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e Chiral crossover
e Critical End Point

Medium density:
* First-order phase transition
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High density:
* Neutron Stars
* Color Superconductor
» Color-flavor locking
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Prediction of functional methods

e Peak in HBT correlation
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Moat regime in low energy models
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Quark-Meson Model

Dimensional regularization:

Two-flavor Quark-Meson model:
_ _ ) 1
L6, 4,0 = q[vu0u — voit] g+ 5 (0u0)’

+hq(T°0 +ivsT - m)qg+ U(p) — co

+ »Cct

Random Phase Approximation (RPA):

Vip) = Ulp) — %m det M(o)

M(0) = 0y — yop + hT o

Only quark contribution

Full effective potential:

V(P) — Vvac (,0) + V:chermal(p)

Mesonic part:
U(p) = —vp+ Ao /2
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Pion two-point function
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Renormalization of wave function

Pole mass or screening mass can be
used as renormalization condition:
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Renormalization of finite momentum

* Unphysical results at high spatial momentum

for MS
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Phase structure
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CA and PH fluctuations

Self-energy =O= Dirac cone

Particle Creation and annihilation (CA):

—1+np(Eq(q); T, £pn) + np(Ey(q); T, Fp)
Eq(q) + Eq(q — p)

Particle-Hole (PH):

Eq(q) - EQ(q - p) Fu, Pawlowski, Pisarski, Rennecke, Wen, SY,
arXiv:2412.15949
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CA and PH fluctuations
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Shape of moat regime
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 Moat regime in both QCD and models is given by quark-loop

 Shape of moat region from QCD calculations differs from that obtained in models

What do we miss?
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Yukawa Coupling

Mean-field: constant
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Yukawa Coupling

One-loop Yukawa coupling
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Fluctuation of Yukawa coupling controls the moat regime !
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Summary and Outlook

 Moat regime is studied within a quark-meson model

* |n addition to regularization, renormalization condition of meson wave function
renormalization should also be specified

 CA processes drive moat at high T, PH fluctuations drive moat at both low and high T

 Shape of moat regime is controlled by Yukawa coupling
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