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Motivation

We wish to understand the properties of matter over a
wide range of densities; from single atomic nuclei to
neutron stars.

In order to do this, we must first understand the
fundamental and effective degrees of freedom at each
density scale.

In order to evaluate success, we need to compare
predictions over a wide range of density scales to
observable phenomena.
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The Nature of Dense Matter
The Models

Hadronic Models
A Brief Overview

Quantum HadroDynamics (QHD) Model

Simple description of nucleons immersed in mean-field σ,
ω, and ρ potentials,

Constructed at the baryon level,

Issues with large scalar potentials causing negative effective
masses.

Quark-Meson Coupling (QMC) Model

Similar final form as QHD, but with self-consistent
response to the σ field, despite construction from quark
level,

Better predictions for bulk properties of dense matter,

No issues with negative effective masses.
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Hyperonic QMC

B ∈ {p, n,Λ,Σ−,Σ0,Σ+,Ξ−,Ξ0} = {N,Y }

ℓ ∈ {e−, µ−}

m ∈ {σ, ω, ρ}

Couplings:

gωB =
(3 − SB)

3
gωN

gωN =
3

2
gωΛ =

3

2
gωΣ = 3gωΞ
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Saturation

(E/A)ρ0
= −15.86 MeV,

(ρtotal)ρ0
= 0.16 fm−3

}

−− gσN , gωN

(asym)
ρ0

= 32.5 Mev −− gρN
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Hyperonic QMC

Saturation

(E/A)ρ0
= −15.86 MeV,

(ρtotal)ρ0
= 0.16 fm−3

}

−− gσN , gωN

(asym)
ρ0

= 32.5 Mev −− gρN

Effective masses from Ref. [4]a (previously from Ref. [5]b) derived
from the bag model.

a
Guichon, Thomas, Tsushima: doi:10.1016/j.nuclphysa.2008.10.001

b
Rikovska-Stone, Guichon, Matevosyan, Thomas: doi:10.1016/j.nuclphysa.2007.05.011
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Hyperonic QMC

Equation of State (EOS) is calculated assuming that

Chemical Equilibrium

µi = Bi µn −Qi µe =
√

k2
Fi

+ (Mi + Σs
i )

2 + Σ0
i
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Tolman-Oppenheimer-Volkoff

Equations describe a static, spherically symmetric, non-rotating
star, stable against gravitational collapse;

TOV

dP

dr
= −

G
(

P/c2 + E
) (

M(r) + 4r3πP/c2
)

r(r − 2GM(r)/c2)

M(R) =

∫ R

0
4πr2E(r) dr
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Quark Models
A Brief Overview

MIT Bag Model

3 quarks in a ‘bag’,

Separated from the QCD vacuum by an energy-density B,

Constant, current-quark masses

Nambu-Jona–Lasinio (NJL) Model

Simple inclusion of DχSB,

Still a simple model, but more sophisticated,

Constituent-quark masses at low density, current-quark
masses at high density.
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++

Hartree–Fock Σs
B(k) (QHD)

Σs
B(k) = −gσB〈σ〉

+
1

4π2k

∫ kF
B′

0

q M∗

B(q)

E∗

B(q)

×

[

1

4
g2
σB′Θσ(k, q) − g2

ωB′Θω(k, q)

]

dq
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Further Reading
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Further Reading I

Carroll
Applications of the Octet Baryon Quark-Meson
Coupling Model to Hybrid Stars (PhD Thesis).
arXiv:1001.4318

Carroll, Thomas
The Hyperfine, Hyperonic QMC Model - Extension to
Hartree–Fock I: Infinite Nuclear Matter.
in preparation

Carroll, Leinweber, Williams, Thomas
Phase Transition from QMC Hyperonic Matter to
Deconfined Quark Matter.
Phys.Rev.C79:045810, 2009
[doi:10.1103/PhysRevC.79.045810]
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Guichon, Thomas, Tsushima
Binding of hypernuclei in the latest quark-meson coupling
model.
Nucl.Phys.A814:66-73, 2008
[doi:10.1016/j.nuclphysa.2008.10.001]

Rikovska-Stone, Guichon, Matevosyan, Thomas
Cold uniform matter and neutron stars in the
quark-mesons-coupling model.
Nucl.Phys.A792:341-369, 2007
[doi:10.1016/j.nuclphysa.2007.05.011]
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