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To develop the application of fiber Bragg gratings as temperature and strain sensors in space environments, it is
necessary to understand the effect of high-energy radiation on the performance of the fiber Bragg grating. We performed
an experiment involving Co60-γ ionizing irradiation with a total dose of 1.01×106 rad on two Ge-doped single-mode fiber
Bragg gratings with central wavelengths of 825 and 835 nm, respectively. We found that, with the increase of radiation
dose, the redshift of the peak wavelength of the reflection spectrum of the fiber Bragg gratings indicated the increase of
the refractive index and the number of color centers. After irradiation, the refractive index decreased with the decreasing
number of color centers. We analyzed the influence of ionizing irradiation on the transmission performance of the fiber
Bragg gratings using a color-center model, which explained the experimental results. The proposed model was used to
determine the creation rate and annihilation rates of the color center, which are foundational data for using the fiber Bragg
gratings in space applications.

Keywords: fiber Bragg grating, radiation, color center, refractive index, damage, recovery, annihilation
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1. Introduction

Fiber Bragg gratings are regarded as filters or mirrors for
lasers with the corresponding wavelength. Through internal
writing and ultraviolet phase mask exposure, the refractive
index of a grating exhibits a periodic distribution. With the
above features, Bragg gratings can be used as optical devices,
having the advantages of small size, lightness, high strength,
anti-electromagnetic interference, corrosion resistance, easy
coupling with fibers, small coupling loss, and low cost. In
satellite laser communications, fiber Bragg gratings can be
used as a narrow-band filter, for wavelength-division multi-
plexing (WDM) and as a demultiplexing unit of WDM sys-
tems, and as an optical branching multiplexer.[1–3] Addition-
ally, fiber-optic sensors can detect the working status of satel-
lites or nuclear facilities through the displacement, speed, tem-
perature, and other measurements of the reaction of the fa-
cilities to ensure their operating health.[4–6] Fiber Bragg grat-
ings have better multiplexing performance and can be used for
sensing and transferring data, whereby it is easy to form a sen-
sor network.[7]

To evaluate the performance of fiber Bragg gratings in
high-energy radiation environments, e.g., in space or nuclear

facilities, experiments should be performed in similar environ-
ments to understand the effect of the radiation on the grating
performance. Because of high cost, long period, and difficulty,
a Co60-γ source is typically used to simulate the radiation en-
vironment. Ferdinand[4] and Gusarov[5,6] conducted γ and
neutron radiation experiments on a fiber Bragg grating on a
germanium fiber and observed the increase of the peak wave-
length and the refractive index of the light reflected from the
grating. The phenomenon was attributed to the color centers
created by ionizing radiation. Finally, they did not conduct an
in-depth analysis of the regularity and tendency of the color
centers.[4–6]

A common feature of aerospace and nuclear reactors is
the harsh radiation environment, which can damage the per-
formance of fiber-optic components.[1,4–6,8,9] Radiation is de-
posited on the material mainly in two ways: the displacement
of atoms and ionization. Owing to the strong covalent-bond
structure in silica optical fiber, it is very difficult for radiation
particles to displace the atoms. Therefore, the ionization effect
is the major cause of defects.[10] For silica fiber, the ionization
effect shifts an electron to the neighboring atoms and thus cre-
ates a defect called a color centers. The created color centers
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change the optical absorption spectrum,[11–15] modifying the
refractive index of the fiber Bragg grating.[1,6,16]

In recent years, among several studies investigating the
space radiation effects on optical fibers,[17–19] few paid atten-
tion to the radiation damage to fiber Bragg gratings, and none
investigated the recovery from such damage.

In this study, to examine the radiation effects on the
fiber Bragg grating, an experiment involving γ 60Co irradia-
tion, along with post-irradiation annealing at room tempera-
ture, was performed. According to the model for the creation
and annihilation of color centers, the creation rate and the an-
nihilation rate of color centers were fitted from the experiment
data, and the shift of the central wavelength caused by the ir-
radiation was predicted and set as the systematic error.

