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Neutron star is full of mysteries
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Unknown repulsion in dense nuclear matter
How to investigate density-dependent AN interaction (ANN force)?
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J-PARC Hadron Experimental Facility €Xtension (HEF-EX) PI‘OjECt
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Performance of HEF will be more than doubled.

s ‘ . ﬁ: A o> 1 new production target (T2)
Selected as the 1 priority project at KEK. # 4 new lines (HIHR, K1.1/K1.1BR, KL2, K10)

Funding has become more realistic. 2 updated beamlines (High-p (720), Test-BL)




J-PARC Hadron Experimental Facility €Xtension (HEF-EX) PTOjECt
L High-p charged separated line

P;::)zr;t«tlf j High-intensity high- \
resolution line \\ I Extended HEF I
1 production target (T1) > m
1 charged separated line (Iy'f8BR) e <. \
1 neutral line (KL) \ = LD = highe ri&e{sity neutral line
1 primary line (High-p) Flagship experiments to

1 muon line (COMET)

“Solve the Hyperon Puzzle” \
— e a
Low-p charged separ liné

g
- ’te"de
2% EX
o
- :
1 new production target (T2)
4 new lines (HIHR, K1.1/K1.1BR, KL2, K10)

v 2 updated beamlines (High-p (720), Test-BL)

| High-p (720)
High-p charged line "



Experimental approach at J-PARC

Precise (<0.1 MeV) B, values for various A and A s.p. orbits
+ Realistic YN interactions via high quality scattering exp.

Thu-I: Nakamura =>Density dependence of AN force in matter (= ANN 3BF)
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K. Miwa et al., PRL 128, 072501 (2022)

>-p elastic scattering | K. Miwa et al., PRC 104, 045204 (2021)
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Strategy for solving the hyperon puzzle

Precise B, values (n,K) @HIHR ; (e,e’K)@JLab
inawiderarcz 27 L Liypoinnlei +y-ray spectroscopy @K1.1
=1 = Determine
YNN force - X rays (NICER, XRISM..)
Hypernuclear Structure | /) \\7 Realistiv * Gravitational Waves
=Theoretical challenge! EOS Observation of NS

Establish SU(3)f Chiral EFT | \__— "

“Realistic BB interactions” Lattice QCD Understanding
attice i . .
== high density matter in NS
High quaiiy NN, =N data from hypernuclei Femtoscopy data
AN (+ZN) scattering data KN data for K-nuclei and K-atom

* AN, =N, 2N, NK, ...
* do/dQ, pol. observables * $=-2 hypernuclei @K1.8 @LHC-ALICE, RHIC-STAR, GSI, ..
@K1.1, high-p ; @Jlab * K-nuclei @K1.8BR J-PARC HI




FAQ

Even in ordinary nuclei, information on density dependent NN interaction (NNN force)
cannot be easily derived from nuclear data. The YN case should be much more difficult....

® Ais distinguishable in a nucleus. No Pauli from nucleons.
® We know the local density where the A is located.
® A can probe various densities via various A and orbits in hypernuclei
Nuclear data gives us info. on density depender~~ -° be een theor\St
: . Akt ion ”
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..ypernuclear structure can be calculated?
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High quality experimental data can be really obtained near future?

® Yes, at J-PARC -> Nakamura, Miwa
® Femtoscopy approach -> Serksnyte



