Neutrino Opacity in High Density Nuclear
Matter

Sérgio M. dos SantosMoisés Razeira Lev Leinsori, César A.Z.
Vasconcellos Bardo E.J. Bodmarihand Manfred Dillig

*Instituto de Fisica, Universidade Federal do Rio Grande do Sul, CEP 91501-970 Porto Alegre,
Rio Grande do Sul, Brazl
TInstitute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, 142190 Troitsk,
Moscow Region, Russia
**|nstituto de Fisica e Matematica, Universidade Federal de Pelotas, CEP 96010-900 Pelotas, Rio
Grande do Qul, Brazl
*Institut fir Theoretische Physik |11, der Universitat Erlangen-Nirnberg, D91058 Erlangen,
Germany

Abstract. We estimate the contribution of the nucleon weak magnetism on the neutrino absorption
mean free path inside high density nuclear matter. In the mean field approach, three different
ingredients are taken into account: (a) a relativistic generalization of the approach developed by
Sanjay et al.; (b) the inclusion of the nucleon weak-magnetism (c) and the pseudo-scalar interaction
involving the nucleons. Our main result shows that the neutrino absorption mean free path is three
times the corresponding result obtained by those authors.

NEUTRINO OPACITY IN NEUTRON STARS

Neutrino opacity is an important issue in the study of the evolution of protoneutron
stars. The cross section per unit volume of matter for neutrinos in high density matter
is derived from the Fermi’s golden rule[1]; the transition rate for neutrino scattering and
absorption by nucleons[1] is determined by the sum over the final spins and average
over initial spins and by taking into account the nucleon distribution functidy)s (

for thermal equilibrium. For baryon densitieg < 5ng, wherenpg = 0.16f m—3 is the
empirical nuclear equilibrium density, and in the absence of interactions baryons may
be considered as non-relativistic. Under this condition, the transition rate becomes a
constantWs = G2 (72 + 3¢72) with " and.< denoting the vector and axial coupling

constants. The free gas isospin density response function is given ¥gply)) =
M2T I _yn Lrep((£R2) 0 P2 1 (qo—d?/2M)?
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expression for the cross section per unit volume of matter for both scattering and

absorption is the§' £ — G2 (#24-3472) [ ("2375)33 (1— f3(E3))S(d, g). This result, which

we further generalize to include nuclear interactions, proves to be the key ingredient for
efficient calculations of neutrino opacities. The cross section per unit volume of matter
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for neutrino scattering and absorption by nucleons is given by[1]

o(E1) _ d®p2 [ d®ps [ d®ps 4x4 (|-
v (27‘[)3/(27'[)3, 23 2O (Pt P =P =P o e El

X fo(E2)(1— fa(Ea)) (1 - fa(Ea)). (1)

where B = (Ej, Bi) denotes the four-momentum of partidle We extend the non-
interacting and non-relativistic approach[1] considering, the relativistic absorption pro-
ces:(Ve, €)pin nuclear matter.
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whereCy = 1;Cy = Ap—An 3.7,Ca = 1.26.

The nuclear matter equation of state at finite temperature is determined by a parameter
set that reproduces the nucleon effective nlss- 700MeV, at saturation densityf =
0.6 fm—3), the binding energ® = —16.MeV, the compression modulis = 300MeV
and the symmetry energy, = 32.5MeV. The lagrangian density of our approach is
defined for the baryon octeBE= p, n, A, X7, 50 5+ =, EO) coupled to three mesons
(o, w, p) and leptons.
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The hyperon/nucleon coupling constant ratios are determined through the binding en-
ergy of theA-hyperon which correlates the values of the hypemdf) coupling con-
stantsys and Xe: (B/A) = XwV — XoS WhereV = (gw/mw)zpo is the mean-field vec-

tor potential andS= (m— mg;) is the mean-field scalar potential. Trapped neutrinos

at chemical equilibrium are included following the lepton fraction determination in the
study of the gravitational collapse of the core of white dwarfs. The lepton fraction is de-
fined as the ratid. = (pe+ pv)/pPB, Wherepe, py andpg are the electron, neutrino and
baryon densities, respectively. The equation of state for nuclear matter is obtained as a
parametric equatiop = p(¢&) which relates the energy density and pressure considering
the Fermi-Dirac distribution functions for particle and anti-particles at finite tempera-

2
ture. The chemical potential for partidlés given byp" = 1 — xwi%pg —xpilgﬁir%’_;pg.
'

We then apply the Sommerfeld approximation[2] and obtain the finite temperature
expressions for the energy density, pressure and chemical potential as deviations of the
zero temperature results,, po andppg
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FIGURE 1. Neutrino absorption mean free path in dense nuclear matie=ab MeV.
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RESULTS AND CONCLUSIONS

In the comparison with the work developed by Sanjay and collaborators, our results
indicate the relevance of the nucleon weak magnetism in the neutrino absorption mean
free path in high density nuclear matter. In spite of more involved calculations being
necessary to improve our knowledge about the relevance of neutrino opacities in the
study of the evolution and cooling of protoneutron stars as for instance taking into
account different equations of state for dense nuclear matter, our predictions[3] for the
neutrino absorption mean free path is three times the corresponding result obtained by
Sanjay and collaborators[1].
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