2. Radiation-created color-center model
Ma et al.[16] introduced a model of color-center creation

and degradation, where the created color centers can be de-
graded back to the intrinsic defects by the radiation, and the
degradation rate of the color center is proportional to the ra-
diation rate. However, this assumption was not supported by
their experimental results, which indicated that the properties
of the fiber recovered gradually after radiation, indicating that
the color-center concentration decreased when there was no
radiation.

We consider a different model of color-center creation
and annihilation. Color centers can be created by high-energy
radiation but are unstable and can be annihilated by thermal
annealing. That is, under constant irradiation over a long pe-
riod of time, the creation rate becomes equal to the annihila-
tion rate, and the color-center concentration becomes constant.
Consider the combined effect of the color-center creation rate
kc, which is proportional to the radiation dose rate Rd and to
the concentration of atoms in regions without color center N0,
as well as the color-center annihilation rate ka, which is pro-
portional to the available concentration of color center n(t).
The variation of the color-center concentration in the fiber can
be expressed as

dn(t)
dt

=−kan(t)+ kc[N0−n(t)], (1)

kc = Rdκc, (2)

where κc is a coefficient of the dose rate, and t is the irradi-
ation time. kc and ka can be obtained by fitting the measured
data.

When kc 6= 0, the solution of equation (1) gives

n(t) =
κcRdN

κcRd + ka

(
1− e−(κcRdt+kat)

)
. (3)

By replacing Rdt in Eq. (3) with the irradiation dose

D = Rdt, equation (3) can be rewritten as

n(t) =
kcN

kc + ka

(
1− e−(κcD+kat)

)
. (4)

When irradiation is stopped, kc = 0, and equation (1) be-
comes

dn(t)
dt

=−kan(t) (5)

with the solution

n(t) = n(t0)e−ka(t−t0), (6)

where n(t0) is the color-center concentration immediately after
the irradiation is stopped.

n(t0) =
κcRdN

κcRd + ka

(
1− e−(κcRdt0+kat0)

)
. (7)

In Smakula’s equation,[20] the absorption coefficient is
proportional to the color-center concentration

α ∝ ni (t) . (8)

According to the Kramers–Kroning causality law,[21] the rela-
tion between the absorption coefficient and the refractive index
can be expressed as

∆nz =
1

4π
√

π ln2 ∑
i

∆αmax∆λ1/2

1− (λi/λ ′)2 , (9)

where λi is the center wavelength of the i-th absorption band,
∆αmax is the variation of the peak absorption, ∆λ1/2 is the full
width at half maximum (FWHM) of the absorption band, and
λ ′ is the wavelength of interest.

Consider the simplest case: for an optical fiber Bragg
grating around 800 nm, the ionizing effect of electron radiation
on the grating mainly produces one type of color center,[22]

which leads to an absorption spectrum of Gaussian approxi-
mation. When the FWHM of the absorption band is a certain
value, from Eqs. (4), (8), and (9), we obtain the following re-
lationship for the fiber Bragg grating under irradiation:

∆nz = η
κcRdN

κcRd + ka

(
1− e−(κcRdt+kat)

)
, Rd 6= 0, (10)

∆nz = ϕ e−ka(t−t0), Rd = 0, (11)

where η is a constant associated with the type of color center
and the absorption spectrum, and ϕ is a constant associated
with the initial color-center concentration and η .

From the Bragg grating equation

λmax ≈ λB = 2nzΛ , (12)

we have

∆nz =
∆λmax

2Λ
, (13)

where ∆λmax is the peak wavelength variation, Λ is the grating
period length, and λB is the Bragg wavelength.

