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Abstract. We discuss effects of the electron plasma on charged-current neutrino-nucleus reaction, 
(ve,e~) in a core-collapse supernova environment. We first discuss the electron screening effect on 
the final state interaction between the outgoing electron and the daughter nucleus. To this end, we 
solve the Dirac equation for the outgoing electron with the screened Coulomb potential obtained 
with the Thomas-Fermi approximation. In addition to the screening effect, we also discuss the Pauli 
blocking effect due to the environmental electrons on the spectrum of the outgoing electron. We find 
that both effects hinder the cross section of the charged-current reaction, especially at low incident 
energies. 
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A large number of neutrinos are emitted from a core-collapse supernova. These 
neutrinos interact with nuclei through the weak interaction. Although their cross sections 
are small, it is agreed that their contribution to nucleosynthesis (that is, r-, v- and p-
processes) is not negligible due to the large neutrino luminosity [1]. Neutrinos may 
even play a leading role in some cases. For instance, Yoshida et al. recently argued that 
the abundance ratio between 7Li and n B is sensitive to the v-process and thus can be 
used to extract information on the neutrino mass hierarchy [2]. Also, the abundance 
ratio between U and Th elements, which has been used as a cosmochronometer, may be 
affected by the v-process. It is thus important to calculate with high accuracy the cross 
section of the neutrino-nucleus reactions in a dense star. 

In the supernova nucleosynthesis, only the charged current reactions of the electron 
neutrinos, ve, and the electron anti-neutrinos, ve, are relevant, since those of vM and 
vT (and their antineutrinos) are suppressed due to the threshold effects. The outgoing 
electron and positron produced by the weak interaction feel the Coulomb interaction 
from the daughter nucleus as they leave. This final state interaction affects the neutrino-
nucleus reaction rate [3, 4]. In the supernova environment, the motion of the outgoing 
electron is further perturbed by environmental electrons. Such effects have been consid
ered in Ref. [5] for electron capture rates in a dense star. Furthermore, in a high electron 
density, the charged-current reaction is suppressed because low energy electron states are 
Pauli blocked. It is crucial to take into account those two effects in order to accurately 
estimate the neutrino-nucleus reaction rate for nucleosynthesis. In this contribution, we 
present such calculations, taking into consideration both the electron screening and Pauli 
blocking effects [6]. 
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Let us first discuss how we implement the electron screening and the Pauli blocking 
effects in our calculations. We assume that the electron charge distribution is homoge
neous with density p® in the absence of the daughter nucleus. This charge distribution 
of the environmental electrons is modified to pe(r) due to the presence of the daughter 
nucleus. The Coulomb field <j)(r) at r from the daughter nucleus reads 

^)=fdr'ep^l-l8p^\ (1) 
J \r — r\ 

where Spe(r) = pe(f) — p® is the polarization charge. In order to evaluate this function, 
we assume a sharp-cut charge distribution for the nuclear charge density PN, that is, 
PN(?) = [3Z/(47tR3)] 0(R — r) with a nuclear radius of R. Here, Z is the atomic number 
of the daughter nucleus. For the electron density pe, we use the Thomas-Fermi theory. 
The polarization charge then reads 8pe(r) = (2m£F(r))3/2/(37Z2h3) — p®. Here, m is 
the electron mass, and the local Fermi energy £F(J) is given by £F(J) = £p + ^(f) 
with £p = (3n2h3p®)2/3/2m. The boundary condition is imposed so that the Coulomb 
potential vanishes at the radius where the net negative charge inside is equal to the 
charge number of the daughter nucleus. Once the Coulomb field (j) is obtained, we 
solve the Dirac equation for the outgoing election with the potential Vc(r) = —e<j)(r). 
Using the solution of the Dirac equation, we estimate the cross sections of neutrino-
nucleus reactions with the DWBA method [7]. In order to take into account the Pauli 
blocking effect for electrons, we multiply a factor (l—fe(Ee, Te,fie)) to the cross section, 
where Ee is the energy of the outgoing electron and fe is the distribution function of the 
environmental electrons given by fe(E, Te, \ie) = 1/(1 + exp[(£ — \ie)/Te]). For a given 
electron density p^, we estimate the Fermi energy \ie using the relativistic Fermi gas 
model, 

