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Since the proton is unstable against the tachyonic decay p-p+ t, in which the tachyon, t,
has negative energy, we have investigated the limits that can be imposed on such an apparent-
ly energy-nonconserving process, as well as on the related process, p-p+ t +$. Exceeding-
ly long lifetimes for these decays {as well as the corresponding ones involving electrons)
were obtained {a) from a careful examination of 5500 bubble-chamber pictures from a special
exposure, {b) from reinterpretation of experiments searching for baryon and electron non-
conservation, and {c) from data on the heat Qow emanating from the earth. The interaction
mediating such processes must be much weaker than the gravitational interaction.

I. INTRODUCTION

The topic of faster-than-light particles (tachy-
ons) has recently received considerable attention
from theoretical physicists. The extensive theo-
retical literature which has been produced since
the topic of tachyons was first discussed in the
framework of the special theory of relativity' can
be roughly classified into three groups: papers on
field theories of tachyons, ' ' those dealing with
various physical properties of tachyons, ""and
papers concerned with causality effects associated
with tachyons. " ' In addition, published data are
available on four (negative) experimental tachyon
searches made under different assumptions. " 4'

The first of these sought to detect the Cerenkov
radiation of tachyons produced by y rays, "two
others searched for evidence of tachyon production
in a bubble chamber, " 4' and one was a search for
tachyons produced in cosmic-ray interactions. '
Tachyons obey the relations

p,v

( 2 I)&/2 s

and thus

frame of system j.. If m, ' & 0, then in this frame
&2&(m,'+m, ')/(2m, ). As an example, consider
the process

proton- system 2+ tachyonic system. (1.2)

and

Let the proton rest mass be m, and the invariant
mass squared of the tachyonic system be -p,'. If
we consider only processes which conserve baryon
number, m, must be greater than or equal to m,
since the. proton is the least massive baryon. Sys-
tem 2 could be p, a'(1236), p+y, p+ s', etc. In
all these cases

m2 +m +p,2 2 2

2 2 m

so the tachyonic system carries negative energy as
process (1.2) is written. If the tachyonic system
were considered as incoming in (1.2), then it
would have positive energy.

In the present search we restrict ourselves to
the two simplest possibilities, which are the
"elastic" tachyonic decays

(1.3)

—p = p«v-= Ipl/E~1 P-. P+ t+ t ~ (1.4)

(we will use the convention c =-1, I—= 1 throughout
this paper).

As an introduction to the tachyon search which
we report, we discuss briefly the type of transi-
tions which can involve tachyons. Consider the
transition

system 1-system 2+ system 3.

Take the invariant squared masses of these sys-
tems of one or more particles as m, ', m, ', and

'

m, ', respectively. Let systems 1 and 2 be com-
posed of ordinary particles, so that m, '~ 0 and

m, ' ~ 0, and consider the process (1.1) in the rest

Z= m+ p'/2m. (1.5)

Thus reactions (1.3) and (1.4) are characterized
by a proton at rest which spontaneously acquires
energy. In reaction (1.3) no other charged parti-

Call the invariant mass squared of the tachyon in
(1.3) -g', and also let -p,' be the invariant mass
squared of the two-tachyon system in (1.4). We
will refer to p as the "liberty mass'~' of the
tachyon, since it is the tachyon momentum in the
Lorentz frame in which

I p I
= p, E = 0, v = ~, i.e.,

where the tachyon is "at liberty. " For a proton
initially at rest, its final-state energy is
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cles are made, whereas the tachyons in (1.4)
could be charged. However, it is not known wheth-
er charged tachyons could be detected.

Ih both processes just mentioned, if the tachyons
are in the final state, then the tachyon in (1.3)
would have negative energy equal to -g' /2m, and
at least one of the tachyons in (1.4) would have
negative energy. Because of this fact that the
tachyons involved have negative energy, an un-
heard-of property, these tachyonic decays might
seem objectionable. One answer to this objection"
is the "reinterpretation principle, "which allows
the interpretation of negative-energy tachyons as
positive-energy tachyons traveling backward in
time. From this point of view, the negative-ener-

gy tachyons in (1.3} and ('1.4) can be considered as
incoming particles. In the searches we describe,
we cannot distinguish between absorption of posi-
tive-energy tachyons present in the environment
and emission of negative-energy tachyons. The
net result of processes (1.3) and (1.4) in either
interpretation is that a particle gains energy.
Such processes, when interpreted as tachyon
emission, might seem objectionable because they
would constitute an infinite source of energy.
However, if the rates for these processes were
small enough, the total energy increase might not

be readily noticeable. As unusual as these effects
(and their explanations) may be, they are possible,
and can be tested experimentally. For this reason
we have made an investigation of reactions (1.3)
and (1.4) and the corresponding reactions involving
bound nucleons and atomically bound electrons.

