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Task 4: Update of the RIPL-3 mass segment

àNew updates proposed : 
• HFB: BSkG2 à BSkG3 mass model
• Others ? (files available)

à files prepared and made available at 2d RCM
AME’20 of experimental and recommended masses



BSkG3: G. Grams et al. EPJA 59, 270 (2023)

BSkG3

BSkG3 masses, deformations & densities: new Skyrme-HFB default in TALYS

Also available at: https://http://www.astro.ulb.ac.be/bruslib/nucdata/bskg03-dat



G. Scamps, et al. EPJA 57 (2021) 333& 3

[BSkG 2-3]



Impact of Triaxiality
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Allows for time-reversal symmetry breaking
Inclusion of ‘time-odd’ terms in the Skyrme EDF  instead of 

Equal Filling Approximation (EFA) as almost all previous models

Contributions of time-odd terms to the nuclear masses

• Almost all time-odd energies are positive (repulsive)
• Effect can be negative for Z=N nuclei (red points: Z=N nuclei)

• Particularly large effect for light nuclei and just outside shell closures



BSkG3: Inclusion of octupole deformation for GS mass



BSkG3: Stiffer Equation of State of pure neutron matter & 
microscopic pairing from ab-initio calculations 

BSkG3 reproduces exactly Cao et al. (2006)

Pairing strength:

Inclusion of t4 and t5 terms



BSkG3: Remarkable description of primary fission barriers (s=0.33MeV)

rms deviations on 45 Z>90 nuclei wrt  
known (RIPL3) fission barriers/wells 

BSkG2 BSkG3

s(M) [MeV] 0.67 0.63

s(EI) [MeV] 0.44 0.33

s(EII) [MeV] 0.47 0.51

s(Eiso) [MeV] 0.49 0.36

HFB-14 FR(L)DM

s(M) [MeV] 0.73 0.56

s(EI) [MeV] 0.59 0.76

s(EII) [MeV] 0.72 --

s(Eiso) [MeV] 0.73 --



BSkG3: accurate reproduction of charged radii – s(810 Rc) = 0.237 fm 

BSkG3 deformed densities : new Skyrme-HFB default in TALYS



BSkG3-BSkG2

BSkG3-BSk31

Comparison with experimental masses Comparison with BSkG2 and BSk31 masses



Differences in mass predictions among various mass models



Nuclear Level densities
New BSkG3 predictions



New HFB calculations allowing for triaxial deformations
BSkG1-3 interactions (MOCCa code: Ryssens et al. 2021-2023): s(M)~0.74-0.63 MeV



New NLD calculations allowing for triaxial deformations

• Even lower single-particle density
• Lower intrinsic level density
• No more K quantum numbers

BSkG1-3 interactions (MOCCa code: Ryssens et al. 2021-2023): s(M)~0.74-0.63 MeV

where µ=x=y=z is the principal axis of the nucleus in the 
intrinsic frame with the lowest Belyaev moment of inertia. 

à “round to the nearest half-integer”, and reduces to the K quantum number in the 
case of axial symmetry



New NLD calculations allowing for triaxial deformations

BSkG3 + Combinatorial model
BSkG1-3 interactions (MOCCa code: Ryssens et al. 2021-2023): s(M)~0.74-0.63 MeV

axial axial



New NLD calculations allowing for triaxial deformations
BSkG1-3 interactions (MOCCa code: Ryssens et al. 2021-2023): s(M)~0.74-0.63 MeV



New NLD calculations allowing for triaxial deformations
BSkG1-3 interactions (MOCCa code: Ryssens et al. 2021-2023): s(M)~0.74-0.63 MeV
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New NLD calculations allowing for triaxial deformations
BSkG1-3 interactions (MOCCa code: Ryssens et al. 2021-2023): s(M)~0.74-0.63 MeV

299 nuclei:       frms =1.74 including errors
=1.96 excluding errors
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Tables ready for use: only need renormalisation coefficients (a,d) on experimental Dexp

r renorm (U) = e                   rglobal (U - d)
a ( U - d )√



Comparison of BSkG3+Combinatorial NLD with Oslo data

b20=0.10
b22=0.07

b20=0.19
b22=0.07
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Fission properties
• New BSkG3 predictions



BSkG3 fission paths
Degrees of freedom: b20, b22, b30



BSkG3 fission paths

240Pu



BSkG3: Remarkable description of primary fission barriers (s=0.33MeV)

rms deviations on 45 Z>90 nuclei wrt  
known (RIPL3) fission barriers/wells 

BSkG2 BSkG3

s(M) [MeV] 0.67 0.63

s(EI) [MeV] 0.44 0.33

s(EII) [MeV] 0.47 0.51

s(Eiso) [MeV] 0.49 0.36

HFB-14 FR(L)DM

s(M) [MeV] 0.73 0.56

s(EI) [MeV] 0.59 0.76

s(EII) [MeV] 0.72 --

s(Eiso) [MeV] 0.73 --
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Effects of triaxiality on both

• Triaxial inner barrier

• Triaxial- and octupole-deformed 
outer barrier

(also for odd-A and dd-odd nuclei)

240Pu
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Impact of triaxial deformations on the Lowest Energy fission path
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…. MORE TO COME ….

- Determination from 2D-constrained (b20, b22) PES with BSkG3 :
• fission paths (LEP & LAP) with BSkG3 inertial masses
• 1D projection of fission path for transmission barrier calculation
• NLD at saddle points and isomeric wells
• Calculation of spontaneous, b-delayed and n-induced fission 

probabilities
- Calculations of full 3D-constrained (b20, b22, b30) PES (~ 20 M CPU h)
- To be updated by BSkG4 (coming soon) ?

for some 2000 (e-e,e-o,o-e,o-o) nuclei (90 ≤ Z ≤ 110) from p- to n-drip lines

- New post-doc position at ULB for 3 years on “fission” 
à candidate recruited to start on 1 July, 2024

Expected outcomes for RIPL-4 : ~ end 2024...


