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We performed the calculations of p-nucleus abundances on the base of the
synthesis process model. This model considers the quasi-equilibrium stages of
massive-star evolution. We investigated the high temperature stages of oxygen
burning in massive stars when the temperature of the substance reaches the
“nuclear” values of 0.2-0.3 MeV in energy units. In these calculations it is
significant to take into account all the modes of thermal nuclear beta-transitions
(electron capture, electron and positron transitions) and nuclear photobeta-
decay. The chain of the beta-decays, (4; 2) e (4; Z+1)—(4; Z+2), is considered.
Here under terrestrial conditions the progenitor nucleus, (4; 7), and the
p-nucleus, (4, Z+2), are stable but the intermediate odd-odd nucleus, (4; Z+1), is
multibeta-decay. The p-nucleus abundances are found from the set of kinetic
equations written for the above chain of the beta-decays. For the N(t) final
abundance of the p-nucleus, (4; Z+2), the analytical solution to the set has the
form,
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Here, t is the stage duration; N is the initial abundance of the progenitor (4;2)
nuclet,
6 = (7”1223 - 47"17‘3)1/2;8¢ =k T8 A = A+ A, + ;.

A 1s the total rate of electron beta-transition, (4; Z)—(4; Z+1), X, is the total
rate of reverse beta-transition, (4; Z+1)—(4; 7) (it includes the positron beta
transition and the electron K capture) and 75 is the total rate of the electron beta
transition, (4; Z+1)—(4; Z+2). All these rates depend on medium temperature.

We estimated the effect of almost complete ionization of atoms in the
extremely heated substance of a massive star on the magnitudes of p-nucleus
abundances. In this case K capture is strongly suppressed. Therefore the
p-nucleus abundances were calculated by using Eq. (1) but now the electron K
capture rate in the A, total rate was not taken into account. As expected, the
suppression of K electron capture in extremely heated medium increases the
total yield of p-nuclei. In some cases, when the electron beta-transition,
A; Z+1)—(4; Z+2), was strongly suppressed in the background of the electron
capture the increase of abundances is especially noticeable. It is obtained for the
following p-nuclei, B3eCe, M8m, 156Dy, 162nr 18105, 1Pt and 1%Hg. As aresult,
the “solar” abundances of the latter and 20 more isotopes can be received at the
stage of the oxygen burning in massive stars.
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