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Introduction

• To comprehensively investigate the interior of a neutron 
star, one must take into account an equation of state 
that encompasses the entire baryon octet, decuplet, and 
quarks, along with their intricate interactions.

• The Chiral Mean Field (CMF) is a relativistic mean field 
model with quarks and hadrons where interactions are 
mediated via meson exchange (σ, ζ, δ, ω, ϕ, and ρ). [1]

• CMF is a non-linear 𝑆𝑈(3) extension of the linear Sigma 
model that has been fitted to agree with low- and high-
energy physics data. [2]

• CMF uses a Polyakov-inspired loop (Φ) as an order 
parameter for the deconfinement phase transition 
(Chiral symmetry restoration). [3]

• At finite temperature, CMF has a critical point (𝑇𝑐 =
167 MeV , 𝜇𝐵,𝑐 = 354 [MeV]) and a chiral first-order 

phase transition. [3]

• CMF spans over 𝜇𝐵 , 𝜇𝑆,  𝜇𝑄 , 𝑇 and magnetic field (𝐵), 

allowing simulations of heavy-ion collisions and neutron 
stars. [4]

• A full runtime with all effects in the Fortran 
legacy version takes a couple of months.

Lagrangian

The mean field Lagrangian is written as

ℒCMF = ℒ𝑘𝑖𝑛 + ℒ𝑖𝑛𝑡 + ℒ𝑠𝑒𝑙𝑓 + ℒ𝑆𝐵 − 𝑈Φ,

where ℒ𝑘𝑖𝑛 stands for kinetic, ℒ𝑖𝑛𝑡 for interaction, ℒ𝑠𝑒𝑙𝑓 for 

self interactions, ℒ𝑆𝐵 for symmetry breaking, and 𝑈Φ is a 
Polyakov-inspired induced potential.

Equations of Motion

Upon applying the Euler-Lagrange equation to each mean 
field variable, we have derived the subsequent algebraic 
system of equations
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Simplified flowchart for a standard CMF execution. 
Enclosed are described the details of the C++ main routine.

Main results
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Conclusions

• The MUSES collaboration has recently introduced a 
novel C++20 implementation of the Chiral Mean Field 
model at zero temperature.

• The C++ code matches up to high numerical precision 
with the legacy Fortran version with an improved 
runtime of an order of magnitude and an easier way to 
handle exotic particles.

• The C++ code allows studying the spinodal solutions 
around the quark deconfinement phase transition with 
resolution unreachable by the legacy code.

• Observables, like the speed of sound or susceptibilities, 
can be computed natively within the code framework.

Outlook

• Incorporate antiparticles and temperature dependence 
with the correspondent mesonic background.

• Add magnetic field and anomalous magnetic moments 
effects.

• Couple it with numerical relativity codes, e.g., heavy-ion 
hydrodynamic simulations. 
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The principal 
solving script is the 
multidimensional 

root solving 
routine fsolve 

based on 
MINPACK.
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