0 m3c6 r°° sinh2xcoshx 
Pe ~ 7t2h3 Jo exp(j8(mc2coshx-^)) + l *' 

where coshx = p/mc2, p being the momentum of the electron. 
We now evaluate numerically the electron screening and the Pauli blocking effects 

on the charged current 56Fe(Vg,e~)56Co and 208Pb(Vg,e_)208Bi reactions. We set the 
electron temperature to be Te = 0.5 MeV. We consider the Fermi type transition to 
the P = 0+ state at Ex = 3.5 MeV in 56Co [8] and Ex = 15.0 MeV in 208Bi [9]. 
For simplicity, we follow Ref. [7] and assume the transition density which is pro
portional to pfi oc S(r — R)YJM(0,0). The differential cross sections da/dEe for the 
56Fe(Vg,e-)56Co and the 208Pb(Vg,e-)208Bi reactions are shown in Figure 1. The solid 
line shows the results in the absence of the environmental electrons. The top, middle 
and bottom panels are for the electron density of p^ = 1032,1033, and 1034 cm - 3 , re
spectively. The dotted line denotes the results with the electron screening effects, while 
the dashed line takes into account both the screening and the Pauli blocking effects. For 
the electron density smaller than 1031 cm - 3 , we find that both the effects are marginal. 
The screening effect is larger in the 208Pb(voe~)208Bi than in the 56Fe(v0e~)56Co re
action, as is expected. We confirm that Pauli blocking effects are important below the 
Fermi energies and that the screening and the Pauli blocking effects disappear in the 
high Ee limit. 
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FIGURE 1. The cross sections for the charged current ve+5 6Fe - • e~+56Co (left panel) and ve+208Pb 
—>• <?~+208Bi (right panel) as a function of the energy of the outgoing electron. p° . The top, middle, and 
bottom panels are for p° = 1032,1033, and 1034 cm - 3 , respectively. 

We next discuss the total cross sections. In order to compute the total cross sections, 
we integrate the differential cross sections with a weight factor given by the energy dis
tribution for the incident neutrino nv(Ev) [10]. Figure 2 shows the total cross sections for 
the 56Fe(Vg, e~)56Co and the 208Pb(vo e~)208Bi reactions as a function of the density of 
the environmental electrons, respectively. These are plotted as the ratio to the total cross 
sections in the absence of the environmental electrons, Go. The neutrino temperature Tv 

is set to be 4 MeV. The dotted line takes into account only the screening effects, while 
the dashed line includes both the screening and the Pauli blocking effects. We see that 
the Pauli blocking effect influences the 208Pb(Vg,e_)208Bi reaction much more signifi
cantly than the 56Fe(vg, e~)56Co reaction. This is due to the differences of the energy of 
the outgoing electron produced in each reactions. 

In summary, we have discussed the electron screening as well as the Pauli blocking 
effects due to the environmental electrons on cross sections of the neutrino-nucleus 
reaction. For this purpose, we used the Thomas-Fermi theory for the screening potential, 
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FIGURE 2. The total cross sections for the ve+56Fe - • e~+56Co reaction (left panel) and ve+208Pb 
—>• <?~+208Bi reaction (right panel) as a function of the density of the environmental electrons. 

and the DWBA with the Pauli blocking factor for the cross sections. Our results for the 
208Pb(Ve,e")208Bi and 56Fe(v0e")56Co reactions show that both the effects hinder the 
cross sections, especially at high electron densities. We have also shown that the Pauli 
blocking effect is more significant in the former reaction than in the latter reaction. The 
screening effect is also larger in the former reaction because of the larger atomic number. 
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