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Symmetrical one-dimensional photonic crystal structure with polymer nanocomposite materials 
is introduced as the basis for an extremely sensitive and accurate gamma radiation sensor. The 
architecture of the sensor makes use of the interaction between a defect mode and a topological edge 
state to provide remarkable optical performance when exposed to gamma radiation. In response to 
changing gamma dosages, the transmittance spectra show a noticeable wavelength change and a 
highly accurate linear correlation. Key performance parameters of the sensor include a sensitivity of 
0.2267 nm/RIU and quality factor of 447,747.5. These measurements highlight the sensor’s exceptional 
stability and resolution in detecting even the smallest variations in gamma radiation dosages. With 
potential uses in industrial, environmental, and medical monitoring, the suggested sensor is a 
breakthrough in radiation detection. In future work, we aim to enhance sensitivity and utilize more 
stable materials to improve performance under high radiation doses.
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Optical materials known as photonic crystals (PCs) stand out from the crowd due to the unique structure 
of their dielectric constants, which allows for precise control over the propagation of light1,2. Photonic band 
gaps (PBGs), or ranges of wavelengths that cannot pass through crystal, are the consequence of this periodic 
structure3–8. For devices that require precise control over light, such as optical filters, waveguides, and lasers, 
PCs are essential9,10. One-dimensional PCs (1D-PCs) are structures that explore PBG11–15. They consist of 
alternating layers of materials with varying RIs arranged in a linear configuration. 1D-PCs are widely studied 
and utilized in various practical applications such as thin-film coatings and Bragg mirrors. Theoretical models 
and simulations of 1D-PCs are much easier to understand than those of structures with higher dimensions, 
which makes it easier to understand how light works in these crystals16,17. The presence of these defects in 
1D-PCs results in the formation of localized states within the PBG. This enables the defect to transmit specific 
frequencies of light. Defective PCs are used to create high-quality resonators, waveguides, and filters with limited 
frequency selectivity. Defected 1D-PCs play a crucial role in sensors, adapting to environmental variations such 
as temperature or chemical composition by selectively transmitting or reflecting a specific range of wavelengths.

In symmetrical 1D-PC, topological edge states (TES) can emerge within the PBGs due to the nontrivial 
topological properties of the system. These edge states arise from topological phase transitions, which are 
characterized by changes in bulk topological invariants, such as the Zak phase. A PC with inversion symmetry 
can exhibit a quantized Zak phase of 0 or π, leading to distinct topological phases. When two regions with 
different topological phases form an interface, a localized edge state appears within the PBG, enabling robust 
light confinement at the boundary18. Unlike conventional defect-induced modes, these topological edge states 
are protected by bulk-boundary correspondence and remain robust against structural perturbations and 
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imperfections19. Such states have attracted significant interest for applications in optical waveguiding, topological 
photonic devices, and quantum optics20.

Gamma radiation detectors (GRDs) are devices designed to detect and measure gamma rays that are a form 
of high-energy electromagnetic radiation21–26. Gamma rays demonstrate considerable penetrative abilities, 
requiring specialized materials for effective detection. Commonly utilized GRDs encompass scintillation 
detectors, semiconductor detectors, and gas ionization detectors. Each possesses distinct qualities that render 
it advantageous for various applications in medical imaging, environmental monitoring, and nuclear industry 
safety27,28. One of the most common types of GRDs is the scintillation detector. Sodium iodide crystals can be 
utilized, which engage with gamma radiation to emit visible light. Photomultiplier tubes subsequently detect and 
amplify this light, facilitating the measurement of gamma radiation. Radiation detection instruments extensively 
utilize scintillation detectors for environmental monitoring and medical imaging due to their heightened 
sensitivity27,29.

Porous materials are defined as substances that possess a network of interconnected spaces or pores within 
their structure, facilitating the entrapment of gases, liquids, or smaller molecules. Due to their high surface area, 
tunable porosity, and unique physicochemical properties, the materials in question have garnered significant 
interest in various fields, such as catalysis, energy storage, and environmental remediation. Porous silicon (PSi), 
a subset of silicone-based compounds, is characterized by its interconnected pores and sponge-like architecture. 
The porosity of these materials results in a substantial surface area, making them suitable for applications 
necessitating flexibility, breathability, and controlled permeability. PSi is utilized in medical implants and 
filtering systems due to its biocompatibility, chemical stability, and adjustable porosity30,31.

Recently, many polymers such as polyurethane, polyethylene, polyacetal, polytetrafluoroethylene, polyethylene 
terepthalate, polymethylmethacrylate, polysulfone, silicone rubber, poly(lactic acid), polyetheretherketone, 
and poly(glycolic acid) are employed in a variety of biological and industrial applications. This is primarily 
because these polymer materials come in a wide range of compositions, characteristics, and forms (solids, films, 
fibers, textiles, and gels) and may be easily produced into complicated shapes and structures32. Furthermore, 
sterilizing techniques such as autoclaving, ethylene oxide, and 60Co irradiation may have a strong effect on 
polymer characteristics. So, polymer nanocomposites (PNCs) have attracted more interest as an active material 
for GRDs33, as well as other applications34–38.

Recently, the coupling between different resonances recorded very high performance39. The integration of 
PC technology with GRDs offers novel approaches to enhance sensitivity and minimize detector dimensions. 
Photomultiplier tubes improve the signal-to-noise ratio and make it easier to control the light path, which 
makes scintillation light more effective at being collected in GRDs. PCs, particularly defective 1D-structures, 
significantly enhance scintillation detectors by selectively transmitting scintillation wavelengths while blocking 
others. This design minimizes background noise and improves detection accuracy16. Defective 1D-PCs are very 
good at finding gamma radiation because they are designed to limit and boost the wavelengths of light produced 
by scintillating materials used in the detection process.

