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1. Motivation 

• Understanding the QCD phase diagram, especially 

locating the critical point, is a major goal of high energy 

physics

• The Ising-2DTExS model1 provides a practical 

parametrization for generating critical point behaviour 

consistent with a first-order transition. 

• To connect this microscopic thermodynamics to 

macroscopic hydrodynamics, we develop EoSInverter 

• a tool that inverts tabulated equations of state and 

expresses temperature, chemical potential, and 

related quantities in terms of hydrodynamic 

variables like energy density and conserved 

densities

• Beyond enabling direct mapping between hydrodynamic 

and thermodynamic variables, EoSInverter provides a 

flexible framework for exploring a wide range of QCD 

equations of state

2. Model and algorithm

This workflow converts hydrodynamic quantities (energy 

density𝜀, baryon density 𝑛𝐵, etc.) into thermodynamic 

variables (temperature 𝑇, and chemical potentials 𝜇𝐵, 𝑇 , 
𝜇𝑆 , 𝜇𝑄 using tabulated equations of state. The resulting 

thermodynamic fields can be directly used in 

hydrodynamic simulations such as vHLLE1 or MUSIC3.

1. Parameter Setup & Grid Definition:

• User-defined simulation parameters are loaded from 

an input file.

• The ranges for the scaled thermodynamic variables 

are determined either automatically from the EoS 

tables or set manually.

• A multidimensional grid is built over this parameter 

space to cover the region required for inversion.

2. EoS Table Processing & Interpolation

• EoS tables are loaded and rescaled according to 

expected temperature dependencies (e.g., 𝜀 ~𝑇4 

𝑛𝐵~𝑇3)

• Efficient multidimensional interpolation provides fast 

access to 𝑒, 𝑛𝐵, and other thermodynamic quantities 

at arbitrary points in the grid

3. Inversion Procedure

• The inversion step uses either a Newton–Raphson 

solver or a bisection method to compute the 

thermodynamic variables (𝑇 , 𝜇𝐵,..that match the 

specified hydrodynamic quantities (𝜀, 𝑛𝐵, …).

4. Output Mapping

• The final output is a complete set of thermodynamic 

fields – energy density, baryon density temperature, 

chemical potentials, pressure and entropy

3. Results

• The results obtained with the critical point located at 

• T = 0.133356 GeV and 𝜇𝐵 = 0.400 GeV

• the χ fraction, χ, defined as follows:

• χ = 1: QGP phase

• χ = 0: Hadronic phase

• χ = –1: Crossover

• 0 < χ < 1: Transition phase

4. Conclusions

• We are developing an EoSInverter that will efficiently invert an equation of state with a 

first-order phase transition 

• We have already completed version 1.0 of the table, which allows us to observe the 

behaviour of the phase transition 

• Our next step is to run this EOS with the hydrodynamics codes MUSIC or vHLLE

• Comparison between the input table (left) and the inverted table (right) for 𝜇𝐵 =
𝜇𝐵 𝑒, 𝑛𝐵 . The original data are presented for constant temperature 𝑇, whereas the 

inverted table is shown for constant energy density 𝜀

• Temperature dependence of the T = T 𝜀/𝑇4 for n𝐵 = 𝑐𝑜𝑛𝑠𝑡. and T = T(𝑛𝐵/𝑇4) for 

e = 𝑐𝑜𝑛𝑠𝑡. shown side by side for comparison
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