We note that these processes have been discussed
by Baltay et al. ' under the different viewpoint that
reactions (1.3) and (1.4) can only occur in Lorentz
frames in which the tachyon energy would appear
to be positive. This requires that the proton ini-
tially be moving with momentum p &-,' p.

Before discussing the search performed here,
we briefly mention available data which already
place restrictions on the above-mentioned "elastic"
tachyonic decays of nucleons and electrons. As-
suming that the negative-energy tachyons from
these decays do not undergo further interactions,
the net result of these processes is that a nucleon
(or electron) spontaneously gains energy. If the
energy gain is sufficiently large, it can be de-
tected. A number of experiments (to be discussed
below) have been performed to test the conserva-
tion of baryon number and the conservation of
electrons. The negative results of these experi-
ments can be reinterpreted to place limits on the
rate of spontaneous energy gain of nucleons and

electrons, since a sufficiently large energy gain
would produce a detectable effect in these experi-
ments. This will be elaborated in detail in Sec.

III. Another source of information on the spontane-
ous energy increase of nucleons and electrons is
the measurements of the heat flow emanating from
the earth. Any energy acquired by the nucleons
and electrons comprising the earth would be con-
verted to heat, and the earth's heat Qux thus places
limits on elastic tachyonic decay. We will discuss
this in Sec. IV. The results of the next three sec-
tions will be summarized in Sec. V.

In general, the experiments on baryon conserva-
tion only detect particles with kinetic energies
down to about 10 MeV; energy gains below this
value would go undetected. We have therefore
undertaken an examination of free protons in a
hydrogen bubble chamber, where we can reliably
identify moving protons with kinetic energies
down to about 5 MeV.

II. THE PRESENT SEARCH

For process (1.3) we search for single recoil-
proton tracks in the bubble chamber; for this pro-
cess all the proton recoil energies would be the
same (assuming that only tachyons of a single
liberty mass are emitted}, so this signal, if sta-
tistically significant, would be readily distin-
guished from the continuous spread in proton en-
ergies arising from the scattering of ordinary neu-
tral particles. The protons recoiling from pro-
cess (1.4} could have any energy whatsoever and
would thus be difficult to distinguish from scatter-
ing of ordinary neutral particles. However, an
absence of recoil protons implies a null result for
both processes.

For this investigation a special exposure of the
Brookhaven 30-in. hydrogen bubble chamber was
made. The exposure consisted of one roll of film,
comprising about 5500 frames, in each of three
camera views. The film was taken at a time when
the Alternating Gradient Synchrotron was not in
operation; there was no magnetic field in the bub-
ble chamber in order to be able to distinguish low-
energy electron tracks. As a control on the sen-
sitivity of the bubble chamber during this non-
beam exposure, a radioactive source was held
next to the chamber for 10 consecutive frames at
intervals of 1000 frames. This check was actually
not needed, however, since there w'ere background
tracks in almost every frame.

The sensitive time of the bubble chamber was
estimated from the shape of the pressure pulse
applied to the chamber to be about 5 msec per
frame, for a total exposure time of about 27 sec.
The total volume of the bubble chamber is about
100 liters, but only about half this volume was
scanned, since the Scotchlite backing on one half
of the chamber showed slight imperfections which
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made the identification of very short tracks diffi-
cult. Using a liquid-hydrogen density of 0.06
g/cm' for an estimated 50 liters of hydrogen means
that about 2x10" protons were in the volume
scanned.

The film was carefully scanned by the authors;
the object of the scan was to identify recoil pro-
tons, with. or without other associated tracks,
down to the minimum distinguishable length of
about 1 mm on the scan table, corresponding to
about 4 MeV of kinetic energy. Because of the
more sensitive experiments on baryon number
conservation to be discussed in Sec. III, we did
not expect to see any protons from tachyonic decay
having energies greater than =10 MeV (corre-
sponding to about 6 mm on the scan table).

There were three sources of background in the
bubble chamber.

