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We investigated the effect of two processes on the natural beta decay of a neutron: photobeta decay and in-
verse internal bremsstrahlung. The diagram of the latter process is topologically equivalent to that of internal
bremsstrahlung in beta decay, but only with absorption of a photon by the beta electron. Both processes make
it possible to take into account the effect of the thermal field of the medium on beta decay and complement
the process of natural beta decay, in which two leptons (an electron and an antineutrino) are emitted. We
calculated the neutron beta-decay rate in the temperature range from 300 K to (0.5÷ 1.0)× 1010 K.

We found that the thermal effect on the neutron beta decay at room temperature is negligible. Such a result
is obtained only after eliminating the infrared divergence. This was done when calculating the total rate of
the decay process (compare with the results of [1]). We can say that the processes of photo-beta decay and
inverse internal bremsstrahlung do not contribute to the theoretical lifetime of the neutron. Therefore, they
are not related to the problem of neutron anomaly (see [2]).

In strongly heated matter of massive stars, neutron decay can occur at an increased rate [3]. This can affect
the rate of reactions involving neutrons in the synthesis of chemical elements in stellar matter. In particular,
in a medium heated to temperatures of (3÷5)×109 K, the neutron lifetime can be reduced by up to 3%. Such
temperatures are characteristic of the stages of combustion of the oxygen layer and silicon core in massive
stars at the quasiequilibrium stages of their evolution. A large decrease in the lifetime to 32% occurs at
temperatures of about 1010 K. Such extremely high effective temperatures can be reached in kilonova when
a black hole absorbs a neutron star or two neutron stars are combined into one. A decrease in the neutron
lifetime during thermal exposure to the medium can affect the physical processes in kilonova matter.

AK acknowledges financial support of the Russian Foundation for Basic Research (Grant No. 19–52–
26006).$).

1. I.Kopytin et al., LXIX Int. Conf. “Nucleus-2019”, Book of Abstracts, Dubna, 2019, P. 181.
2. A.Serebrov, Phys.–Usp. 62, 596 (2019).
3. I.Kopytin and A.Kornev, Phys. Atom. Nucl. 83(3), in print (2020).

Primary author: Prof. KOPYTIN, Igor (Voronezh State University)

Co-author: Dr KORNEV, Aleksei (Voronezh State University)

Presenter: Prof. KOPYTIN, Igor (Voronezh State University)

Session Classification: Section 5. Neutrino physics and astrophysics

Track Classification: Section 5. Neutrino physics and astrophysics.


