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Interaction of massive neutrinos with electrons
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We have investigated the process vH e —+vL e in which heavy neutrinos interact with electrons and
convert to massless neutrinos. In principle the process could be used to investigate primordial
nonzero-mass neutrinos. However, the cross section is too low for the process to be useful with the
currently available experimental techniques.

There is considerable evidence from a variety of analy-
ses that the mass of the Universe is greater than the mass
of the objects which are observable with current astro-
nomical techniques. An understanding of the problem of
the missing mass is fundamental to our appreciation of
the evolution of the Universe. A recent comprehensive
review of the problem has been given by Sciama. '

One of several possibilities is that the missing mass is
due to unobserved nonzero-mass neutrinos. Lubimov
and co-workers ' have found evidence that neutrinos
have a mass -30 eV which is in the mass range which
could resolve the missing-mass problem. Even though
some recent investigations of the tritium P decay, ' and
analyses of the neutrinos associated with SN 1987A (Ref.
6), have obtained limits for the neutrino mass below the
value obtained by Lubimov and co-workers, the possibili-
ty of a nonzero neutrino mass is still an open question.

The standard big-bang theory predicts the existence of
a primordial cosmic neutrino background. If the neutri-
no is massless the general consensus seems to be that they
no is massless the general consensus seems to be that they
will be unobservable. Langacker, Leveille, and Sheiman
have shown that several proposals to investigate the pri-
mordial neutrinos are either incorrect, or the effect is im-
measurably small. While they are still in their infancy
many techniques are being studied and developed. Al-
though nonzero-mass primordial neutrinos are still enor-
mously difficult to detect there are some physical effects
which, at least in principle, may allow their detection.
Clearly the observation of primordial neutrinos would be
of great significance.

For a neutrino mass of —30 eV it is possible in some
theories of galaxy formation ' that primordial neutrinos
in our Galaxy will have densities of —10 —10 /cm; if the
neutrino is massless the density will be —10/cm . In
1983 Irvine and Humphreys" suggested that 34-eV mass
neutrinos could be detected by inverse P decay on triti-
um. A narrow peak is expected above the tritium end
point but the background problems will be formidable. It
should be noted that Weinberg' made a verbal sugges-
tion of this possibility in 1980.
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where v and g represent neutrino and electron wave func-
tions, respectively, and q and q' are the four-momenta of
the heavy and light neutrino, respectively. The spin in-
dex s enters only in the heavy-neutrino wave function be-
cause the spin of the massless neutrino is not specified.

If we assume the initial electron is at rest, then in the
plane-wave approximation the differential cross section
do. /dT, is given by

Gm, mH
2 2

d ~ ~dT, =4I UL UH I', eH eH+
2~ q 2m~

where e~ is the total energy of the massive neutrino and
mH is its mass. T, is the kinetic energy of the final-state
electron and m, is the electron mass. If we use the re-

Since a direct observation of the primordial neutrinos
is of great significance, it is important to analyze all phys-
ical processes which, even in principle, could allow the
neutrinos to be detected. We have studied the process
vHe —+vl e in which heavy neutrinos interact with elec-
trons and convert to massless neutrinos. This process
gives energy transfers which are of the order of the
heavy-neutrino mass and may allow detection in some re-
cently proposed superconducting detectors. '

The Feynman diagram for the vHe~vr e process is
given in Fig. 1. Within the framework of the standard
model the process proceeds by the virtual exchange of
8'—bosons. We employ a simple model in which the
electron neutrino is a linear combination of a heavy and
light neutrino. Then

UH~II+ UL ~I. ~

In standard notation the amplitude Sf; for the process
in the low-energy approximation is
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where to are two-component spinors and P) are solutions
of the Schrodinger equation for the electron in the
Coulomb field. Index j indicates initial or final electron
states i or f, respectively.

After summation over spins we obtain

g ~SI;~ = 2G ~UL*UH
~

[2m5(e; —ef+eH —eL )]
spins me

FIG. 1. A Feynman diagram for the process.

suits of Irvine and Humphreys the kinetic energy of the
massive neutrinos is only -2X10 eV and we can re-
place eH with mH and use m~ (&m, to obtain

X[2eHeL
~

A~ +(q A)(q' A*)

+(q A*)(q' A)

+ i (eL q —eHq') ~ ( A X A* )],
where

A=2m, (e, eI—)f g Ixg, d'x .

(7)

G memH
&tr/&T, =4~ U*U

21T q
(4) By solving Eq. (8) one obtains'

In order to obtain an estimate for the process we set
~ UL UH ~

—l and, integrating over the appropriate range
of electron kinetic energy, the total cross section o. for
the process is

4G2 mH

m iq[

dTe q me
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do 646
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(9)

If we take the same values as Irvine and Humphreys then
mH=34 eV and UH=3. 4X10 c. This gives a value for
a of about 2X10 cm .

However, the effect of electron binding could give
dramatic differences in the cross sections. We therefore
calculated the cross section for the vHe ~vL e process on
bound electrons with free electrons in the final states. We
employ the electron wave functions in the nonrelativistic
approximation

where j =B/T, is the ratio of the electron binding ener-

gy B to the kinetic energy T, of the final-state electron.
If we again take the same values for m~ and eH as Ir-

vine and Humphreys and integrate Eq. (9) over the al-
lowed T, values, assuming a B of 13.6 eV, we obtain
o.=6.9X 10 cm

Unfortunately this cross section is too small to allow
the process to be used in the detection of primordial neu-
trinos with the currently available experimental tech-
niques.
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