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* How to complete the QCD
phase diagram?

* How to merge lattice QCD
with effective field theories?
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[ CMF model ]

one 3D execution takes a month
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CMF - particles considered
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CMF Lagrangian
L= Ekin + ﬁint T ESEEf T £SB —U
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The Chiral Mean Field (CMF) model is based on a non-linear realization of the SU(3) sigma model in which hadrons interact by meson exchange (o, ¢, d, w, @, and p). Itis built in a
chirally invariant way with most of the particle masses coming from interactions with the medium and, as a result, decreasing at high densities and/for temperatures [1]. The
commonly used sigma model is improved by the non-linear realization of the sigma model, which uses the pseudoscalar mesons as the angular parameters for the chiral
transformation. The model also offers an ideal mechanism to produce equations of state (EoS's) for astrophysical purposes, and it has been fitted to agree with low- and high-
energy physics data [2]. It can be applied at zero temperature as well as intermediate and larger ones. It also possesses degrees of freedom expected to appear in different
astrophysical scenarios (leptons, baryons, quarks) within one description. Furthermore, it reproduces QCD features, such as chiral symmetry restoration and deconfinement to
guark matter (using a Polyakov-inspired loop (®) as an order parameter of deconfinement phase transition) [3]. The model is relativistic and therefore respects causality provided
that the repulsive vector interactions are not too high [4]. The model has also been extended to include the effect of the magnetic field and anomalous magnetic moments [5].

Chiral Mean Field (CMF) model

Quickstart

Using Docker

After cloning the CMF repository, the quickest way to execute the module involves building and running the docker image from the Dockerfile. Therefore, Docker must be locally
installed.

To clone and build the Docker image, use

git clone https://gitlab.com/nsf-muses/module-cmf/cmf
rd ~mE

Zero temperature CMF C++ v0.4.0 is out!

git clone -b 0.4.0 https://gitlab.com/nsf-muses/module-cmf/cmf.git




main.cpp

e )
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Read YAML configuration file
(input.cpp)

!

Read YAML specifications file
(inputepp)

!

Create coupling constants

(coupling_constants.cpp) pressure vs energy at T=0,B8=0

CMF o0.40. - simplified flowchart

J7 1 Fortran quarks
Initialize particle classes
(omicpp) | Fortran octet
Fortran baryons
J? Fortran quarks + baryons
loop 103

Toop over chemical potentials end == C++ quarks
> (Baryon, Charge, Strangeness) > Call output dleaner Ct+ 9 tet
octe

(emf.cpp) (clean_output.py)
| J} | == C++ baryons

v Ig:g Call output adapters C++ quarks + baryons

loop over mean field initial (csv2yaml.py)

conditions (cmfcpp) |

J; —

compute effective mass, effective
chemical potentials, scalar and
vector densities
(particle_types.cpp)

l |

Call fsolve 1
(cmf.cpp)

102

pressure [MeV fm~3]

10!

no solution
reached

(emf.cpp)

103 104
energy [MeVfm~—3]

Compute observables
(observables.cpp)

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

Write output file CMF_output.bd

(emfcpp) /




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

0/ag vs g [MeV] /Covs ug [MeV] wvsug[MeV]
1.0 —— Fortran 1.0 1 —— Fortran 100 1 — Fortran
+ C++ excluded + C++ excluded « C+4+ excluded
0.8 « C++ accepted C++ accepted 804 =+ C++ accepted
0.9 4
0.6 1 60
0.8 A 40 A
0.4 1
20 A
0.2 1 0.7 1 /
1 — A t is observed
900 1000 1100 1200 1300 1400 1500 1600 1700 1800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 g reemen IS O Se
¢ vs g [MeV] ®vs g [MeV] Ng [Nsat] VS U [MeV] Wlth an extra featu re.
01 1.00 4 — Fortran —— Fortran
+  C++ excluded e — 307 . Ci+ excluded C ++ h as more
—-10 0.75 1 +« C++ accepted + C++ accepted
o . B 20 solutions around the
I - o metastable phase
« C++ excluded
—40-4 + C++ accepted 0.00 A
T T T T T T T T T T T T T T T T 0 T T T T T T T T
900 1000 1100 1200 1300 1400 1500 1600 1700 1800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 |n red o u n phySical data
pIMeVim=3]vs g [MeV] £[MeVfm™3]vsug[MeV] EoS[MeVfm™3]:pvse
100 S 0] removed
+ C++ accepted
+  C++ excluded
10 A 101 -
103 N
1 . — Fortran ~1 . :. — Fortran
107 ) « C++ excluded 107 « C++ excluded
. « C++ accepted . + C++ accepted

900 1000 1100 1200 1300 1400 1500 1600 1700 1800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 103




Results: Fortran vs C++ 0.4.0 — Metastable solutions
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Results: Fortran vs C++ 0.4.0 — Polyakov on, observables
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Next steps

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). CMF

CHIRAL MEAN FIELD

Extend for magnetic field effects (J. Peterson).

Couple to Lepton module.

Parallelize via OMP+MPI. (R. Haas) Q I—I+M R q



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

Y

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

5 break or after lunch © )




Questions?
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CMF Lagrangian in detail

L= ﬁkin + £int + ﬁSe{f + ﬁSB —U
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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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Results: Fortran vs C++ 0.4.0 — Metastable
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