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 Original                            team  

We have 224+ collaborators

We have 123+ NS collaborators

External collaborators



✶ Current input from 
different (first-principle
and effective) theories 
and experiments

       - lattice QCD
       - perturbative QCD
       - chiral effective field theory
       - heavy-ion collisions
       - low-energy nuclear physics
       - observations of neutron stars

       - binary neutron star mergers
         coming soon…

 QCD phase diagram status
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Living Rev.Rel. 27 (2024) 1, 3

e-Print: 2303.17021 [nucl-th]

https://arxiv.org/abs/2303.17021


✶ We publicly released the alpha release modules (Sep 2024)

✶ We invited everyone to test these modules and provide feedback

✶ Included a first set of modules (free and open-source)

                             beta release (February  2025)

✓ BQS EOS: 4D lattice QCD with alternative expansion scheme in μB

✓ ISING-TEXS EOS: 2D Critical behavior into lattice QCD alternative expansion

✓ NUMRELHOLO: 2D AdS/CFT correspondence based EoSfi
n

it
e
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✓ CMF: 3D Chiral EoS with baryon octet, decuplet, and quarks

✓ CEFT: 2D EoS with nucleons

✓ UTK or Crust DFT: 2D EoS with nucleons and nuclei

✓ Lepton module, Synthesis module, CompOSE outputs (interpolator)

T 
~

 0

EoSs



5

 Chiral Mean Field (CMF)

✶ Microscopic relativistic mean-field
model with chiral symmetry 
restoration and quark deconfinement

✶ Reproduces liquid-gas, and 
crossover/1st-order phase 
transition for deconfinement

✶ In agreement with nuclear physics, 
astrophysics, and lattice QCD

✶ MUSES CMF++ released in 3D (𝝁B, 𝝁 Q, 𝝁 S) 
and T=0 with 4 vector coupling options

Phys.Rev.C 81 (2010) 045201 e-Print: 0901.1748

Phys.Rev.D 111 (2025) 9, 094030 

e-Print: 2409.06837

https://arxiv.org/abs/0901.1748
https://arxiv.org/abs/2409.06837
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                             CMF++

Phys.Rev.D 111 (2025) 9, 094030 

e-Print: 2409.06837

✶ Optimized and documented 
new 3D (T=0) CMF code

https://arxiv.org/abs/2409.06837
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                             CMF++

Phys.Rev.D 111 (2025) 9, 094030 

e-Print: 2409.06837

tri-critical 
point 

hadrons

quarks

heavy
hadrons

strange
hadrons

✶ Optimized and documented 
new 3D (T=0) CMF code

a) chiral condensate

b) deconfinement field 𝚽

c) strangeness fraction

d) charge fraction

d) baryon density

e) speed of sound squared

with high order susceptibilities

https://arxiv.org/abs/2409.06837
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                             𝝌EFT

✶ Ab-initio EoS computed up to N3LO in 
many-body perturbation theory (with 
three-body forces up to N2LO) 

✶ Interacting nucleons in 2D 

✶ Fitted to nucleon scattering data and 
bound state potentials

✶ Applicable for nB ≲ 2nsat

✶ Released in 2D and T=0 in MUSES

Phys.Rev.C 95 (2017) 3, 034326

e-Print: 1612.04309

https://arxiv.org/abs/1612.04309
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                             Crust-DFT or UTK

✶ Includes interacting nucleonic degrees 
of freedom and an ensemble of nuclei

✶ EoS based on a phenomenological fit 
of free energy density to nuclear 
experiments and astronomical 
observations 

✶ Guided by many-body theory 
calculations

✶ Released in 2D and T~0 in MUSES

Phys.Rev.C 105 (2022) 3, 035803

e-Print: 2107.06697

Phys.Rev.C 99 (2019) 2, 025803

e-Print: 1802.09710

https://arxiv.org/abs/2107.06697
https://arxiv.org/abs/1802.09710
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                             Lepton module

✶ Pure lepton EoS: e, 𝝁, 𝝉, 𝝂 

✶ Leptons added for charge neutrality

✶ Leptons added for charge neutrality and
𝜷-equilibrium (                 )

✶ Fixed lepton fraction

✶ Charge neutrality can also be global 
(mixed phase)
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                             Lepton module

✶ Pure lepton EoS: e, 𝝁, 𝝉, 𝝂 

✶ Leptons added for charge neutrality

✶ Leptons added for charge neutrality and
𝜷-equilibrium (                 )

✶ Fixed lepton fraction

✶ Charge neutrality can also be global 
(Gibbs construction: mixed phase)

Phys.Rev.D 111 (2025) 10, 103037

e-Print: 2502.07902

https://arxiv.org/abs/2502.07902
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                             Synthesis module

✶ First-order phase transitions (Maxwell or Gibbs constructions)

