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Table 1. Comparison of fission barriers (in MeV) for the

test set data with other theoretical evaluations and experi-

mental datal3?.
BE FFH R SUKE FRLDM ANNp WS4 ANNy
WPy 84 207 193 200 195 1847 19.24
WPy 84 208 199 208 205 19.92 20.36
1Py 84 212 196 202 20.7 20.95 20.90
2Ac 89 227 740 698 837 7.16 7.44
BTh 90 233 6.65 547 624 695 6.96
WU 92 239 600 621 594 550 6.17
BNp 93 236 540  4.81  4.88 498 5.34
BNp 93 237 540 494 503 495 5.43
MWpy 94 242 505 641 588 6.19 5.56
WPy 94 243 545  6.66 545 6.59 5.66
HAm 95 240 6.00 612 523 472 475
MAm 95 241 535 634 544 508 4.96
MAm 95 243 505  6.80 5.86 597 5.30
HCm 96 241 550 632 523 4.68 4.54
MCm 96 248 480  6.80 527 7.03 5.49
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Fig. 1. Comparison of experimental and theoretical estim-
ates of the fission barrier B; in the test set. Blue circles rep-
resent experimental results, red squares indicate the results
from FRLDM or WS4, and purple triangles show the res-
ults from neural network models pre-trained on datasets of
different theoretical models (FRLDM or WS4).
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Fig. 2. The root mean square error (RMSE) of the test data
provided by FRLDM and WS4 before and after optimiza-

tion.
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Fig. 3. Contour plots of the fission barrier By estimated by FRLDM, ANNp, WS4, and ANNyy for the pre-trained datasets.
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Fig. 4. Root mean square error of the WS4 model on the

test dataset and the entire dataset before and after optimi-

zation.
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Table 2. Predicted fission barrier heights (in MeV)

and binding energies (in MeV) for nuclides with Z =

119 and A = 293-299, as well as Z = 120 and A =

294-302, using neural network model.

Biv#e B ANNp ANNy  ANNgjgin,
119 293 9.52 5.94 2060.78
119 294 9.91 6.00 2066.96
119 295 10.17 5.94 2074.71
119 296 10.41 5.87 2081.35
119 297 10.66 5.80 2088.92
119 298 10.91 5.73 2094.95
119 299 11.16 5.66 2102.11
120 294 9.35 5.98 2060.90
120 295 9.75 6.12 2067.63
120 296 10.14 6.23 2075.76
120 297 10.43 6.17 2082.32
120 298 10.68 6.10 2090.27
120 299 10.92 6.03 2096.30
120 300 11.17 5.96 2103.82
120 301 11.42 5.90 2109.78
120 302 11.66 5.83 2117.13
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Abstract

This study uses machine learning, specifically transfer learning with neural networks, to improve the
predictions of fission barrier heights and ground state binding energies of superheavy nuclei, which are crucial
for calculating survival probabilities in fusion reactions. Transfer learning for neural networks involve two
stages: pre-training and fine-tuning, each utilizing a distinct pre-training dataset and target dataset. In this
work, we split the pre-training data into 60% for training and 40% for validation, while the target data are
partitioned into 20% for test, with the remaining 80% further divided into 60% for training and 40% for
validation. To construct the neural-network model, we adopt the proton number Z and mass number A as the
input layer, employ two hidden layers, each containing 128 neurons with rectified linear unit (ReLU) activation,
and set the learning rate to 0.001. For the fission-barrier-height model, the pre-training dataset is either the
FRLDM or the WS4 model data, with the experimental measurements serving as the target set. For the
ground-state binding-energy model, we first calculate the residuals between WS4 predictions and the AME2020
evaluation, then divide these residuals into a light-nucleus subset and a heavy-nucleus subset according to
proton number. The light-nucleus subset is used for pre-training, and the heavy-nucleus subset for fine-tuning.
After optimization, the root-mean-square error (RMSE) of the FRLDM barrier model decreases from 1.03 MeV
to 0.60 MeV, and that of the WS4 barrier model drops from 0.97 MeV to 0.61 MeV. For the binding-energy

model, the RMSE decreases from 0.33 to 0.17 MeV on . Pretraining dataset
Hidden layer

the test set and from 0.29 MeV to 0.26 MeV on the full

data set. We also present the performances of the 40%

Transfer
learning

Target dataset

fission-barrier model before and after refinement,
together with the predicted barrier heights along the
isotopic chains of the new elements Z = 119 and Z =
120, and analyze the reasons for the differences in the
results obtained by different models. We hope that

these results will serve as a useful reference for future

40% 20%

theoretical studies.
The datasets in this paper are openly available at https://www.doi.org/10.57760/sciencedb.28388.
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