The first background source was cosmic-ray
tracks which passed through the scanned volume
about once every eight frames. These tracks were
readily distinguished because they were minimum-
ionizing and straight. A small fraction of these
were checked for their direction of passage through
the chamber by looking at their 5-ray directions.
No track was found passing upward through the
chamber. A few cosmic-ray tracks were seen to
interact in the chamber.

Another, more troublesome, source of back-
ground was the presence of minor bubbling in the
pictures, especially near some metal plates which
were mounted in the chamber for a different ex-
periment. Small elongated bubbles were very
similar in appearance to that expected for proton
tracks 1 mm or shorter on the scan table. Some
15 heavy tracks were found, all 1 mm or shorter
on the scan table, which, although not located in
areas of prominent boiling, were nevertheless
indistinguishable from elongated single bubbles.
Using as a basis of judgment the great number of
electron tracks found in the pictures (see below),
we are confident, however, that we could dis-
tinguish a proton track 1.5 mm or longer on the
scan table. This lower cutoff was imposed for
positive identification of proton tracks, corre-
sponding to about 4.5 MeV of kinetic energy.

The major sources of background in the chamber
were short (about 1-30 mm) recoil-electron
tracks, of which there were almost two per frame.
These electron tracks were readily identifiable by
their low bubble density and their large multiple
scattering. From the results of other experiments
on electron conservation, we did not expect any
visible electron recoils from elastic tachyonic
decay, but we nevertheless investigated the source
of these tracks. To do this, the projected scan-
table length of all visible electron tracks was mea-

sured in 10% of all frames.
A histogram of these lengths is shown in Fig. 1.

We note that not all the tracks 2 mm long or
shorter on the scan table were measured, since
these tracks mostly consisted of tw'o bubbles and
were difficult to distinguish from short segments
of nearly extinct tracks. The curve shown on the
histogram is a Monte Carlo prediction of the pro-
jected scan-table track-length spectrum to be ex-
pected from an isotropic flux of 1.46-MeV y rays
giving rise to Compton-scattered electrons. The
Monte Carlo calculation uses the Klein-Nishina
formula for the energy spectrum of the Compton
electrons and takes into account the spread in mag-
nification due to the fact that tracks can appear at
different depths in the bubble chamber. From
measurements of background y radiation at the
BNL site,"the 1.46-MeV y ray from the decay of
K4' is the most important contributor to the y-ray
background, and it is also the most energetic con-
tributor of significant intensity. The fact that the
end point of the experimental projected track-
length distribution in Fig. 1 lies near the value ex-
pected for Compton scattering of 1.46-MeV y rays
makes plausible the conclusion that the events
under the curve of Fig. 1 are due to y rays from
K4'. (The curve is normalized to the area of the
experimental distribution between 18 and 35 mm. )
In addition to the 1.46-MeV y ray just discussed,
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FIG. 1. Projected scan-table track length of 931 elec-
tron tracks found in a scan of 550 frames of the BNL
30-in. bubble chamber; the scanned area corresponded
to about half of the chamber volume. The curve is a
Monte Carlo prediction for the distribution of scan-table
track lengths of Compton-scattered electrons from an
isotropic flux of 1.46-MeV y rays. The curve is normal-
ized to the area of the histogram between 18 and 35 mm.
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the background measurements" mentioned above
showed significant contributions from a number of
y rays of energies between about 0.5 and 1.0 MeV.
These energies are characteristic of uranium and
thorium and their decay products, and also of an-
nihilation of positrons produced by cosmic-ray
interactions. The excess of events above the
curve of Fig. 1 is consistent with the contributions
of Compton-scattered electrons from y rays in the
energy range of . 5-1.0 MeV. For this reason
we attribute all the low-energy electron tracks
found in the chamber to Compton scattering of
background y radiation. (We note that pair pro-
duction in hydrogen is negligible for the y-ray
energies discussed here; we also note that we have
no reason to suspect that the materials of the bub-
ble-chamber apparatus or of the metal plates in
the chamber were contaminated with any radio-
activity beyond the background sources mentioned
above. )

Only one recoil-proton track longer than 1.5 mm
was found —its scan-table length was 10 mm, cor-
responding to a kinetic energy of about 13 MeV.
This event can be attributed to the recoil from a
scatter of a neutral ordinary particle from a
cosmic- ray interaction.

