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An upper bound on the lifetime of a massive, neutral,
weakly interacting lepton, Ve is derived from standard“big
bang cosmology. Saturation of the bound and reasonable as-
sumptions about the weak interaction of the vy then yield a

prediction of approximately 10 MeV for its mass.

*Work supported in part by the Energgskesearch and Development

Administration, Contract No. E(40-1)3992,

1'Wor'k supported in part by the National Science Foundation.

NOTICE
This report was prepared ss an account of work
spousored by the United States Government. Nesther
the Uniled States nor the Unifed States Energy
R h and Devel dministeation, nor any of
thew employees, nor amy of their contractors,
subcontractors, or their employees, makes any
warsanty, exptess or implied, or asumes any legal
Hability or sibility for lE\e y

ot usefulness of any inf i;odumnr
process disclosed, o represents that its use would not
infinge pnvately owned rights.

Recently Lee and Weinberg1 have pointed out that stable
neutrinos with masses in the GeV range are capable of "hiding"

a cosmological energy demsity on the order of
P=p. = 1072 Mev/cn® 1)

This density is an order of magnitude greater tha: the proven
izass reserves such as galaxies and the cosmic microwave ba;k-
ground but is suggested by current best values for the

Hubble constant and deceleration parameter.z It was shown

in 1972 by Cowsik and McClelland> that stable neutrinos with
masses .on tﬁe order of 16 eV could also hide such a cosmo-
logical energy demsity. The purpose of the present note is
to describe a more general picture in which the massive
neutrinos can be unstable.

Our picture is as follows: (a) Massive neutrinos, ;H'
are in thermal equilibrium with electron neutrinos (and other
particles) just afrer the big bang through reactions like

Vg * Uy v v ¢ Ve 2
(b) Assuming (2) proceeds through a V-A interaction with the
usual weak coupling constant, one can calculate for a given
mass ® for v,, the temperature Tp at which the v, thermally

decouple and are not further annihilated, the age tp when this
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occurs (typically a fraction of a second), and their number
density n(Ty) at this time. (c) Given m, Tp, tp, and n(Ty)
one can find a lifetime T for vy, assuming its principle

decay mode is
VH"\’e"Y . (s)

such that the present emergy density of the v.'s, after
taking sccount of their red shift from t; ¢ T = 7 to the
present age of the universe, ty, is Pee The essence of our
picture is the observation that the energy m/2 of a v, from

. !
vy decay at time v is omly red shifted by a factor of

1/2

(-r/t:“)u2 in comparison to the red shift (tn/tU) of a

massless particle decoupling at tn.‘ The v,'s from vy

e
decays are therefore (t/tn)ll2 more energetic than the usual

background v,'s.
Our calculation of Tn(n), tn(n), and n(TD)'is standard.

5 of determining

We followed the procedure of Szalay and Marx
ty by setting it equal to the time at which the reaction

rate for (2)

(n(m))

4)
(n(T)n(T)u(vH +Ty * v +T,) Ivl)

exceeds the lifetime of the universe6

—;z— sec (5)

vhere T is in °K. For simplicity we have used the equilibrium

number dersity in (4)

Details and subtleties (such as the assumption of (6)) will
be reported elsewhere.7

In Table I we give our results for TD and n(TD) for a
number of values of m. The decoupling time is given by (5)
with T = Tp- . The sum of the present Ve and 3; energy densi-

ties is then given by

t .
3[U 1/2
t
D

We solve (7), for each m, for the lifetime 7 = 1, that
makes p = %pc. The results are also given in Table I. It
may be noted that T * t; as n > 47 eV (this value differs
from the 16 eV of Ref. 3 only because we used 1.9°K as the
present neutrino temperature rather than 2.7°K) and as

m=+ 7.2 Gev.8 The 1limit is not smooth Secause. if the Y
are stable the critical density is given by (1) but, if the

v, are unstable, the universe is radiation dominated and

H
the critical density is one-half of (1).
The following argument may be used as a basis for a

