sensing OF. Two
main contributions need to be considered.

o Firstis the light that travels through the OF twice, making
around trip of 14 km. This contribution is attenuated according
to the Lambert—Beer law and can be equivalently calculated as
the transmitted light over a 14 km long lossy optical link. We
will refer to this as mirror contribution.

* Second is the light backreflected because of the Rayleigh
scattering inside the OF A certain percentage of light is Rayleigh
scattered per unit of traveled length in the OF A small fraction
ofitis scattered backwards, re-captured by the OF, and guided to
the photodetector. In its journey towards the photodetector, it is
attenuated according to Lambert—Beer law, but in this case, the
traveled distance varies continuously from 0 to 14 km depend-
ing on the scattering position. We will refer to this as Rayleigh
contribution.

At first glance, the Rayleigh contribution might look neg-
ligeable due to the weakness of the scattering process compared
to the mirror reflection. However, over a long and lossy link, the
Rayleigh contribution must become dominant simply because
the mirror contribution goes to zero exponentially [20]. The
following equation represents the total amount of light that
reaches the photodetector:

2L
=1 <6’72 fy ad + / agfe? b advy) 4 negligeable terms) .
0
2

InEq. (2), { is the outputintensity, /j is the injected intensity,
«a is the OA of the OF sensor, L is fiber length (single path),
ap is the loss coefficient due to the Rayleigh scattering, and
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is the fraction of Rayleigh scattered light at position / that is
re-captured in the backpropagating direction. The first term in
Eq. (2) corresponds to the mirror contribution, i.e., the light
traveling 14 km in the OF The second term in Eq. (2) corre-
sponds to the Rayleigh contribution. Negligeable terms arise
from multiple scattering/reflection processes. Assuming that the
OA is constant along the OF, it is possible to demonstrate that

Y —2al aR ﬂ :
o= e + Y + negligeable terms. (3)

Equation (3) is derived under the approximation 4oL >> 1,
which is valid for the system under study, and & constant along
the OF. If one of these conditions is not satisfied, a more general
version of Eq. (3) can be easily derived from Eq. (2). It is impor-
tant to note that the second term in Eq. (3) does not depend on
the length L of the optical link, and it is inversely proportional
to the OA, whereas the first term depends exponentially on the
product of L and «. Consequently, the second term becomes
dominant for sufficiently high values of the product 2 L. In
the specific case we are studying, the Rayleigh contribution
term is about 1.0% of the mirror contribution before the start of
irradiation. This was determined experimentally by comparing
the measured light power with and without the mirror (o and
B do notneed to be determined separately).

It is now possible to couple Eq. (3) with the RIA response
reported in Ref. [12] to address the case of the fiber evenly
exposed to radiation. Under the assumptions that (i) the RIA
increases linearly with total radiation dose at low doses, (ii) there
is no recovery effect, and (iii) RIA is independent from the dose
rate, we can re-write Eq. (1) as

L _ 2eonpr | @rB (4)
I 2(ag+nD)

In Eq. (4), o is the OA before the start of irradiation, 7 is
the radiation sensitivity, and D is the total radiation dose. The
negligeable terms have been omitted. This equation cannot
be solved analytically for D. However, it is invertible and can
be used to obtain D via numerical methods. It is important to
mention that EM and FM have slightly different initial OAs: for
the EM, the initial OA is 1.5 dB/km, whereas for the FM, it is
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1.2 dB/km. Consequently, the 7/ versus dose curve obtained
experimentally for the EM cannot be used directly for the FM.
Instead, the calibration curve for the FM must be obtained
using Eq. (4) and the appropriate value of &, assuming that the
radiation sensitivities ) of EM and FM are the same.

It should be highlighted that it is not necessary to know all
the quantities in Eq. (4) to use it. The information of the RIA is
encoded in the relative time change of the output light power,
according to the model in Eq. (4), which can be measured
experimentally.

As the Rayleigh contribution is about 1% of the mirror con-
tribution before the start of irradiation, it is possible to ignore it
for extremely low values (e.g., lower than 50 mGy) of the dose
and invert the formula to obtain n D.

