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Sound velocity peak structure and conformality in QCD matter

quark meson model analysis

Ref.) Sound velocity peak and conformality in isospin QCD

Ryuji Chiba, Toru Kojo arXiv:2304.13920 [hep-ph]
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Background: T~0 QCD Equation of State
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EoS: input of Neutron Star M-R Relation
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Sound velocity cs²
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Isospin QCD:  and μI = μu − μd ≠ 0 μB = μu + μd = 0
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- LQCD: w/o sign problem

- Model analysis:

- Confinement

- BCS-like pairing etc.

comparison ✅

Real QCDIsospin QCD

- LQCD: w/ Sign problem

- Model analysis:

→ Prediction

comparison ❌

quarku− quarkd̄−

BCS gap of Pion Condensate Δ
<latexit sha1_base64="HofpoKXIwinievzHs7NFn65IajA="></latexit>

r⇡ = 0.66 fm ! noverlap
I ' 5 n0

Tc ∼ Δ ∼ 160 MeVTd ∼ 150 MeV

μImπ /2

T

BEC

BCS

deconf. 0.3 n0

onset of quark matter 
in dilute regime !



KEK 熱場の量子論とその応用 Day2, Rj.Chiba, Tohoku Uni.

Quark Meson Model (at T = 0)
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meson: 
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Quark Meson Model (at T = 0)
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Importance of quark substructure

Gap equation
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Tree: mesons as elementary particles
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Equation of State
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๏ ChPT should work in dilute regime  
QM model respects Chiral symmetry → reproduce ChPT at low energy


๏  Good agreements with the LQCD result even at higher density ✅  

( Also trace anomaly )
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Sound velocity
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2) n ~ 0.8 n₀: peak structure 

1) n < 0.8 n₀: rapid increase
3) Larger n : relax to 

the conformal value from above
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Occupation Probability ; onset of quark substructuref(p)
Momentum distribution of quark wavefunction

… two different mode

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 0  2  4  6  8  10
Momentum [mπ]

13

Horizontal EvolutionVertical Evolution
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QM model vs pQCD; non-perturbative effect
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Adding the power correction (non-perturbative)
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pQCD + Power Corrections
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power correction in pressure … 5-10 % ↔ change the qualitative behavior of cs² 
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Summary
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๏Soft-to-stiff EOS and quark dof 
- quark dof may appear before the hadron overlap

- Importance of quark substructure


๏Quark-meson model and low- and high density physics 
- low density: respects ch. symmetry → reproduce Ch.PT and LQCD

- high density: includes quark dof, matched to LQCD ✅


๏Non-perturbative effects ( = BSC-like pairing ) 
- low density: attractive power correction → stiffens EOS

- high density: change the asymptotic behavior from pQCD