After radiation, ∆nz can be obtained from the measured
∆λmax, and then η can be obtained by fitting Eq. (10). Finally,
the effect of high-energy radiation on the fiber Bragg grating
sensor can be predicted.
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3. Experiments
3.1. Apparatus and method

The fiber Bragg gratings used in this experiment were
procured from FBGS. The gratings were inscribed on a
germanium-doped (10%–20%) single-mode fiber via the
phase mask method. The fiber core diameter and cladding
diameter were 4.5 and 125 µm, respectively, and the coat-
ing material was modified organic ceramics, with the temper-
ature sensitivity of the Bragg wavelength of the grating being
5.5 pm/◦C (according to the data sheet for the fiber Bragg grat-
ing). The parameters of the grating sample are shown in Ta-
ble 1, and the grating structure under the microscope is shown
in Fig. 1.

Table 1. Parameters of optical fiber Bragg gratings.

Number Peak wavelength/nm Fiber type
Fiber 1 824.979 SMF
Fiber 2 834.978 SMF

Notes: “SMF” means “single-mode fiber”

Fig. 1. (color online) Fiber Bragg grating structure.

The radiation source used in the experiment was the 60Co-
γ radiation source from Guangzhou Huada Biological Co.,
Ltd. The grating section of the optical fiber was exposed in
a 60Co-γ-ray radiation chamber, while the other part of the op-
tical fiber was protected by a 3-mm-thick lead tube. Near the
grating section, a low-range potassium dichromate dosimeter
was used to measure the radiation dose. The irradiation pe-
riod of 2 h for each data point was not strictly controlled, with
an uncertainty of 10 min. After each irradiation, the reflec-
tion spectrum of the fiber sample was measured. The inter-
val between two irradiations was hours on the same day, or
overnight, depending on the working time of the company.
The total radiation dose was 1.01× 106 rad. A K-type ther-
mocouple was used to monitor the ambient temperature.

A sketch of the experimental setup is shown in Fig. 2.
The built-in wavelength of the light source ranges from 800

to 860 nm, and the intensity is approximately 0.3 mW. The
emitted light passes through the fiber optic splitter and then is
split into two beams of equal intensity to the two fiber Bragg
grating. The two specific wavelengths of light are reflected
into the spectrometer. Through an array of charge-coupled de-
vices (CCDs), the reflected light intensity at its wavelength is
transformed into an electrical signal to record the reflection
spectrum.

fiber connector E2000/HRL

FBG 1

FBG 2

broadband light source

CCD

polychromator

PC
(windows operating system)fiber Bragg grating sensor 

fiber optic
beam splitter

postirradiation

Fig. 2. (color online) Experimental setup for the radiation experiments of
fiber Bragg gratings.

3.2. Radiation dose error analysis

The main sources of measurement uncertainty are the
magnitude of the change of the light absorption before and
after irradiation, ∆A, and the ambient temperature T . The sum
of squared uncertainties is multiplied by the dose response
conversion factor K (= 8.33) to obtain the total uncertainty of
the measurement. The K-type thermocouple temperature mea-
surement accuracy is ±0.5 K, and the absorbance accuracy A
is 0.001; the dose uncertainty can be calculated using the fol-
lowing equation:

D = K∆A [1+0.0015(T −20)] . (14)

The relative error of the calculated dose is

δD

D
=

∣∣∣∣∂D
∂T

δT

∣∣∣∣+ ∣∣∣∣ ∂D
∂A0

δA0

∣∣∣∣+ ∣∣∣∣ ∂D
∂Af

δAf

∣∣∣∣
D

=
|0.0015K∆AδT |+

∣∣KδA0

∣∣+ ∣∣KδAf

∣∣
D

. (15)

Table 2 shows the absorbed dose errors at different dose
rates. The relative error varies from 0.39% to 0.77%.

Table 2. Absorbed dose error.