In this study, we explore the coupling between TES and defect resonance to achieve enhanced gamma 
radiation detection. GRD composed of defected symmetrical 1D-PC (SPC) of PSi containing PNC (polymer 
of Poly Vinyl Alcohol, carbol fuchsin, and crystal violet) inside pores is proposed to detect gamma doses (γD). 
To the best of our knowledge, this is the first implementation of a symmetrical 1D-SPC sensor incorporating 
PNC materials that leverages the interplay between a defect mode and a topological edge state for GRD. This 
unique design architecture enables ultra-high sensitivity and resolution, with a record-high quality factor of 
447,747 and a sensitivity of 0.2267 nm/RIU. The introduction of topological photonic principles into gamma 
radiation sensing represents a significant advancement over conventional photonic sensors, providing enhanced 
stability and precision, particularly for detecting minute radiation dosage changes. This novel approach opens 
new avenues for the development of highly accurate, scalable, and cost-effective sensors in critical domains such 
as environmental monitoring, medical diagnostics, and nuclear safety.

Theoretical model and equations
As clear in 

[
Air ∗ (P Si1 ∗ P Si2)N ∗ PNC ∗ (P Si2 ∗ P Si1)N ∗ Substrate

]
 construction in Fig.  1, the 

proposed GRD is composed of N unit cells of P Si1 and P Si2 containing PNC inside pores. Initially, the ratio 
of the pores (P ) in the first and second layers P Si1 and P Si2 are 20% and 80%, respectively. The thickness of 
the first and second layers P Si1and P Si2 are 100 nm and 170 nm, respectively.

Using Bruggeman’s effective equation, the dispersion relations or RIs of PSi layers in each unit cell of the 
proposed 

[
Air ∗ (P Si1 ∗ P Si2)N ∗ PNC ∗ (P Si2 ∗ P Si1)N ∗ Substrate

]
 containing PNC are simulated 

as follows40:

	

nPSi =0.5
√

ψ +
√

ψ2 + 8 × 3.72 n2
PNC,

ψ =3 P
(
n2

PNC − 3.72)
+

(
2 × 3.72 − n2

PNC
)

,
� (1)

where P  is the PNC ratio in the cavities of PSi layers of each unit cell. Bruggeman’s effective medium theory 
showed strong agreement with the experimental results for the porous material41. In the wavelength and gamma 
doses ranges of concern, the impact of gamma dose on Si can be ignored. The following dispersion relations of 
PNC as a function of wavelength and different irradiation doses using 60Co-source (from 0 to 70 Gy) can be as 
follows (390 nm ≤ λ ≥ 550 nm)33,42:

At 0 Gy:
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	 nP NC = −3.5482 × 10−11λ5 + 8.5122 × 10−8λ4 − 8.1190 × 10−5λ3 + 0.0385λ2 − 9.0595λ + 850.5266,� (2)

At 10 Gy:

	 nP NC = −1.7847 × 10−11λ5 + 4.4209 × 10−8λ4 − 4.3404 × 10−5λ3 + 0.0211λ2 − 5.0877λ + 488.8556,� (3)

At 20 Gy:

	 nP NC = −1.5042 × 10−11λ5 + 3.7253 × 10−8λ4 − 3.6566 × 10−5λ3 + 0.0178λ2 − 4.2831λ + 411.7151,� (4)

At 30 Gy:

	 nP NC = −1.5212 × 10−11λ5 + 3.7537 × 10−8λ4 − 3.6723 × 10−5λ3 + 0.0178λ2 − 4.2769λ + 410.0556,� (5)

At 40 Gy:

	 nP NC = −1.0031 × 10−11λ5 + 2.4969 × 10−8λ4 − 2.4613 × 10−5λ3 + 0.0120λ2 − 2.9006λ + 280.1490,� (6)

At 50 Gy:

	 nP NC = −1.0059 × 10−11λ5 + 2.5123 × 10−8λ4 − 2.4838 × 10−5λ3 + 0.0122λ2 − 2.9420λ + 284.7669,� (7)

At 60 Gy:

	 nP NC = −7.0564 × 10−12λ5 + 1.7922 × 10−8λ4 − 1.7963 × 10−5λ3 + 0.0089λ2 − 2.1701λ + 212.1611,� (8)

At 70 Gy:

	 nP NC = −5.4184 × 10−12λ5 + 1.3961 × 10−8λ4 − 1.4156 × 10−5λ3 + 0.0071λ2 − 1.7394λ + 171.5838,� (9)

where λ is in nm. The transmittance spectra (T) of photons with wavelengths in the range of concern through defected 
SPC with unit cells of PSi containing PNC as 

[
Air ∗ (P Si1 ∗ P Si2)N ∗ PNC ∗ (P Si2 ∗ P Si1)N ∗ Substrate

]
 

are simulated by the TMM as follows2:

	
T (%) = 100 × ps

p0
t2,� (10)

where,

	
t = 2p0

(A11 + A12ps) p0 + (A21 + A22ps) ,� (11)

	

∣∣∣ A11 A12
A21 A22

∣∣∣ = (aP Si1aP Si2)N ∗ aD ∗ (aP Si2aP Si1)N ,� (12)

	 pi = nicos (θi) , i = P Si1, P Si21, and defect layer,� (13)

where ps = nsubstratecos (θsubstrate), p0 = nAircos (θAir), nAir = 1, and nsubstrate = 1.52. This 
analytical method was commonly employed for building a variety of studies, filters43, and sensors39. The results 

Fig. 1.  Geometrical representation of defected-SPC with unit cells of PSi containing PNC as [
Air ∗ (P Si1 ∗ P Si2)N ∗ PNC ∗ (P Si2 ∗ P Si1)N ∗ Substrate

]
.
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of many simulations using the TMM analytical method coincided with different experimental research44,45. The 
experimental results may suffer from intensity reduction due to the absorption.

Results and discussions
The dispersion relation (RIs) of PNC, P Si1, and P Si2 at different γDs according to the experimental42 and 
fitted data in Eqs. (2)–(8)33 are cleared in supplementary material (S1). As clear in S1, by irradiating the PNC 
inside PSi pores, the RI of PNC increases may be due to atomic displacements, ionization, or changing the 
internal structure in the PNC42. As a result, the RI of P Si1, and P Si2 changes depending on the ratio of PNC 
in both of them. The contrast between refractive indices of PNC, P Si1, and P Si2 at different γDs increases 
at higher wavelengths in the range of concern. At λ = 500 nm, the RI of PNC changes from 2.3484 to 2.3723, 
2.3953, 2.4068, 2.4160, 2.4324, 2.4419, and 2.4591 with irradiating from 0 to 70 Gy. Besides, the RI of P Si1 
changes from 3.4213 to 3.4262, 3.4310, 3.4334, 3.4353, 3.4387, 3.4407, and 3.4442 with irradiating from 0 to 70 
Gy. Also, the RI of P Si2 changes from 2.5944 to 2.6146, 2.6341, 2.6438, 2.6515, 2.6654, 2.6733, and 2.6878 with 
irradiating from 0 to 70 Gy.