✶ Smooth matching of EoS’s

      with

      for

 - P as a function of 𝝁B

 - 𝜺 as function of nB

 - P as function of nB

 - cs
2 as function of nB

Phys.Rev.D 111 (2025) 10, 103037

e-Print: 2502.07902

https://arxiv.org/abs/2502.07902
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                             Synthesis module

✶ First-order phase transitions (Maxwell or Gibbs constructions)

✶ Smooth matching of EoS’s

      with

      for

 - P as a function of 𝝁B

 - 𝜺 as function of nB

 - P as function of nB

 - cs
2 as function of nB

Phys.Rev.D 111 (2025) 10, 103037

e-Print: 2502.07902

https://arxiv.org/abs/2502.07902


                             beta release NS workflow
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Phys.Rev.D 111 (2025) 10, 103037

e-Print: 2502.07902

https://arxiv.org/abs/2502.07902
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✓ QLIMR module: quadrupole moment, tidal Love 
number, moment of inertia, mass, and radius of 
static and slowly rotating neutron stars 
(including universal relations)

✓ Flavor equilibration for weak 𝛃-equilibrium: 
Urca rates, relaxation rates, damping time, 
bulk viscosity

✓ Susceptibilities

                             beta release
T 

~
 0

✶ We publicly released the alpha release modules (Sep 2024)

✶ We invited everyone to test these modules and provide feedback

✶ Included a first set of modules (free and open-source)

Observables

Phys.Rev.D 90 (2014) 6, 063010

e-Print: 1406.7587

Phys.Rev.C 110 (2024) 5, L052801

e-Print: 2406.13717

Phys.Rev.C 109 (2024) 5, 055803

e-Print: 2306.06180

https://arxiv.org/abs/1406.7587
https://arxiv.org/abs/2406.13717
https://arxiv.org/abs/2306.06180
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✶ Mass-radius

✶ Semi-universal 
relations

✶ Universal 
relations

 Results for NS’s
Phys.Rev.D 111 (2025) 10, 103037

e-Print: 2502.07902

https://arxiv.org/abs/2502.07902
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✶ Crust-DFT + χEFT + CMF

✶ Smooth matching using 
speed of sound squared

✶ parameters nB =0.065 fm−3 and
Γ = 0.01 fm−3 between 
crust DFT and χEFT

✶ parameters nB =0.16 fm−3 and
Γ = 0.025 fm−3 between 
χEFT and CMF

_

_

 Results for a NS
Phys.Rev.D 111 (2025) 10, 103037

e-Print: 2502.07902

https://arxiv.org/abs/2502.07902
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✶ χEFT or CMF (no matching)

 Results for a NS workflow
Phys.Rev.D 111 (2025) 10, 103037

e-Print: 2502.07902

https://arxiv.org/abs/2502.07902


✶ More interpolating functions in Synthesis at T ~ 0

                             since beta release
Universe 11 (2025) 7, 200

e-Print: 2505.14921
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https://arxiv.org/abs/2505.14921
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                             since beta release

e-Print: 2603.16019 [nucl-th]

✶ More interpolating functions in Synthesis at T ~ 0

✶ CMF++: sensitivity analysis of nucleonic version performed

              , different Polyakov parametrization added,
  renormalized couplings included, new general vector coupling 
  being finalized, saturation properties being studied
d

✶ CMF++ at finite T: 
  code completed,
  hadronic version 
  connected to 
  lattice QCD in 4D, 
  hybrid version 
  being connected
  (new fit)

https://arxiv.org/abs/2603.16019
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                             since beta release

✶ 𝝌EFT and cruft DFT:  extended to finite T,
     being connected with one another and also CMF

✶ New nuclear properties module being finalized

✶ New PQCD 3D (T=0) module finished (NLO with running s-quark mass)

✶ New Metamodel module

✶ NS merger simulations being performed with finite 𝝁 S

✶ QLIMR could include in the future higher moments, dissipative tides and 
dynamical tides

✶ NJL module completed 

Phys.Rev.C 113 (2026) 4, 045206 e-Print: 2510.23984

e-Print: 2603.26886

e-Print: 2512.16720

https://arxiv.org/abs/2510.23984
https://arxiv.org/abs/2603.26886
https://arxiv.org/abs/2512.16720
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                             since beta release

✶ 𝝌EFT and cruft DFT:  extended to finite T,
     being connected with one another and also CMF

✶ New nuclear properties module being finalized

✶ New PQCD 3D (T=0) module finished (NLO with running s-quark mass)

✶ New Metamodel module

✶ NS merger simulations being performed with finite 𝝁 S

✶ QLIMR could include in the future higher moments, dissipative tides and 
dynamical tides

✶ NJL module completed 
e-Print: 2603.26886

e-Print: 2512.16720

Caliope
Phys.Rev.C 113 (2026) 4, 045206 e-Print: 2510.23984

https://arxiv.org/abs/2603.26886
https://arxiv.org/abs/2512.16720
https://arxiv.org/abs/2510.23984
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