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Key questions

 So the questions should be posed where the scheme breaks down and 

how?

 One could ask whether and how such a hadron-quark continuity is 

captured in the KIDS

 …such constraints given at the saturation density are irrelevant for the 

properties of compact stars including the maximum star mass and the 

presently accepted range of tidal deformability etc



Where the scheme breaks down and how?

 Answer: NO idea 

 May be understood by trial and error

 Lesson from pionless EFT in two-nucleon low-energy phenomenology

 Pionless EFT

• Pion integrated out: no meson exchange, interactions represented in 

terms of contact terms only

• Applicable, in principle, for processes in which momentum is smaller 

than the pion mass

• p~150 MeV, p2/2mN~10 MeV: pionless theory is breaking down at 

energies larger than 10 MeV

• However…



• In principle theory 

breaks down at Eγ<20 

MeV

• NLO is working well 

above 20 MeV

• NNLO is still marginal 

above 20 MeV

Total cross section of dγ → np

Where the scheme breaks down and how?



KIDS EDF

• 3, 4, 5 denote the number of terms

• APR: input data that determine the model parameters

• Seem that the behavior above 0.6 (or 0.8)fm-3 affects the observable little

• Convergence range (or uncertainty) could be identified, but does not mean that 

EoS is correct

Where the scheme breaks down and how?



Constraints given at the saturation density are irrelevant for 
the properties of compact star

 Very probably NO

 Most prominent uncertainties at the saturation density

• Symmetry energy

• Effective mass



Symmetry energy

• Neutron star

Constraints at the saturation density



Symmetry energy

• Neutron drip line

Constraints at the saturation density

 ∆n=0: Pb

 ∆n=2: O, Sn

 ∆n=4: Ca, Ni

 ∆n=10: Zr

• For specific nuclei, dependence on the symmetry energy critical



Effective mass m*

• In the KIDS model, m* is determined (or controlled) after the nuclear matter EoS

is fixed, so it does not affect the compact star properties

• On the other hand m* affects many observables relevant to the structure of 

nuclei, and nuclear reactions

Constraints at the saturation density

• Binding energy, S2n of 

Ca: independent of m*

• S2n of Sn: m* sensitive

• Not always, but for 

some nuclei, neutron 

drip line can be 

sensitive to m*



Whether and how such a hadron-quark continuity is captured 
in the KIDS

 NO problem to consider the hadron-quark transition: just follow the 

methods in the papers

 A project is in progress

 Requirements

• Nuclear EoS at densities far above the saturation should be precise

• EoS for matter including exotic degrees of freedom, e.g. hyperons or quarks 

should be less uncertain than now

 KIDS is a candidate with which the uncertainty of nuclear EoS at supra 

saturation densities can be controlled and reduced

 Uncertainty at the saturation should be under control prior to 

extrapolating to high densities



Conclusion

 Don’t know

 Where theory breaks down

 When hyperons, or quarks, or something else will appear

 To get reasonable prediction, it is crucial

 To reduce uncertainties in the nuclear EoS

 To reduce uncertainties in the exotica

 During the mission of CENuM

 Reduce the uncertainty in the symmetry energy: J~3%, L~10%

 Keep search for observables with which uncertainty goal is achieved

 Keep tuned to the neutron star observation: GW, NICER, Bursts, …

 Hadron-quark transition

 Less uncertain EoS for nucleons and quarks

 Applications to astrophysics, heavy ion collisions and etc

 Top priority intra-CENuM collaboration
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