Topological edge states (TES)
In Fig.  2, the transmittance spectra of SPC without defect as [
Air ∗ (P Si1 ∗ P Si2)N (P Si2 ∗ P Si1)N ∗ Substrate

]
  using unirradiated (black line) and irradiated PNC 

(other spectra) with γDs from 0 to 70  Gy are cleared at normal incident angle (θi). For unirradiated SPC 
structure, a PBG extended from wavelength range 505 nm to 531 nm as a consequence of the periodicity of the 
SPC structure and the multiple Bragg scattering. At the wavelength of 523.3 nm inside the PBG, a TES is excited 
as a consequence of the localization of photons of this wavelength at the interface between (P Si1 ∗ P Si2)N  
and (P Si2 ∗ P Si1)N  PCs46. As a result of the increasing of the RIs of PNC, P Si1 and P Si2 with increasing 
γDs, both PBG and TES are shifted to higher wavelengths. The TES is shifted from 523.297 to 524.945, 527.680, 
543.859, 530.873, 532.312, 533.740, and 535.879 nm.

The proposed SPC-GRD with unit cells of PSi containing PNC will perform effectively by possessing high S, 
narrow bandwidth (FWHM), high figure of merit (FoM), low detection limit (LoD), and high quality-factor (Q). 
S, FoM, Q, and LoD can be calculated as follows:

	
S = ∆λd

∆γD
,� (14)

	
F oM = S

F W HM
,� (15)

	 Q = λd
F W HM

,� (16)

	
LoD = λd

20SQ
� (17)

where λd refers to resonant peak position. As clear in Fig.  3(A-C), the suggested SPC-GRD has average 
transmitances of 96.8%, FWHM between 0.24 and 0.48 nm, S between 0.14 and 0.27 nm/Gy, FoM between 0.33 
and 0.91 Gy−1, Q between 2177.68 and 1115.02, and LoD between 0.055 and 0.150 Gy.

Fig. 2.  Transmittance of SPC-GRD without defect as 
[
Air ∗ (P Si1 ∗ P Si2)N (P Si2 ∗ P Si1)N ∗ Substrate

]
 

using unirradiated (black line) and irradiated PNC (other spectra) with γD from 0 to 70 Gy.
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Coupling between defect mode and TES
In Fig.  4, the transmittance spectra of defected SPC as [
Air ∗ (P Si1 ∗ P Si2)N ∗ PNC ∗ (P Si2 ∗ P Si1)N ∗ Substrate

]
 using unirradiated (black line) and 

irradiated PNC (other spectra) with γD from 0 to 70 Gy are cleared at normal incident angle (θi = 0 degrees) 

Fig. 3.  A T/FWHM, B S/FoM, and C Q/LoD of the SPC-GRD as [
Air ∗ (P Si1 ∗ P Si2)N (P Si2 ∗ P Si1)N ∗ Substrate

]
 at d1 = 100 nm, d2 = 170 nm, P1 = 20%, 

P2 = 80% ,and dD = 0 nm.
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using a defect layer dD = 100 nm. As a consequence of the coupling between TES and defect resonances 
(coupled mode), the TES is blue shifted from 523.30 to 520.25 nm. As a result of the increasing of γDs, both 
PBG and coupled mode are shifted to higher wavelengths. The coupled mode is shifted from 520.249 to 522.077, 
524.919, 526.425, 528.215, 529.739, 532.208, and 533.449 nm.

As clear in Fig.  5A–C, the suggested defected SPC-GRD has average transmitances of 96.4%, FWHM 
between 0.16 nm and 0.35 nm, S between 0.15 and 0.21 nm/Gy, FoM between 0.48 and 1.36 Gy−1, Q between 
1523.71 and 3197.59, and LoD between 0.037 and 0.105 Gy. By comparing between the performance of the GRD 
using TES and coupled mode, the performance is inhanced by the coupling between TES and defect modes. 
Consequently, in the following simulations, we will focous on the coupled mode.

In Fig.  6A–C, T, FWHM, S, FoM, Q, and LoD of the defective SPC-GRD as [
Air ∗ (P Si1 ∗ P Si2)N ∗ PNC ∗ (P Si2 ∗ P Si1)N ∗ Substrate

]
 versus the thickness of defect at 

d1 = 100 nm, d2 = 170 nm, P1 = 20%, and P2 = 80% are investigated. The FWHMs are calculated for the 
peak of 0 Gy. T of all peaks slightly changes around 96%. The FWHM has the maximum value at dD = 800 nm
, and minimum value at dD = 900 nm. The reason behind the unexpected change for FWHM at 900 nm is 
that the peak’s position is near the center of the PBG. By increasing dD  300 nm to 800 nm, the resonant peak 
intensely red-shifted, and a new peak came from the left side. The new position of the new peak approaches to 
the left edge of the PBG with increasing dD . At dD = 900 nm, a suitable peak exists at the center of the PBG. 
The FWHM decreases at the center of the PBG and increases at the edges. For the same reason, the S has the 
highest value at dD = 900 nm because the peak shift and photons confinement are strong at the center of the 
PBG47,48. The behaviors of FoM, Q, and LoD strongly depends on S and FWHM according to Eqs. (14)–(17). For 
dD  higher than 900 nm, the shift increases longer than the width of the PBG and the peaks begin to overlap. So, 
dD = 900 nm will be the best choice.

As clear in Fig.  7, the FWHM of the coupled mode of the defected SPC-GRD as [
Air ∗ (P Si1 ∗ P Si2)N ∗ PNC ∗ (P Si2 ∗ P Si1)N ∗ Substrate

]
 at 0 Gy intensively depends on N. The 

sharpness of peaks increases because the reflectivity increases at the edges of the PBG because of the enhancement 
of the interference behavior. As the absorption increases with N, the T decreases for N higher than 20 unit cells.