plausible choice of m from this range: We know the lifetime



™ of the muon and we also know that weak interaction life-
times scale as m™ S (or perhaps as m'3(cuz]'1 in some models
with mass mixing)}. We may assume that the branching ratio
for H-number nonconservation is of the order of the 10717
that appears to characterize muon number nonconservation
if it occurs. Thus we expect 7(m) to behave as
Ty (@) = 1010 (1:.)“ T, (8)

with a = 3 or, 5. In Fig. 1 we plot 1Th(m) and Tcos(")‘
One sees that they intersect in the few MeV region--too
heavy for v!'i to be v, (my, is less than ~0.6 Mev?) but &
very reasonable value for a neutrino associated with charged
leptons involved in the rise in the electron positron total
cross section and the Perl events.l?

Deferring details to Ref. 7, we note here briefly £he
following points: (1) We have checked that the present Ve

density from vu decays is too low for the energetic ve's to

be observed in the Davis solar neutrino,experinent.l1

(2) The photons from Vi * Ve * v are thermalized by Thomson

scattering unless they come from v, decay occurring after
H

t
tzt(z=7) -3—“’- (9)

We have checked that, except for m near the uppermost values

its range, the intensity of unthermalized photons in the

1 keV to 1 MeV range is below the measured cosmic X-ray
background.lz (3) We have checked that the densities in
our model of energetic v,'s and V,'s at the time of
nucleosynthesis (t = 200 sec) is not large enough to effect
the ratio of neutrons to protons thereby changing the cal-
culation6 of the presently observed Helium sbundance.

(4) We have checked that the present density of energetic
Ve's is not large enough to make a8 noticeable effect in the
proton cosmic ray spectrum in analogy to the 1020 eV cutoff
produced by thermal photons through ¥ + p + 7 + n.%
(5) Other decay schemes for Vs such as vy > vy + W,

Vgt Ve * e’ + e, and so forth, must all end in one or
(m) is there-

more massless neutrinos. Our value for Teos

fore model independent although approximate. Any neutral
-
lepton must havg a lifetime less than rcos(m).
We have benefited greatly from conversations with
K. Brecher, J. Broderick, J. Condon, B. Dennison, A. Gleeson,

B. W. Lee, P. Morrison, and L. Sartori.



Table Caption

The second and third columns give the decoupling tem-
perature and the equilibrium number density at decoupling
for different values of the mass of the heavy neutrino.

" The fourth column gives the bound on the 1ifetime, T, for

the decay VgV et Y where tu is the lifetime of the uni-

verse,

Figure Caption

The decay width for Vg > Vg * Y VS. the mass of vye

e
The curve is the minimum width allowed by the cosmological

missing mass. The straight lines are the width if it scales

like u> or m> and the branching ratio is 10710,

Table I
Neutrino Decoupling Number Density .3 Bound from
Mass (MeV) | Temperature (°K) | at Decoupling (cm ~) | Energy Density
7.2%10° | 3.62 x 1012 4.76 x 10°0 stable
5.0x10° | 2.62 x 1012 5.28 x 10°° o nux 107!
1.0 x 10° 6.78 x 101 8.64 » 1050 8.50 x 107*
5.0x 102 | 3.85 x 20t 1.12 x 103 7.03 x 107
1.0x10% [ 1.4 x 0% 2.38 x 10° 2.62 x 1077
50 7.23 x 1010 3.68 x 10°} 2.85 x 108
10 3.50 x 1010 1.62 x 107 4.74 x 10710
5 330 x 109 3.35 x 1032 3.1 x 10720
1 3.40 x 2010 5.85 x 10°2 3.05 x 1077
1071 5.40 x 1010 6.04 x 10° 2.92 x 1077
102 3.40 x 1010 6.04 x 10°2 2.92 x 107
1073 3.40 x 1010 6.04 x 10%2 2.92 =10°°
107 3.40 x 1010 6.04 x 10% 2.92 x 107}
4.7%205] 3.40 x 201 6.04 x 10° stable
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