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the direct hadronic decays of the $(3095). The
analysis of the pz decay cha,nnel leads to the re-
suit I =O. We conclude, therefore, that the $(3095)
has quantum numbers I~ =0 .

We wish to thank I. J. Gilman for useful dis-
cussions.
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FIG. 4. Dalitz plot for the & & & decay of $(3095).

ly seen. For events with 0.600& M,~&0.950 GeV/
c', the residual contamination is found to be neg-
ligible for pox' and on the order of 4% for p' v'.
The ratio between the production of neutral and
charged modes, @~0„o/(v~+~+a~ ~), should be
equal to 0.5 for I=0, or equal to 2 for I=2. The
experimental ratio is 0.59+ 0.17 which clearly
favors the assignment I =O.

In conclusion the branching ratios for multipi-
on final states strongly indicate odd G parity for
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'The direction of the p has an angular distribution of

1+cos 0 with respect to the beam axis. The angular
distribution of the ~'s from the p decay is sin 0
with respect to the p's direction in the center of mass
of the p. The normal to the plane containing the three
pions of the final state is distributed like sin 0& with
respect to the beam axis.
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The stability of the vacuum sets a lower bound of order o.'GF ' 2 on the Higgs-boson
mass. For the simplest SU(2) 8 U(1) model, this lower bound is 1.738&GF, or 3.72
Gev.

If the gauge symmetry of the weak and electro-
magnetic interactions is spontaneously broken by
the vacuum expectation values of a set of weakly
coupled elementary scalar fields, ' then there
should exist a corresponding set of massive sca-
lar particles, one for each elementary scalar
field, other than those corresponding to Gold-
stone bosons. These have come to be known as
the "Higgs bosons. " This note will present a
theoretical lower bound on the Higgs-boson mass.

It is usually said that gauge theories do not put
any constraints on the Higgs-boson masses, and
that experimental searches must consequently

explore all mass ranges, even down to zero
mass. ' This statement is based on lowest-order
perturbation theory. If the typical scalar mass
in the Lagrangian is of order 3f and the typical

coupling is f, then the scalar-field vacuum
expectation values (cp) will be of order M/v'f,
while the Higgs-boson masses will be of order
M. We more or less know (cp), whichis of order
GF '~'=300 GeV. ' But even for fixed (y), we
can apparently make the Higgs-boson mass MH
= (p) v'f as small as we like, by taking both f and
M to be sufficiently small.

However, if we make f too small, the effective
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potential becomes dominated by gauge vector-
boson loops and this argument breaks down.
These one-loop diagrams are of order e4cp4,

where e is a typical gauge coupling constant.
Hence there is an effective lower bound on f of
order e', and we expect a lower bound on the
Higgs-boson mass of order e'&y), or several
G V.

To make this precise, let us consider any gauge
theory with only a single scalar Higgs boson, ' as
in Ref. 1. The effective potential is then a func-
tion V(y) only of the modulus y'-=Q, C, t4, of the
scalar multiplet 4, We assume that V(p) can be
calculated perturbatively, but to take into account
the possibility that the y coupling is very weak,
we include one-loop as well as zero-loop terms.
It then takes the form'

V(p) = ——,M &p'+fp +(64m') ' Tr(3p, ~ Inp ~'+M 'lnM ' —4m 'lnm '),
where p, , M, and m are, respectively, the
zeroth-order vector, scalar, and spinor mass
matrices for a scalar-field vacuum expectation
value y. We can safely drop the M term, be-
cause if M is as large as the vector-boson mass-
es it is very much larger than the lower bound
we are trying to derive. We will also drop the
m term, because all the fermions we know are
much lighter than the intermediate vector bosons.
(This is the only term that would be affected by
strong interactions. ) The potential may then be
put in the form

V(y) = ——,M'y'+ By' ln(y'/M&'), (2)

where M& is a mass parameter chosen to absorb
all y terms in V(y), and B is a positive dimen-
sionless constant of order e',

B= (3/64m'y') