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Fig. 1. Difference between the theoretical and the experimental binding energies (red horizontal line) obtained using the LDM, DZ,
WS4, and FRDM (open squares) and LightGBM-refined mass models (solid squares). The results show the differences between the

theoretical values and the experimental values of the binding energies of 23 newly measured nuclides. opre and opost denote the

RMSD of the original and LightGBM-refined mass models on the newly measured nuclei, respectively. The error of the predictions

obtained using the LightGBM-refined mass model is the standard deviation of the predicted binding energy. It is obtained by run-
ning Light GBM 500 times with randomly splitting AME2016 data into training and test sets with a ratio of 4:1.
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F 2 MMRETRBINLE SRS RMSD E#EAT T X L4078 R G i = iiA Jr 3:—ELMA, BNN 5
SLSQP—LL T BMA SRASAYEER, ML 7 AR5 e i AR F Y225 (A7 MeV)

Table 2. A comparison is conducted of the predicted nuclear binding energies and RMSD on the test set. The results from
three established approaches—ELMA, BNN and SLSQP — are systematically compared with those obtained using BMA,

thus verifying the performance differences among the various methods (Unit: MeV).

Z A EXP. BMA (this work) ELMA BNNI52 SLSQPI®] S0k

30 186.399 186.361 — 186.672 185.995 [66]
14 23 151.148 150.381 151.085 150.302 150.494 [67]
15 26 187.118 187.043 — 187.196 184.879 [67]
16 27 187.987 187.987 188.253 187.902 187.165 [67]
18 31 224.835 224.977 224.973 225.230 224.764 [67]
19 34 261.043 261.043 — 260.911 260.219 [68]
20 35 262.068 262.068 262.098 262.223 263.655 [69]
21 37 278.705 278.694 278.389 279.114 280.240 [68]
21 38 294.932 294.932 — 294.832 296.323 [68]
24 65 534.055 533.934 533.901 534.267 534.566 [70]
39 104 864.099 863.056 862.352 862.650 863.113 [71]
40 80 669.528 668.803 669.026 668.824 668.710 [72]
40 106 882.356 882.912 882.482 883.037 883.728 [71]
42 112 927.662 928.739 928.188 928.767 929.627 [71]
43 115 949.638 950.770 950.182 950.490 951.570 [71]
47 95 789.734 789.878 790.124 789.819 786.780 [63]
49 99 822.140 822.208 822.779 821.989 816.991 [73]
57 152 1231.413 1231.383 1231.143 1231.716 1231.526 [74]
58 152 1240.329 1240.347 1240.087 1240.405 1240.048 [75]
58 153 1244.347 1244.235 1244.060 1244.471 1243.896 [75]
58 155 1253.265 1253.338 1252.975 1253.511 1252.757 [74]
59 154 1254.807 1254.896 1254.582 1254.884 1253.958 [75]
64 168 1354.051 1354.051 1354.027 1354.026 1353.073 [74]

RMSD 0.468 0.514 0.529 1.650

b ESRIE AL T8 O A HLY (8K
(BViee) . T ar 3 A% EOR IR T A% B 7 £ 5 vh 7 0
SEHB AR (BV) , BERE R
VoW (Z,N)=[B(Z,N) - B(Z,N —1)
~B(Z-1,N)+B(Z—-1,N-1). (3)
BT 22 PN FE T R [ o2 2R o i o
i 92Ge, MAs, 90Se ST RLTUR, FIX L
B RBE AT LT Z = N R T 8V, XET
Z > 28 (AL (A %) O/ NBERTER A B
IR (B 0) P, LS R R TE R 2. AR
B, PURR BRI ES A AT 25 A 1Y 8V AR T
BAH, MRS RS SR E . X T
M Z = N BT H 8Von 50 73 LRI TE BL, A WF5E
$5 = AR TR 8V A H B IR P8, SCHR [77] 38 i

Fe v R A L R Sl L 5| i o e o D e R S
TXF SIS A BRI FEALN | PRRER TR Y
AIXHE Z R B 5 ik, O A VAL FE T - T
X I, IR EL TN S AT R, 48 H X AP
ES RN iRy L N e S A B QTR 5
(). NI 2 AT LE B, 2t HLas > Ak e 1 o
REALZE A5 R AEE 5 S 5. X LG 2448
WY, VITZREE i F %) 7OBr A 0% As JEF A% 1 45
A BEST W 589.03752 il 545.755 MeV, F| X P
AMETTE S TOBr A1 06 As JEFAZ Y SV, HIE S 51K
2.923 F1 2.925 MeV. T [&l 1 7OBr F1 66 As i F 1% 1
8Vpn 72 5 T SCHE [58] 45 th 1 45 A& ik (589.630 Al
546.397 MeV) 13RS 21y, B T X HA-ES 2 1Y
8V {H M 3.515 i1 3.066 MeV. DK F| LA >
Ak S5 B o i SR 20t 3 A T T A 1Y) Vi /N T

