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Observational limits on the solar x- and y-ray flux restrict the possible conversion of the solar neutrino
flux into radiation. This yields a limit on the neutrino radiative lifetime of Ty, / my,, > 7x10% sec/eV. We

discuss the dependence of this limit on the energy of the decay photon and on neutrino masses and mixing
parameters. The original application of this method by Cowsik erroneously yields a more restrictive result
due to a misrepresentation of observational data. The present work closely parallels a recent discussion by
Vogel on the decay of reactor neutrinos, the solar limits, however, being almost ten orders of magnitude
more restrictive. We stress that solar x-ray measurements are an important tool to set neutrino radiative-
lifetime limits, although more restrictive limits from other astrophysical data exist.

In a recent Physical Review article,! Vogel has discussed in
detail the limits on (anti)neutrino radiative lifetimes that
can be obtained from the absence of single photon counts in
a detector near a fission reactor which emits an antineutrino
flux of known intensity and energy distribution. In this
Brief Report we will follow the lines of Vogel’s argument in
detail while substituting the solar neutrino flux for the reac-
tor antineutrino flux. The much more restrictive limit on
the (anti)neutrino radiative lifetime thus obtained depends
only on the low-energy part of the solar neutrino spectrum
which is virtually independent of details of solar modeling.2
An experiment to measure this part of the solar neutrino
spectrum® will probably be performed within the next few
years, and the anticipated confirmation of the calculated
flux would place the solar neutrino radiative-lifetime limits
on the same footing as a laboratory result.

The observational bounds on the solar x- and y-ray flux
have been previously used to set limits on interaction
parameters of certain hypothetical particles which were be-
lieved to be produced in the sun.* In a “‘classic> paper’ on
various astrophysical bounds on neutrino radiative decays,
Cowsik was the first to calculate a neutrino lifetime limit
from the absence of solar x and y rays above 20 keV. How-
ever, he erroneously quotes the solar y-ray flux limit in
units of an integrated flux (cm~2sec™!), while the original
references®’ actually give differential fluxes in
cm~2sec”'keV~!. Therefore, Cowsik effectively ignores
the energy bandwidth of about 300 keV of the photon signal
expected from neutrino decay, and consequently his result
is too restrictive by a factor of about 300.

There exist a large number of astrophysical bounds on
neutrino radiative lifetimes,*® which are, in general, more
restrictive than laboratory and solar limits by many orders
of magnitude. In several cases the calculated neutrino
fluxes, which these limits are based upon, can be considered
to be as reliably known as directly measured values. We be-
lieve, however, that some virtue remains in discussing what
can be learned from directly observable neutrino fluxes on
the question of radiative lifetimes of these particles.

We consider, then, decays of electron neutrinos of the
sort

ve—vi+y 1)

with (partial) proper lifetime Ty, For now we consider v,
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to be essentially a mass eigenstate for which the experimen-
tal limit m,, < 46 eV exists.® v’ is some neutral fermion,

possibly some lighter neutrino. The energy of the decay
photon in the neutrino rest frame is

w=rm, /2, 0<r<1, 2

where my, is the mass of the electron neutrino. The dimen-

sionless parameter r is the ratio between the actual photon
energy o and its possible maximum value, my,, /2, which is

assumed when the particle v’ is massless. Limits on neutri-
no radiative lifetimes have generally been derived under the
assumption that the mass of v’ can be neglected. Such a
constraint, however, is not necessary and we prefer to
derive the lifetime limit as a function of the parameter r.
Following Vogel,! we write the general form of the angu-
lar distribution of the decay photons in the v, rest frame as

dN
d cosf

=4(1+acosd), lal=<1 . 3)

0 is the angle between the directions of motion of v, and y.
It is assumed that the polarization vector of v, is
(anti)parallel to its momentum. For Majorana neutrinos the
decay would be isotropic, independent of their polarization,
and thus a@=0. For left-handed Dirac neutrinos and a
massless v’, one has a=1 (see Refs. 10 and 11), which
means that the photons are preferably emitted ‘‘backward.”’
During the time of flight from sun to Earth, o= 499 sec,
a fraction (m,,e /E)(to/ T,e) of solar neutrinos of energy E

decay. From the calculated solar neutino flux Jy(E) at the
Earth [see Ref. 2 and Fig. 1, curve (a)] and using (3) one
can then derive the expected photon flux from neutrino de-
cay

m -] ;
Ve _ w/r ./v(E)

- t@L/r[l a+2(1—]—-——E2 dE . (4)
e

oyl
‘ J’(w)—r E

[There is an apparent misprint concerning the sign of a in
the corresponding Eq. (6) of Ref. 1.] In Fig. 1, curve (b),
we display this function for r=1, r,e/m,,e=1 sec/eV, and
a=0, £1.

