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A core collapse supernova is emitting most of it’s energy,
up to 1053 erg in form of neutrinos of all flavours. The
microphysics of neutrino transport is therefore an impor-
tant ingredient to understand this astrophysical scenario.
Present supernova simulations do not include charged cur-
rent weak interaction for muon type neutrinos. These re-
actions are considered to be suppressed due to the large Q-
value of the muon mass. As a consequence the spectra of
muon and tau-type neutrinos is the same. Also the differ-
ence betweenνµ andν̄µ is minor. However, in the interior
of a proto-neutron star chemical potentials and tempera-
tures are large enough in the first seconds to allow for pro-
duction of muons. Using conditions that were taken from
1D hydrodamical supernova simulations with full Boltz-
mann neutrino transport [1], we have derived and calcu-
lated the following reactions:

νµ + n → p + µ− νµ + e− → νe + µ−

νµ + ν̄e + e− → µ− ν̄e + e− → ν̄µ + µ−

Theνµ-absorption on neutrons is calculated in analogy
to absorption of electron-neutrinos [2, 3]. The three lep-
tonic processes are derived similar to neutrino scattering
on electrons [4, 5, 6]. We find that especially the absorption
of νµ on neutrons and on electrons is a significant opacity
source in the region where the neutrinos decouple energet-
ically from the matter, at densities above1013 g/cm3.

We argue that charged current opacities forνµ will prob-
ably change the respective neutrino spectrum so it might
differ significantly from the other heavy-neutrino flavours.

∗Work supported GSI, HIC for FAIR, H-QM

Figure 1: Spectraly averaged inverse mean free path ofνµ

Figure 2: Rate ofµ−-production per baryon per second

We also find that the production timescale of muons is com-
parably fast to the dynamical timescale. Muons will be in
chemical equilibrium already at bounce. This should lead
to the production of a positive net muon number in the core
of the PNS. Also, once muons are present the charged cur-
rent reactions contribute significantly to the equilibration of
νµ of all energies. Eventually this might affect the delep-
tonization timescale of the PNS. The changes in the spec-
tra could further be important for neutrino oscillations es-
pecially since the oscillations are sensitive to spectral dif-
ferences. Finally we suggest that muonic charged current
reactions should be implemented in future dynamical simu-
lations of core collapse supernova to study their effects and
to achieve an improved understanding ofνµ spectra forma-
tion.

References

[1] T. Fischer,et al., Astronomy and Astrophysics,517 (2010),
A80

[2] S. Reddy, M. Prakash, and J.M. Lattimer, Phys. Rev. D58,
013009 (1998)

[3] A.W. Steiner, M. Prakash, and J.M. Lattimer, Phys. Lett.B
509, (2001), 10

[4] W.R. Yueh, J.R. Buchler, Astrophysics & Space Science,
41, (1976), 221

[5] P.J. Schinder, S.L. Shapiro, ApJS,50, (1982), 23

[6] A. Mezzacappa, S.W. Bruenn, Astrophysical Journal,410,
(1993), 740

THEORY-04 GSI SCIENTIFIC REPORT 2013

256 doi:10.15120/GR-2014-1-THEORY-04