In Fig.  8(A-C), the T of the coupled mode of the defected SPC-GRD as [
Air ∗ (P Si1 ∗ P Si2)N ∗ PNC ∗ (P Si2 ∗ P Si1)N ∗ Substrate

]
 at 0 Gy intensively decreases with 

increasing N from 20 to 25 cells. On the other hand, the FWHM of the coupled mode of the defected SPC-
GRD as 

[
Air ∗ (P Si1 ∗ P Si2)N ∗ PNC ∗ (P Si2 ∗ P Si1)N ∗ Substrate

]
 at 0 Gy achieved the lowest value 

at N = 25 cells. For S, N doesn’t affect it because the peak position doesn’t change. The behaviors of FoM, Q, and 
LoD strongly depend on S and FWHM according to Eqs. (14)–(17). As N of 25 unit cells has very low T, N of 20 
unit cells is the best choice.

As clear in Fig. 9A, each γD corresponds to a narrow and clear transmittance coupled modes at a specific 
wavelength. The distinct separations between coupled modes mean a high sensitivity of the GRD. The 
progressively shifting of the coupled modes to longer wavelengths (redshift) as the γD increases indicates 
that the sensor’s optical response varies systematically with radiation exposure. The transmittance values are 
consistently high (about 96%), highlighting the efficiency of the GRS for detecting these dose ranges. Besides, 
the non-overlapping and sharpness nature of the coupled modes clear the sensor’s capability to differentiate 
between very close γD.

Figure 9B represents the relationship between γD and the coupled mode position (wavelength), showing 
both the analytical data points and a linear fit. The position of the coupled mode increases linearly with γD, as 

Fig. 4.  Transmittance of defected SPC as 
[
Air ∗ (P Si1 ∗ P Si2)N ∗ PNC ∗ (P Si2 ∗ P Si1)N ∗ Substrate

]
 

using unirradiated (black line) and irradiated PNC (other spectra) with γD from 0 to 70 Gy at d1 = 100 nm, 
d2 = 170 nm, P1 = 20%, P2 = 80% ,and dD = 100 nm.
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indicated by the strong alignment of the analytical data points with the linear fit (R2 = 99%). This suggests a 
predictable and stable response of the sensor to γD. The analytical data points are closely aligned with the linear 
fit, with minimal deviation. This implies a high level of accuracy and repeatability in the sensor’s performance. 

Fig. 5.  A T/FWHM, B S/FoM, and C Q/LoD of the defected SPC-GRD as [
Air ∗ (P Si1 ∗ P Si2)N ∗ PNC ∗ (P Si2 ∗ P Si1)N ∗ Substrate

]
 at d1 = 100 nm, d2 = 170 nm, 

P1 = 20%, P2 = 80% ,and dD = 100 nm.
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Fig. 6.  A T/FWHM, B S/FoM, and C Q/LoD of the defected SPC-GRD as [
Air ∗ (P Si1 ∗ P Si2)N ∗ PNC ∗ (P Si2 ∗ P Si1)N ∗ Substrate

]
 versus the thickness of defect at 

d1 = 100 nm, d2 = 170 nm, P1 = 20%, and P2 = 80%. The FWHMs are calculated for the peak of 0 Gy.

 

Scientific Reports |        (2025) 15:16038 8| https://doi.org/10.1038/s41598-025-99332-x

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Table 1 clear an outstanding performance of our proposed design as GRD. Finally, by knowing the position of 
the coupling mode, we can investigate the value of γD using the following equation:

	 γD (Gy) = 4.504λd − 2350.450.� (18)

In future work, we aim to expand the range of gamma doses studied to better understand the system’s response 
across a broader spectrum of radiation exposure. Additionally, we will focus on enhancing the sensitivity of the 
proposed system to enable more precise detection of higher radiation levels. Improving sensitivity will require 
optimizing material properties, refining structural designs, and exploring advanced fabrication techniques to 
minimize losses and enhance performance. Furthermore, addressing the scalability and practical implementation 
challenges, such as environmental stability, reproducibility, and temperature will be essential for transitioning 
this research toward real-world applications. The long-term stability of polyvinyl alcohol (PVA)-based sensors 
under extended gamma radiation exposure is a critical factor in their practical implementation. Previous studies 
have shown that while PVA-based films doped with dyes such as crystal violet and carbol fuchsin exhibit reliable 
dosimetric properties at moderate doses, prolonged exposure to high radiation levels can induce structural and 
optical changes49. These effects may include chain scission, crosslinking, and oxidation, which can alter the 
sensor’s absorption characteristics and overall performance42.

The minimum gamma radiation dose required to cause swelling or oxidative changes in polymers and 
nanocomposite materials depends on their specific composition and environmental conditions. Poly(ethylene 
oxide) hydrogels exhibited swelling at radiation levels as low as 5 kGy. At this dosage, an increase in the gel 
fraction was observed, indicating the onset of crosslinking or structural modifications that influence swelling 
behavior50. Oxidative degradation induced by gamma radiation has been reported at doses starting from 20 kGy, 
leading to chemical changes such as chain scission and enhanced crystallinity in poly(ethylene oxide)/silica 
nanocomposites51. Oxidative modifications in various polymer systems have been detected at lower radiation 
doses (4–8  kGy), influenced by factors such as filler type and irradiation conditions52. Consequently, the 
threshold dose for noticeable effects ranges from 5 to 20 kGy, depending on the material’s composition and 
environmental factors such as oxygen exposure.

Ahmed et al.53 examined the effects of gamma radiation on Si–PC devices using Monte Carlo simulations. 
Their findings indicated that key optical parameters, including the dispersion, thermo-optic coefficient, 
characteristic group index, temperature sensitivity, peak width, and peak center, remained stable for cumulative 
doses up to 1 MGy. Similarly, even at 46 kGy, no significant changes were observed in the optical properties of 
Al₂O₃54.