020107-5


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 % 3R Acta Phys. Sin. Vol. 75, No. 2 (2026) 020107

$ Exp. ¢ AME2020 — - ML-refined Theo.
4000 4000
0Br LDM Br WS4
L TRb L TRb .
3500 vy, ©E o~ 3500 wy, ¥R -~
3000 | 2Ga N 3000 | 0ga ™ N
58, ¥ \ /\ i Y 9Rh 8 b I I Y 9Rh
> 2500 | Cu 1 /\ a \ > 2500 | Cu \ /-\ A L
[} . . [} . :
= 2000 / \/' \ /‘/ VAL \'\ N2 = 2000F //.\'\ i\ ) WAVRW/A /'L\ A\
= 1500 | y \ \_/ \ '/ ‘\#/ \ AW /1 = 1500 - so;n Y V I/ VARV ERY/ \/ 1
56N; . ; / 1 ; - (] °
1000 | SONi 60z, 61Ge 550 T2p 108 o \5 1000 60Zn 64Ge 635e T2Kr T0Sr gné " gﬁ
Kr 70Sr sozp 84Mo S8Ry Zr %*Mo %¥Ru
500 500
ol . . . . . . . ol . . . . . . .
55 60 65 70 75 80 85 90 55 60 65 70 75 80 85 90
Mass number A Mass number A
4000 4000
7";3r FRDM 7"§r DZ
R L ™Rb : R L ™Rb
3500 oA R -~ 3500 s R o
3000 f s © - 3000 | “Ga T4 my /
> 2500 F 58Cu f\ //\ /\ N 90Rh > 2500 F 58Cu f\ /\\ //\\ /\ 90Rh
) . . E] [ D
\ | . \
< 2000p A /\/' LA £ . < 2000 % '/\"\/'\/\ oA
£ NN AT A A VA £ YA Y A AW W AN
= 1500 F P U/ W \/ oy BO1500F o % ow VW sy ]
1000f "N YGe o 768 g # 1000 F NZn Ge (& g g O \§ ¥
607,y e 72 $07p SiMo © 807 84Mo 88Ru
500 *Ru 500
0 1 1 1 1 1 1 0 1 1 1 1 1 1

55 60 65 70 75 80 8 90

Mass number A

55 60 65 70 75 80 85 90
Mass number A

2 BB A > 56 Z = N T A% 8Vpn 5 A [a) B4 A5 20 A F0000 B 5. B (0 S0 B s 38/ SR R, i i Sk [51,58],
216525 0[5 B AR R N AME2020 TG B 45 B 45 28, SE4 AR DU AP B RS BL 20 O 2521, B R R DL % > (L AL S5 DU R A AL 45

HEIDESE S

Fig. 2. Experimental 6Vpn for Z = N nuclei beyond A = 56 and comparison to different mass model predictions. Solid black dots
represent experimental value, the data taken from literature [51,58]. The red hollow circles represent the results obtained from the
AME2020 evaluation data. The solid lines represent the results given by the four mass models, while the dashed lines indicate the
results provided by the four models after machine learning optimization.
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Fig. 3. The &Vpn of nuclei with A>56 and Z =N is
compared with the results of BMA. The black solid dots
represent the experimental values, the red hollow circles
represent the results obtained from the AME2020 evalu-
ation data, and the blue dashed lines represent the predic-
tion through BMA. The experimental data used in this
figure is consistent with that in Fig. 2.
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Table 3.

# 3 AREPERS NN o ZBRE S LR RMSD(H7: MeV)

The RMSD of the a-decay energy given by different mass tables and the experimental value (Unit: MeV).

