SUM OF NEUTRINO MASSES
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The limits on low mass (m, < 1 MeV) neutrinos apply to

Moy given by

Mtot = Z(gv/Q)ml/ s

v
where g, is the number of spin degrees of freedom for v
plus 7: g, = 4 for neutrinos with Dirac masses; g, = 2 for
Majorana neutrinos. Stable neutrinos in this mass range make
a contribution to the total energy density of the Universe which
is given by

Pv = Moty = mtot(B/ll)n’y )

where the factor 3/11 is the ratio of (light) neutrinos to photons.

Writing €2, = pu/pe, where p. is the critical energy density of

3

the Universe, and using n, = 412 cm™~, we have

th2 = mtot/(94 eV) .
Therefore, a limit on ,k% such as Q,h% < 0.25 gives the limit
Miot < 24 eV .

The limits on high mass (m, > 1 MeV) neutrinos apply
separately to each neutrino type.
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