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The goal: complete set of fission 
rates and yields for Z=[90,118] 

with the same microscopic 
model (BSkG3 EDF).
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Why BSkG3?
2

2457 atomic masses 
810 charge radii 

Ground state properties rms deviation

0.631 MeV
0.0237 fm

0.33 MeV
0.51 MeV
0.34 MeV

45 primary fission barriers: 
45 secondary fission barriers 
28 isomeric excitation energies

Fission properties
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Fig. 2 Isodensity (ρ = 0.02 fm−3) surface of 240Pu at β20 = 1.3,
β22 = 0.03, indicated by the red star in Fig. 1. Two-dimensional contour
plots of the total density at x = 0, y = 0 and z = 0 are also shown. The
colors of the 3D figure serve only to emphasize the reflection asymmetry
of the shape; the color bar refers exclusively to the 2D projections

strongly as N increases, although this is not easily visible on
Fig. 1. The impact of triaxial deformation on the barriers is
sufficiently large to change their evolution with N : among
these five isotopes, 249Cm has the largest inner barrier among
these five nuclei when restricted to axial symmetry, but if we
include β22 as collective coordinate its barrier becomes the
lowest one.

We will study barriers, isomer excitation energies and their
evolution with particle number in a more systematic fashion
in Sect. 4.2. For further illustrations, we restrict our atten-
tion for now to 240Pu and study its ASP and LEP in more
detail in Fig. 3; the top panel shows the evolution of the
total energy along the LEPs and ASPs (full and dashed lines,
respectively) obtained with BSkG1 and BSkG2 (black and
red lines, respectively), normalized to their respective g.s.
minima. The RIPL-3 empirical values for the barrier heights
and the isomer excitation energy from Table 1 [38,67] are
shown by blue lines at illustrative ranges of β20. The impact
of triaxiality on both barriers can clearly be seen: for BSkG1,
including this degree of freedom lowers the inner and outer
barrier by about 2.6 MeV and about 120 keV respectively. For
BSkG2, the effect on the inner barrier is smaller while that on
the outer barrier is larger: they get lowered by about 2.3 MeV
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Fig. 3 Top panel: Energy of 240Pu along the LEP (solid lines) and ASP
(dashed lines) as a function of β20, obtained with BSkG1 (black lines)
and BSkG2 (red lines), normalized to the g.s. energies obtained with
the respective models. We also show empirical values for the primary
and secondary barrier, as well as the isomer excitation energy, drawn at
illustrative ranges of β20 (blue lines). Second, third and fourth panels:
β22, β30 and β40 along the BSkG1 and BSkG2 LEPs. The octupole and
hexadecapole moments of the nucleus along the ASPs are indistinguish-
able from those along the LEPs and are not shown

and 350 keV, respectively. The impact of triaxial deformation
we obtain here is somewhat larger than that reported for the
SLy5sX-family of Skyrme parameterizations in Ref. [87]: for
these, triaxial deformation lowers the inner and outer barrier
of 240Pu by about 1.5 MeV and 300 keV, respectively. The
barriers and isomer excitation energy obtained with BSkG1
along the LEP match the reference values of Table 1 within
about an MeV. Although this level of agreement is already
quite good, the BSkG2 results are much closer to the empir-
ical values.

The other panels of Fig. 3 show multipole moments other
than β20 along the LEPs obtained: from top to bottom β22, β30
and β40. While we do not show multipole moments such as
β32 or β60, we remind the reader that these do not vanish and
are naturally included in the self-consistent solution proce-
dure. We take the smooth evolution of multipole moments,
both those included in Fig. 3 and those that are not, as an
indication that the LEPs constructed present continuous tra-
jectories. The sequence of shapes of the nuclear density along
the path is robust, at least for this nucleus: β30 and β40 do not
change when either exchanging BSkG1 for BSkG2 or the
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(MOCCa*)

* W. Ryssens, Ph.D. Thesis, ULB (2016)
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*** D. Regnier et al, Comp. Phys. Comm, 225, 180-191
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4 How do we perform?
RIPL-4 empirical fission barriers

E = E(BSkG3)-E(RIPL-4)δ

Primary barrier (EI) 
rms-deviation: 0.28 MeV 

mean deviation: -0.04 MeV

Secondary barrier (EII) 
rms-deviation: 0.59 MeV 

mean deviation: -0.18 MeV
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rms-deviation: 0.28 MeV 

mean deviation: -0.04 MeV

Secondary barrier (EII) 
rms-deviation: 0.59 MeV 
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Isomer excitation energy (Eiso) 
rms-deviation: 0.38 MeV 

mean deviation: 0.04 MeV

E = E(BSkG3)-E(RIPL-4)δ
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5 How do we perform?
Spontaneous fission half-lives
A. Sánchez-Fernández et al., Phys. Lett. B 874 (2026) 

