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One of the most remarkable facts in the field
of weak-interaction physics is the nonobser-
vation of bosonic leptons (b.l. ). In a recent
paper dedicated to "crazy" particles, Okun"
discusses the possibility of the existence of
bosonic leptons and baryons with leptonic and

baryonic quantum numbers nJ„,ng = 0,1. Be-
cause of the conservation of nL„ng, and angu-

lar momentum, bosonic leptons and baryons
with smallest mass must be stable. Up to the
present no such particles have been detected
and even if they existed, their masses should
be very large.

It is the purpose of this Letter to suggest
a more general possibility than that considered

by Okun', regarding the existence of bosonic
leptons, namely b.l. with nl. &1. It will be shown

that such particles could exist in a more acces-
ible mass range. Moreover it is possible that

they have already been observed, but, because
of an accidental mass degeneracy, ' the fact
was not realized. We formulate a concrete
model for b.l. and discuss its experimental im-
plications. The result is that b.l. , with the
properties postulated below, may influence in
a decisive manner certain weak-interaction
processes and may also offer an explanation
for the controversial m- p, asymmetry.

If b.l. have ni &1, they may decay into fer-
mionic leptons. In particular if there are mu-
onic bosonic leptons b& with n&

——2, the decay

b& —p + v& is possible. Furthermore if mb
-m~ or mb -m~, this decay would be masked

by the decays m —p. + v& or K- p. + v . Thus,

b& might appear as false pions or kaons.
In the following we shall limit our discussion

to the case n&
—-2.

We will now distinguish between two variants:
Variant I.—The lightest b& has mb -m~

(&m —= m~-mb& &0).
Present experimental data can be used to

establish an upper limit for &m. The most
restrictive limitation is provided by the deter-
mination of the pionic mass in range measure-
ments on muons emerging from stopped pions.
An analysis of this type of determination, per-
formed by Friedlander, ' yields at a 99.7%%ue con-
fidence level for an admixture of I%%uo b& parti-
cles (&m)m~-1. 5 MeV and for an admixture

of 5%%u& b& (hm)m~-1 MeV. The other methods
for m~ determination lead to much larger val-
ues of (&m)m~, as pointed out in Ref. 3.

Among others, the following weak decays
are possible with b&'.

K~b +p, +p,
p,

(3)

(4)

~ p, +v
p,

(5)

Decays (1), (3), and (5) might have been con-
fused with decays K- ~+ 2~' K» and ~ - p.

+ v&, respectively.
If the spin of b& is nonzero these particles

could emerge longitudinally polarized in the
weak decays (1)-(4) and the angular distribu-
tion of muons from (5) would be asymmetric.
Because of the mass degeneray mb -m~, this
effect could appear as an apparent asymmetry
of muons from weekly produced pions. Possi-
ble evidence for such an effect might be con-
sidered the r-p, asymmetry in T decay report-

376



VOLUME 18, NUMBER 10 PHYSICAL REVIEW LETTERS 6 MARcH 1967

ed by Cvijanovich and Jeannet' although this
result is still contested. '

The decay e, predicted by Cvijanovich, Jean-
net, and Sudarshan' for "spinning pions" is rig-
orously forbidden in our model because of n&
conservation. This is in accordance with ex-
perimental findings. ~ On the other hand, the
agreement between the experimental and the-
oretical branching ratio R = (n -e+ v)/(~- p,

+ v) could be invoked to get an upper limit for
the branching ratio q = (n 5—+ 2v)/(~ - p, + v).
Taking into account the experimental error
of 2.2%%uo in the determination' of R and the dif-
ference of -1.2'%%uo between Re~tl and Rtheor,
we get at a 99.7'%%uo confidence level qmax = 5.4%%uo.

Reaction (4) may lead also to a n-p. asymme-
try observed for strongly produced pions.
In this case, however, to get with a mass dif-
ference bm &1.5 MeV a branching ratio (v —b

+ v&+ v&)/(v - p. + v&) sufficiently large to ex-
plain the data of Ref. 9, the coupling strength
of b& with pions should exceed the universal
Fermi constant G, by several orders of mag-
nitude. " This should occur only for pions and
not for kaons where the mass difference rn~
-mf, is large enough. [For kaons the coupling
strength cannot be much larger than G as this
would yield an unobserved high probability for
decays (1) and (2).] A less far-fetched expla-
nation of the m- p effect for strongly produced
pions becomes possible in variant II (see be-
low).