Conclusion
A symmetrical 1D-SPC sensor utilizing PNC materials has been demonstrated as an innovative and efficient 
platform for GRD. By exploiting the coupling between a defect mode and topological edge state, the sensor 
achieves unparalleled optical characteristics, including a Q of 447,747.5 and an exceptional sensitivity of 
0.2267 nm/RIU. The linear dependence of the resonance wavelength shift on γD is reflected in its high FoM 
of 188.91  Gy⁻1, enabling reliable and precise dose measurements. Additionally, the GRS’s remarkable LoD 
of 0.000265  Gy demonstrates its capacity to monitor extremely low radiation levels. The proposed design is 
scalable and cost-effective, making it a promising candidate for commercial applications in fields such as medical 
imaging, nuclear safety, and space exploration.

Fig. 7.  Transmittance of the 0 Gy peak of the defected SPC-GRD as [
Air ∗ (P Si1 ∗ P Si2)N ∗ PNC ∗ (P Si2 ∗ P Si1)N ∗ Substrate

]
 versus the number of periods at 

d1 = 100 nm, d2 = 170 nm, P1 = 20%, P2 = 80%, and dD = 900% for different numbers of unit cells.
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Fig. 8.  A T/FWHM, B S/FoM, and C Q/LoD of the defected SPC-GRD as [
Air ∗ (P Si1 ∗ P Si2)N ∗ PNC ∗ (P Si2 ∗ P Si1)N ∗ Substrate

]
 versus the number of periods at 

d1 = 100 nm, d2 = 170 nm, P1 = 20%, P2 = 80%, and dD = 900%. The FWHMs are calculated for the 
peak of 0 Gy.
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References S (nm/Gy) Q Range Structure
55 0.00018 NC 6000–65,000 Fiber grating
56 0.0013 NC 500 Gy Fiber grating
57 0.0002 NC 0–300 Gy Indigo dye samples
58 0.0012 NC 0–500 Gy Fiber grating
33 0.265 12,701 0–70 Gy 1D-PC
59 0.298 808 0–70 Gy 2D-PC

This work 0.227 447,748 0–70 Gy 1D-SPC

Table 1.  Comparison with other detectors.

 

Fig. 9.  A T of the peaks of the defected SPC-GRD as [
Air ∗ (P Si1 ∗ P Si2)N ∗ PNC ∗ (P Si2 ∗ P Si1)N ∗ Substrate

]
 versus the γD at d1 = 100 nm, 

d2 = 170 nm, P1 = 20%, P2 = 80%, dD = 900%, and N = 20, and B the linear relation between coupled 
mode position and gamma doses.
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The datasets used and/or analysed during the current study available from the corresponding author (Z. A. 
Zaky) on reasonable request.

Received: 20 November 2024; Accepted: 18 April 2025

References
	 1.	 John, S. & Florescu, M. Photonic bandgap materials: towards an all-optical micro-transistor. J. Opt. A: Pure Appl. Opt. 3, S103. 

https://doi.org/10.1088/1464-4258/3/6/361 (2001).
	 2.	 Yeh, P. Optical Waves in Layered Media (Wiley, New York, 1988).
	 3.	 Huang, X., Zhang, L., Chen, X. & Shi, R. Urine glucose concentration detection biosensor using one-dimensional photonic crystals 

with periodical and Fibonacci sequences based on Tamm plasmon resonance. Phys. Scr. https://doi.org/10.1088/1402-4896/ad5881 
(2024).

	 4.	 Zhang, P., Xin, H., Wang, Y., Li, Y. & Zhu, Z. Advancements in the synthesis and application research of structural color photonic 
crystal inks. Adv. Eng. Mater. 26, 2401184. https://doi.org/10.1002/adem.202401184 (2024).

	 5.	 Yan, Q., Ma, R., Lyu, Q., Hu, X. & Gong, Q. Transmissible topological edge states based on Su–Schrieffer–Heeger photonic crystals 
with defect cavities. Nanophotonics 13, 1397–1406. https://doi.org/10.1515/nanoph-2023-0744 (2024).

	 6.	 Gadhwal, R., Kaushik, P. & Devi, A. A review on 1D photonic crystal based reflective optical limiters. Crit. Rev. Solid State Mater. 
Sci. 48, 93–111. https://doi.org/10.1080/10408436.2022.2041394 (2023).

	 7.	 Gupta, A., Singh, T., Singh, R. K. & Tiwari, A. Numerical analysis of coronavirus detection using photonic crystal fibre-based SPR 
sensor. Plasmonics https://doi.org/10.1007/s11468-022-01761-1 (2023).

	 8.	 Abohassan, K. M., Ashour, H. S. & Abadla, M. M. Tunable wide bandstop and narrow bandpass filters based on one-dimensional 
ternary photonic crystals comprising defects of silver nanoparticles in water. J. Phys. Chem. Solids 161, 110484. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​
1​0​1​6​/​j​.​j​p​c​s​.​2​0​2​1​.​1​1​0​4​8​4​​​​ (2022).

	 9.	 John, S. Strong localization of photons in certain disordered dielectric superlattices. Phys. Rev. Lett. 58, 2486. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​
0​3​/​P​h​y​s​R​e​v​L​e​t​t​.​5​8​.​2​4​8​6​​​​ (1987).

	10.	 Yablonovitch, E. Inhibited spontaneous emission in solid-state physics and electronics. Phys. Rev. Lett. 58, 2059. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​
.​1​1​0​3​/​P​h​y​s​R​e​v​L​e​t​t​.​5​8​.​2​0​5​9​​​​ (1987).

	11.	 Sharifi, M., Rezaei, B., Pashaei Adl, H. & Zakerhamidi, M. S. Tunable Fano resonance in coupled topological one-dimensional 
photonic crystal heterostructure and defective photonic crystal. J. Appl. Phys. https://doi.org/10.1063/5.0135235 (2023).

	12.	 Biswal, A., Kumar, R., Nayak, C. & Dhanalakshmi, S. Photonic bandgap characteristics of GaAs/AlAs-based one-dimensional 
quasi-periodic photonic crystal. Optik 234, 166597 (2021).

	13.	 Wu, F., Lyu, K., Hu, S., Yao, M. & Xiao, S. Ultra-large omnidirectional photonic band gaps in one-dimensional ternary photonic 
crystals composed of plasma, dielectric and hyperbolic metamaterial. Opt. Mater. 111, 110680 (2021).