Number
Light absorbance Light absorbance Average Absorbed Absolute Relative

before radiation A0 after radiation Af temperature/◦C dose/kGy error/kGy error/%
1 0.957 0.717 20.0 2.0 ±0.0086 ±0.43
2 0.965 0.701 20.0 2.2 ±0.0087 ±0.39
3 0.957 0.753 19.1 1.7 ±0.0086 ±0.50
4 0.957 0.753 19.2 1.7 ±0.0086 ±0.50
5 0.966 0.834 18.9 1.1 ±0.0085 ±0.77
6 0.954 0.786 19.1 1.4 ±0.0085 ±0.61
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4. Results and discussion
4.1. Effect of radiation dose on reflection spectrum

Tables 3 and 4 show the variation of the peak refractive
wavelengths of the 825- and 835-nm fiber Bragg gratings, re-
spectively, according to the radiation dose. As the temperature
of the fiber Bragg grating changes by 1.0 ◦C, the peak wave-
length changes by 5.5 pm. Considering the effect of the ambi-
ent temperature, the peak wavelengths of the fiber Bragg grat-
ings were corrected. Figures 3 and 4 show the reflection spec-
trum in two grating samples before and after irradiation, where
a redshift of the peak wavelength is obviously observed. The
825- and 835-nm peak wavelengths increase by 0.0706 and
0.0742 nm, respectively. The FWHM of the reflected wave
does not change significantly with the increase of the irradia-
tion dose (see Tables 5 and 6). With the increase of the irradi-
ation dose, the intensity of the reflected wave of Bragg grating
first increases and then decreases (see Tables 5 and 6), indicat-
ing that the light-transmission characteristics of the fiber were
impaired by the radiation.

824.0 824.5 825.0 825.5 826.0

0
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 0 kGy
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 4.2 kGy
 5.9 kGy
 7.6 kGy
 8.7 kGy
 10.7 kGy

Fig. 3. (color online) Reflective spectrum variation of the 825-nm opti-
cal Bragg grating pre-radiation and post-radiation.
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Fig. 4. (color online) Reflective spectrum variation of the 835-nm opti-
cal fiber pre-radiation and post-radiation.

Table 3. 825-nm Bragg grating wavelength variation with respect to
radiation dose.

Dose/kGy
Bragg

Temperature/◦C
Corrected wavelength

wavelength/nm (20 ◦C)/nm

0 824.988 21.9 824.979

2.0 824.984 19.0 824.989

4.2 825.021 18.9 825.026

5.9 825.031 19.0 825.036

7.6 825.033 18.8 825.039

8.7 825.040 19.0 825.045

10.1 825.045 19.2 825.049

Table 4. 835-nm Bragg grating wavelength variation with respect to
radiation dose.

Dose/kGy
Bragg

Temperature/◦C
Corrected wavelength

wavelength/nm (20 ◦C)/nm

0 834.987 21.8 834.978

2.0 834.988 19.0 834.993

4.2 835.022 18.9 835.027

5.9 835.039 19.0 835.044

7.6 835.040 18.8 835.046

8.7 835.041 19.0 835.046

10.1 835.048 19.2 835.052

Table 5. 825-nm Bragg grating FWHM and relative intensity variation
with respect to radiation dose.

Dose/kGy FWHM/nm Relative intensity

0 0.214 0.887

2.0 0.209 0.930

4.2 0.212 0.376

5.9 0.203 0.181

7.6 0.208 0.129

8.7 0.208 0.130

10.1 0.211 0.120

Table 6. 835-nm Bragg grating FWHM and relative intensity variation
with respect to radiation dose.

Dose/kGy FWHM/nm Relative intensity

0 0.220 0.943

2.0 0.229 0.977

4.2 0.229 1.075

5.9 0.222 0.359

7.6 0.231 0.334

8.7 0.216 0.364

10.1 0.225 0.230

4.2. Effect of radiation dose on refractive index of fiber
Bragg grating

According to the experimental results, the difference be-
tween the peak wavelength of fiber Bragg grating before and
after radiation could be obtained at different radiation doses.

