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We want EoS reproducing the 
macroscopic observables, while 
possible neutron star mass can 
be reduced by hyperons.

Hyperon puzzle



/32How to avoid hyperon puzzle?
Introducing the substructure to baryons

Quark saturation occur 
as it goes to the high 
density regime.

Light quarks form Fermi sea 

Preoccupied light quarks disflavor to form 
Hyperons (uds) due to the pauli blocking?

The concept of the statistical repulsion is examined 
with the simple model in two-color QCD .(QC2D)
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The divergent functions ⇧(1)
Y and ⇧(2)

Y , which are to be
used in Eq. (44), are
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Each term can be analytically evaluated by the dimen-
sional regularization. We find
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Hence the divergent functions are
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Now the light-heavy effective potential can be renormal-
ized. In the MS scheme we set the counter terms as
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Cancelling the divergences by counter terms, the renor-
malized light-heavy potential (42) now reads
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with the renormalized quadratic coefficient
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To determine ��Y , we also need to compute a four point
function of fields Y . We skip such computations, since we
focus only on the coefficients of of the �2

Y terms which
determines the onset of Yu,d, provided that the appear-
ance of Yu,d does not accompany the first order phase
transition (�Y smoothly increases from zero).

FIG. 1. The evolution of (Mq,�) as functions of µ. The onset
of diquark condensate is µ = m⇡/2. The � at tree level grows
as � ⇠ µ, while inclusion of the quark coupling tempers the
growth, resulting � ⇠ M0. Mq and M tree

q largely overlap and
the difference is not visible.

FIG. 2. The baryon density nB as functions of µ for the one-
loop, tree, and ChPT cases. We take n0 = 0.16 fm�3 as a
unit.

IV. THE ONSET OF HYPERONS

From now on we read off the coefficients of �2
Yi

terms
in Eq. (65). We determine the critical chemical potential
where the coefficients of �2

Yi
terms vanish.

Below we avoid details of hadronic interactions by set-
ting �Y and ��Y to zero. We also take our renomaliza-
tion scale ⇤ to be M0, the vacuum effective quark mass,
and all couplings should be regarded as those defined at
⇤ = M0. Then the renormalized vacuum mass of Y is
given by
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Eliminating the tree level mass mY in favor of the renor-
malized vacuum mass mvac

Y , the in-medium quadratic co-

+⋯

Based on MN, T. Kojo, Phys. Rev. D 113 (2026) 054030.


