The Seesaw Mechanism at Low Energies

The seesaw mechanism for neutrino masses defines a new scale of nature given
by M, the mass associated with the heavy right-handed neutrino ». Since M is
postulated to be very large, well above the energies accessible through experiment,
it is interesting that the “effective” neutrino mass operator in (11) approximates
the seesaw terms in (15) at energies below M. To show this, we consider the
effective operator 1
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‘When the Higgs vacuum expectation value is accounted for, this operator yields
the nonrenormalizable mass term in diagram (a) and a Majorana mass given by
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In the seesaw mechanism, the light neutrino acquires its mass through the
exchange of the heavy neutrino, as shown in diagram (b). Diagram (b), which is
approximated by diagram (a) at energies below Mc?, is a renormalizable mass
term that involves both Dirac and Majorana masses. It yields a neutrino mass
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Equating the values for p, and HMiighp We obtain the relation between M and
Meffective:
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At energies below My, the mass of the W boson, a similar type of relationship
exists between Fermi’s “effective” theory shown in diagram (c) and the W-boson
exchange processes shown in diagram (d). The exchange processes are defined by
the gauge theory of the charged-current weak interactions. Fermi’s theory is a
nonrenormalizable current-current interaction of the form
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where the weak current for the neutrino-electron doublet is given by
Ty = 2veT ote ando*=(1,—d%) ,

and the Fermi constant G defines the strength of the effective interaction in
diagram (c), as well as a new mass/energy scale of nature. The experimentally
observed value is G = 1.66 X 1075 GeV~2. Equating the low-energy limit of
diagram (c) with that of diagram (d) yields the formula
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where g is the weak isospin coupling constant in the charged-current weak
Lagrangian given by
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This Lagrangian neglects the kinetic term for the W, which is a valid
approximation at energies much less than the W boson mass.
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(a) Effective neutrino mass term
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(b) Seesaw mass term for
the light neutrino
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(c) Fermi’s current-current
interaction

(d) Weak charged-current
gauge interaction
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