The measurement accuracy of the peak wavelength of the
Bragg grating reflection was 0.1 pm. Because the ambient
temperature influenced the peak wavelength of the reflection,
in the data-processing operation, the peak wavelength was
converted into the corresponding wavelength at 20 ◦C. The

090701-4
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thermocouple temperature measurement accuracy was 0.5 K.
The conversion equation is

T −20
0.02(◦C)

=
λ −λmax

0.0001(nm)
, (16)

or
λmax = λ − T −20

200
, (17)

where λmax is the peak wavelength corresponding to the am-
bient temperature of 20 ◦C, λ is the peak wavelength actually
measured, and T is the ambient temperature. Therefore, the
uncertainty of λmax is

δλmax =±
(
|δλ |+

∣∣∣∣ δT

200

∣∣∣∣) . (18)

From Eq. (9), the uncertainty of the refractive-index vari-
ation is

δ∆n =±
∣∣∣∣δλmax

2Λ

∣∣∣∣ . (19)

The variation of the refractive index of the fiber Bragg
grating at different doses is shown in Tables 7 and 8. The
refractive index varies exponentially with time, in agreement
with Eq. (10).

Table 7. 825-nm Bragg grating refractive-index variation with respect to
radiation dose.

Time/min Dose/kGy
Refractive index Absolute Relative

variation (20 ◦C)/10−5 error/10−5 error/%
143 2.0 1.293 0.303 23.43
300 4.2 5.710 0.303 5.31
421 5.9 6.977 0.303 4.34
543 7.6 7.281 0.303 4.16
621 8.7 8.044 0.303 3.77
721 10.1 8.560 0.303 3.54

Table 8. 835-nm Bragg grating refractive-index variation with respect to
radiation dose.

Time/min Dose/kGy
Refractive index Absolute Relative

variation (20 ◦C)/10−5 error/10−5 error/%
143 2.0 1.885 0.311 16.50
300 4.2 5.932 0.311 5.24
421 5.9 7.898 0.311 3.94
543 7.6 8.145 0.311 3.82
621 8.7 8.151 0.311 3.82
721 10.1 8.880 0.311 3.50

4.3. Color-center annihilation

After radiation (Rd = 0 at this time), the peak wavelength
of the grating reflection had a recovery or annealing effect
(color-center annihilation); thus, ka can be obtained by fitting
the recovery-effect curve. Then, we can obtain the particular
parameters in Eq. (7) with the annealing results.

After ionizing radiation at 1.0× 106 rad, the two fiber
Bragg gratings were placed at room temperature, and their
refractive-index variation with time was measured. The exper-
imental results are shown in Tables 9 and 10 and Fig. 5. The
refractive index of both fibers gradually decreases with time.

Table 9. 825-nm Bragg grating recovery effect.

Bragg
Corrected Corrected

Time/day Temperature/◦C wavelength refractive index
wavelength/nm

(20 ◦C)/nm variation (10−5)

3 825.053 23.5 825.036 6.920

4 825.046 23.8 825.027 5.897

5 825.038 22.7 825.024 5.513

6 825.042 24.0 825.022 5.247

8 825.042 23.9 825.022 5.293

9 825.038 23.7 825.019 4.932

10 825.041 24.2 825.020 4.954

11 825.037 24.1 825.016 4.532

12 825.038 24.3 825.017 4.622

Table 10. 835-nm Bragg grating recovery effect.

Bragg
Corrected Corrected

Time/day Temperature/◦C wavelength refractive index
wavelength/nm

(20 ◦C)/nm variation (10−5)

3 835.064 23.5 835.046 8.184

4 835.052 23.8 835.033 6.587

5 835.044 22.7 835.030 6.280

6 835.048 24.0 835.028 6.005

8 835.045 23.9 835.025 5.672

9 835.045 23.7 835.027 5.869

10 835.043 24.2 835.022 5.346

11 835.041 24.1 835.020 5.087

12 835.043 24.3 835.022 5.254

0 2 4 6 8 10 12
4T10-5

5T10-5

6T10-5

7T10-5

8T10-5

9T10-5  825 nm
 835 nm
 825 nm fitted curve
 835 nm fitted curve
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c
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v
e
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e
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e
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Time/d

Fig. 5. (color online) Refractive-index recovery with time, after radia-
tion. The black squares and triangles represent the measured refractive-
index data for 825 and 835 nm, respectively. The black line and dashed
line are the curves fitted with the color-center annihilation model for
825 and 835 nm, respectively.