89 < Z <118 89 < Z <102

103 < Z < 118

103 < Z <118

F&H Model 203 Ac—2940g 203 p o 264) 251 29409 2511 42940

STIMER 276 MR 95 MR YN R
LDM 0.856 0.946 0.510 0.540
DZ 0.510 0.331 0.836 0.838
Ws4 0.253 0.238 0.291 0.307
FRDM 0.366 0.253 0.581 0.615
LDM _Igb 0.230 0.091 0.427 0.459
DZ 1gb 0.419 0.189 0.763 0.800
WS4 1gb 0.153 0.086 0.265 0.286
FRDM _lIgb 0.263 0.098 0.493 0.530
BMA 0.135 0.079 0.230 0.245

BEEAT T T, AHIC A B0 L F 784 178, &4 o
AR RS B Y o 3 AR 5 S5 (Y RMSD §1 7
3. nTRLE R, L s AL e B R A
1) RMSD i/ F AR AT BT s A A 45 Hh i 4551, O
HXTT 89 < Z < 102 R, Plas# Ik fE i
HRE TN o FAGER RMSD 1] LI/NT 100 keV,
BOTESLE P AT — X S R A EAME. X T
B 31103 < Z < LIS L ZE, H455% 95 M
R o EARRTW LR QA KY 14.6% %
RUETHEIGEN, MLEFFEEIE 2 5 0 s
RIAR H T8 1E 5 H: RMSD {823 BRI T 29 7.5%,
8.7%, 8.9% M1 15.1%, X W ULH] T HLiw2= > BRI
PRI 1 B R B FTSEPE. kP E, Ak
B —3H T 81 MREETENGEREN o =
A HE S S E{E A RMSD, Al LIF BIHLES - S B I1E
ZJ5 B T AR R Lb T8 IE T A AN [ AR B A ek
. BN, WNEMS WG —1T T LIE Y, i BMA
J7 vk R 8 /N T A B R A 45 R 25 R, R
B BMA J7 35 00 J 4% oy T EA 8.

& 4 88T N Am 3] Og [ R By o A4S BE
B b T8 N ARSI, 8 TR IR T 4 Fl
Fr AR R % o AR R ML AR 2 LA S
ESRAHT LA R SC 5 A5 AL, i 4 IR R
R TR T o RARHE, NI 4 1 7 BIFRRA T
JRFA% o AL RE. AEAE AL R BT E AN, X LAY
FRIETE WS4 #8 F . Al LIF 3, Mlesei I is
)T F 3R 2 0 P 25 2R 5 S (A T i AR . 5]
240g JRF AW o AR AR A SE Il 11.874 MeV,
T UL T JER WS4 45 /Y 45 51

12.017 MeV, 3T BMA 4HBFZERH 12.092 MeV,
HBLL WS4 Jli i 45 Y 12.198 MeV B EE T 52
5 {H.

B, BN LR EMIERESK Z =
119 Fl Z = 120 SICER, oA B EXTAH RN A% 2R 1)
Qo [EIATREUETII . [ 5 R T 4 I AR A 45
I Z = 119, 120 R MY Q. M T 5 iy AR fb 1%
. SCHk [61) TP, OB SE R IR AN Q,
S ABIIE D A Skyrme fE 2% 127 BRI
b, FTLAEDRG FE MR A% 0 Qo 1HL, A OGRS
Ftb W RTER 5. T LB BIR R AR5 H A 45 21
AR 2SR, Blandeh 800 170 K47, &4 i
BRI ) Qo (EAHZE T LITAF] 1 MeV. X4 T3
FI SR A % o A8 PR 1—2 RN
F4) 2 57 (79801 PR] Sy 8 A% DX 1 S 56 5l + 0 PR,
T LIBLER 2 2 A5 it 3R 45 Hh i 45 28 5 LAk i
EOEAE O s TS i

Hh [ B2 g 0T 4 4 BUE 5% T 110 52 56 A BA 1
TETHRILL S4Cr A% | 243 Am R HEAZ AT 119 5T
F ARSI B LT H w0 B T 52 A
178 FUEECH 297 MR T A BRI K, %R
T 1 Qo B IS B 75 AN 7] 1) Jot o5 A5 2L 43 531 Ay
12.454 MeV(LDM),12.020 MeV(DZ),12.424 MeV
(WS4), 12.896 MeV(FRDM), £ it #l &% 2% > &
1EJ5 Qo TMAE 4351 24 12.377 MeV (LDM-Igb),
11.911 MeV(DZ-Igb), 12.353 MeV(WS4-Igh), 12.824
MeV (FRDM-Igb), 1 % T BMA £ &1 i 25 1
12.503 MeV. FJ LLE | bR 25 5L 5 3k [61]
T 11.286 MeV fA7E— & 25 7. TEARKILAE,
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3
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4 PURh BT B4 AN Am 2] Og AL R 19 o AL RERE T4 N AR E 0. #6500 0 S AR IEIRH, SE4RFRIR BTRt i
BRI BC(E, BT RILEF IR IEER  (a)—(d) M ZHM o FAERE; (e)—(h) & ZHM o FALHE