4. EXPERIMENTAL RESULTS

Figure 4(a) shows the RIA measured in the VIS part of the
dosimeter as a function of time, whereas Fig. 4(b) shows the
same data as a function of dose. The transmitted light quickly
reached the noise level during the last irradiation because of
the high sensitivity of the OF and limited dynamic range of the
detection system. Consequently, the trace in Fig. 4(a) becomes
very noisy at high RIA levels. In Fig. 4(b), the x axis has been
limited to the first 0.05 Gy to better display the relevant part of
the collected data. After the first three irradiations, a noticeable
recovery effect takes place. However, it should be noted that
around times 107 h, 302 h, and 441 h, the trace in Fig. 4(a)
seems to have a brief rapid evolution. These are instrumental
artifacts actributed to the operation of momentarily switch-
ing off the acquisition during which the compensation of the
temperature fluctuations was not perfect.

Figure 5(a) shows the normalized ratio ///; measured in
the NIR part of the dosimeter during the four irradiations as
a function of time, whereas Fig. 5(b) shows the same data as
function of the dose. The inset of Fig. 5(b) highlights the begin-
ning of the curve to better show the data concerning the first
three irradiations. A very modest recovery of the transmission
was observed following the conclusion of the first three irra-
diations. This phenomenon was not observed in past studies
such as the one reported in Ref. [12], and it was not observed

5.0 L 1 1 L

45 L

4.0 L
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3.0 L
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Fig.4. RIA of the VIS dosimeter as a function of time. (a) First three irradiations. (b) The same curve continues for the fourth irradiation, and the

noise level is quickly reached.
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Fig.5. Radiation response of the NIR OF dosimeter (a) as a function of time and (b) as a function of the dose. The inset in (b) highlights the begin-

ning of the curve in (b).

after the fourth irradiation at total dose of 1 Gy (coherent with
the previous investigation in the past). Only the presence of the
third recovery is barely visible in the inset of Fig. 5(b) at about
0.15 Gy.

The last technical observation to be reported is that dur-
ing CERN experimental tests, the full LUMINA dosimeter
was exposed to the ®Co irradiation. No system failures were
recorded up to the total dose of 1 Gy(SiO;) in the reported
experimental conditions, nor degradation of the performance of
any of the dosimeter parts.

5. DISCUSSION

To qualify and calibrate the radiation response of the LUMINA
dosimeter, it was decided to perform some irradiations under
%Co y rays down to dose rates comparable to ISS conditions
[19]. To the best of the authors’ knowledge, this work sheds light
for the first time on the RIA behavior of P-doped OFs at doses
and dose rates as low as the ones investigated here. Moreover,
this study lays the groundwork to better understand the suit-
ability of y rays in predicting RIA in ISS-like environments for
any OF type. Although it will not be possible to extrapolate the
results of this work to all OF types, the fact that P-doped OFs
can be calibrated is very advantageous when understanding
the environment variables compared to other OF types for
which the radiation response is hardly predictable already in
better-controlled conditions.

The VIS part of the LUMINA dosimeter has shown an
important recovery effect after the end of the first three irra-
diations. The authors’ current hypothesis is that the recovery
is largely due to a photobleaching effect, which is going to be
considered in the actual operation of the FM of the dosimeter.
The origin of this recovery has not been deeply investigated at
this time and will be studied further in the future. It should also
be noted that the first three irradiations reported in Fig. 4 show
a complex dependence on the dose and dose rate. This is not
strange if we consider the competition between the defect gener-
ation processes and the evidenced recovery mechanisms. During
the fourth irradiation, the response of the VIS dosimeter appears
much more linear with the dose because the much higher dose

rate dominates the radiation response of the sensor. In this case,
it is possible to perform a linear fit in the dose range between
0.02 and 0.04 Gy to obtain a reference value of the radiation
sensitivity in these specific irradiation conditions. The radiation
sensitivity obtained is then 137 £6dB-km™! -Gy '. The
error bar considers the 4% uncertainty deriving from the irradi-
ation conditions (see Table 1), which weighs much more than
the error due to the linear regression procedure.

