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Fig. 1. The neutron pairing gap calculated by 3DRDFT
(blue open square) and extracted from experiments (black
solid square) versus mass number for the even-even nuclei
with Z = 94 . The proton pairing gap calculated by 3DRD-
FT (red open circle) and extracted from experiments (black
solid circle) versus mass number for the even-even nuclei
with N = 146.
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Fig. 2. The potential energy curve of 240Pu with axial sym-
metry and reflection symmetry (purple dot-dashed line),
axial symmetry (blue dashed line), V4 symmetry (red sol-
id line) and potential energy of 240Pu nearby inner barrier,
outer barrier, isomeric state with V4 symmetry breaking
(green open circle). The empirical inner barrier B, outer
barrier By and isomeric state FEjs, is denoted by the black
dash line. The energy is normalized with respect to the en-
ergy of the ground state.
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F 1 TE Vi RERRMEBEGET, 7 AT R IR A S A ) & A 2 TR AZ S BEAS 1) BE = & 50 H 7570 A By, M1 T
3DRDFT HAMBEE ABrheo , PIRIEAS Bog , Boz FINHIEAE Bao , Ba1, Bs2, B3z

Table 1.  The energies extracted from experiments AFEgy, and the energies AErpe, , quadrupole deformations B0, B22

and octupole deformations B30, 31, B32, B33 of fission inner barrier, outer barrier, and isomeric states of 7 actinide nuc-

lei obtained by 3DRDFT with Vi symmetry breaking.

%E 232y 2347y 236 238y 236py 238py 240py,
AFEgy, /MeV 4.90 4.80 5.00 6.30 — 5.60 6.05
A Erheo /MeV 4.59 5.24 5.13 5.70 5.94 5.75 6.12
B20 0.60 0.60 0.60 0.65 0.60 0.60 0.65
B22 0.04 0.06 0.06 0.06 0.06 0.06 0.06
N2
B30 0 0 0 0 0 0 0
B31 0 0 0 0 0 0 0
Bs2 0 0 0 0 0 0 0
B33 0 0 0 0 0 0 0
AEgxp /MeV 5.40 5.50 5.67 5.50 — 5.10 5.15
AEheo /MeV 5.45 6.06 5.58 5.78 5.15 5.02 5.12
B20 1.20 1.20 1.35 1.35 1.20 1.25 1.40
5 B22 0.03 0.03 0.03 0.03 0.03 0.03 0.02
% B30 0.41 0.37 0.39 0.50 0.35 0.30 0.51
B31 0 0 0 0 0 0 0
B32 0.02 0.01 0 0 0.02 0.01 0.01
B33 0 0 0 0 0 0 0
AEgy, /MeV — — 2.3 2.6 — 2.4 2.25
AEqpeo /MeV 2.1 1.2 1.2 1.2 1.4 1.4 1.4
B20 0.85 0.90 0.90 1.00 0.90 0.90 0.95
B2z 0 0 0 0 0 0 0
[F) A% 5 BEAS
B30 0 0 0 0 0 0 0
B31 0 0 0 0 0 0 0
Bs2 0 0 0 0 0 0 0
B33 0 0 0 0 0 0 0

3.3 TAHREFERHRTEANLIMER

isomer 7X

15 THIH 3DRDFT 14 2320, 234U,
236U7 238U7 236Pu, 238Pu7 240])11}??11:2%3:%%@:\
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TAZ AR N &2 | A 22 TN TR) A% S BE A B DU A AR
Bao 43 5AE F 0.60—0.65 Z 7] | 1.20—1.40 2 [&] I
0.85—1.00 Z [a], Jf H [Al—Fh T &= R N 2 | Fb
22 R0 [R) A% 5 BB S ) WU B I A5 B il HP 45 PR 18 3
. JEF AL T 2448 N 22 R A &z i HOGE R ) =l
FEAR Bog 43 AL T 0.04—0.07 Z[E]F1 0.02—0.03 =
[, 70 ) A% S BB A 1) =SB AR A0k 0. 3% {4 B Al ot
AR T S X 60 2R A% 9 2848 TN 22 R AR 22 0
M), T X6} 22725 () A% S RS A 52 T 1] Z2 6%, X B i1
W Ah T 2478 N 22 TR S BEAS I, /\ATE AR Bao #B

H 0, Mk T3, BA R/ \RIEAE. X
VRIS S X PR e vt 24 A8 A1 22 B Wl 2550 ), Xof
S48 N B2 N R A% S REAS Y S 0] ] 2286, 3K 6 A%
Wb TR 22 | Ah A R R R S REAS I, 60 A A A
KRR \ARTEAE B3y Ml Bas ¥1o0 0, X AKRBL T vy XFFR
PRI o 2R (37 S [ A% S REAS U L4 0.

4 # #

R FH = HEA% 3 25 [ AR O 18 25 B2 sR R TR
T 22y Ay W6y 218y 26py  238py  240py
JR AL T3 N &2 | Hb 2 Rl S REAS IR (1B 742
FRESE. DL 240Pu 0], SIS T SO FRms ke | oot
PRI GRAN Vo PR SR S, 512 AR £k i 28
b, THEREE R X BRI il i fnb 3 AR A
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22 (R 4 MeV), Sk R Sl 2 [R] s B AR
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Relativistic density functional theory in 3-dimensional lattice:
Fission barriers with PC-PK1"
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Abstract

Nuclear fission is a decay process by which a heavy nucleus splits into two or more lighter nuclei. It plays a
crucial role in the synthesis of superheavy elements, the rapid neutron-capture process, nuclear energy
application and so on. The fission barrier is an important property of heavy nuclei, because its height and width
directly relate to the lifetimes of heavy nuclei, and influence the charge yield, mass yield, and kinetic energies of
fission fragments. In our study, the potential energy curves of actinide nuclei are obtained from the relativistic
density functional theory in three-dimensional (3D) lattice when the axial symmetry, reflection symmetry and
Vi symmetry are broken in turn. The effects of all the quadrupole and octupole deformation degrees of freedom
on the inner barrier, outer barrier, and the fission isomeric state are investigated. It is found that breaking the
reflection symmetry can lower the outer fission barriers significantly, breaking the axial symmetry can lower
both the inner and outer barriers, breaking the Vi symmetry has little effect on the inner and outer barriers,
and the fission isomeric state is almost unaffected by symmetry breaking. Based on the relativistic density
functional PC-PK1 and monopole pairing interaction, our results well reproduce the empirical values of the
inner and outer barriers extracted from experiments, and the energies of the fission isomeric states are slightly
underestimated. All the data presented in this paper are openly available at https://www.doi.org/10.57760/
sciencedb.j00213.00229.
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