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Outline
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MUSES collaboration, arXiv:2303.17021 (2023).



• How to complete the QCD 

phase diagram?

• How to merge lattice QCD 

with effective field theories?

Physical Motivation – CMF model

CMF model

one 3D execution takes a month

5𝐷: 𝑇, 𝜇𝐵 , 𝜇𝑆, 𝜇𝑄 , 𝐵

CMF model
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𝜇𝑆𝜇𝑄
𝐵

MUSES collaboration, arXiv:2303.17021 (2023).



CMF - particles considered

Baryon octet 

Baryon decuplet SU(3) quarks



CMF Lagrangian

Euler-Lagrange
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𝛼, 𝛽 allows four 
different vector 

potential
configuration

𝑖 goes over all particles



Last year improvements

6Zero temperature CMF C++ v0.4.0  is out!
git clone –b 0.4.0 https://gitlab.com/nsf-muses/module-cmf/cmf.git



CMF 0.40. – simplified flowchart

7EoS agreement between Fortran and C++ (Polyakov off)



Results: Fortran vs C++ 0.4.0 – Polyakov off
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High-resolution agreement on derived observables like the 
speed of sound and susceptibilities for diverse particle sets



Results: Fortran vs C++ 0.4.0 – Polyakov on
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Agreement is observed 
with an extra feature: 

C++ has more 
solutions around the 

metastable phase 

In red: unphysical data 
removed



Results: Fortran vs C++ 0.4.0 – Metastable solutions
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After removing 
unphysical data, and 
applying a maximum 

pressure filter,
the stable and 

metastable regions are 
clearly seen



Results: Fortran vs C++ 0.4.0 – Polyakov on, observables
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The stable region fully overlaps
for the speed of sound

The transition chemical potential 
agrees with 𝜒2 and 𝜒3



Next steps
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• Finish low-level source code documentation.

• Finish script to compute higher-order derivatives using central differences.

• Couple to Flavor equilibration module. (Z. Zhang)

• Test CMF 0.4.0+QLIMR workflow inside CE 0.10.0 (C. Conde). 

• Extend for finite temperature.

• Include thermal mesons interactions (R. Kumar).

• Extend for magnetic field effects (J. Peterson).

• Couple to Lepton module.

• Parallelize via OMP+MPI. (R. Haas)
+



Summary
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Zero temperature implementation of the Chiral Mean Field 
model done in modern C++20.

High precision agreement with legacy Fortran77 version

Metastable region now accessible with the new code

Agreement for observables of the stable branch

Offline coupled to QLIMR

Source code containerized using Docker and automatization 
bash script for default Docker case created.

Quick note: if you need help creating 
a container of your current source 

code, please contact me in a coffee 
break or after lunch ☺



Questions?



Backup slides



CMF Lagrangian in detail
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CMF Lagrangian in detail
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Results: Fortran vs C++ 0.4.0 – Polyakov on
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Agreement is observed 
with an extra feature: 

C++ has more 
solutions around the 

metastable phase 

In red: unphysical data 
removed



Results: Fortran vs C++ 0.4.0 – Metastable
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