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SN dynamics and cluster in-medium effects

• The energy deposition in the 
gain region depends on the 
position of the  ν−sphere

• Neutrino opacity is due to 
scattering off nucleons and 
nuclei

• Composition depends on the 
in-medium modifications to the 
binding energy

T.Fischer et al Phys. Rev. C 102(2020) 055807
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• The energy deposition in the 
gain region depends on the 
position of the  ν−sphere

• Neutrino opacity is due to 
scattering off nucleons and 
nuclei

• Binding energy shifts might
affect the ν−sphere position 
and ν luminosity



Modeling the in-medium effects

• Quasi-particle approach

𝓛𝓛 = −∑𝒊𝒊∈𝑭𝑭 �𝝍𝝍𝒊𝒊 𝜸𝜸𝝁𝝁𝑫𝑫𝝁𝝁𝒊𝒊 + 𝒎𝒎𝒊𝒊
∗ 𝝍𝝍𝒊𝒊 −

𝟏𝟏
𝟐𝟐
∑𝒊𝒊∈𝑺𝑺 𝑫𝑫𝝁𝝁𝒊𝒊𝝍𝝍𝒊𝒊

𝟐𝟐
+ 𝒎𝒎𝒊𝒊

∗𝟐𝟐𝝍𝝍𝒊𝒊
𝟐𝟐 + ∑𝒊𝒊∈𝑽𝑽 𝑫𝑫𝝁𝝁𝒊𝒊𝝍𝝍𝝂𝝂𝒊𝒊 − 𝑫𝑫𝝂𝝂𝒊𝒊𝝍𝝍𝝁𝝁𝒊𝒊

𝟐𝟐
− 𝟏𝟏

𝟐𝟐
𝒎𝒎𝒊𝒊

∗𝟐𝟐𝝍𝝍𝝁𝝁𝒊𝒊
𝟐𝟐

+𝓛𝓛𝝈𝝈𝝈𝝈𝝈𝝈

𝑚𝑚𝑖𝑖
∗ = 𝑚𝑚𝑖𝑖

0 − Σ𝑖𝑖
= 𝑚𝑚𝑖𝑖

0 − 𝑔𝑔𝑠𝑠𝑖𝑖 𝑛𝑛 𝜎𝜎
≈ 𝑚𝑚𝑖𝑖

0 − 𝐴𝐴𝑖𝑖𝑔𝑔𝑠𝑠 𝑛𝑛 𝜎𝜎 − ∆𝐵𝐵𝑖𝑖(𝑛𝑛,𝑇𝑇)

S.Typel et al,PRC81(2010)015803

n,p,t,3He,… 4He, 6He,… d,…

ad-hoc prescription

(RMF approx)
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H.Pais et al,PRC97(2018)045805

(RMF approx)



Calibrating the in-medium effects

H.Pais et al,PRC97(2018)045805

xs=0.8
xs=0.85
xs=0.9

Typel 2010  
Ropke 2015  
xs=[0.8-0.9]



H.Pais & INDRA coll. PRL 125(2020)012701

Calibrating the in-medium effects

𝐾𝐾𝐶𝐶 𝑁𝑁,𝑍𝑍 =
𝑛𝑛𝑁𝑁𝑁𝑁

𝑛𝑛01𝑁𝑁 𝑛𝑛10𝑁𝑁
=

𝜔𝜔𝑁𝑁𝑁𝑁
𝐴𝐴𝜔𝜔01𝑁𝑁 𝜔𝜔10𝑁𝑁

𝑛𝑛𝐵𝐵
−(𝐴𝐴−1)

• INDRA  Xe+Sn central collision data 
sampled in bins of radial 
velocity(≡emission time?)

• Mapping: 𝑣𝑣𝑖𝑖 EXP  𝑛𝑛𝐵𝐵 ,𝑇𝑇, 𝑦𝑦𝑃𝑃 𝑖𝑖 RMF
• yP deduced from data
• T,nB tentatively deduced from a 

(modified) ideal gas formula
• Hyp: xs=cst. 
=> 𝑥𝑥𝑠𝑠 = 0.935 ± 0.025

n=density
ω =mass fraction



* A.Rebillard-Soulié et al, JPhysG 51(2023)015104 
** PyMultiNest: J. Buchner 10.1214/23-ss144 (2021)

Tiago’s thesis

• 4 different data sets 𝑋𝑋𝑖𝑖 = 1,⋯ , 4 from INDRA 136,124Xe+ 124,112Sn 
@ 32 A.MeV* 

• EoS Model: FSU-RMF 
• Bayesian inference (NSMC**) of the unknown parameters

𝜽𝜽𝒊𝒊 = 𝑻𝑻,𝒏𝒏𝑩𝑩,𝒙𝒙𝒔𝒔(𝑻𝑻,𝒏𝒏𝑩𝑩) 𝒊𝒊 directly from the  mass fractions for each
sample 𝜔𝜔(𝐴𝐴,𝑍𝑍) 𝑖𝑖 labelled by the radial velocity bin and data set 
𝑖𝑖 = 𝑣𝑣𝑖𝑖 ,𝑋𝑋𝑖𝑖

𝒑𝒑𝒊𝒊 𝜽𝜽 𝝈𝝈𝑨𝑨𝑨𝑨 = 𝒑𝒑𝜽𝜽
𝜡𝜡
∏𝑨𝑨𝑨𝑨𝓛𝓛 𝝈𝝈𝑨𝑨𝑨𝑨

𝒊𝒊 𝜽𝜽 𝓛𝓛 𝝈𝝈𝑨𝑨𝑨𝑨
𝒊𝒊 𝜽𝜽 = 𝒆𝒆

−
𝝈𝝈𝑨𝑨𝑨𝑨
𝒆𝒆𝒙𝒙𝒑𝒑(𝒊𝒊)−𝝈𝝈𝑨𝑨𝑨𝑨

𝒕𝒕𝒕𝒕 𝜽𝜽
𝟐𝟐

𝟐𝟐𝝈𝝈𝑨𝑨𝑨𝑨
𝟐𝟐 (𝒊𝒊)



Tiago’s thesis



Present density estimation

Comparison with the parameter estimation

H.Pais et al Jphys.G 47(2020)105204 

from the classical ideal gas

T 
(M

eV
)

T

yp

nB

Ideal gas



Posteriors for the coupling

modification xs(nB,T)
• The independent analyses 

of the 4 systems lead to 
compatible results as a 
function of T

• This confirms the validity of 
the statistical approach



Posteriors for the coupling

modification xs(nB,T)
• The independent analyses 

of the 4 systems lead to 
compatible results as a 
function of T

• This confirms the validity of 
the statistical approach

• Quadratic fit (Python lmfit) 
xs=aT2+bT+c 

• Hyp: the nB dependence
can be neglected in the 
probed nB range



Predictions for general purpose EoS

….. To be continued
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Clusters in-medium effects

• the ETF approach is not 
very realistic for light 
clusters!

• Alternative 
approaches: in-
medium modified
meson couplings H.Pais, 
FG PRC 97(2018)045805;
quasi-particle virial
expansion G.Roepke, 
PRC101 (2020) 064310

T.Fischer et al PRC102(2020)



Effect on the CCSN dynamics

T.Fischer et al PRC102(2020)
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