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- Heavy 1on collision

T arN o
(; LHC ) Critical endpoint
R Tt~ Ll Quark-Gluon Plasma
- SN ~
o - {.‘,/““;f;\ Chiral symmetry
)7 { restored
. [ AGS )
Hadronic S =N
matter LY E: "N
Chiral symmetry 0 f, i
broken < /) superconductor




Hot and dense matter ||
- Proto-neutron star
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The production of neutron star
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The structure of neutron star
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The observed masses
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Motivation |

3.2

2 8 - Black Holes

=  RBHF(n,p)

RMF (n,p,hyperons)

RMF
(n,p,hyperons, quarks)

Interacting neutron gas
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1) No strangeness : 2-3 M®

2) Strangeness : 1-2 Mo
- hyperons(A, %, Z)
- kaon condensation
- quark matter(u, d, s)



Motivation Il
— Deeply bound kaonic nuclear states
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Motivation Ill

« Model dependency
- Haron degree of freedom :
Quantum Hadrodynamics (QHD)

- Quark degree of freedom :
Quark-meson coupling model (QMC) model



2. Theory



Quark-meson coupling model
- MIT bag + mean fields
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The QMC model at saturation

1) Infinite, static and uniform matter

2) The properties of nuclear matter

Saturation density p, = 0.17 fm-3

Binding energy B/A = ¢/p —m = 16 MeV

Effective mass of a nucleon m */m , = 0.7 - 0.8 (0.78)
Compression modulus K7 = 200 - 300 MeV

Symmetric energy a_,.= 32.5 MeV

sym™

3) The Lagrangian of QMC model for infinite nuclear matter

L
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QMC model for hyperonic matter

Lagrangian density for baryon octet and leptons
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Baryon octet: p, n, A, 2%, 39, 3, =0, =~ Jepton :e, u



Naive picture of K- potential

1) OZI rule : s-quark does not
interact with u and d quarks

2) Antiparticle may feel
very strong attraction.

3) Potential of particle
Scalar (attractive)+ Vector (repulsive)

4) Potential of antiparticle — strong attraction
Scalar (attractive)+ Vector (attractive)



Strong force of K- N and kaon condensation

Super Strong
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The RMF for kaon and antikaon

Lagrangian density for baryon octet and leptons
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The QMC model at finite temperature

1. Thermodynamic grand potential :

Q=e-TS-pup
2. Pressure is
1 = 1 1
= d’k (f + fB) + =m2w? — —m20
Where 7y 1
I8 = i uB)/T +1 B e )T 41

3. The condition for equilibrium — minimize Q or maximize P.

or _ ( oP 8Mj’{,+ or i
oo \OMj} s 00 do M}kv_ |




TOV equation

« Macroscopic part — General relativity
1

Einstein field equation : Rw > Q#UR TG T#v
Static and spherical Static perfect fluid
symmetric neutron star Diag T, = (¢, p, p, p)

(Schwarzschild metric)

E__G[E—I—P][M—I—ﬁlﬂ?"gp]
dr r (r — 2G M)

« TOV equation :

e Microsopic part — QMC model

 equation of state (pressure, energy density)



The conditions In neutron star

1) Baryon number conservation : Prot = Zn:pa
2) Charge neutrality : Grot = %:QBPB + Zz:qz,oz
3) chemical equilibrium (A, Z, Z)
fin- = fe— = [in + fle A = fix0 = fizo = iy
Hn = fp T He Hp = fx+

X The condition for K- condensation

l'lK=p'e



Eqg. of state in kaon+hyperonic matter

The energy density :
L me.l s 1 1 1

€ = §m 50 +§m Ko —|—§m w0+ 2m¢¢0—|—§m§pg3
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The pressure :
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3. Results
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Relative populations

The population of particles
In neutron star
U (p,) =-140 MeV
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Relative populations
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The mass of a neutron star and
kaon condensation

Peril Po for

M/ M, References
[faon Condensation

QHD (GMN2) 1.645 3.37 [<norren et al
QHD (GNI2) 1.646 5.10 [<norren et al
QHD (GNI1) 1.649 2.23 Banik et al
QNC 1.94 4.0 MNenezes et al
QHD (Our) 1.46 4.3 U (o) = -140 MeV
MOMNC (Our) 1.52 3.8 Ur- () = -140 MeV




¢ meson fields

omeson fields at finite
temperature
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The effective masses of a
nucleon at finite temperature
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Summaries

1. Hadronic phases : QHD and QMC models
) Proto-neutron star — 2.0 solar mass
i) Hyperons - 1.6-7 Solar mass
1) Kaon condensation — 1.4-5 solar mass
But, we can see the model dependency in both.

2. All results depend on the coupling constants and
the potentials of kaon and baryons.
— Experiment has to confirm them.

3. If the observed mass is larger than 2.0 solar
mass, all exotic phases are ruled out(?).

4. Finite temperature — symmetric matter