140287

GS SF half-lives (107 nuclei): 
rms deviation: 1.1·103 

mean deviation: 7.5·10-2

Isomer SF half-lives (29 nuclei): 
rms deviation: 5.3·103 

mean deviation: 7.2·10-4
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Large-scale fission properties I: fission 
paths and SF half -lives

First large-scale HFB study exploring explicitly octupole and triaxial 
deformations (2.5D) in Z=[80,118].

- How common are double-humped paths? 
- What are the shapes of the saddle points? 
- What is the impact of triaxility on the barrier heights?



Adrián Sánchez Fernández

6

P(ND)2-3. Paris, France. 12/03/2026

Large-scale fission properties I: fission 
paths and SF half -lives

First large-scale HFB study exploring explicitly octupole and triaxial 
deformations (2.5D) in Z=[80,118].

- How common are double-humped paths? 
- What are the shapes of the saddle points? 
- What is the impact of triaxility on the barrier heights?

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Ø20

0.00

0.05

0.10

0.15

0.20

p
2Ø

22

2±
4±

6±
8±10±15±30±45±60±∞ =

Minimal energy

Least action

0
2
4
6
8
10

E
(M

eV
)



Adrián Sánchez Fernández

7

P(ND)2-3. Paris, France. 12/03/2026

Large-scale fission properties I: fission paths and SF half -lives
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- initial point: GS 
- end point: semiclassical outer turning 
point or scission.

- Position of the barriers remains 
constant 

- Number of humps vary from 1 to 4 
(above the GS)

Large-scale fission properties I: fission paths and SF 
half -lives
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Large-scale fission properties I: fission paths and SF 
half -lives
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ℳSEMP
eff = 0.054A5/3 MeV−1ℏ2

- Minimizing the action 
smoothes out the collective 
inertial mass along the paths

- the semi-empirical 
formula can be way off…

Large-scale fission properties I: fission paths and SF 
half -lives
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Large-scale fission properties I: fission paths and SF 
half -lives

ℏω = 0.14025 ⋅ Z2/A − 4.6335

ℏω = − 0.02534(Z2/A)2 + 2.10736 ⋅ Z2/A − 42.7659

ETFSI barriers

FRLDM barriers

J. Khuyagbaatar. Nuclear Physics A, 1002 
(2020) 121958.

S. Giuliani et al. Phys. Rev. C, 97 (3) 034323
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Large-scale fission properties II: 
fission fragments distributions

TDGCM + BSkG3 PESes and collective 
inertias Pu-240
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Large-scale fission properties II: 
fission fragments distributions

TDGCM + BSkG3 PESes and collective 
inertias

scission configurations TKE ≈ e2 ZLZH

dch

TXE = ∑
i

Ei
def + Edis

Pu-240
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Large-scale fission properties II: 
fission fragments distributions

TDGCM + BSkG3 PESes and collective 
inertias

scission configurations TKE ≈ e2 ZLZH

dch

TXE = ∑
i

Ei
def + Edis

∑
i

Ei
def = Esc − ∑

i

Ei
GS − TKE

Edis = kEfree = k(ECN
GS + Sn + en − Esc)

Pu-240
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Large-scale fission properties II: fission fragments 
distributions

< TKE > ≈ 181 MeV
< TKE >exp ≈ 175 MeV

Pu-240
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Large-scale fission properties II: fission fragments 
distributions

TXE is distributed 
maximizing the product of 
level densities

E*L = αTXE

E*H = (1 − α)TXE

α | ρ(E*L , βL
20)ρ(E*H, βH

20) = max
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ν̄ per fission

Pu-239 (th.n,f)

U-235 (th.n,f)

Cf-252 (sf)

Exp BSkG3

2.44 2.48

2.86

3.20

2.88

3.77
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We aim to derive all the nuclear inputs relevant for r-process simulations 
from the BSkG3 EDF.

- fission paths* 
- collective inertias*

Good agreement with empirical fission barriers, isomers and SF half-lives

- fission rates 
- fission fragment distributions

Reasonable estimates of post-neutron-emission yields

*Added to TALYS

-Time per benchmark: ~1 week

- A lot of room for improvement… 


