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Shock Revival with phase transition
● 1st shock stalls after core bounce

● phase transition in the proto-neutron star can 

generate 2nd shock

● 2nd shock can revive 1st shock

● The properties of the 2nd shock depend on 

the phase-transition characteristics

N. K. Largani et al APJ, 964:143, 2024 3



State of the Art

● RDF models

N.F. Bastian PRD 103,023001 (2021)
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Limitations of string flip model
● String flip model has many parameters

● The density dependence of interactions

U. Shukla and P.M. Lo JSPC 3, 100058 (2025) 5



Van der Waal behaviour in QCD phase transition 

S. Typel et al Universe 2018, 4(2), 32 6



Results-I (DD2 EOS with MEV)

A. Kumar et al  arXiv.2607.10396 7



Results-II (Phase construction)

A. Kumar et al  arXiv.2607.10396 8



Other hadronic degrees of freedom-Pions

T. Wang and A. Burrows 2023 ApJ 954 114 9



Contribution of Pions

In collaboration with
Robert Matysiak 10



State of the Art
interaction between pions and nucleons

B. Fore and S. Reddy PRC 101, 035809 (2020)
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● χPT calculation of the pion self-energy

● Dressed nucleons account for 
density-dependent

● Large error bands due to uncertainty in 
low energy constants from experiments

B. Fore et al PRC 110, 025803 (2024)
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Pion interaction with RPA

In collaboration with
Kamil Sokolowski
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Future perspectives
Pion interaction with nucleons

● Investigate pion–nucleon interactions using RPA with mean-field models
● 3rd virial coefficient

Phase transition

● Other parameters in MEV
● Better quark matter description from non-perturbative QCD 
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Summary
Supernova simulations are sensitive to QCD phase transition

String flip model needs improvements

EOS with modified excluded volume simplifies the problem 

Pion contribution becomes important in high density and high temperature region

There are challenges related to pion interaction
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