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polarization states [START_REF] Kreger | High resolution distributed strain or temperature measurements in single-and multi-mode fiber using swept-wavelength interferometry[END_REF]. Doing a Fourier transform renders the possibility to obtain the fiber scattering signature (that is unique for each fiber sample) with a spatial resolution better than 1 mm along the whole length (up to 70 m) of the FUT while the spatial resolution of OTDR sensors is typically of 1 m [START_REF] Froggatt | High-spatial-resolution distributed strain measurement in optical fiber with Rayleigh scatter[END_REF]. The external constraints (temperature, radiation, or strain changes) stimulate the fiber material changing locally its refractive index distribution along the FUT length. The local perturbation modifies then the backscattered signal too.

OFDRs are able to monitor these changes by performing a cross correlation between the perturbed state and a welldefined state for which all the environmental parameters are known (called reference state). The result of this cross correlation gives information about the spectral shift caused by the applied perturbation with respect to the initial conditions from the reference state. The spectral shift monitoring as a function of the fiber length allows calculating the stimuli amplitude through [START_REF] Froggatt | High-spatial-resolution distributed strain measurement in optical fiber with Rayleigh scatter[END_REF] λ

λ c = - ν ν c = C T • T + C ε • ε (1)
where λ C and ν C are the central wavelength and frequency, C T and C ε are the temperature and strain coefficients of the sensing fiber, which have to be obtained by calibrating the sensor before its integration, and T and ε are the temperature variation and the fiber applied strain between the reference and perturbed states. We studied in this paper, the OFDR-based sensor response when its sensing fiber is exposed to 6-MeV electrons. In particular, six fibers, having different compositions (germanium or fluorine doping in core) and different coatings (acrylate or metal coatings), are investigated up to an equivalent TID of ∼1.6 MGy(SiO 2 ). The objective of this paper is to evaluate whether the Rayleigh signature of the various fibers is affected by the 6-MeV electrons. If, as for the X-rays and γ -rays [START_REF] Rizzolo | Vulnerability of OFDR-based distributed sensors to high γ -ray doses[END_REF], [START_REF] Rizzolo | Radiation effects on optical frequency domain reflectometry fiber-based sensor[END_REF], the Rayleigh signature remains unaffected by radiations, it will open the way to the design of OFDR sensors to operate either as temperature sensors in electron-rich, high-temperature environments (high-energy physics facilities or space environments) or as highly spatially resolved beam profilers when using radiation sensitive optical fibers for cartographies of electron beams through measurements of the radiation-induced attenuation, as discussed in [START_REF] Faustov | Application of phosphate doped fibers for OFDR dosimetry[END_REF] and [START_REF] Faustov | The use of optical frequency-domain reflectometry in remote distributed measurements of the γ -radiation dose[END_REF] for γ -rays.

II. MATERIALS AND METHODS An optical backscatter reflectometer (OBR) (OBR4600 from Luna Technologies) was used for these tests. It operates with a central wavelength (λ C ) of 1550 nm and a spectral width of 43 nm, allowing to achieve a spatial resolution up to 20 μm. Six different samples have been tested.

A. Impact of Prethermal Treatment on Rayleigh Response

Four fibers have a germanium-doped core, a pure silica cladding, and different coatings: acrylate (SMFGe_ac), aluminum (SMFGe_Al), copper (SMFGe_Cu), and gold (SMFGe_Au), which are able to operate up to 80 °C, 400 °C, 450 °C, and 700 °C, respectively. The other two fibers have been doped with fluorine in both core and cladding, one is coated with acrylate (SMFF_ac) and the other with aluminum (SMFF_Al). For each fiber type, two samples were irradiated: one untreated and the other that underwent to a cycle of four thermal treatments. Indeed, it has been shown in [START_REF] Rizzolo | Radiation characterization of optical frequency domain reflectometry fiber-based distributed sensors[END_REF] that these thermal treatments stabilize the temperature coefficients of optical fibers with polymer-based coatings, and then ameliorates the sensor performances in terms of temperature measurements. Consequently, before the irradiation we performed on samples of all fibers, in a stress-free configuration, four thermal treatments from 30 °C to 80 °C (with a step of 10 °C). Each step lasted 30 min to reach a stabilization of the oven temperature within 1 °C. Between two consecutive runs, the temperature went down to 30 °C naturally. The spectral shift was recorded during the thermal treatments, in order to calculate the sample temperature coefficient. This coefficient corresponds to an average value of the results obtained for ten different points located along each fiber length. Table I reports the main characteristics of the samples untreated and treated. The temperature coefficients C T , here reported, are obtained as the mean of the C T values in the 10 points, whereas the associated error corresponds to the standard deviation. The C T of the untreated and treated samples are obtained during the first treatment and the fourth treatment, respectively.

We can observe that the error bars associated with the C T of the aluminum-coated fibers are larger than those of other samples. This can be explained by a larger dispersion in the responses of the 10 points for such fibers, an effect that is assumed to be related to a longitudinal inhomogeneity of the coating-fiber interface [START_REF] Shiue | Strength and surface characterization of aluminum-coated fused silica fibers[END_REF].

Fig. 2 shows the evolution of thermal coefficients as a function of the number of performed thermal treatments. We can observe larger variations of C T for SMFGe_Al (47%) and SMFF_Al (42%) between the first and the last thermal treatment. The C T variations for the SMFGe_ac (0.9%) SMFGe_Cu (7%), SMFGe_Au (10%), and SMFF_ac (4%) are less important. After four thermal treatments, the coefficients are stable for all tested fibers. others have aluminum coatings. Two additional Ge-doped samples, one coated with copper and the other with gold, were also tested under the same conditions. It was observed that the OFDR sensing properties remain stable after the electron irradiation for all the different fibers, with a maximum variation of their spectral shift due to the radiations measured of about 2.2 × 10 -5 for the gold-coated Ge-doped fiber. For this fiber, this corresponds to a temperature error of -2.3 °C if the sensor is used for temperature monitoring.

The fiber composition does not influence the OFDR sensor performances. The metal-based coatings, instead, seem to slightly increase the radiation-induced spectral shift and then the associated temperature error. This may be at least partially explained by the oxidation, clearly visible after the electron beam exposure, of the copper-and gold-coated samples.

The ex situ performances of OFDR sensors are almost unaffected by electron irradiation; indeed, the estimated radiationinduced temperature errors are lower than about 3 °C, between 1.7 °C (SMFF_Al) and -2.3 °C (SMFGe_Au) at MGy dose levels. Future experiments will have to be performed to ensure that the reported results and discussion remain valid during the electron irradiation, even if this assumption seems reasonable as potential structural changes induced by electrons should be stable at room temperature. As the electron irradiation is accompanied by a temperature increase of the sample and radiation-induced attenuation, the potential of the OFDR sensing technique to monitor the electron beam profile with a spatial resolution down to a few millimeters will be investigated.
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