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Fig. 1. At ¢t =707y, (a) the z-v phase space diagram of He?*, (b) the energy spectrum of He?t, (c¢) the x-v phase space diagram
of C*, (d) the energy spectrum of C®, with d = 25Ag, n = 25n. and a = 100. The red dashed box circles the ions with peak en-

ergy, and the blue dashed box circles the ions with cutoff energy.
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Fig. 2. Scatter plot depiction of ion peak energy data ensembles as a function of input parameters d, n and a: (a) Proton case; (b) He?*,

(c) C5+; (d) O3+,
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Table 1.

network training.

Simulation datasets prepared for neural

BIFRZE BAE d/ho n/ne a
Proton 231 [7.5,35] [12.5,40] [63.2, 173.2]
He?+ 49 15,25  [10,30] [77.5, 173.2]
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O+ 50 15,25  [10,30] [77.5,173.2]
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Fig. 4. Two-dimensional continuous mapping of peak energy Ep (a) and cutoff energy FEm (b) for He?* over 63.2 < a < 173.2 and

10n. < n < 40n. with d =15\ .
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Fig. 5. (a) Parameter scan of He?* peak energy E, over target density n with d = 15Xg, a =100; (b) parameter scan of He**
peak energy Ep over laser intensity a with d = 15)\g, n = 20nc; (c) parameter scan of He?" peak energy Ej, over target thick-
ness d with a =100, n = 20n.; (d) parameter scan of ion peak energy Ep over ion mass number A with a =100, n = 20n.
and d = 15)\g . The SE mapping curves are drawn with red solid, the theoretical curves are drawn with dashed, the red filled re-

gion indicates the standard deviation, and the untrained data from test subset are drawn with black dot.
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Fig. 6. Ion peak energy scan with ion mass number A with
d =150, n =20n¢ and a = 100.
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Fig. 7. (a) Parameter scan of He?" cutoff energy Em over target density m with d = 15X\g, a = 100; (b) parameter scan of He**
cutoff energy Em over laser intensity a with d = 15)\g, n = 20n¢; (c) parameter scan of He! cutoff energy FEm over target
thickness d with a =100, n = 20n¢; (d) parameter scan of ion cutoff energy Fm over ion mass number A with a =100,
n =20n. and d = 15\¢ .
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Abstract

Laser-driven ion acceleration has potential applications in high energy density matter, ion beam-driven fast
ignition, beam target neutron source, warm dense matter heating, etc. Ultrashort relativistic laser interacting
with solid target can generate ion beam with several hundreds of MeV in energy, and the quality of the ion
beam depends strongly on the interaction parameters between the laser and the target. Development in deep
learning can provide new method of analyzing the relationship between parameters in physics system, which can
significantly reduce the computational and experimental cost. In this paper, a continuous mapping model of ion
peak and cutoff energy is developed based on a fully connected neural network (FCNN). In the model, the
dataset is composed of nearly 400 sets of particle simulations of laser-driven solid targets, and the input
parameters are laser intensity, target density, target thickness, and ion mass. The model uses sparse parameter
values to obtain the analysis results in a large range of parameters, which greatly reduces the computational
amount of multi-dimensional parameters sweeping in a wide range. Based on the results of this model mapping,
the correction formula for the ion peak energy is obtained. Furthermore, the ratio of ion cutoff energy to peak
energy of each set of particle simulation is calculated. Repeating the same training process of ion peak energy
and cutoff energy, the continuous mapping model of energy ratio is developed. According to the energy ratio
model mapping results, the quantitative description of the relationship between ion cutoff energy and peak
energy is realized, and the fitting formula for the cutoff energy of the hole-boring radiation pressure acceleration
(HB-RPA) mechanism is obtained, which can provide an important reference for designing the laser-driven ion

acceleration experiments.
Keywords: laser-driven ion acceleration, neural Networks
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