If the spin of b& should be odd, one might
also expect the reaction

Z 0-b +bL p, p,
(6)

even if &t= is conserved. The probability for
this decay is limited by the observed"~" branch-
ing ratio (Kf s - 2v)/(Kf 0 - 3~) [the possibility
that the &L'- 2& effect might be due to Reac-
tion (6) is ruled out by the observed interfer-
ence between the &&-nonconserving and coher-
ently regenerated amplitudes "]. We have the
following:

K -b+b K -2n
L L

2&&10 s (7)'- all decays K '- all decaysL L

Such a minute limit seems, however, difficult
to reconcile with the magnitude of the m- p. asym-
metry reported in Ref. 4. If we assume that
this asymmetry is due to b.l. through Reaction
(3), inequality (7) suggests that the spin of b~

is even [Reaction (6) could then take place on-
ly through PC nonconservation].

The present model can be tested among oth-
ers by searching for Reactions (1) and (2).
This last reaction could be detected in an ex-
periment designed to search for the neutral-
current decay K- m+ p. + p. . The present upper
limit for this decay is given by" (K- m +P +p)/.
(K-all decays) ~3X10

Variant II.—There exist at least two boson-
ic leptons with g&=2, a charged one with mg
-m~ and a neutral one with my -0 (bosonic
neutrino ~b&).

The following reactions could then take place,
besides those of variant I:

and

K-5 +v
P, Ap

(8)

(9)

Decay (8) could have been confused with re-
action K- p. + v~, while decay (9) would hard-
ly have been observed directly because of the
small mass difference &m.

This is of course a fortiori true for Reaction
(4). Such a small mass difference is however
sufficient to yield a considerable contamina-
tion of pion beams with b& particles even if
the coupling constant ~bvb is of the same or-
der of magnitude as G."~' If b& emerge lon-
gitudinally polarized, this could lead to an ap-
parent spin for pions and to an apparent non-
conservation of parity in strong interactions.
Indeed, let us consider a reaction in which
the initial particles are unpolarized and in which
pions are generated at 0' or 180' with respect
to the incident particles. Because of parity
conservation in strong interactions, even if
the meson had a nonvanishing spin, it could
not emerge from this reaction polarized. How-
ever, if the r decays afterwards partially through
the weak reaction m- b~+ vt) &, b& particles
with mb -m~ and nonvanishing spin, generat-
ed in flight, may simulate longitudinally polar-
ized pions and thus lead to the above mentioned
conclusion. This effect could be tested by study-
ing the angular distribution of muons resulting
from b& generated in flight in pion beams (be-
cause of the smallness of &I, 6& particles
emerging from stopped pions are practically
in rest and therefore do not influence the an-
gular distribution of muons; that is why this
effect cannot be observed with stopped pions).
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The challenging fact is that possible evidence
for such paradoxal properties of "pions" exists
already. In Bef. 9 a significant angular asym-
metry and anisotropy of muons resulting from
0' pions generated in the reaction p+p -d+ v

was observed. Moreover, this effect was ob-
served only with pions which had passed a fil-
ter representing about one interaction mean
free path. &" If this effect is due to bosonic
leptons the role of the filter is easily interpret-
ed. It enriches the beam in b& by a factor of
about 4; and, taking into account the large sta-
tistical errors of the n- p. asymmetry measure-
ments, '&" this factor might be decisive. " Re-
cent results seem also to indicate that the ~- p,

anisotropy is larger for "pions" scattered through
small angles than for those which undergo large-
angle scattering. '8

Finally, if there exists also a b& with my
-m~ one should expect an asymmetry in the
angular distribution of decay products of kaons.
This could possibly explain the recent findings
of osborne. " All these considerations on the
E, r- p, effects, however, remain pure specu-
lations as long as these effects do not receive
unequivocal confir mation. '

