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Further limits on the stability against elastic tachyonic decay
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An experimental arrangement involving a metal oxide cathode and a windowless-channel electron

multiplier has been used to place a lower limit on the lifetime of elastic tachyonic decay. Our system

was sensitive to tachyons with proper masses greater than 1.1 keV and we obtain a lower limit of
4.6 X 10" years for the mean life. The result gives a lower limit for the lifetime, in the tachyon

proper-mass range of about 1—10 keV, which is higher than that obtained previously.

The possible existence of faster-than-light par-
ticles (tachyons) has aroused considerable interest
in recent years and a new experimental result, '
which can be interpreted in te ms of taehyons
existing in cosmic-ray showe s, will probably
stimulate further research.

If taehyons do exist, elastic tachyonic decays
are possible and a particle of mass nz can decay
into itself and a neutral tachyon. ' When the emitted
tachyon has a proper mass i p (where p, is called
the "liberty mass"') then, in elastic tachyonic
decay, the particle can gain an energy + p'/2m
and the tachyon has an energy —p,'/2m. The exis-
tence of tachyons can be investigated by observing
apparent spontaneous acquisitions of energy by a
particle and interpreting these acquisitions in
terms of possible tachyonic decays.

This approach has been used to place lower
limits on the lifetimes of various elementary par-
ticles against elastic tachyonic decay. Danburg
and Kalbfleisch' investigated proton recoils in a
bubble chamber and placed lower limits on the
lifetimes for the tachyonic decay of free protons
for p values above about 100 MeV. These authors
also analyzed a variety of existing data' ' and
placed lower limits on the lifetimes for the elastic
tachyonic decay of free protons, bound nucleons,
and atomically bound electrons over a wide range
of p, values. Ramana Murthy, ' from considerations
of the background counting rate in shielded Geiger-
Muller counters, has placed a lower limit of
2 x10"years for elastic electron tachyonic decay
for p values above 10 keV. No direct experimental
investigations have been reported for p, values be-
low 10 keV. However, it is possible to analyze
the heat flow emanating from the earth and, by
assuming that the heat energy is produced via
elastic electron tachyonic decay, to place limits
on the lifetime for a decay. ' This analysis can be
applied for any p, value.

This work reports a measurement of the lower

limit for elastic electron tachyonic decay for p.

values down to 1.1 keV. The principle of the me-
thod is similar to that of Bamana Murthy, ' who

used Geiger-Muller counters containing a mixture
of argon and ethyl ether. The average binding en-
ergy of the outer-shell electrons was about 100 eV,
and tachyonic decays which satisfied p,'/2m) 100 eV
could produce ionization in the counter. If it is
assumed that all the background is due to elastic
electron tachyonic decays measurements of the
background counting rate, allow a lower limit to
be placed on the lifetime of elastic electron tach-
yonic decays for p, values above 10 keV. In our
experimental arrangement solid-state materials
have been used and the binding energy of the val-
ence electrons (the work function of the material)
is two orders of magnitude below the average
binding energy of the electrons in the Geiger-
Muller counter and this allows the elastic elec-
tron tachyonic decay to be investigated for lower
values of p, .

A thin layer of lead oxide (PbO+Pb, O, ) was de-
posited onto a glass backing. The work function
of this compound is 1.2 eV. The sample was
placed in front of a 0.8-cm' circular aperture of a
windowless-channel electron multiplier (model
SEM-4219). The effective thickness of the lead
oxide was measured to be 1.5 p.. The number of
free electrons in the valence bands of such mate-
rials is about 10"/cm', and it was estimated that
approximately 1.2 X10"electrons were available
for detection if they acquired the necessary escape
energy of 1.2 eV.

An accelerating grid ensured that electrons leav-
ing the sample with negligible kinetic energy were
accelerated onto the channeltron conus with a
kinetic energy in excess of 100 eV. The channel-
tron was operated in the saturation mode and the
efficiency of the system was 0.8 for electrons
with kinetic energies above 100 eV. Several pre-
cautions were taken to minimize noise. The power

696



FURTHER LIMITS ON THE STABILITY AGAINST ELASTIC. . . 697

V)

LU

LU
I

I-
LLJ
LL

IO
12 AT FLOW FROM EA R T M

IO

I

IO

I

IO

p. ( Mev)

I

IO

FIG. 1. Lifetime (mean life) for the elastic tachyonic
decay of bound electrons as a function of the tachyon
liberty mass p. The hatched area is the allowed range
of lifetimes.

supply was carefully filtered and a floating ground
arrangement was used. Electrostatic and mag-
netic shields were used, precautions were taken
against field-emission effects, and the sample was
cooled with liquid nitrogen. Another nearby chan-
neltron, which used the same electrical power
supply and which was in the same thermal environ-
ment, was operated in an anticoincidence mode in
order to minimize spurious effects. After taking
into account the appropriate corrections the rate
of electron emission from the lead oxide sample
was less than 3 counts/hour. If this emission is
assumed to be due to tachyonic decays a lower
limit of 4.6x10" years is obtained for the mean
life of the elastic'electron tachyonic decay for p,

values above 1.1 keV.
Our result can be compared with previous work.

The relevant data are summarized in Fig. 1. For

p. values below 10 keV the only other data were
obtained from the analysis of the heat flow emanat-
ing from the earth. At a p. value of 1.1 keV our
result gives a lower limit on the mean life which
is three orders of magnitude higher than that ob-
tained from the heat-flow analysis. For a p, value
of 10 keV our result is approximately the same
as that obtained from the heat-flaw analysis. Con-
sequently, our result gives new lower limits on
the lifetimes for elastic electron tachyonic decay
for p, values in the range 1.1-10keV.

It has also been noted that available data on the
background counting rates in proportional counters
can allow new lower limits to be placed on the
mean life of elastic electron tachyonic decay for p,

values above 33 keV. This new limit is included
in Fig. 1.

It is realized that the reinterpretation principle"
allows us to view the negative-energy tachyons
going forward in time as positive-energy tachyons
going backward in time. As a consequence of this
the emission of a negative-energy tachyon could
be interpreted as the absorption of a positive-en-
ergy tachyon. Recently, Recami and Mignani, "
postulating that physical signals are only trans-
mitted by positive-energy objects, claimed that
all spontaneous acquisitions of energy which are
produced by tachyonic interactions must be pro-
duced by the absorption of positive-energy tachyons
or antitachyons. If one accepts this view the num-
ber of events observed in the recoil experiments
depends on the electron-tachyon coupling constant
and on the flux of tachyons with energies above
p,'/2m. Although the electron-tachyon coupling
constant is not known, the nonobservation of tach-
yonic interactions implies that it is small. Sim-
ilarly, the tachyon flux is also unknown, but as
tachyonic interactions seem to be weak it would
seem reasonable to assume an isotropic flux dis-
tribution in our environment ~ Our result can be
interpreted as a measure of the total probability
for tachyonic interactions (including the electron-
tachyon coupling constant and the tachyon flux) in
our environment for tachyons with energies above
1.2 eV.
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