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Have Massive Cosmological Neutrinos Already Been Detected' ?
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The possibility is investigated that the decay of massive cosmological neutrinos may
have produced a spectral signature which has already been detected in observations of
the ultraviolet background radiation. Various implications are discussed including a
possible implied neutrino mass of 13.8-14.8 eV. A lower limit is also placed on the
lifetime of heavy neutrinos iz with respect to the decay vH

—vl. + y based on the cosmic
uv obs ervations.

PACS numbers: 98.70.Vc, 14.60.0h

Recently, De Rujula and Glashow suggested that
the decay of massive neutrinos originally pro-
duced in the big bang could produce potentially ob-
servable cosmic fluzes of ultraviolet radiation. '
In this paper, I attempt to pursue this idea by ex-
amining presently available data from optical and
ultraviolet astronomical observations and relating
these data to the De Rujula-Glashow hypothesis.

I begin by reviewing the De Rujula-Glashow
scenario. They consider photons from the decay
process of a heavier neutrino v~ decaying into a
lighter neutrino vL, , i.e. ,

&a &I. +'Y~

where v~ is an "adiabatically cooled" fossil neu-
trino originally produced in thermal equilibrium
in the early big bang, but with a present tempera-
ture -2 K so that the decay takes place with v~
almost at rest. The photon is then given an ener-

sized spectra with present astronomical data.
The fluxes generated are proportional to the

decay rate I' =r ' for reaction (1) where T is the
neutrino lifetime. De Rujula and Glashow have
used recent experimentally determined limits'
on the rate for the decay p -e +y to argue that 7

)10"yr for M, =30 eV and thus v»HO ', the
age of the universe.

For "local neutrinos, " the linewidth is expected
to be' -1 A corresponding to Doppler velocities
-300 km/s. The flux will be

Iz=(1/47|T) Jn„dl cm ' s ' sr ' A '. (3)

For cosmological neutrinos, the flux per eV will
be'

c n~ „O((1+z)E -E,)
4~+, ~ (1+z)'"

(4a)

E, =(M „„'-M„,')/2ltf „„.
In the case predicted by many theoretical mod-

els, 'M, „»M, , Eq. (2) reduces to E,= sM
Massive big-bang neutrinos could, in principle,
provide the bulk of the mass density of the uni-
verse' with interesting astrophysical implica-
tions." Interest in such neutrinos has grown
with recent experimental reports of evidence that
M „,4 0 from He endpoint data and neutrino oscil-
lation effects. ' '

With neutrino masses M, in the presently as-
trophysically and experimentally interesting
range of -10 to -100 eV, E, most likely falls in
the ultraviolet spectral range. Two types of spec-
tra can then be generated: (i) a line spectrum of
narrow Doppler width around E, from the decay
of v~ in a galactic halo or local cluster distribu-
tion and (ii) a power-law distribution from cos-
mologically distant neutrinos decaying at all red-
shifts. I will proceed to compare these hypothe-

)
c ~n

" 5((1+z)E -E )
4~H, ~. (1+z)

52
4pIIO v Eo

(4b)

in the case of an open universe [Q(E, -E)/E,
« I]. The density n, = 100 cm ' is the present
volume-averaged density of big-bang neutrinos.

In terms of wavelength spectra, Eqs. (4a) and
(4b) become

gygo 1 &0 2g 1 &0

4~II 7 g5/2 ~ g5/2

= ]029y (5b)

in the ca,se of a closed universe (& =p/p, =1)
where p, =SH,'/8mG is the critical mass density
and p is the total mass density of the universe,
and
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where

x, =bc/E„ if we assume 0,= 70 (km/s)/Mpc,

with 1 Mpc = 1 megaparsec.
The advent of space astronomy has made possi-

ble recent measurements of cosmic ultraviolet
radiation. "" In addition, optical observations'4
have provided new data on the diffuse background
light. We now discuss the vH decay problems in
the context of these measurements.