	14.	 Abadla, M. M. & Elsayed, H. A. Detection and sensing of hemoglobin using one-dimensional binary photonic crystals comprising 
a defect layer. Appl. Opt. 59, 418–424. https://doi.org/10.1364/AO.379041 (2020).

	15.	 Gryga, M., Ciprian, D., Gembalova, L. & Hlubina, P. Sensing based on Bloch surface wave and self-referenced guided mode 
resonances employing a one-dimensional photonic crystal. Opt. Express 29, 12996–13010. https://doi.org/10.1364/OE.421162 
(2021).

	16.	 Joannopoulos, J. D., Johnson, S. G., Winn, J. N. & Meade, R. D. Molding the Flow of Light Vol. 12 (Princeton University Press, 2008).
	17.	 Sakoda, K. & Sakoda, K. Optical Properties of Photonic Crystals Vol. 2 (Springer, 2005).
	18.	 Atherton, T. J. et al. Topological modes in one-dimensional solids and photonic crystals. Phys. Rev. B 93, 125106. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​

0​.​1​1​0​3​/​P​h​y​s​R​e​v​B​.​9​3​.​1​2​5​1​0​6​​​​ (2016).
	19.	 Poshakinskiy, A., Poddubny, A., Pilozzi, L. & Ivchenko, E. Radiative topological states in resonant photonic crystals. Phys. Rev. Lett. 

112, 107403. https://doi.org/10.1103/PhysRevLett.112.107403 (2014).
	20.	 He, C. et al. Topological photonic states. Int. J. Mod. Phys. B 28, 1441001. https://doi.org/10.1142/S021797921441001X (2014).
	21.	 Tawfik, A. F., Baraka, A. A., Gobara, M. M. & Omar, A. M. Potential use of aqueous solution of tartarzine dye as low-dose dosimeter 

for gamma radiation. In The International Conference on Chemical and Environmental Engineering, 1–11 (2010). ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​
2​1​6​0​8​/​i​c​c​e​e​.​2​0​1​0​.​3​7​3​5​7​​​​​.​​​

	22.	 Omar, A., Baraka, A., Zaki, A. H. & Sharshar, K. A. Aluminum oxide doped/aniline hydrochloride films for gamma radiation 
detection. In International Conference on Aerospace Sciences and Aviation Technology, 1–13 (2015). ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​2​1​6​0​8​/​a​s​a​t​.​2​
0​1​5​.​2​2​9​5​3​​​​​.​​​

	23.	 Omar, A., Baraka, A., Zaki, A. H. & Sharshar, K. A. Absorbance and conductivity of aniline hydrochloride/polyvinyl alcohol films 
(An/PVA) for high level gamma radiation dosimetry from 2 kGy up to 10 kGy. J. Eng. Sci. Technol. 9, 513–521 (2014).

	24.	 Omar, A., Baraka, A., Zaki, A. H. & Sharshar, K. A. Metal oxide films/structures for gamma radiation detection. In 2015 IEEE 
International Conference on Electronics, Circuits, and Systems (ICECS), 685–688 (2015). ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​0​9​/​I​C​E​C​S​.​2​0​1​5​.​7​4​4​0​
4​0​9​​​​​​​

	25.	 Omar, A., Baraka, A., Zaki, A. H. & Sharshar, K. A. Gamma radiation effect on the electrical properties of PANI film. Appl. Mech. 
Mater. 241, 828–832. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​r​​g​/​​1​0​.​4​0​​2​​8​/​​w​w​w​​.​s​c​i​e​n​​t​i​​f​i​c​​​.​n​e​t​​/​​A​M​​M​.​2​4​​1​-​2​4​4​.​8​2​8 (2013).

	26.	 Zaky, Z. A., Zhaketov, V., Kozhevnikov, S. & Sallah, M. Photonic crystal with a defect layer of silicon containing polymer 
nanocomposites as radiation detector. Sci. Rep. 15, 7935. https://doi.org/10.1038/s41598-025-91050-8 (2025).

	27.	 Knoll, G. F. Radiation Detection and Measurement (Wiley, 2010).
	28.	 Landsberger, S. Measurement and Detection of Radiation (CRC Press, 2015).
	29.	 Gilmore, G. Practical Gamma-Ray Spectroscopy (Wiley, 2008).
	30.	 Batista, H. et al. Electrospun composite fibers of PLA/PLGA blends and mesoporous silica nanoparticles for the controlled release 

of gentamicin sulfate. Int. J. Polym. Mater. Polym. Biomater. 71, 635–646. https://doi.org/10.1080/00914037.2021.1876053 (2022).
	31.	 Palliyarayil, A. et al. Advances in porous material research towards the management of air pollution. Emerg. Mater. 4, 607–643. 

https://doi.org/10.1007/s42247-020-00151-9 (2021).
	32.	 Ramakrishna, S., Mayer, J., Wintermantel, E. & Leong, K. W. Biomedical applications of polymer-composite materials: A review. 

Compos. Sci. Technol. 61, 1189–1224. https://doi.org/10.1016/S0266-3538(00)00241-4 (2001).
	33.	 Zaky, Z. A., Al-Dossari, M., Hendy, A. S., Zayed, M. & Aly, A. H. Gamma radiation detector using Cantor quasi-periodic photonic 

crystal based on porous silicon doped with polymer. Int. J. Mod. Phys. B 38, 2450409. https://doi.org/10.1142/S0217979224504095 
(2024).

	34.	 Hamsan, M., Shukur, M., Aziz, S. B., Yusof, Y. & Kadir, M. Influence of NH _ 4 NH 4 Br as an ionic source on the structural/
electrical properties of dextran-based biopolymer electrolytes and EDLC application. Bull. Mater. Sci. 43, 1–7. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​
0​0​7​/​s​1​2​0​3​4​-​0​1​9​-​2​0​0​8​-​9​​​​ (2020).

	35.	 Aziz, S. B. et al. Effect of ohmic-drop on electrochemical performance of EDLC fabricated from PVA: Dextran: NH4I based 
polymer blend electrolytes. J. Mater. Res. Technol. 9, 3734–3745. https://doi.org/10.1016/j.jmrt.2020.01.110 (2020).