Fig. 4. The variation of a-decay energy from Am to Og isotopes with neutron number N in the four mass model. The colored solid
dots represent experimental values, the solid lines indicate theoretical values of the mass model, and the dashed lines show the
results after machine learning optimization: (a)—(d) a-decay energy of even Z nuclei; (e)—(h) a-decay energy of odd Z nuclei.
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Fig. 5. The variation of Qq along the Z = 119 and Z = 120 isotopic chains with the change in neutron number. The solid curves in
the figure represent the predicted values from the four mass models, while the dashed curves represent the results given by the
LightGBM-refined mass model. BMA stands for the results of BMA, and DFT refers to the results presented in the Ref. [61].
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W& 2 B TR R B A B A s AT, K
AP R A IX SR B2 A 2 P BB, Sk el T LA
AL TR T R, IO RSB TS 119 5o0R
1 Qo BEE HEA.

4 K %

ASCRIH 2022 4F IR i 0 5 A% i i

P Rl TP P A EAER . EIE TR o AR
XL AL BT R AT TR, R ILES
2 2 RAL G I B e 4 I B 2= # /T A
TR T 2%, FRIHLAR 2 > A A T 0 i~ A% ot o
75 T ELAT AR X T 23 A i R T
FIH LightGBM 14k J5 LDM, DZ, WS4, FRDM
TR H ) RMSD 431124 0.570, 0.558, 0.581,
0.512 MeV, #E T Hifb Z Fir sy i 1Y 3.275, 1.058,
0.752, 0.785 MeV. & D1 - H RIS 1 Jr vk 245
) RMSD {4 0.480 MeV, t/NFHLES 2= 1k
Ja R PO RS M Es R FIRPLA = I s
1y T R AT B A 8V, RERE FFIL Z = N 4%
(1) 8V 55 43 LG, 30 TR 7E 82Nb &b 8V, A7 —
ANEEAE, ASRAH LI T oAz ()l i, m DA
— SR I A AR TR R R R LS, T ER
Qo T, JoHXET 89 < Z < 102 W E, HlLag
2 2 ARG 1 B R 45 Y o AR BRI RMSD 1]
PI/INF 100 keV, XX 7RSS FAFIE X — X% %
HEZEME. MXT 103 < Z < L8R, Pl
SMEIE Z 5 ) i IR b T8 1E i RMSD i
Iy IR T 29 7.5%, 8.7%, 8.9% F1 15.1%, iXHLiK
BT AL > AT SEE, MRl AT 2 i F50#r
PR AL S

B o =
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SPECIAL TOPIC—Thematic data in nuclear physics: Experimental,
theoretical and applied research

Further exploration of the machine-learning-based
nuclear mass table’
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Abstract

The mass of the atomic nucleus, as one of the fundamental physical quantities of the atomic nucleus, plays
an important role in understanding and researching the structure of the atomic nucleus and nuclear reactions,
and the basic interactions between nucleons. However, accurately predicting the mass of nuclei far from the 3
stability line remains a huge challenge. Based on the machine-learning-refined mass model, we investigate the
newly measured atomic nucleus masses since 2022, along with the residual proton-neutron interaction (8Vpm )
and the a-decay energy of heavy nucleus. It is found that: 1) For the 23 newly measured atomic nuclei, the root
mean square deviations obtained by the machine-learning-refined mass models are between 0.51 and 0.58 MeV,
which are significantly lower than 3.275, 1.058, 0.752, and 0.785 MeV given by the liquid droplet model (LDM),
Weizsicker-Skyrme-4 (WS4), finite-range droplet model (FRDM), and Duflo-Zucker (DZ), respectively. 2) The
dVin of the atomic nucleus with N = Z obtained from machine-learning-refined mass models is consistent with
the latest experimental data. 3) The root mean square deviations of the a-decay energy of heavy nuclei obtained
from the machine-learning-refined mass models have also been significantly reduced. Furthermore, by employing
the Bayesian model average approach to combine the results from different machine-learning-refined mass
models, we obtain more accurate predictions. These findings demonstrate that such models have good
extrapolation capabilities and provide useful insight for further research. The datasets presented in this paper
are openly available at https://doi.org/10.57760/sciencedb.j00213.00246.
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