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ABSTRACT   

Optical fiber grating sensors are attractive candidates for monitoring physical and chemical parameters in radiation 

environments such as space missions and nuclear facilities due to their low weight, compact size, electromagnetic 

immunity, and multiplexing capability. Radiation-induced effects can affect the optical response of fiber grating sensors 

and should be characterized to enable compensation strategies and support sensor self-calibration for reliable operation in 

radiation-exposed space environments. 

In this work, a gamma irradiation campaign was carried out to study the in-situ behaviour of fiber optic grating sensors 

under ionizing radiation exposure. The experiments were performed at the Co-60 gamma irradiation facility of the 

University of Santiago de Compostela (Spain), reaching a Total Ionizing Dose (TID) of 200 krad(Si), representative of 

planetary exploration missions. The study included long-period fiber gratings (LPFGs), tilted fiber Bragg gratings 

(TFBGs), and a radiation-hardened fiber Bragg grating (FBG) used as a temperature reference. 

Real-time characterization was performed during irradiation. LPFGs exhibited a clear radiation-induced wavelength shift 

during exposure, reaching dip wavelength shift (DWS) values between 1.2 and 1.5 nm after the accumulated TID. 

Regarding TFBG sensors, the wavelength variations remained within temperature-induced fluctuations (~6 pm), indicating 

a high robustness under the applied radiation conditions. 

The results demonstrate a continuous DWS increase with accumulated dose and confirm the importance of real-time 

monitoring in supporting the selection and calibration of fiber optic sensors for radiation environments, including planetary 

missions. 
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1. INTRODUCTION  

This work presents a real-time monitoring study of the effects of ionizing radiation on different fiber optic sensors exposed 

to radiation dose levels typical of planetary exploration missions to Mars. 

Fiber grating sensors are of interest for aerospace applications compared to conventional sensing technologies due to their 

well-known advantages, including electromagnetic immunity, compact size, low weight, multiplexing capability, remote 

sensing operation, and robustness in harsh environments [1,2]. Furthermore, they can be used to monitor different physical 

and chemical parameters, making them attractive candidates for planetary exploration missions. 



 

 
 

 

 

 

Fiber optic sensors have been investigated for space applications including thermal monitoring, structural health 

monitoring and propulsion subsystems. In particular, FBG-based sensors have been evaluated for thermal monitoring of a 

NASA Mars rover antenna subsystem, highlighting their potential for future planetary exploration platforms. Since such 

missions operate in radiation environments containing gamma rays and ionizing particles, understanding the radiation 

response of fiber grating sensors is essential for their deployment in future planetary exploration missions [3]. In addition 

to gamma rays, space radiation environments contain ionizing particles such as protons, electrons and heavy ions. These 

particles can induce radiation-induced attenuation (RIA) and refractive index changes in silica-based optical fibers, which 

may affect the spectral response of fiber grating sensors [4]. 

Radiation-induced effects can affect the spectral response of optical fiber sensors, leading to changes in the measured 

parameters. Therefore, a proper characterization of these effects is essential for the development of compensation and 

calibration strategies that ensure reliable sensor operation in radiation environments, such as space [4,5]. 

In this context, real-time monitoring is a fundamental tool because it enables in-situ measurements during irradiation and 

allows the continuous tracking of sensor response as the accumulated dose increases. 

In order to investigate these effects, a gamma irradiation campaign was carried out at the Co-60 irradiation facility of the 

University of Santiago de Compostela to evaluate the behaviour of different fiber grating sensors, including Long-Period 

Fiber Gratings (LPFGs) [6], Tilted Fiber Bragg Gratings (TFBGs) [7], and Fiber Bragg Gratings (FBGs), under dose levels 

representative of planetary exploration missions. 

The study focuses on two types of fiber grating sensors, LPFGs and TFBGs, whose responses under ionizing radiation 

were evaluated through real-time monitoring during irradiation [8,9]. A radiation-hardened FBG was also included as a 

temperature reference sensor to compensate for thermal variations during the measurements. The results provide a direct 

comparison of the radiation response of LPFG and TFBG sensors under gamma irradiation conditions representative of 

planetary exploration missions. 

 

2. EXPERIMENTAL SETUP 

This study focuses on the response of LPFGs and TFBGs to ionizing radiation. The sensors were fabricated using different 

inscription techniques, including UV laser and CO₂ laser inscription for the LPFGs and femtosecond laser inscription for 

the TFBGs. Their radiation response was evaluated using real-time monitoring during irradiation. A radiation-hardened 

FBG was additionally included as a temperature reference sensor to compensate for temperature variations during the 

measurements. 

