Figure 12: Effective Majorana mass |⟨m⟩| in neutrinoless double-β decay experiments as a function of the lightest mass m_1 and m_3 in the normal and inverted three-neutrino scheme, respectively.

5.4 Neutrinoless double-β decay

A very important open problem in neutrino physics is the Dirac or Majorana nature of neutrinos. From the theoretical point of view it is expected that neutrinos are Majorana particles, with masses generated by the see-saw mechanism (see Section 2.4) or by effective Lagrangian terms in which heavy degrees of freedom have been integrated out (see Section 2.5 and Ref. [38]).

The best known way to search for Majorana neutrino masses is neutrinoless double-β decay, whose amplitude is proportional to the effective Majorana mass (see Refs. [13, 14, 17, 21, 31]) |⟨m⟩| = | | | ∑ k U^2_{ek} m_k | | | . (5.24)

The present experimental upper limit on |⟨m⟩|, between about 0.3 eV and 1.3 eV, has been obtained in the Heidelberg-Moscow [178] and IGEX experiments [179]. The large uncertainty is due to the difficulty of calculating the nuclear matrix element in the decay. Figure 12 shows the allowed range for |⟨m⟩| obtained from the 99.73% C.L. allowed values of the oscillation parameters in Eqs. (4.16), (4.17), (4.27), (4.28), as a function of the lightest mass in the normal and inverted three-neutrino schemes (see also Refs. [180, 181]). If CP is conserved, |⟨m⟩| is constrained to lie in the shadowed region. Finding |⟨m⟩| in an unshaded strip would signal CP violation. One can see that in the normal scheme large cancellations between the three mass contributions are possible and |⟨m⟩| can be arbitrarily small. On the other hand, the cancellations in the inverted scheme are limited, because ν_1 and ν_2, with which the electron neutrino has large mixing, are almost degenerate and much heavier than ν_3. Since the solar mixing angle is less than maximal, a complete cancellation between the contributions of ν_1 and ν_2 is excluded, leading to a lower bound of about 7 × 10^{−3} eV for |⟨m⟩| in the inverted scheme (see also Ref. [182]). If in the future |⟨m⟩| will be found to be smaller than about 7×10^{−3} eV, it will be established