The uv observations are made at high galactic
latitudes. Although it has been pointed out that
the flux from a neutrino halo for our galaxy may
be higher in the direction of the galactic center,
other factors act to make the high-latitude flux
more relevant. The observations at low latitudes
are complicated by contributions from hot stars
and, more importantly, high extinction (-2 mag-
nitude/kpc) from dust in the galactic plane. " Al-
so, although the distribution of dark "halo" mass
in our galaxy may be highly concentrated, the ex-
tent of concentration within 10 kpc of the galactic
center is not well determined, "having the possi-
bility of a finite core. The size of this core de-
pends on the value of M,„and high concentrations
within 10 kpc are expected only for M„near the
high end of our range of consideration (M,„-50
eV).' In discussing cluster and cosmological flux-
es, of course, the high-latitude measurements
are again clearly the most relevant.

The uv observations may be summarized as fol-
lows": With use of all numbers in units of pho-
tons cm ' s ' sr 'A ', the diffuse, high-latitude,
far-ultraviolet spectrum appears to be flat be-
tween 1300 and 1525 A with an intensity of 263
+ 40 units. In the range between 1680 and 1800 A
the mean flux level increases to -600 units. ""
The big question here is how much of the flux is
from such things as scattered starlight, airglow,
and the integrated light of distant galaxies. It has
been argued that backscattering of starlight is
negligible, "and that the increase near 1700 A is
not due to integrated light from distant galaxies"
but may be due to airglow. " Finally, we mention
the diffuse high-latitude optical flux of - 1300
units at a wavelength of 5115 A. '

Let us first consider the present measurements
to be upper limits on the cosmological continuum
flux from cosmological v„decay [Eqs. (5a) and

(5b)] and use these limits to place lower limits
on the lifetime w for v„decay (assuming, of
course, that massive neutrinos exist and decay).

Since the continuum flux drops off like A
' ' (or

A.
' for an open universe), the most restrictive

limits lie at the shortest wavelengths. I note that
since"

I(1250 A) ~ 200 cm ' s ' sr ' A

if one assumes that 250 ~ A., ~ 1250 A (10 eV & Eo
~ 50 eV, M„a 20 eV), then from equations (5a)
and (5b),

7 &4X10 s:—7 ~. (7)

Af„=2E„or 13.8 eV -M, „-14.8 eV

for M„»M„, consistent with Ref. 6." In the
H

extreme case M„„=50 eV, we would conclude that
there exists another neutrino of mass M, =42 eV.
In this latter case, however, such high masses
would not yield the observed increase in mass-to-
light ratio with astronomical scale. " In this re-
gard, it should be noted that detailed calculations
attempting to account for the distribution of miss-
ing mass in the universe suggest a neutrino mass
consistent with that given in Eq. (9)."

The author would like to thank Dr. Richard C.
Henry and Dr. Sheldon L. Glashow for helpful dis-
cussions.

For M„„=30 eV and E, = 15 eV, I find T ~ 2.2
X10" s. This value is comparable to the experi-
mentally derived lower limit given by De Rdjula
and Glashow and is consistent with their theoreti-
cal estimates.

Let us now consider the alternative and much
more interesting possibility that the increase
near 1700 A is due to a De Rdjula-Glashow line
from the decay of galactic halo neutrinos. In
other words, let us entertain the possibility that
the decay of vH's has already been detected t The
flux from a "loose" galactic halo of core radius
r, -10 kpc corresponding to M„„-25eV (see Ref.
4) follows from Eq. (3) to be

I &„(1700A) =10"T ' cm ' s ' sr ' A

with use of the local halo density given in Ref. 16.
A tighter halo (M, „&25 eV) would give a lower
high-latitude flux. Thus the observed feature may
be due to a line -1 A wide somewhere between
1680 and 1800 A if the neutrino lifetime against
photon decay T-10"yr. This lifetime is much
larger than the age of the universe but is orders
of magnitude smaller than the model estimates
given in Ref. 1. There is, of course, no inconsis-
tency with the continuum background observations.

If one carries this interpretation further, for
1680 A cA., ~ 1800 A and 6.9 eV -E, - 7.4 eV, from
Eq. (2) it follows that
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