The color center created by the radiation is unstable and
will gradually be annihilated. According to Eq. (11) and
the experimental data presented in Tables 9 and 10, the fit-
ted equations for the fiber Bragg gratings with Bragg wave-
lengths of 825 and 835 nm are y = 8.0×10−5 e−0.054t and y =
8.7× 10−5 e−0.049t , respectively, where t represents time (see
Fig. 5). Therefore, we obtain ka 825 = 0.054/24/60 min =

3.8× 10−5 min−1 and ka 835 = 0.049/24/60 min = 3.4×
10−5 min−1, respectively.
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To evaluate the reliability of the recovery curves, the er-
ror of the fitted curve and the experimental data points were
determined.

Xi = ∆nzi− yi, (20)

σ
2 =

1
10

10

∑
i=1

(Xi− X̄)
2
, (21)

where Xi is the deviation of the measured data from the fit-
ted value yi, and σ is the standard deviation of Xi. σ is
4.18× 10−6 and 4.22× 10−6 for 825-nm and 835-nm grat-
ings, respectively. Therefore, ka 825 and ka 835 with random
error are expressed as follows:

ka 825 = 3.8±0.5×10−5 min−1, (22)

ka 835 = 3.4±0.5×10−5 min−1. (23)

From Fig. 6, the deviations of the fitted data are within
3σ . According to the 3σ criterion, the fitted curve is reliable.
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Fig. 6. (color online) 3σ judgment for the difference of the experimental
data points from the fitted values. The black squares and triangles rep-
resent the difference between the measured refractive-index variances
and the fitted recovery curve for 825-nm and 835-nm gratings, respec-
tively. They are within the region of 3σ judgment between the black
dotted lines and dashed lines for 825 and 835 nm, respectively.

4.4. Refractive-index variation with correction

According to the color-center annihilation mechanism,
the refractive index recovers in each irradiation interval.
Therefore, the refractive-index variations were corrected ac-
cording to the fitted annihilation rate. Owing to the time in-
terval between the placement in the irradiation chamber and
the start time of the measurement, the correction time of the
grating has an uncertainty of 10 min, which yields a refractive-
index variation of 3.0×10−8. Tables 11 and 12 show the time
interval and corrected refractive-index variation time. The fit-
ted curves are shown in Fig. 7.

According to ka from the annealing experiment and the
fitted curve in Fig. 7, the relationship between the variations
of the effective refractive index of the optical fiber with 825-
and 835-nm Bragg gratings and their absorbed dose are as fol-
lows:

∆n825 nm = 1.3×10−4
(

1− e−1.9×10−3t
)
, (24)

∆n835 nm = 1.1×10−4
(

1− e−2.4×10−3t
)
. (25)

From Eqs. (10) and (22)–(25), ka 825 + κc 825Rd =

1.9× 10−3, and ka 835 + κc 835Rd = 2.4× 10−3. As Rd =

1400 rad/min, ka 825 = 3.8 × 10−5 min−1, ka 835 = 3.4 ×
10−5 min−1, κc 825 = 1.3×10−6, and κc 835 = 1.7×10−6.

The relationships between the refractive-index variation
for Bragg wavelengths of 825 and 835 nm and the radiation
time and dose rate are as follows:

∆nz 825 nm=
1.7×10−4Rd

38+1.3Rd

(
1− e−3.8×10−5t−1.3×10−6Rdt

)
, (26)

∆nz 835 nm=
1.9×10−4Rd

34+1.7Rd

(
1− e−3.4×10−5t−1.7×10−6Rdt

)
. (27)

Table 11. Corrected 825-nm Bragg grating refractive-index variation with
respect to radiation dose.

Refractive
Time

Refraction index Corrected

Time/min index variation recovery during refractive index

(20 ◦C)/10−5 interval/min
interval/10−6 variation/10−5

143 1.293 0 0 1.293

300 5.710 720 8.009 6.511

421 6.977 240 6.600 7.637

543 7.281 1020 8.877 8.169

621 8.044 150 6.333 8.677

721 8.560 120 6.244 9.184

Table 12. Corrected 835-nm Bragg grating refractive-index variation with
radiation dose.