We place an upper limit of one event from pro-
cesses (1.3) and (1.4), for proton recoil kinetic
energies between 5 MeV and 1 GeV. The upper
energy limit is noted because protons more ener-
getic that 1 GeV would, in our scan, be indistin-
guishable (except for average direction) from
cosmic-ray tracks. This upper energy limit is of
no consequence, however, since the experiments
on baryon conservation discussed below yield
much longer lifetimes than our search for ener-
gies above 1 GeV. In fact, the lifetime limit im-
plied by the present search is only important for
proton recoil energies between about 5 and 10
MeV. From an upper limit of one event in 2&&10"

protons viewed for 27 sec, the lifetime of free pro-
tons for elastic tachyonic decay via reaction (1.3)
or (1.4) is greater than about 2x10" yr.

III. EXPERIMENTS ON CONSERVATION OF
BARYONS AND ELECTRONS

A number of experiments have been performed
to search for processes which do not conserve
baryons and electrons. These experiments search
for the charged decay products of nucleons or for
other effects caused by the decay of nucleons or
electrons. All such searches reported thus far
have yielded null results, implying very long life-
times for the assumed decays. We will reinter-
pret the minimum lifetimes from these experi-
ments as lower limits for the lifetime of nucleons

and electrons with respect to processes (1.3) and

(1.4). We list these experiments and state briefly
the lower and upper recoil-kinetic-energy limits
that would be detected in reactions (1.3) and (1.4),
and the lifetime obtained; in doing this we distin-
guish between the lifetimes of free protons, bound

nucleons, and atomically bound electrons. In this
connection we note that processes like n- n+ t',
n- p+ t, p-n+ I,", etc., are also detectable for
both free and bound nucleons, since, e.g., a mov-
ing neutron can transfer energy to a proton, which
is then detected.

2. The exPeriment of Reines, Conan, and Gold
babes (29D4). These authors search for charged
particles from nucleon decay in a liquid scintilla-
tor 100 ft underground; the minimum energy de-
posited in their detector is given as =15 MeV, and
we estimate that particles with energies greater
than =1 GeV would be indistinguishable from cos-
mic rays. These authors obtain lifetimes of v.

& 10"yr for unbound protons and ~& 10"yr for
bound nucleons. Since there are about one half as
many electrons as bound nucleons in the material
of the detector used in this experiment, a mini-
mum lifetime for electron tachyonic decay of about
half the value for bound nucleons is obtained.

Z. The exPeriment of Goldhaber (quoted in Ref.
49). Goldhaber has searched for nucleon decay by
assuming that the decay of a nucleon in Th' '
would cause the remaining nucleus to fission. He
obtains a lower lifetime limit for bound nucleons
of 10"yr. We assume that a bound nucleon gain-
ing sufficient energy in process (1.3) or (1.4) to
escape from the nucleus would produce the same
effect sought by Goldhaber; this energy we esti-
mate very roughly to be 7 MeV.

3. The exPeriment of Flerov et al. (1958).
These authors have repeated the above-listed ex-
periment of Goldhaber with greater sensitivity
and obtain a minimum lifetime of 2&&10" yr.

4. The exPeriment of Reines, Cotvan, and
Kxuse (19M). These authors investigate the de-
cay of protons bound in deuterium; they search
for the charged products of proton decay, followed

by the y ray from the capture in cadmium of the
remaining neutron from the deuteron. The mini-
mum charged-particle energy they detect is 5

MeV, to which we add the known deuteron binding
energy of 2.2 MeV to obtain 7 MeV as the mini-
mum proton energy gained in reaction (1.3) or
(1.4) to be detectable in this experiment. The
bound-proton lifetime quoted by these authors is
72 4x1023 yr.
5. The exPeriment of Bachenstoss et al. (1960).

This experiment detects upward-moving charged
particles assumed to come from nucleon decay
800 m underground. The authors state that they
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can detect muons and pions with y = 8/m a 1.7,
which yields a minimum kinetic energy of =0.6
GeV for protons; they quote a minimum detectable
electron energy of 20 MeV. This experiment
yields an unbound-proton bfetime of &3X10 ' yr,
and a lifetime for bound nucleons of ~2&& 10"yr,
from mhich me deduce an electron lifetime for pro-
cesses (1.3) and (1.4) of a1028 yr.

6. The experiment of Giamati and Iteines
(296~). These authox s sought to detect the
charged products of nucleon decay in a large
liquid seintillator detector 585 m underground,
surrounded by a water Cerenkov anticoincidence
detector. A steel shield mas placed between the
seintillator and the anticoincidence detector to
prevent events originating in the scintillatox' from
penetrating to the antieoincidence detector. The
authors quote a minimum detectable energy of
about 8 MeV. %'e mill use this number for unbound
protons and electrons, but round it upward to 10
MeV to account for the binding energy of bound
nucleons. %e estimate very roughly that particles
gaining more energy than about 1 GeV mould pene-
trate the steel shield separating the scintillator
from the anticoincidenee detector; thus me take 1
GeV as an uppex limit for detectable energy gains
in this experiment. The unbound-proton lifetime
in this experiment is &1.5&102e yr, that for bound
nucleons is &10"yr, and we take one half of the
latter value for electron tachyonic decay.

7. The experiment of Kropp and Beines (2965).
This is essentially the experiment of Giamati and
Reines" just listed, repeated with greater sensi-
tivity. The authors give 9-10 MeV as the mini-
mum detectable energy, and me simply take 10
MeV as the minimum recoil kinetic energy for
free protons, bound nucleons, and electrons. A
value of 10 yx' ls quoted Rs the xnlnlxnuxn nucleon
lifetime (most of. the nucleons observed in this ex-
periment are bound). Since the lifetime for bound
nucleons from this experiment is ten times as
large as that from the essentially identical experi-
ment of Giamati and Reines, me take 10 times the
free-proton lifetime from the latter experiment,
or =1.5x10'~ yr, as the result for the minimum
lifetime for free protons.

8. The experiment of Gurr et al. (2967). Here
charged particles assumed to come from. nucleon
decay are detected in a liquid seintillator arxay
3200 m underground. The minimum detectable
energy is 20 MeV; me mill take this value for free
protons, bound nucleons, and electrons. The life-
time limits quoted are ~1028 yr for free protons
and R10"yr for bound nucleons.

9. The exPeriment of der Mateosian and GoM-
AQ58f' (2959). This experiment was designed to
look for charge-noneonserving electron decays,

and thus can be reintex'preted to yield information
only about electron taehyonic decay. The authors
look for effects in an NaI crystal following the de-
cay of K-shell electrons in iodine. , %e estimate
that an elastic tachyonie decay of such an electron
resulting in an energy gain greater than the bind-
ing energy of ™30keV would also produce a signal
in this experiment. These authors obtain an elec-
tron lifetime of ~10"yr.

10. The experiment of Moe and Iteines (1965). '
This is the same experiment as that of der Mate-
osian and Goldhaber, mith greater sensitivity.
The electron lifetime obtained here is ~2x10" yr.

IV. HEAT FLOK FROM THE EARTH

7 ~ 1.5+10 AE yx &
(4.2)

mhere again AE is in MeV.
The above results on the earth's heat Qow are

entirely valid if the heat Qom is interpreted as
Rx'lslng from tI16 Rbsox'ptlon of positive-energy
tRcI1yons. However~ lf QegRtlve-energy tRchyons
are being emitted, then me are assuming that these
tachyons do not interact often with other (moving)

The outward Qux of heat at the earth's surface
is known to within about 10%"; its value is about
3@10"W, or =2@10"MeV/sec. The total number
of nucleons in the earth is about 4&&10", almost
all of mhich are bound nucleons, and there are
about half this many electrons. The exact concen-
trations of radioactive substances inside the earth
(primarily potassium, uranium, and thorium) are
not knomn, but the heat Qom from the earth is in
rough agreement with that obtained from making
reasonable assumptions about the amounts of the
three elements named. " To obtain lower limits
for the bound nucleon and electron lifetimes with
respect to the elastic tachyonie decay reactions
(1.3) and (1.4), we proceed in the following con-
servative fashion. : ..--We attribute gE$ of the heat
produced in the earth's interior to the tachyonic
processes under investigation, and we use for the
heat produced gmce the heat flux measured at the
earth's surface, to account for the fact that some
of the heat produced inside the earth xnay not yet
have arrived at the surface. " With this procedure
the heat Qow from the earth yields for the lifetime
of a bound nucleon with respect to elastic tachyonie
deCRy

(4 1)

where 4E is the enex'gy gain of a nucleon in MeV.
If, folloming the same procedure, twice the earth' s
heat flux is attributed to the elastic tachyonie de-
cay of the electrons inside the earth, then for
electrons
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FIG. 2. Lifetime 7 for elastic tachyonic decay of free
protons vs energy gain 4E in the proton rest frame. The
horizontal lines are lower limits for the lifetime over
the specified energy range; the diagonal dashed line is
the lower limit of bound-nucleon lifetime implied by the
heat flow emanating from the earth. Also given on the
abscissa is the scale for the tachyon liberty mass in

decays involving a single tachyon. The hatched area is
the allowed range of lifetimes.

particles inside the earth in such a way as to re-
move energy from them. If this occurs, the net
heat production could be much smaller than the
energy gRlned ln the orlglnRl tRehyon emission
processes.

