
 

THE LIQUID-GAS PHASE 

TRANSITION WITHIN THE 

TEMPERATURE DEPENDENT 

DD-NLD MODEL 

 
Sofija Antić�,  Helena Paisଶ,  Stefan Typelଵ,  Constanca Providencia ଶ ܩ�� Helmholtzzentrum fur Schwerionenforschung GmbH, Darmstadt, Germany,ଵ ,ܥ�ݏ�ܨܥ  ,ݏܿ�ݏ�ℎ� ݂݋ ݐ݊݁݉ݐݎܽ݌݁ܦ ,ܽݎܾ݉�݋ܥ ݂݋ �ݐ�ݏݎ݁ݒ�݊� ,ܽݎܾ݉�݋ܥ ଶ݈ܽ݃ݑݐݎ݋�  

NewCompStar School 2016, Coimbra, Portugal  - 5th – 9th Sept. 2016 



MY POSTER  

 



 

THE LIQUID-GAS PHASE 

TRANSITION WITHIN THE 

TEMPERATURE DEPENDENT 

DD-NLD MODEL 

 
Sofija Antić�,  Helena Paisଶ,  Stefan Typelଵ,  Constanca Providencia ଶ ܩ�� Helmholtzzentrum fur Schwerionenforschung GmbH, Darmstadt, Germany,ଵ ,ܥ�ݏ�ܨܥ  ,ݏܿ�ݏ�ℎ� ݂݋ ݐ݊݁݉ݐݎܽ݌݁ܦ ,ܽݎܾ݉�݋ܥ ݂݋ �ݐ�ݏݎ݁ݒ�݊� ,ܽݎܾ݉�݋ܥ ଶ݈ܽ݃ݑݐݎ݋�  

NewCompStar School 2016, Coimbra, Portugal  - 5th – 9th Sept. 2016 



 

THE LIQUID-GAS PHASE 

TRANSITION WITHIN THE 

TEMPERATURE DEPENDENT 

DD-NLD MODEL 

 
Sofija Antić�,  Helena Paisଶ,  Stefan Typelଵ,  Constanca Providencia ଶ ܩ�� Helmholtzzentrum fur Schwerionenforschung GmbH, Darmstadt, Germany,ଵ ,ܥ�ݏ�ܨܥ  ,ݏܿ�ݏ�ℎ� ݂݋ ݐ݊݁݉ݐݎܽ݌݁ܦ ,ܽݎܾ݉�݋ܥ ݂݋ �ݐ�ݏݎ݁ݒ�݊� ,ܽݎܾ݉�݋ܥ ଶ݈ܽ݃ݑݐݎ݋�  

NewCompStar School 2016, Coimbra, Portugal  - 5th – 9th Sept. 2016 



 

THE LIQUID-GAS PHASE 

TRANSITION WITHIN THE 

TEMPERATURE DEPENDENT 

DD-NLD MODEL 

 
Sofija Antić�,  Helena Paisଶ,  Stefan Typelଵ,  Constanca Providencia ଶ ܩ�� Helmholtzzentrum fur Schwerionenforschung GmbH, Darmstadt, Germany,ଵ ,ܥ�ݏ�ܨܥ  ,ݏܿ�ݏ�ℎ� ݂݋ ݐ݊݁݉ݐݎܽ݌݁ܦ ,ܽݎܾ݉�݋ܥ ݂݋ �ݐ�ݏݎ݁ݒ�݊� ,ܽݎܾ݉�݋ܥ ଶ݈ܽ݃ݑݐݎ݋�  

NewCompStar School 2016, Coimbra, Portugal  - 5th – 9th Sept. 2016 



EoS  model 



EoS  model 

ć

1)   

2)   
3) J.M. Lattimer, M. 

Prakash Phys. Rev, Let. 

94 111101 (2005) 

4) J.M. Lattimer, A.W. 

Steiner, Eur. Phys. J. A 

(2014) 50 

5) T. Gaitanos, M. 

Kaskulov,  Nucl. Phys. A 

899 (2013) 133-169 

6) P. Danielewicz, R. 

Lacey, W.G. Lynch, 

Science 2002 Nov 22; 

298(5598) 

 

   REFERENCES 
 



ć

DD – NLD model  

Slide of yesterday’s lecture of  Fiorella Burgio 
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• Parameterization: 

– Fit to nuclear saturation properties 

– Fit to nuĐlei properties ;ďinding en, radii…Ϳ 
 

• Application: 

– infinite nuclear matter (SM, NM, PM) 

– NS at T = 0 (to get M-R relation) 
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• To study LGPT :  

 

 model exstension, implement T dependence 

 

 

 

• The finite temperature description necessary for general 

astrophysical applications (i.e. in order to provide the EoS 

tables for CCSN simulations) 

Liquid – Gas Phase Transition 

݊� ~  ݀ଷ11   ~ �݊ ݌ + ݁ሺ�−μሻ�  ݀ଷ݌ 



Symmetric matter with change of  T 



SM to NM matter with change of  �௤ 



• Two different major phase transitions for nuclear matter: 

 

 

 

 

 

 

 

• Below saturation density and T≲10 MeV: 

– nuclear  matter unstable to density fluctuation 

– occurrence of LIQUID-GAS phase transition 

Liquid – Gas Phase Transition 



Liquid – Gas Phase Transition 



• Stability condition (T=const, V=const): 

 

 

 

 

• SPINODAL: determined by the value of T, ρ and �௣ for which   

ݐ݁݀  ℱ௜௝  goes to zero 

Liquid – Gas Phase Transition 



DD-NLD model 

with D2 function 
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Different parameterizations 

T = 6 
T = 12 

T = 14 

DD-NLD model 

with D2 function 



T = 6 
T = 12 

T = 14 

Comparison to previous models 



• The pressure increases with increasing T and proton fraction 

for both (D1 and D2) models in same manner 

• With increasing temperature, the envelope of the spinodals 

decreases for all the models considered 

• For T=14 the D2 model with energy dependent self-energies 

shows the smallest spinodal compared to the other models 

 

CONCLUSIONS 



• …work in progress… 

• Further studies of sub-saturational region and the change of 

spinodal 

• Binodal calculation (coexistence region) 

• Explore the parameter space? 

• … 
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