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WHAT HAVE WE ACHIEVED WITH THOSE
FORCES?

» There has been some success (ground state of 10B, drip
lines, nuclear matter saturation, orbit evolution, etc.), but
some persistent problems remain.

» In the few-body sector: Ay puzzle, N-d break-up, ...
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N-d A, calculations by Witala et al.
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CURRENT STATUS AND OPEN ISSUES

» Current status: 2NF's and 3NF's up to N3LO are applied in
nuclear few- and many-body systems.

» In general, quite a bit of success, but some persistent
problems remain.

» In the few-body sector: Ay puzzle, N-d break-up, ...
» Light nuclei: Spectra not perfect.
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Radii and Binding Energies in Oxygen Isotopes: A Challenge for Nuclear Forces
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CURRENT STATUS AND OPEN ISSUES

» Current status: 2NF's and 3NF's up to N3LO are applied in
nuclear few- and many-body systems.

» In general, quite a bit of success, but some persistent
problems remain.

» In the few-body sector: Ay puzzle, N-d break-up, ...
» Light nuclei: Spectra not perfect.

» The radii of nuclei

* Overbinding of intermediate-mass nuclei
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Overbinding

of intermediate-mass nuclei
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BECHUSE OF THE PROBLEMS JUST POINTED OUT,
IMPROVEMENT OF CURRENT NUCLEAR FORCES IS
CALLED FOR.

How?
*Revisit the lower orders
Move on to higher orders
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All possible 20 isospin-spin-momentum/position structures occur in

the 3NF at N4LO!
Epelbaum et al., Eur. Phys. J. A51, 26 (2015)

Generators G in momentum space

Generators G in coordinate space
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1T11

Including N4LO 3NF contacts, Girlanda et al.
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Figure 3: 8-parameter fit to B(°H), 2ay, and all considered p — d scattering observables at 3 MeV proton
energy, for A =300 MeV. Blue dashed curves corresponding to the AV18 NN interaction, while the red solid
ones include the fitted TNI.
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AND S0, RECENTLY, POTENTIALS HAVE BEEN
CONSTRUCTED UP TO N4LO BY ...

= Entem, Machleidt, Nosyk, PRC 96, 024004
(2017); non-local.

=Reinert, Krebs, Epelbaum, Eur. Phys.]. A 54,
86 (2018); local.



with an excellent reproduction of the NN Data

TABLE V: x?/datum for the fit of thel 2016 NN data base NN potentials at various orders of chiral EFT (A = 500 MeV
in all cases).

Tiab bin (MeV) No. of data LO NLO NNLO N°LO N“LO
proton-proton (Includesct's
0-100 795 520 18.9 2.28 1.18 In F-waves.)
0-190 1206 430 43.6 4.64 1.69 1.12
0-290 2132 360 70.8 7.60 2.09 F21
neutron-proton
0-100 1180 114 7.2 1.38 0.93 0.94
0-190 1697 96 23.1 2.29 1.10 1.06
0-290 2721 94 36.7 5.28 1.27¢ 1.10
pp plus np

0-100 1975 11.9 1.00

The above for Entem, Machleidt, Nosyk;
Reinert, Krebs, Epelbaum similar.
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... and the following nuclear matter saturation properties ...

15
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Applying the Entem, Machleidt, Nosyk potentials.
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and the following properties of finite nuclei ...
(Calculations by R. Roth et al., Darmstadt)
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... and more properties of finite nuclei ...

(Calculations by R. Roth et al., Darmstadt)
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CONCLUSIONS

= Recently, there has been tremendous progress in the
development of better nuclear forces based upon chiral EFT.

= Very quantitative NN potentials up to N4LO are available now.

= First applications in intermediate-mass nuclei show that the
non-local versions are very successful,
while the local versions fail.

= Further applications of the successfully tested potentials to
issues like momentum distributions and short-range
correlations (SRC) is now called for.
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