The lifetime limits derived in the previous three
sections Rl e summarized ln Figs. 2~ 3~ Rnd 4~

which show the minimum lifetime versus energy
gain for free protons, bound nucleons, and elec-
trons, respectively. In each figure the hatched
area represents the possible lifetimes for proces-
ses (1.3) and (1.4). The abscissa is given both in
terms of energy gain ~ (=kinetic energy) and
tachyon liberty mass p for process (1.3) [p. also
is the tachyon-pair invariant mass divided by g in
process (1.4)]. The energy gain is given in terms
of g by the second term in Eq. (1.5). The limits
of Secs. II and III are given by the horizontal lines
in these figures, and those of Eqs. (4.1) and (4.2)
are the diagonal lines.

We note that in the ease of taehyonic decay of
bound nucleons, for energy gains smaller than -I

FIG. 3. Lifetime v for the elastic tachyonic decay of
bound nucleons vs energy gain d E in the nucleon rest
frame. The horizontal lines are lower limits for the
lifetime over the specified energy range; the diagonal
line is the lower limit of lifetime implied by the heat
flow emanating from the earth. Also given on the abscis-
sa is the scale for the tachyon liberty mass in decays
involving a single tachyon. The hatched area is the al-
lowed range of lifetimes.

MeV, a single nucleon would not be able to escape
from a nucleus. Thus if the decay (1.3) involves
only tachyons having a specific liberty mass, the
entire nucleus must recoil against the tachyon,
and the energy gain of the nucleus, which is given
by the second term of Eq. (1.5), wouM be smaller
than for a single nucleon. For this reason an ex-
trapolation of the diagonal line to smaller energy
values than are given in Fig. 3 must be done with
caution. The same remark holds for extrapolating
the diagonal line for atomically bound electrons in
Fig. 4 to values much smaller than the lower
kinetic-energy limit of 10 keV shown in the figure.

To translate the very long lifetimes obtained into
coupling constants, we write down a very simple
rate calculation for the two-body proton decay
(1.3):

Here m is the proton mass; (p/~) is the two-body-
decay phase space, where p is the proton recoil
momentum, ' and M is the decay matrix element,
which we write as
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from the present search. For bound nucleons
(electrons) recoiling with kinetic energies around
1 MeV (0.01 MeV), the lifetime limits imposed by
the heat flow from the earth require coupling-con-
stant values which are only a few orders of mag-
nitude larger than that from the present search.
A much smaller value can be obtained from the
result of Gurr et al."for bound nucleons and a re-
coil energy of, say, 100 MeV (p =450 MeV/c).
From these authors' lifetime of 7 &3&10"sec one
obtains

&'s10 ".
Similar small numbers, modified somewhat by
phase-space factors, would also result for the
three-body decay (1.4). These numbers are ex-
ceedingly small; they can be contrasted with the
gravitational coupling constant which is, in dimen-
sionless form,
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FIG. 4. Lifetime w for the elastic tachyonic decay of
atomically bound electrons vs energy gain QE in the elec-
tron rest frame. The horizontal lines are lower limits
for the lifetime over the specified energy range; the
diagonal line is the lower limit of lifetime implied by
the heat flow emanating from the earth. Also given on
the abscissa is the scale for the tachyon liberty mass
in decays involving a single tachyon. The hatched area
is the allowed range of lifetimes.

M =Em,

where e is a dimensionless coupling constant.
From the search reported here, for a recoil kine-
tic energy of 5 MeV (p =100 MeV/c), ~a 6x10"

2 5)(]0 39

where m is the mass of the proton.
We conclude that for recoil energies greater

than about I MeV the interaction which would me-
diate the tachyonic processes p- p+t' and p- p+ t
+ t involving negative-energy tachyons, or the cor-
responding ones for electron decay, must be very
much weaker than the weakest established inter-
action, that of gravity.
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