It is evident that the RIA response of the VIS dosimeter
recorded during the tests deviates from the ideal behavior out-
lined in Ref. [12]. Apart from the possible corrective measures
that can be implemented to improve the behavior of the sensor,
itshould be noted that this OF remains a very valuable radiation
sensor and that it provides useful information on the dose. This
is especially true if the recorded data can be complemented with
those from other nearby sensors and, specifically, in the case
where a rapid increase of the dose rate needs to be detected. For
example, on ISS, a significant increase of the dose rate is caused
by the recurrent passage through the South Atlantic Anomaly
(SAA), as well as a sudden increase of solar activity. In applica-
tions other than ISS, short-term stability can also be sufficient to
retrieve the needed dose information. For example, in Ref. [21],
Paillet ¢t al. have reported a rather stable RIA at 620 nm after
14 MeV neutron irradiation pulses in multimode P-doped OFs.

In Table 2, we report the measured value of the RIA for each
of the different irradiations of the NIR dosimeter. The obtained
values are compatible with each other and with the previously
reported results in Ref. [12] for a SM OF of comparable com-
position. Table 2 also contains the measured recovery values
after the stop of each irradiation over a few days. For the first
three irradiations, the recovery is positive, meaning the RIA
did slightly decrease, whereas in the fourth irradiation, up to
1 Gy, the recovery is negative, meaning that the attenuation
keeps increasing after irradiation stops. Such a phenomenon
of consolidation of the RIA, limited to a very few percentage
points, was also observed in the past [6,12]. This is attributed to
the conversion mechanism of POHC defects to the more stable
P1 defects, which are also hole centers.

In Fig. 6, the analysis of the NIR dosimeter data is reported.
In Fig. 6(a), the experimental calibration of normalized ratio



E48 Vol. 62, No. 16/ 1 June 2023 / Applied Optics

Research Article

Table 2. RIA and Recovery of the NIR Dosimeter for Each Irradiation
Dose Rate Sensitivity Total Cumulated Measured Recovery
(mGy(8i02)) (dB-km™. Gy™) Error (20) Dose Recovery Time (h) (%)
21 uGy/h 4.24 1% 1.914 122 0.15
66 pGy/h 4.24 1% 6.194 107 0.10
209 uGy’h 4.22 1% 15.5 268 0.7
145 mGy/h 3.96 4% 1015.5 181 —-9.5
1 1 1 L L - 1V0 1 . 1 1 '
(—— Theoretical model for the EM 0.95 ! I EM
—— Experimental data for the EM 2 i —FM
2 08+ i ——
— Theoretical model for the FM @ :
o 014 L g ; Roughly 3.3 years
= - c i —of dose in ISS
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Fig.6. (a) Theoretical model and calibration data of the NIR part of the EM, as well as the calculated calibration curve for the FM. (b) Respective

sensitivities of EM and FM.

1/ 1y is shown as a function of the dose together with the cor-
responding predicted response obtained from the theoretical
model [Eq. (4)]. In the same figure, the expected calibration
curve of the FM is also shown. In these calculations, the value of
the radiation sensitivity 1) was set equal to 4.2 dB - km~!.Gy ™.
The match between experimental data and predicted model is
excellent, and it proves that the assumption of constant radia-
tion sensitivity from 0 to 1 Gy and dose rate independence is
substantially correct.

In Fig. 6(b), the respective normalized sensitivities of the NIR
dosimeter have been calculated for both EM and FM. Because
of the interplay between the mirror contribution and Rayleigh
contribution, the sensitivity is sigmoidal shaped and drops
considerably for doses higher than 0.2 or 0.3 Gy. In the case of
the FM, it has been calculated that a 5% loss in sensitivity will
happen after about 3.3 years of operation on the ISS under aver-
age irradiation conditions. The difference between the EM and
FM calibration curves in Fig. 6 is due entirely to the different
initial OA of the fiber sensors, which are 1.5and 1.2 dB - km™!,
respectively. The choice of using the OF sensor with lower initial
OA for the actual ALPHA mission extends significantly the
high-sensitivity region of the sensor. After a total dose of only
0.9 Gy, both EM and FM dosimeters become much less sensi-
tive to additional radiation doses. This is due to the Rayleigh
contribution in Eq. (4), becoming the dominant contribution
to the 7/ 1y with respect to the exponentially decreasing mirror
contribution.

