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Implications of a nonzero neutrino mass for the process yy~vv~
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Recent considerations relating to neutrino oscillations and to the decay p, ~ ey suggest that neutrinos may
acquire a small but nonzero mass. Theprocess pp~7r ~vv could then proceed via either an induced S,P
coupling arising from a primitive V, A neutrino current or via a fundamental S,P neutrino coupling.
Although the resulting yy~7r ~vv cross section would, in the former case, be suppressed by a factor of
order (m, /m )', this process could, nonetheless, be of interest in astrophysical processes in a temperature
region where the pion pole is significant.

The possibility that the process yy-vv couM
proceed via an intermediate m state has been
raised recently by the present authors. ' The
mechanism yy- m'- vv could have potentially im-
portant astrophysical consequences since the pres-
ence of the pion pole leads to a resonant conver-
sion of radiant energy into neutrinos at tempera-
tures of order 10"-10"'K. Such a mechanism
could thus be important in the early universe and
in supernova formation. '

In order for the pion-pole mechanism (wPM} to
contribute to the conversion of photons into mass-
less neutrinos, it is necessary that the weak neu-
tral current have a scalar (S) or pseudoscalar (P}
component. ' However, evidence from the pro-
cesses vP-vP, ' ' vP vs, ' an-d vN-vNv (Ref. 6)
suggests that the neutral current is not predom-
iriantly S, P if indeed it contains these components
at all. The purpose of this Comment is to point
out that if neutrinos have a small but nonva, nishing
rest mass, then the 7t'PM could proceed through an
effective S, P coupling induced from a primitive
V, A coupling. The possibility that neutrinos have
a mass has been raised recently in connection
with the phenomenon of neutrino oscillations' and
also in light of the possible observation of the de-
cay p.-ey. ' It is also possible that neutrinos as-
sociated with the leptons recently discovered' at
SLAC may have a nonzero mass. Although the
coupling so obtained would be suppressed by a
factor of order (m, /m„)2, where m, and m, are the
neutrino and pion masses, respectively, one finds
that it could contribute significantly to the process
yy-vv in the temperature region where the CPM

would be expected to dominate over other contri-
butions because of the pion pole. The presence of
this pole distinguishes the CPM from other mech-
anisms for yy-vv, including those" in which the
yy-vv cross section is also proportional to m, '.

For present purposes we assume that a massive
neutrino v, exists, whose coupling to ~' has the
form

—rf v, yx(1+y, )v, sx&
G 0

C' = 2ns, ~
—rf, v, i y, v, s', (2)

where m, is the mass of v, . Equation (2) can be
used to estimate I'(v'-v, v, }, and in turn the cross
section for yy -v, v, :

8v(s'/m 4) I'(v'-yy )I"(s'- v, v, )F (s)
(s -m, ') +m, 'I', '

Here s is the square of total energy in the center-
of-mass system, I, is the pion width, and F(s) is
a form factor which we set equal to unity following
Ref. 1. From (2) and (2) we find that

Here G, the Fermi constant, and f„ the charged
pion decay constant, are known, and ~r ~' = 0.2
reflects the suppression of the neutral-current
couplings relative to those for the charged cur-
rent. Using the Dirac equation, the V-A coupling
in Eq. (1) can be transformed into the effective P
coupling
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I"(w'-v, v, )/I'(v'-yy) -=7x10 ",

which compares to the value" 10 ' used in Ref. 1.
In obtaining (5) we have assumed for illustrative
purposes that I, =-1 MeV, which is the present
limit on the mass of v„. The energy-loss rate Q
for T &10" K can then be obtained by simply re-
scaling the results of Ref. 1 by a factor of 7 &10 '.
Thus, for example, at a temperature of I,/3 we
find

Q(ksT=m„/3) -=1x10"ergcm 'sec ' .
This is comparable to the loss rate from the mech-
anism (yy-e'e vv) suggested by Som and Vermas-
eren. " Thus the @PM with massive neutrinos
could be a potentially significant process for con-
version of radiant energy into neutrinos, provided
that some neutrinos are found in the 1-MeV mass
range. " However, as noted by Soni and Vermas-
eren, '2 there are other mechanisms in the litera-
ture whose estimated loss rates are higher.
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