The structure of this function is such that the spectrum
for other values of r can be obtained—in a doubly loga-
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FIG. 1. (a) Predicted solar neutrino flux j,(E) according to Ref.
2. The leftmost ‘‘bump” stems from the pp reaction,
p+p—d+et+v,, and contributes 6.1x101° cm~2sec™! to the
total flux of 6.6x101® cm~2sec™! at the Earth. The three *‘spikes’’
correspond to electron-capture reactions. Their width is dominanted
by the thermal motion of the sources in the solar interior. For con-
venience we have normalized them such as if they had rectangular
shape and a width of exactly 1 keV. (b) Spectrum of photons j,(w)
from the decay of the solar neutrino spectrum (a) through the pro-
cess v, v'+vy. v’ is assumed to be massless, corresponding to
r=1,and 1, /m v, =1 sec/eV is used. (c) Upper limit on the x and
y radiation of the quiet sun according to Refs. 6 and 7. (d) Emis-
sion of the hot solar corona (7 =4.5x10% K) according to Ref. 7.
The data points ‘“+” are taken from Ref. 12. (e) Estimated solar
albedo according to Ref. 7.

rithmic representation such as Fig. 1—by simply shifting it
“to the left>’ by the amount |logior | and ‘‘upward” by the
same amount, the shape itself remaining unchanged. For
r=10"1, as an example, it is shifted to the left and upward
by one decade each.

The photon flux j,(w) expected from neutrino decay
must lie below the observational bounds or measurements
of the solar x and y radiation. In Fig. 1, curve (c) we show
the upper-limit photon spectrum of the quiet sun from
balloon-flight measurements®’ in the range 20 keV
< w<10 MeV. For energies below approximately 10 keV
the emission is dominated by an intense bremsstrahlung
spectrum [Fig. 1, curve (d)] of the hot solar corona
(T =4.5%10°% K), which is observationally established from
rocket-flight measurements.!?

The above requirement excludes the shaded area of
(r,7,,/m,,) values in Fig. 2. Since a=—1 is the worst

case in the sense that the photon spectrum is squeezed
furthest toward low frequencies, the corresponding curve in
Fig. 2 yields the most conservative limit on Ty, / my,. Then
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FIG. 2. Possible values for the electron neutrino’s lifetime-over-
mass . ratio Ty, /m v, and for the energy fraction r=w/(m, /2)
e
which is carried away by the photon in the reaction v, — v’ +y are
restricted to the white area in this plot. Curve a = —1 yields the
most conservative limits.

we obtain for r =1 the limit

T,,e/m,.e>7><109 sec/eV 5)

which compares with the reactor limit 1 sec/eV of Ref. 1
and with a similar reactor limit,!3 which is the basis for the
relevant listing of 3 x 102 sec/eV in the Particle Data Group
compilation.® According to a criticism by Vogel,! this latter
number should be reduced by an order of magnitude. For
0.03=<r =1 our limit remains above the 10° sec/eV level,
while it drops quite fast for lower r values. In the range
above 0.03 we consider the limit firm, because it depends
only on the low-energy part of the solar neutrino spectrum.
The observational upper-limit photon flux is several or-
ders of magnitude above the expected solar albedo [Fig. 1,
curve (e)], leaving much room for an observational im-
provement of our limits. The actual solar albedo could be
much lower than this estimate, because the cosmic-ray flux
hitting the surface of the sun could be substantially reduced
from the galactic average due to shielding effects by the
solar magnetic field.” In principle our limits could be fur-
ther improved by a factor of about 25 if one could achieve
an angular resolution of a few minutes of arc, because
neutrino-decay photons would appear to come from the
center of the solar disc. This should be so because the
low mass limit for electron neutrinos guarantees an ultrare-
lativistic y factor, which suppresses strong angular devia-
tions between v, and y in the observer’s frame. Further-
more one could, in principle, use the polarization charac-
teristics of neutrino-decay photons!! to distinguish them

"from direct solar x or y radiation.

In contrast with our above assumption the electron neu-
trino could be a mixture of mass eigenstates v; with masses
m1Sm2S A Sm,,,

Ve = 2 UEIVI . : (6)
Jj=1
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A decay of v, would then really correspond to a decay of its
heavy-neutrino admixtures into radiation and lighter-
neutrino species, and the standard model of weak interac-
tions provides detailed predictions on the relevant decay
widths.!! ‘

The simplest case of this sort is where only U, and U,;
are of significance in (6), and where m, is so small that the
solar production of the v, component is not inhibited by
threshold effects (m, < 100 keV). Then the solar v, spec-

trum is obtained by multiplying j,(E) by |U.,|?, and the

spectrum of decay photons is obtained by substituting 7,/m,
for Ty, /m v, Furthermore, r is related to the neutrino

masses such that our previous limits can be translated to the
present case through the substitutions

2
Ty T mi
& U™ =2, r=1-|—| . Q)
mve m; mj
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If we assume that more than one heavy component of v,
is important, but assume that the mass ratios are such that
r 2 0.03 for all relevant decays and that the masses are

‘lighter than about 100 keV, we obtain the limit

-1
n
‘ [2 IU,,P%] > 10 sec/eV . ®
J=2 J

More complicated situations are thinkable, of course,
where the photon spectrum must be individually calculated
for each choice of masses, decay widths, and mixing param-
eters. In this Brief Report, however, we have restricted our
discussion to the most important limiting cases.

The author thanks Leo Stodolsky for discussions of this
work and for helpful comments on the manuscript.
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