The irradiation campaign was carried out at the Co-60 irradiation facility of the University of Santiago de Compostela 

(Spain). The facility is composed of an irradiation room containing the Co-60 source and a separate control room. The 

sensors under test were connected by means of fiber optic cables to an optical interrogator located in the control room, 

allowing remote acquisition of the spectral response during the tests. A 1 cm thick RW3 plastic plate was positioned 

between the Co-60 source and the sensors to ensure appropriate irradiation conditions during the test. Depending on their 

position within the irradiation setup, the sensors were exposed for approximately 9 h and 3 min to dose rates of 22.1 

krad(Si)/h or 19.1 krad(Si)/h, corresponding to source-to-sensor distances of 52 cm and 56 cm, respectively. Consequently, 

the accumulated dose received by each sensor depended on its position within the irradiation setup. This configuration 

allowed continuous real-time monitoring of the optical response throughout the irradiation campaign (Figure 1). 

To reproduce the strain conditions applied during LPFG fabrication, a weight of 9.71 and 8.74 g was attached to one end 

of the LPFG-1 and LPFG-2 sensor, respectively, during the irradiation campaign. This configuration allowed recovery of 

the attenuation-band wavelengths observed after inscription and ensured stable and repeatable spectral measurements 

throughout the test. 
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Figure 1.Experimental setup used during the irradiation campaign: (a) Co-60 irradiation facility at the University of Santiago 

de Compostela. (b) Optical fiber mounting configuration used for real-time monitoring during irradiation. 

 

The experimental kit was composed of LPFG sensors fabricated using two different inscription techniques, UV laser and 

CO₂ laser inscription, in order to evaluate the influence of the inscription method on their response to gamma radiation. In 

addition, a femtosecond-laser-inscribed TFBG sensor was included in the kit to investigate the response of this grating 

technology under comparable irradiation conditions. A radiation-hardened FBG sensor was also incorporated as a reference 

for temperature monitoring during the irradiation campaign and thermal compensation of the response of the sensors. The 

optical transmission spectra of the fiber optic sensors included in the irradiation campaign are shown in Figure 2. The main 

characteristics of the investigated sensors are summarized in Table 1. For the TFBG sensor, the angle parameter 

corresponds to the tilt angle of the grating planes with respect to the fiber longitudinal axis. 

 

Table 1. Fiber optic sensor specifications. 

 

Fiber optic sensor 

type 
Fabrication method Fiber type Period (μm) Length (mm) Angle (º) 

LPFG-1 UV laser 
SMF-28 

(Corning) 
675 72 - 

LPFG-2 CO2 laser 
SMF-28 

(Corning) 
550 30 - 

TFBG Femtosecond laser 
SMF-28 

(Corning) 

Not provided by 

manufacturer 
8 6 

Rad-Hard FBG Femtosecond laser 
RRSMFB 

(Fujikura) 

Not provided by 

manufacturer 
5 - 

 



 

 
 

 

 

 

 

Figure 2. Optical transmission spectra of the fiber optic sensors included in the irradiation campaign. 

 

Real-time characterization was performed during irradiation using an optical interrogator (HYPERION si255), providing 

a wavelength-tracking accuracy of 1 pm and a spectral resolution of 8 pm. The temperature in the irradiation room was 

maintained within ±0.5 °C during the test. 

 

3. RESULTS AND DISCUSSION 

The results presented in this section are based on in-situ measurements acquired during gamma irradiation. Real-time 

monitoring allowed the continuous tracking of the sensor response as a function of accumulated dose. 

The investigated optical fiber grating sensors exhibited distinct responses under gamma irradiation, depending on the 

grating type and inscription technique. The LPFG sensors exhibited a clear wavelength shift during gamma irradiation 

while the TFBG sensor showed wavelength shifts of only a few picometers. The following sections present the response 

of the different sensors as a function of the accumulated dose. 

 

3.1 LPFG Sensors 

The LPFG sensors exhibited a clear wavelength shift during gamma irradiation, demonstrating their sensitivity to ionizing 

radiation. The wavelength shift increased continuously throughout the irradiation campaign as the accumulated dose 

increased. 

The UV-inscribed LPFG sensor (LPFG-1) presents two attenuation bands within the monitored spectral range. Both 

attenuation bands were monitored during the irradiation test, showing a progressive wavelength shift as the accumulated 

dose increased up to 200 krad(Si), as shown in Figure 3. 



 

 
 

 

 

 

 

(a) (b) 

Figure 3. Radiation-induced wavelength shift of the two attenuation bands of LPFG-1 as a function of accumulated dose up 

to 200 krad(Si): (a) attenuation band 1 and (b) attenuation band 2. 

 

Different radiation sensitivities were observed for the two attenuation bands. The first band reached a maximum dip 

wavelength shift (DWS) of 1.494 nm at the end of the irradiation campaign, whereas the second band exhibited a lower 

DWS of 1.054 nm. 

Temperature fluctuations during the irradiation campaign remained around 0.5 °C, corresponding to estimated thermally 

induced wavelength variations below 36 pm and 22 pm for the first and second attenuation bands, respectively. These 

contributions represent only 2.4% and 2.1% of the measured DWS values, confirming that the observed wavelength shifts 

were dominated by radiation-induced effects. 

The response of a CO₂-inscribed LPFG sensor (LPFG-2) was also evaluated during the irradiation campaign. A wavelength 

shift of 1.349 nm was observed at an accumulated dose of 200 krad(Si) (Figure 4). The progressive red shift observed with 

increasing accumulated dose confirmed the sensitivity of the sensor to ionizing radiation. 

