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If you want accuracy,
Forget about theory.

If you use real theory,
Don’t expect accuracy.
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Accuracy AND 
Theory
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Status
A.D. 
2000
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Chiral nuclear forces                                

PKU-CUSTIPEN, August 2, 2015

Status
A.D. 
2010



§ 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, …

R. MachleidtChiral Nuclear Interactions          Elba, 25 June 2019 13



R. MachleidtChiral Nuclear Interactions          Elba, 25 June 2019 14R. Machleidt N4LO                                
TRIUMF, Feb. 18, 2015 14

N-d Ay calculations by Witala et al.

2N (N3LO) 
force only

2N (N3LO) 
+3N (N3LO) 

forces 
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§ Current status: 2NFs and 3NFs 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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N3LO
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§ Current status: 2NFs and 3NFs 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

From Hergert et al., PRC 90, 041302 (2014).

Oxygen
Calcium

Tin
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§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)
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3NF contacts
at N4LO 

Girlanda, Kievsky, Viviani, PRC 84, 014001 (2011)
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Including N4LO 3NF contacts, Girlanda et al.
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Converged
at N4LO

From Entem, Kaiser, Machleidt, Nosyk, PRC 92, 064001 (2015)
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The Map of  the
Chartered Waters

Of the Forces

Status
A.D.
2019



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

§Reinert, Krebs, Epelbaum, Eur. Phys. J.  A 54, 
86 (2018); local.
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(Includes ct’s
In F-waves.)

2016 NN data base
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… with an excellent reproduction of the NN Data …

The above for Entem, Machleidt, Nosyk; 
Reinert, Krebs, Epelbaum similar.
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!

Applying the Entem, Machleidt, Nosyk potentials. 
From F. Sammarruca et al., to be published.

… and the following nuclear matter saturation properties …
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… and the following properties of finite nuclei …
(Calculations by R. Roth et al., Darmstadt)

Applying the 
Entem, Machleidt, Nosyk
Potentials which are
Non-local

Applying the 
Reinert, Krebs, Epelbaum
Potentials which are
Local
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… and more properties of finite nuclei …
(Calculations by R. Roth et al., Darmstadt)

Applying the 
Entem, 
Machleidt, 
Nosyk
Potentials which 
are
Non-local



§ 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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Status Report
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