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Impact of the effective nucleon mass and multineutron states on supernova nuclear matter

Tatsuya Matsuki I, Shun Furusawa %3, Kohsuke Sumiyoshi 4, Katsuhiko Suzuki !
1. Tokyo University of Science 2. Kanto Gakuin University 3. RIKEN (iTHEMS) 4. NIT Numazu
12th Supernova Neutrino Workshop, March 9-10, 2026

1. Introduction 2. Model
Neutrino reactions strongly depend on the nuclear composition To minimize the free energy, we impose the following conditions
Nuclear Statistical Equilibrium
ny +ny + Z nyzA =ng n, + Z Ny zZ =Yyng
Shock Wave Az
@ Nuclear @ Local baryon number conservation Local charge conservation
Reaction |
Nuclei
@ @ Nuclei
A-Z Zpy,—M —E, - A
Density ‘ ‘ naz = kgaz(T) (MAZkBT) exp (( Mn+Zip :ZT Coul=Pnuc /"o)
B

Unbound nucleons Hempel et al. (2010)
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At the center, the abundance of light
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Neutrino reactions involving light nuclei

are not negligible Relativistic Mean-Field Theory (TM1m * TM1le)
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However, uncertainties in nuclear matter remain = z " [Vu (iau_gwwu _!;L,apm,)_(MJrga,,)] "
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(2) The effective nucleon mass M " alters SN dynamics

A larger M* leads to II> Rapid contraction

lower pressure Faster explosion
Schneider et al. (2019), Yasin et al. (2020)
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We investigate the impact of these factors on the composition The density dependence of Eyy, in TM1m is weaker

3. Mass fractions (X4, =n,,A/n
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* X:, and X., are large under typical SN conditions « 2p and “n decrease X.. and increase X, v
. - Xheavy <A><Z>
* The abundance of neutron-rich nuclei becomes smaller » |:>
* The TM1m shows smaller E,, at low increase
© X,=3.63x107" = f X, =4.38x 1077 densities
Vv, emission may increase . . .
Neutrino-nucleus coherent scattering may increase
® Xx,=0.811 ) @ X,=0.623
v, emission may decrease I:> Neutrino emission duration may increase
Summary Outlook
v' Multineutron states appear significantly, leading to a decrease » Alarger M* and the existence of 2n and *n may significantly
in X, and an increase in X, and Xpeayy - affect neutrino emission and scattering processes.

» We are constructing EOS data for SN simulations based on
v' The model with a large effective nucleon mass increases Xyeavy - TM1m/TM1e, with and without 2n and *n
’ .