Temperature fluctuations during the irradiation campaign remained around 0.5 °C, resulting in an estimated thermally 

induced wavelength variation of approximately 19 pm. This contribution represents only 1.41% of the measured DWS. As 

observed for LPFG-1, the measured DWS was dominated by radiation-induced effects. 

 



 

 
 

 

 

 

 

Figure 4. Radiation-induced wavelength shift of LPFG-2 as a function of accumulated dose up to 200 krad(Si). 

 

A clear radiation-induced wavelength shift was observed in both UV-inscribed and CO₂-inscribed LPFG sensors, reaching 

values between approximately 1 and 1.5 nm at the end of the irradiation campaign. These results are consistent with 

previously reported gamma-irradiation responses of LPFG sensors [10]. 

In all cases, the contribution of temperature fluctuations remained below 3% of the measured response, confirming the 

high radiation sensitivity of LPFG sensors under gamma irradiation. 

 

Table 2. Summary of the LPFG sensor response during gamma irradiation. 

 

Sensor ID Inscription technique DWS (nm) Thermal contribution (%) 

LPFG-1 Band 1 UV laser 1.494 2.4 

LPFG-1 Band 2 UV laser 1.054 2.1 

LPFG-2 CO₂ laser 1.349 1.4 

 

3.2 TFBG Sensor 

The response of a femtosecond-laser-inscribed TFBG sensor was also evaluated during the irradiation campaign. In the 

case of the TFBG sensor, minimal wavelength shifts were observed, as shown in Figure 5. The measured wavelength shifts 

were comparable to the temperature-induced variations associated with the thermal fluctuations measured by the radiation-

hardened FBG sensor used for temperature monitoring. Therefore, the observed response can be mainly attributed to 

thermal effects rather than to radiation-induced changes. 

 



 

 
 

 

 

 

  

Figure 5. Radiation-induced wavelength shift of the TFBG core mode as a function of accumulated dose up to 170 krad(Si). 

The experimental data are shown together with a moving-average curve, calculated in MATLAB®, to show the global 

wavelength evolution during irradiation. 

 

The core mode reached a maximum DWS of approximately 6 pm at an accumulated dose of 170 krad(Si). Temperature 

fluctuations remained around 0.5 °C, resulting in an estimated thermally induced wavelength variation of approximately 

5.5 pm. Since both values are of the same order of magnitude, the observed wavelength shifts can be mainly attributed to 

thermal fluctuations. Similar wavelength variations of around 6 pm were observed for the monitored cladding modes, 

supporting the conclusion that the TFBG response was dominated by temperature fluctuations rather than radiation-

induced effects. 

 

 

3.3 Radiation-Hardened FBG 

A radiation-hardened FBG sensor was included in the irradiation setup to monitor temperature fluctuations during the 

irradiation campaign (Figure 6). These measurements were used to estimate the thermal contribution to the wavelength 

shifts observed in the LPFG and TFBG sensors, allowing a more reliable evaluation of radiation-induced effects. 

The wavelength shift observed in the radiation-hardened FBG sensor was consistent with the temperature fluctuations 

recorded during the irradiation campaign. A maximum wavelength shift of approximately 6 pm was observed, 

corresponding to temperature variations around 0.5 °C. These results confirm the thermal stability of the irradiation 

conditions and provide a reliable reference for the evaluation of temperature-induced effects in the investigated sensors 

[11]. 

 



 

 
 

 

 

 

 

Figure 6. Wavelength shift of the radiation-hardened FBG sensor as a function of accumulated dose up to 170 krad(Si). The 

experimental data are shown together with a moving-average curve, calculated in MATLAB®, to show the global 

wavelength evolution during irradiation. 

 

4. CONCLUSIONS 

In this study, a gamma irradiation campaign was carried out to investigate the real-time response of LPFG and TFBG 

sensors under ionizing radiation levels representative of planetary exploration missions. Real-time measurements allowed 

the continuous tracking of the sensor response throughout irradiation and provided a direct comparison of the radiation 

response of LPFG and TFBG sensors. 

The LPFG sensors exhibited clear radiation-induced wavelength shifts, reaching DWS values between approximately 1 

and 1.5 nm at the end of the irradiation campaign. In contrast, the TFBG sensor exhibited wavelength shifts on the order 

of a few picometers, comparable to the wavelength shifts observed in the radiation-hardened FBG reference sensor used 

for temperature monitoring. In the case of the TFBG sensor, the results suggest robustness under the applied ionizing 

radiation conditions. 

The results confirm that ionizing radiation can affect the spectral response of LPFG sensors and therefore, this effect needs 

to be considered when these sensors are employed in planetary exploration missions. The implementation of compensation 

and self-calibration strategies remains essential to distinguish radiation-induced effects from variations associated with the 

physical or chemical parameter under measurement, allowing a more accurate interpretation of the sensor response in 

radiation environments, including space missions. In contrast, the response observed in the TFBG sensor shows its 

potential for sensing applications in radiation environments. 
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