Scientific Reports |        (2025) 15:16038 12| https://doi.org/10.1038/s41598-025-99332-x

www.nature.com/scientificreports/

https://doi.org/10.1088/1464-4258/3/6/361
https://doi.org/10.1088/1402-4896/ad5881
https://doi.org/10.1002/adem.202401184
https://doi.org/10.1515/nanoph-2023-0744
https://doi.org/10.1080/10408436.2022.2041394
https://doi.org/10.1007/s11468-022-01761-1
https://doi.org/10.1016/j.jpcs.2021.110484
https://doi.org/10.1016/j.jpcs.2021.110484
https://doi.org/10.1103/PhysRevLett.58.2486
https://doi.org/10.1103/PhysRevLett.58.2486
https://doi.org/10.1103/PhysRevLett.58.2059
https://doi.org/10.1103/PhysRevLett.58.2059
https://doi.org/10.1063/5.0135235
https://doi.org/10.1364/AO.379041
https://doi.org/10.1364/OE.421162
https://doi.org/10.1103/PhysRevB.93.125106
https://doi.org/10.1103/PhysRevB.93.125106
https://doi.org/10.1103/PhysRevLett.112.107403
https://doi.org/10.1142/S021797921441001X
https://doi.org/10.21608/iccee.2010.37357
https://doi.org/10.21608/iccee.2010.37357
https://doi.org/10.21608/asat.2015.22953
https://doi.org/10.21608/asat.2015.22953
https://doi.org/10.1109/ICECS.2015.7440409
https://doi.org/10.1109/ICECS.2015.7440409
https://doi.org/10.4028/www.scientific.net/AMM.241-244.828
https://doi.org/10.1038/s41598-025-91050-8
https://doi.org/10.1080/00914037.2021.1876053
https://doi.org/10.1007/s42247-020-00151-9
https://doi.org/10.1016/S0266-3538(00)00241-4
https://doi.org/10.1142/S0217979224504095
https://doi.org/10.1007/s12034-019-2008-9
https://doi.org/10.1007/s12034-019-2008-9
https://doi.org/10.1016/j.jmrt.2020.01.110
http://www.nature.com/scientificreports


	36.	 Hamsan, M. et al. Solid-state double layer capacitors and protonic cell fabricated with dextran from Leuconostoc mesenteroides 
based green polymer electrolyte. Mater. Chem. Phys. 241, 122290. https://doi.org/10.1016/j.matchemphys.2019.122290 (2020).

	37.	 Aziz, S. B. et al. Fabrication of energy storage EDLC device based on CS: PEO polymer blend electrolytes with high Li+ ion 
transference number. Results Phys. 15, 102584. https://doi.org/10.1016/j.rinp.2019.102584 (2019).

	38.	 Qwasmeh, A. A. H. et al. Effects of gamma irradiation on optical properties of Poly (ethylene oxide) thin films doped with 
potassium iodide. J. Compos. Sci. 7, 194. https://doi.org/10.3390/jcs7050194 (2023).

	39.	 Zaky, Z. A., Al-Dossari, M., Matar, Z. & Aly, A. H. Effect of geometrical and physical properties of cantor structure for gas sensing 
applications. Synth. Met. 291, 117167. https://doi.org/10.1016/j.synthmet.2022.117167 (2022).

	40.	 Zaky, Z. A., Alamri, S., Zhaketov, V. & Aly, A. H. Refractive index sensor with magnified resonant signal. Sci. Rep. 12, 13777. 
https://doi.org/10.1038/s41598-022-17676-0 (2022).

	41.	 Zaky, Z. A., Al-Dossari, M., Hendy, A. S., Sallah, M. & Aly, A. H. Fitting the refractive indices of GaN at different conditions with 
MATLAB codes for optical simulations. Sci. Rep. 15, 7529. https://doi.org/10.1038/s41598-025-89941-x (2025).

	42.	 Antar, E. Effect of γ-ray on optical characteristics of dyed PVA films. J. Radiat. Res. Appl. Sci. 7, 129–134. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​7​/​
s​1​1​4​5​8​-​0​1​0​-​0​1​0​4​-​x​​​​ (2014).

	43.	 Zaky, Z. A. & Aly, A. H. Novel smart window using photonic crystal for energy saving. Sci. Rep. 12, 10104. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​3​8​
/​s​4​1​5​9​8​-​0​2​2​-​1​4​1​9​6​-​9​​​​ (2022).

	44.	 Wang, Z. et al. 1D partially oxidized porous silicon photonic crystal reflector for mid-infrared application. J. Phys. D Appl. Phys. 
40, 4482. https://doi.org/10.1088/0022-3727/40/15/016 (2007).

	45.	 Ramirez-Gutierrez, C. F., Martinez-Hernandez, H. D., Lujan-Cabrera, I. A. & Rodriguez-García, M. E. Design, fabrication, and 
optical characterization of one-dimensional photonic crystals based on porous silicon assisted by in-situ photoacoustics. Sci. Rep. 
9, 14732. https://doi.org/10.1038/s41598-019-51200-1 (2019).

	46.	 Zaky, Z. A., Mohaseb, M. & Aly, A. H. Detection of hazardous greenhouse gases and chemicals with topological edge state using 
periodically arranged cross-sections. Phys. Scr. 98, 065002. https://doi.org/10.1088/1402-4896/accedc (2023).

	47.	 Zaky, Z. A. et al. Theoretical analysis of porous silicon one-dimensional photonic crystal doped with magnetized cold plasma for 
hazardous gases sensing applications. Opt. Quant. Electron. 55, 584. https://doi.org/10.1007/s11082-023-04907-5 (2023).

	48.	 Efimov, I., Vanyushkin, N., Gevorgyan, A. & Golik, S. Optical biosensor based on a photonic crystal with a defective layer designed 
to determine the concentration of SARS-CoV-2 in water. Phys. Scr. 97, 055506. https://doi.org/10.1088/1402-4896/ac5ff7 (2022).

	49.	 El-Nagdy, M.E.-S., El-Saadany, M. R. & Mohamad, A.E.-S. Dose response and FWHM properties of dyed poly vinyl alcohol-
irradiated with gamma-rays. Open J. Polym. Chem. https://doi.org/10.4236/ojpchem.2013.32008 (2013).