To summarize'. Experimental data are com-
patible with the existence of charged bosonic
leptons with nI„=2 in the mass range my-0,
m~ -m~, and m~-rn&. Bosonic leptons can
be filtered in the same way as muons, from
which they can be separated, among other means,
by their specific decay properties. It would
be very interesting to apply this method for
the search for 5& in cosmic radiation where
such a filtration process is automatically ac-
complished in the atmosphere or underground.
To check the present model one should search
among others for the decays (I), (2), (8), and

(9). If the w- p, effect' is a, genuine one and due
to b.l. through Reaction (3), the following con-
sequences are deduced:

(a) The spin of b
&

is probably even.
(b) The branching ratio (E- 5 + 5 + v)/(E - all

decays) should be several percent.
The v- p, effect for strongly produced pions'

could also be due to b.l. through Reaction (4)
or (9). In this case, (c) vl, ) 7'z where r~77 p.
and v~ are the lifetimes of b& and ~, respec-
tively.

(d) g=(w-5+2v)/(v- p+v) and/or (v-5 +v~) /
(~- i +~) -1.5%.

(e) The angular asymmetry in the decay of
pions should increase with the path length of

the beam and with the thickness of the filter.
(I) The apparent branching ratio (w -e+ v)/

(m - p. + v) should decrea, se with the enrichment
of the pion beam in b &.

Some of these experiments are well within
the limits of present experimental possibilities.
Their performance is highly desirable given
the important consequences which w'ould emerge
if the existence of bosonic leptons should be
confirmed. Besides these new experiments,
it is of utmost importance to repeat n- p, asym-
metry measurements taking special precautions
concerning possible depolarization factors.

The author has benefited from highly instruc-
tive discussions on the experimental aspects
of these problems with E. M. Friedlander.
Ny thanks are due to V. Bittenberg for his in-
terest in this work and to S. Bernstein for help
in improving the manuscript.
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The supernova explosion of a, star is usual-
ly believed to result from a catastrophic im-
plosion which reverses into an explosion. A
mechanism for an instability which could lead
to such a catastrophic implosion has long ago
been suggested and investigated. '~' This insta-
bility is a.ssumed to occur when the temperature
of an iron core of a star rises to (5-6) x10"K
and the iron begins to dissociate into alpha par-
ticles and neutrons. Subsequently, it has been
pointed out by Colgates that the reversal of the
motion of a strong implosion poses severe prob-
lems. In this paper we report on dynamical
calculations of explosions triggered by an al-
ternative mechanism, namely, the dynamical
instability caused by pair formation. This in-
stability occurs in heavy stars prior to the for-
mation of any elements heavier than oxygen.
The implosion caused by this mechanism is
easily reversed by the oxygen burning. The
explosion following the implosion disrupts the
star, shedding out oxygen and its direct burn-
ing products (elements in the Mg-Si-S range)
and all lighter elements which may be present
in the envelope. No iron-peak elements are
formed during this explosion.

The mechanism of pair formation has been
considered by several authors2~~ but was believed
to be inadequate to result in any catastrophic

event.
Evolutionary calculations have shown that

stars heavier than (20-30)MO become dynam-
ically unstable because of pair formation. '
The instability sets in when the central temper-
ature rises to (1.5-2.2) x10"K, the lower tem-
perature corresponding to the heavier stars.
The evolutionary calculations of several mod-
els have been continued beyond the dynamical
instability by detailed calculations of the stel-
lar hydrodynamics. During evolution the star
contracts slowly preserving hydrostatic equi-
librium. After the occurence of the instabili-
ty the contraction is accelerated. Since in the
heavier stars oxygen is burning very slowly
at the moment they become dynamically unsta-
ble, the contraction gathers sufficient momen-
tum so that, before the motion is reversed,
the rate of nuclear reactions increases by many
orders of magnitude and an energy correspond-
ing to the consumption of several solar mass-
es of oxygen is released. This is despite the
fact that during the collapse the unbalance be-
tween the gravitational forces and the thermal
pressure gradients is only about 1 /o and thus
induces very sma. ll accelerations.

The behavior of a stellar model of 40 solar
masses composed of oxygen is shown in Figs.
1 and 2. The evolution was started with an isen-
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