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Sound velocity peak structure and conformality in QCD matter
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Background: T~0 QCD Equation of State
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Background: T~0 QCD Equation of State

Sound velocity cs?
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Closer look of cs?
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Closer look of cs?

2 .
Cs A ,* " artifact
'l
1 Pad
.................................................................................... A
] ¢
: 7 4
L e
N 4
v 4
i 4
y
7
l "
-~ ‘.'Ji' CutOff N Ob d
i : I
,' artifact ot SErve
4
4
3| o JNLe oo [ conform 1l (ideal gas) limit
i - s
L 4
] X 4
X 4
nuclear|theory : ‘

NS-region

KEK 245 D8 F5 & 2 DI Day?2, Rj.Chiba, Tohoku Uni.



Table of Contents

- Why and What is “Isospin QCD” - p7

- Quark-Meson Model - P8-9

- EOS and Sound Velocity - P10-13
- QM Model vs pQCD - P14-15

KEK #V5 D& F i & < DILF Day2, Rj.Chiba, Tohoku Uni. 5



Isospin QCD: p; =y, —pu; #0and ug =p, + p; =0

Isospin QCD
- LQCD: w/o sign problem
I comparison

— =

- Model analysis:
- Confinement
- BCS-like pairing etc.

I

Real QCD

- LQCD: w/ Sign problem

comparison X

- Model analysis:

— Prediction

A onset of quark matter
| 7 | in dilute regime !
u—quark —quark T, ~ 150 MeV \/ A e ey
o deconf. 0'53 ”0_ femmiaa-
2N R
‘s ! 4
@ 7“ ~e. BCS
[ | S ™ o me mom o
BCS gap of Pion Condensate A BEC ! !
) ‘ > Hy
m_/2 /\

KEK #5808 F5 & Z DA Day2, Rj.Chiba, Tohoku|' ™

overlap

= 0.66 fm — n; ~ 5 ny

5




Quark Meson Model (at T = 0)

meson int.
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Quark Meson Model (at T = 0)

Effective potential
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physical quantities
m, = 140MeV, m, = 600MeV,
fr =90MeV, M, = 300MeV
— g~3.333, A=~126.1

quasiparticle energy
E,5=E(ur), FEiz=FE(-pr)

E(ur) = \/(ED —ur)’ + A2, Ep= \/P2 + Mg




Importance of quark substructure
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Equation of State

® 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 )

800 | |
QOM: m = 140MeV ——
700 - 170MeV —— .
Brandt et a]. =
600 [ Abbott et al. 48x96 —
0.8 64x128 1
2500 F
g
% 400
8
& 300
200 + ® Brandt+ (2022) m, = 135MeV
arXiv 2212.14016
100 |
® Abbott+ (2023) m, = 170MeV
0 — ' ' ' arXiv 2307.15014
0 2 4 6 8 10

Chemical Potential [m]
KEK 2% D £ & £ DL A Day2, Rj.Chiba, Tohoku Uni. 11



Sound velocity

2) n ~ 0.8 ny: peak structure
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Occupation Probability f(p); onset of quark substructure

Momentum distribution of quark wavefunction
... two different mode
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QM model vs pQCD; non-perturbative effect
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pQCD + Power Corrections
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power correction in pressure ... 5-10 % < change the qualitative behavior of cs?

= origin of difference between QM and pQCD
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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
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