	50.	 Khoylou, F. & Naimian, F. Radiation synthesis of superabsorbent polyethylene oxide/tragacanth hydrogel. Radiat. Phys. Chem. 78, 
195–198. https://doi.org/10.1016/j.radphyschem.2008.11.008 (2009).

	51.	 Jurkin, T. & Pucić, I. Irradiation effects in poly (ethylene oxide)/silica nanocomposite films and gels. Polym. Eng. Sci. 53, 2318–
2327. https://doi.org/10.1002/pen.23611 (2013).

	52.	 Vinod, P., Babu, M. S., Danikas, M., Imai, T. & Sarathi, R. Impact of gamma irradiation on surface potential and thermo-mechanical 
properties of epoxy micro-nanocomposites. In 2021 IEEE International Conference on the Properties and Applications of Dielectric 
Materials (ICPADM), 286–289 (2021). https://doi.org/10.1109/ICPADM49635.2021.9493972

	53.	 Ahmed, Z. et al. Assessing radiation hardness of silicon photonic sensors. Sci. Rep. 8, 13007. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​1​8​-​3​
1​2​8​6​-​9​​​​ (2018).

	54.	 Esposito, F. et al. Optical properties of thin films monitored in real-time at high gamma radiation doses using long period fiber 
gratings. Opt. Laser Technol. 176, 111019. https://doi.org/10.1016/j.optlastec.2024.111019 (2024).

	55.	 Kher, S., Chaubey, S., Kashyap, R. & Oak, S. M. Turnaround-point long-period fiber gratings (TAP-LPGs) as high-radiation-dose 
sensors. IEEE Photonics Technol. Lett. 24, 742–744. https://doi.org/10.1109/LPT.2012.2187637 (2012).

	56.	 Esposito, F., Srivastava, A., Campopiano, S. & Iadicicco, A. Radiation effects on long period fiber gratings: A review. Sensors 20, 
2729. https://doi.org/10.3390/s20092729 (2020).

	57.	 Bich, T., Mallam, S., Diso, D. & Hotoro, M. Determination of threshold radiation dose in the degradation process of indigo dye by 
gamma irradiation technique. J. Phys. Sci. Innov. 5, 15–22 (2013).

	58.	 Stăncălie, A. et al. Long period gratings in unconventional fibers for possible use as radiation dosimeter in high-dose applications. 
Sens. Actuators A 271, 223–229. https://doi.org/10.1016/j.sna.2018.01.034 (2018).

	59.	 Ibrahim, M. S. S., Hamed, M. K. G., El-Okr, M. M., Obayya, S. & Hameed, M. F. O. Highly sensitive photonic crystal gamma ray 
dosimeter. Opt. Quant. Electron. 53, 348. https://doi.org/10.1007/s11082-021-02968-y (2021).

Acknowledgements
The authors are thankful to the Deanship of Graduate Studies and Scientific Research at University of Bisha for 
supporting this work through the Fast-Track Research Support Program.

Author contributions
Z.A. Zaky invented the original idea of the study, implemented the computer code, performed the numerical 
simulations, analyzed the data, wrote and revised the main manuscript text, and was the team leader. A. Alzah-
rani discussed the results and revised the main manuscript text. G. H. Khedr performed the numerical simula-
tions, wrote the main manuscript text. M.A. Elsharkawy performed the numerical simulations, wrote the main 
manuscript text. M. Sallah analyzed the data and discussed the results. Finally, all Authors developed the final 
manuscript.

Declarations

Competing interests
The authors declare no competing interests.

Animal and human participants
This article does not contain any studies involving animals or human participants performed by any authors.

Additional information
Supplementary Information The online version contains supplementary material available at ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​5​-​9​9​3​3​2​-​x​​​​​.​​

Correspondence and requests for materials should be addressed to Z.A.Z.

Scientific Reports |        (2025) 15:16038 13| https://doi.org/10.1038/s41598-025-99332-x

www.nature.com/scientificreports/

https://doi.org/10.1016/j.matchemphys.2019.122290
https://doi.org/10.1016/j.rinp.2019.102584
https://doi.org/10.3390/jcs7050194
https://doi.org/10.1016/j.synthmet.2022.117167
https://doi.org/10.1038/s41598-022-17676-0
https://doi.org/10.1038/s41598-025-89941-x
https://doi.org/10.1007/s11458-010-0104-x
https://doi.org/10.1007/s11458-010-0104-x
https://doi.org/10.1038/s41598-022-14196-9
https://doi.org/10.1038/s41598-022-14196-9
https://doi.org/10.1088/0022-3727/40/15/016
https://doi.org/10.1038/s41598-019-51200-1
https://doi.org/10.1088/1402-4896/accedc
https://doi.org/10.1007/s11082-023-04907-5
https://doi.org/10.1088/1402-4896/ac5ff7
https://doi.org/10.4236/ojpchem.2013.32008
https://doi.org/10.1016/j.radphyschem.2008.11.008
https://doi.org/10.1002/pen.23611
https://doi.org/10.1109/ICPADM49635.2021.9493972
https://doi.org/10.1038/s41598-018-31286-9
https://doi.org/10.1038/s41598-018-31286-9
https://doi.org/10.1016/j.optlastec.2024.111019
https://doi.org/10.1109/LPT.2012.2187637
https://doi.org/10.3390/s20092729
https://doi.org/10.1016/j.sna.2018.01.034
https://doi.org/10.1007/s11082-021-02968-y
https://doi.org/10.1038/s41598-025-99332-x
https://doi.org/10.1038/s41598-025-99332-x
http://www.nature.com/scientificreports


Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in 
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide 
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have 
permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence 
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​/​/​c​r​e​a​t​i​v​e​c​o​m​m​o​
n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​

© The Author(s) 2025 

Scientific Reports |        (2025) 15:16038 14| https://doi.org/10.1038/s41598-025-99332-x

www.nature.com/scientificreports/

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Radiation detector based on coupling between defect mode and topological edge state mode in photonic crystal
	﻿Theoretical model and equations
	﻿Results and discussions
	﻿Topological edge states (TES)
	﻿Coupling between defect mode and TES

	﻿Conclusion
	﻿References


