
Quark Matter 2025

Contribution ID: 467 Type: Oral

Lambda potential in dense matter from chiral EFT:
Bridging heavy-ion collisions, hypernuclei, and

neutron stars
We investigate the validity of the Λ single-particle potential (Λ potential) in dense matter that is based on
chiral effective field theory (chiral EFT) that is sufficiently repulsive to solve the hyperon puzzle of neutron
stars. We discuss that the model calculations with the Λ potential are consistent with the Λ hypernuclear
spectroscopy [1] and the Λ directed flow v1 [2].

A unified approach integrating heavy-ion collisions, other nuclear experiments, and neutron stars with the
modern nuclear force from chiral EFT has provided valuable insights into the properties of the equation of state
(EOS) of dense matter (e.g. Ref. [3]). This approach contributes to a more comprehensive understanding of
both nuclear experiments and astrophysical observations. For a microscopic description of dense matter, such
an approachmust be performed also for the hyperon sector. A precise understanding of the hyperon potentials
in nuclear matter is essential for addressing the long-standing hyperon puzzle of neutron star physics.

In this talk, we consider the Λ directed flow v1 [2] at RHIC-BES energies to verify the Λ potential based on
chiral EFT [4]. This potential is sufficiently repulsive at high densities to solve the hyperon puzzle and has
proven by us to be consistent with the Λ hypernuclear spectroscopy [1]. We employ a relativistic quantum
molecular dynamics (RQMD) implemented into the Monte-Carlo event generator JAM2. We show that the
model with the Λ potential from chiral EFT can reproduce the experimental data [2], while a more attractive
Λ potential also reproduces the data. Thus, additional constraints on the Λ potential are demanded.

We will also report the analysis of v1 forΛwith various updates including the covariant collision term [5] and
the hyperon-nucleon scattering cross section from up-to-date chiral EFT forces [6]. A consistent treatment of
the Λ and Σ potentials based on chiral EFT will also be discussed.
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