Refractive
Time

Refraction index Corrected

Time/min index variation recovery during refractive index

(20 ◦C)/10−5 interval/min
interval/10−6 variation/10−5

143 2.0 0 0 1.885

300 4.2 720 1.102 6.366

421 5.9 240 9.736 8.193

543 7.6 1020 1.181 8.665

621 8.7 150 9.494 8.420

721 10.1 120 9.413 9.140
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Fig. 7. (color online) Refractive-index variation with respect to the ra-
diation time after recovery correction. The black squares and triangles
represent the refractive-index data with respect to time (different doses)
for 825- and 825-nm gratings, respectively. The black line and dashed
line are the curves fitted using the color-center creation model for 825
and 835 nm, respectively.
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4.5. Prediction of space radiation effects on fiber Bragg
grating

According to the refractive-index variation and dam-
age recovery, the 825- and 835-nm fiber grating color-center
creation rates were kc 825 = κc 825Rd = 1.3× 10−6Rd and
kc 835 = κc 835Rd = 1.7× 10−6Rd, respectively, and the an-
nihilation rates were ka 825 = 3.8× 10−5 min−1 and ka 835 =

3.4×10−5 min−1, respectively. Therefore, the average color-
center creation rate was

kc =
κc 825 +κc 835

2
Rd = 1.5×10−6Rd,

and the average color-center annihilation rate was

ka =
ka 825 + ka 835

2
= 3.6×10−5.

Combining Eqs. (26) and (27) by averaging the related pa-
rameters gives the variation of the refractive index of the fiber
Bragg grating with respect to the radiation dose and time

∆nz =
1.8×10−4Rd

36+1.5Rd

(
1− e−3.6×10−5t−1.5×10−6Rdt

)
. (28)

With Eq. (28), the application performance of the fiber
Bragg gratings in radiation environments can be predicted. For
example, in the case of temperature measurement, the tem-
perature drift caused by the radiation can be predicted in low
Earth orbit and Earth synchronous orbit. For a wavelength
variation of 5.5 pm/◦C, according to Eq. (13), the temperature
drift caused by radiation is

∆T =
2Λ

5.5×10−3 ∆nz. (29)

In low Earth orbit, the dose rate is Rd1 = 1.2× 104 rad
year =

2.3×10−2 rad/min, and the temperature drift due to radiation
is

∆T low earth = 0.0182
(

1− e−3.6×10−5t
)
. (30)

According to Eq. (30), in low Earth orbit, after 125 d
(180,000 min), the maximum drift of the temperature measure-
ment is 0.018 K, which can be regarded as systematic error.
Such uncertainty caused by radiation can satisfy most of the
requirements for the measurement accuracy in applications.

In Earth synchronous orbit, the dose rate is Rd2 = 5.2×
105 rad/year= 9.9×10−1 rad/min. Then, the temperature drift
due to radiation is

∆T synch earth = 0.712
(

1− e−3.6×10−5t
)
. (31)

According to Eq. (31), in low Earth orbit, after 125 d
(180,000 min), the maximum drift of the temperature mea-
surement is 0.71 K.

5. Summary
We built a model of color-center creation by ionizing ra-

diation with annihilation to study the shift and recovery of the
refractive index of fiber Bragg gratings made of silica under
and after 60Co γ radiation. By fitting the experimental data of
the refractive-index shift, we obtained the model parameters.
The effect of the radiation on the performance of the silica
fiber Bragg gratings can thus be quantitively predicted for ap-
plications, e.g., temperature measurement in low Earth orbit
and Earth synchronous orbit. The deviation of the refractive
index of the grating in a known radiation environment can be
regarded as a systematic error. This makes it possible to ap-
ply the silica fiber Bragg gratings as sensors in high-energy
radiation environments, e.g., in space and nuclear facilities.
However, the model provides a mechanism for the creation
and annihilation of color centers, which elucidates the effect
of radiation on the silica fiber Bragg gratings.
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