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Figure 4: Left: Masses of isotopes in the N=136 isobar. Right: table of phase space factors, Q-values, and
natural abundances of double beta decaying nuclei.

On the other hand, the �!=2 process where two neutrons change into two protons actually
transforms the nucleus into a di�erent one. If we pick a nucleus where a heavier isotope would turn
into a lighter one when two neutrons turned into two protons, we have a setup that seems almost
custom-made for driving forward the lepton-number-violating �! = 2 process while suppressing
its lepton-number-conserving �! = 0 counterpart. In such a system, the energy released can be
converted into electron mass energy and kinetic energy in the two-electron final state.

3.3 The pairing force as the engine of double beta decay

The e�ect that makes searching for this weird nuclear decay a viable possibility rather than
science fiction is the nuclear pairing force. Nucleons in nuclei have spin, and so they have magnetic
moments. Just like electrons in atomic orbitals, it is usually energetically favorable for them to pair
up with spins opposing each-other in equivalent spatial orbitals. This maximizes wave-function
overlap and the stabilizing e�ect of the attractive spin-opposite spin interaction. The result is that
nuclei with even numbers of protons, or even numbers of neutrons, are nearly always slightly more
tightly bound than similar nuclei with odd numbers of both. In then yet more special even-even
nuclei where both proton and neutron numbers are even, all of the nucleons can pair up in this
harmonious, stabilizing way.

Beta decays, of either the single or double variety, never change the total number of nucleons in
a nucleus (this would violate baryon number, which is never violated perturbatively in the standard
model). So beta decays always move us within an “isobar”, that is, the collection of nuclei with
the same total number of nucleons N but di�erent numbers of protons Z. When we plot the mass
of the nucleus vs the number of protons within an isobar, we immediately see the e�ect of the
nuclear pairing force. Figure 4, left shows an example. Even-even nuclei 136Xe and 136Ba are
stabilized by pairing. Odd-odd nuclei 136I and 136Cs are less tightly bound. The result is that 136Xe
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