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1.2.1.3. Bounds on Neutrino Masses

In the case with strongly hierarchical right-handed neutrino masses, when
the asymmetry ε1 due to the decay of the lightest right-handed neutrino,
N1, contribute dominantly to the total asymmetry, leptogenesis becomes
very predictive [1, 4, 27], provided that N1 decays at temperature T ! 1012

GeV. In particular, various bounds on the neutrino masses can be obtained.
For strongly hierarchyical masses, M1/M2 ! 1, there is an upper bound

on ε1 [29], called the “Davidson-Ibarra” bound,
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which is obtained by expanding ε1 to leading order in M1/M2. Becuase
|m3 − m2| ≤

√
∆m2

32 ∼ 0.05 eV, a lower bound on M1 then follows,

M1 ≥ 2 × 109 GeV . (1.113)

This bound in turn implies a lower bound on the reheating temperature,
TRH , and is in conflict with the upper bound from gravitino over production
constraints if supersymmetry is incorporated. We will come back to this
in Sec. 1.2.3. One should note that, in the presence of degenerate light
neutrinos, the leading terms in an expansion of ε1 in M1/M2 and M1/M3

vanish. However, the next to leading order terms do not vanish and in this
case one has [30],
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By requiring that there is no substantial washout effects, bounds on
light neutrino masses can be derived. To have significant amount of baryon
asymmetry, the effective mass m̃1 defined in Eq. 1.94 cannot be too large.
Generally m̃1 " 0.1 − 0.2 is required. As the mass of the lightest active
neutrino m1 " m̃1, an upper bound on m1 thus ensues. By further requir-
ing the ∆L = 2 washout effects be consistent with successful leptogenesis
impose a bound on,
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3) " (0.1 − 0.2) eV , (1.115)

which is of the same order as the bound on m̃1. From these bounds, the
absolute mass scale of neutrino masses is thus known up to a factor of
∼ 3 to be in the range, 0.05 " m3 " 0.15 eV [4], if the observed baryonic
asymmetry indeed originates from leptogenesis through the decay of N1.


