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ABSTRACT

The cosmclogical and astrophysical implications of lepton number

violation are discussed. The lepton number violation considered is due

Lo the interactions of neutrinos with Nambu-Goldstone bosons.
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1. Introduction

At present there 1s no unambiguous evidence for non=conservation
of lepton nauamber. The atandard low-energy weak interaction modsl has
threa conssrved lepton numbers ﬁrm. ru. rau asaoclated with individual
conservation laws for electron~lepton number, muon-lepton number, and

tau-lepton number. Although ro. L and L, are conserved In the

ut
atandard model, there 13 no deep underatanding why either the total
lepton number, L = rm + rc + rq. or the individual lepton numbers are
gonserved. Indeed, Just about every axtension of the standard model
has vielation of either individual or total iepton number. Terrestrial
searches for violation of lepton number are dirricult, 9o It 1is
tempting to use cosmology and aatrophyaics as a laboratory to test the
impiications of leptcon number violatlon.

In this papsr I will review the cosmological and astrophysical
consequences of lepton number non-conservation. The cosmological and
astrophyslcal effects are strongly dependent upen the particle physics
models, so in this paper I will concentrate upon a particular claas of
particle physics models, those with lepton number viclation through the
interactions of heutrinos  with Nambu-GColdstone  bosona. The
Nambu-Goldstone bosona I will consider arise mwﬂrmd.nﬁoa the breaking
of the total global lepton  number (Nambu=Goldstone boscn =
xmuouonu“.m.uv or from the breaking of a global family symmetry

{Nambu-Coldatone boson = mmﬁawonu.z.mu
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The energy scale for the spontaneous symmetry breaking is also
model dependent, For Majorons, tWo energy acales have besn considered.
The original Majoron aonmpﬁu had ¥ -~ 10’9 ce¥ for the scale of
spontaneous symetry breaking (ssB), while later Bonmwum.uu with
Majorons had ¥ - 1 keV for the scale of SSB., Experimental bounds on u +
ef or K-+ nF (F ia a familon) Lmply that the scale for family symmetry
breaking muat be V > Modo GeY¥. (If the family group also contains the
Peccel-Quinn symmetry then astrophysical arguments suggest ¥V < _cAm
cev, )

The importance of the scale of SSB will be manifest in the first
cosmological effect I will consider, neutrino decay. The decay width of
a heavy neutrino of mass @ to a light neutrino with mass much less than
m and a2 massless acalar particle 13

2
r = HJN @ /16x (1)

where h,, is the coupling between the twoe neutrinos and the
zuaacunonu«o:m boson. One expects s_m ~ o/V where V¥V 1s the vacyum
expectation value of the SSB of the glodal symmetry giving rlse to the
Nambu=-Goldstone boson. Therefors the lifetime for neutrino decay is

1 = t6ave/md

2 102 (100kev/m}3 (v/10'%Cev)? yoars, (2)
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