As briefly mentioned above, the calibration carried out under
®Co y rays on the EM is used to derive the best calibration
curve of the FM. A key hypothesis is that the fiber sensors in the
EM and FM are identical (except for the value of the initial OA)

and respond identically to the same radiation field. Although
the latter hypothesis was not verified at the lowest dose levels
investigated here, it has been proven to be correct down to 4
mGy/h under y rays on shorter lengths (200 m) of the OF
[22]. Although the radiation sensitivity reported by the authors
in Ref. [22] are slightly larger, they were satisfied with the
agreement they obtained with Ref. [12], which is substantially
coherent with this work.

The overall performance of the NIR part of the dosimeter
provided very promising results. P-doped OFs preserve excel-
lent RIA-based dosimetry properties down to dose rates 104
lower than those investigated before. This result alone paves the
way for the further development and application of P-doped
OFs as dosimeters in new environments, such as space. The
predictable RIA behavior also allows to design and properly
size the optical architecture of a sensor as the one in Fig. 2. The
backreflection interrogation scheme of the LUMINA dosimeter
allowed to almost double the sensitivity of a given fiber length at
least for the first 3.3 years of operation on ISS. After this initial
period, the sensitivity decreases in a controlled and predictable
way, reaching a sensitivity at 0.4 Gy (comparable to 5 years of
operation on ISS) that is still 1.5 times higher than the one of a
dosimeter employing a7 km long fiber in transmission.

Itis very relevant to notice how the overall performance of the
dosimeter depends non-trivially on the actual optical architec-
ture. For example, using a significantly longer fiber would cause
adegradation of the sensitivity instead of an improvement. This
is because the Rayleigh contribution in Eq. (4) would weight
more with respect to the mirror contribution already in the
initial phases of irradiation. The transition from high sensitivity
to low sensitivity would occur at lower doses too. The initial
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OA also plays a primary role similar to the fiber length. A small
initial difference in this manufacturing parameter can drastically
impact the performance. To understand it, it is sufficient to
notice that an initial OA of 2dB - km™!, instead of 1.5 or 1.2,
would be equivalent to performing pre-irradiation to a dose of
0.2 Gy. In Fig. 6(b), such a dose already corresponds to the start
of the transition to lower sensitivity.

Finally, based on the results of this work, it is intriguing to
speculate on the performance of a dosimeter with the same
architecture as in Fig. 2, but without the mirror at the end of
the long OF sensor. Of course, the mirror term would disappear
from all equations reported above, and the performance would
rely entirely on the Rayleigh term:

]iz ZL’ (5)

0 (eto + RIA)

RIA:@ — . 6)
2%

The usual logarithmic dependence of the RIA from the ratio
1/ Iy [as in Eq. (1)] that derives directly from the Lambert—Beer
law disappears, and it is replaced by a hyperbolic dependence.
Such a radiation response might not be ideal to monitor envi-
ronments such as the ISS but would be interesting for others.
More generally, this is a clear example of how to drastically, and
possibly dynamically, change the performance of an OF-based
dosimeter by changing its optical architecture and not the OF
sensor itself. This concept could be exploited to further develop
and tailor OF-based dosimeters in the future.

6. CONCLUSIONS

We report on the calibration of an OF sensor for radiation
dosimetry deployed on the ISS in 2021. The significance of
this work is threefold. From a physical standpoint, we extend
the study of radiation effects in P-doped silica-based SM OFs
in a range of doses and dose rates never investigated before.
We showed that P-doped OFs preserve excellent dosimetry
properties if interrogated in the NIR, at least for systems oper-
ating at room temperature. We derived a theoretical model
of the mirror-assisted sensor performance. From an experi-
mental standpoint, we reported the results of the qualification
and calibration work carried out at CERN, which showed an
excellent match with the prediction of the theoretical model,
and the robustness of the full dosimeter against total ionizing
dose effects. Finally, from an engineering standpoint, we have
highlighted how the optical architecture of the dosimeter has a
major impact on the actual performance. This concept shall be
exploited in the future to build even more sensitive OF-based
dosimeters.
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