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Challenges: reduction of theoretical uncertainties in the
binding energies, deformations and size of nuclear landscape
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The PC-PK1 functional is
outlier:
it predicts around 1000 extra

and neutron drip lines as
compared with
other functionals.
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Proton number Z

The need to include the information on deformed nuclei
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Relativistic Hartree-Bogoliubov (RHB) framework
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The separable version of the finite range Brink-Booker part of the
Gogny D1S force is used in the particle-particle channel
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Z — class of the functionals:
- infinite basis correction to binding energies in fermionic and bosonic sectors
of CDFT
- total electron binding energies are accounted in definition of experimental
nuclear binding energies



Anchor based method of optimization (ABOA) of EDFs
A.Taninah and AA, PRC 107, L041301 (2023)
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PROs: 1. fast convergence due to pairing collapse in at least one subsystem
2. no numerical instabilities

Physical observables in anchor nuclei: masses, charge radii



Basic idea of ABOA: correct the experimental data
in anchor spherical nuclei by the information on the
differences between theory and experiment on a global scale

1. Define the functional EDF; (i = 0) by fit to anchor spherical nuclei

|2. Make global calculations with E-DFE'] Masses of 882 even-even nuclei

3. Introduce correction function E.or(Z, N) = a;(N — Z) + Bis(N + Z) + v

and define its optimum parameters o, 3, and y, which minimize the
difference between E,,cvi40(Z,N) = Egpr,(Z,N) + Ecorr(Z,N)
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using all even-even nuclei for which experimental data exist

4. Redefine the energies of anchor spherical nuclei
Epseudﬂ(Z}N) — EEIP(Z! N) T ECDTT(Z:« N)

eTp

and define new functional EDF;_ 1 by fit to these new energies

| 5. Make global calculations with E-DFE'+1|

If further improvement is needed, repeat steps 3-5.




How fast is convergence in ABOA
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Example of the application of anchor based method of
optimization to DD-ME* functionals
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How to obtain binding energies corresponding to infinite basis
in basis set expansion method?
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How to obtain binding energies corresponding to infinite basis
in basis set expansion method?
Easy part — bosonic basis.

|ABE (Z,N) = B(Ng

~)(Z,N) — B(Np)(Z,N)}
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Bosonic basis with Ng=40 corresponds
(within a few keV) to infinite bosonic basis
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How to obtain binding energies corresponding to infinite basis
in basis set expansion method?
Difficult part — fermionic basis.

Define asymptotic binding energies
ABI(Z,N) = B(Np = )(Z,N) — B(Np = 20)(Z,N)

Bdif(NF) = B(NF + 2) — B(NF]
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Precise definition of asymptotic binding energies requires the calculations
with Ng=20, 22, 24, 26, 28 and 30.



How to obtain binding energies corresponding to infinite basis
in basis set expansion method?
Difficult part — fermionic basis.
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The inclusion of total electron binding energies

B(Z,N)=B*¥(Z NY+ ZB.(Z =1) — Bu(Z2)
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New calculations of total electron
binding energies within improved
atomic Relativistic Hartree-Fock
framework with proper assessment of
theoretical uncertainties which are
extremely low (by V.Dzuba and

V.Flambaum)




The consequences for the accuracy of description of
experimental nuclear binding energies
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Modifications for the functionals and nuclear matter
properties (NMPs)

Parameter DD-MEY DD-MEZ ratio;

Define central

me [MeV] 551.321796 558.605889 1.013
go 10.411867 10.602029 1.018}

go  12.803208 12.881123 1.006 potential
Jp 3.692170  3.514796 0.952
b, 2.059712  2.667539 1.295 Define explicit density
Co 3.210289  4.070271 1.268
Co 3.025356  4.352258  1.439 dependence of
a, 0532267 0.649431 1.220 meson-nucleon interaction
DD-MEY DD-MEZ ratio,
Empirical SET2b E/A [MeV] -16.1 16.0  0.994
constraints on NMPs, po fm~—3]  0.153 0.150  0.980
PRC 90, 055203 (2014) Ky [MeV]  265.8 286.6  1.078 < —
J [MeV] 32.8 31.3  0.954

Ko = 190-270 MeV Lo [MeV]  51.8 441  0.851 <——
J = 30-35 MeV
Lo = 30 — 80 MeV

NMPs most sensitive to the variation
of the parameters




Allocated calculational time of different approaches

1. Minimization of the functional to the set of 12 spherical nuclei
~ 20000 CPU-hours

2. Anchor based optimization approach
0-th iteration = ~ 33000 CPU-hours

T 1 3 iterations = ~ 80000 CPU-hours
8 iterations = ~ 158000 CPU-hours

NL5(Y)

1teration

n-th iteration = ~ 15600 CPU-hours
3. Reduced global approach (RGA): Y BN,

optimization for set of spherical nuclei the S+ pontiti
binding energies of which are corrected by

deformation energies

855 even-even nuclei: one iteration
~ 427000 CPU-hours

1 - iteration

A. Taninah et al, PRC 109, 024321 (2024)



Some prellmmary results
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\ Conclusions \

1. New anchor based optimization approach (ABOA) has been suggested
for improving of energy density functionals. It leads to a substantial
improvement of the global description of binding energies at acceptable
computational cost which is more than by order of magnitude lower than
for alternative methods.

2. For the first time, different functionals representing three classes of
CEDFs are fitted:
- with accounting of infinite basis corrections to binding energies in
fermionic and bosonic sectors of CDFT
- with direct accounting of total electron binding energies
in transformation of experimental atomic binding energies into nuclear
ones.

This material is based upon work supported by the U.S. Department of Energy, Office of
Science’, Office of Nuclear Physics under Award No. DE-SC0013037.
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