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Fig. 1. Schematic of the dielectric grating accelerator design and its continuous acceleration mechanism: (a) Structural design and

related parameters of the dielectric grating accelerator; (b) principle of continuous acceleration in the dielectric grating accelerator.
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Fig. 2. Deep learning framework based on the GANDLF model: (a) Data source and construction of the database; (b) internal archi-

tecture of the GANDLF model.
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Fig. 3. Correlation analysis of dataset parameters.
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Fig. 4. Prediction results and model performance evaluation: (a) Prediction results; (b) loss function. The blue data points repre-

sent the real value of numerical calculation, and the red data points represent the predicted value of Gandalf model.
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Table 1. Optimal geometric parameters of dia-

mond material for grating accelerators.

Value
3.56
3.08
3.67
3.15
6.36
5.47
4.51
4.51

5.4
-6

Geometric parameter

li/pm

w/pm

=W N - R W R W N | s

144101-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 14 (2025) 144101
() 7 100 3 100 % 40
= Diamond = ZnSe = CaFy
Q o =}
2 2 80} =
g S g %o
= & =
= 2 60} a
g 8 g 20}
% % 40t %
() [} () 10-
g g 201 °
S g =
5 % 0 s R s
A~ A 0 2 3 A 0 1 2 3
Z/A Z/A
) % % 10 % 10
<3 < ZnSe < CaF-
g g g ’
Z Z 8 Z 8t
] < <
& & &
= 2 6t a 6f
£ £ £
< < «
2 B o4r B 4r
() [} ()
g s
o) o 2F o 2F
% g 0 : : oo '
~ A o 2 3 & o 1 2 3
Z/A Z/A

K5 ARPEKT C, CaFy, ZnSe A HGHIELES IHACR XS B AEREITAY  (a) 9.6 pm AFEAEDEHEINE RN EACR s (b) 800 nm

T A 5T B o 4 o A 2R

Fig. 5. Comparison of acceleration performance and evaluation of dielectric grating accelerators for Diamond, CaF,, and ZnSe at dif-

ferent wavelengths: (a) Acceleration performance of grating accelerators for different materials at 9.6 pm; (b) acceleration perform-

ance of grating accelerators for different materials at 800 nm.
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Fig. 6. Particle acceleration performance evaluation of diamond, CaF,, and ZnSe grating structure accelerators: (a) Variation of

particle energy amplification at different initial injection energies; (b) variation of beam spot radius with transverse displacement;

(¢) transmission efficiency of particle beam current.
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Abstract

Dielectric laser accelerators (DLAs), as compact particle accelerators, rely critically on their structural
design to determine both the energy gain and beam quality of accelerated bunches. Although most existing
DLAs are driven by near-infrared lasers with a wavelength of approximately 1 pm, the use of long-wave infrared
(LWIR) lasers at a wavelength ten times that of this wavelength indicates that it is possible to achieve excellent
beam quality without sacrificing acceleration gradient. To address the lack of optimized structural designs in
the LWIR band where long-distance acceleration poses unique challenges—we introduce a deep learning—based
design method for LWIR dielectric grating accelerator structures. Our approach integrates geometric
parameters, material properties, and optical-field energy metrics into a unified evaluation framework and uses a
surrogate model to predict particle energy gain with high precision. Optimal structural parameters are then
extracted to realize the final design. The simulation results show that the energy gain is 99.5 keV (a year-over-
year increase of 19.9%), the transmission efficiency is 100%, the beam spot radius of 14.5 pm, and the average
beam current is 20.4 fA, which is 6.9 times higher than similar near-infrared gratings, while maintaining
equivalent beam brightness. This work provides a feasible technical route for designing high-netgain LWIR
dielectric grating accelerators and a novel framework for optimizing the structure of complex optoelectronic
devices.

Keywords: dielectric laser accelerators, grating structures, long-wave infrared, deep learning
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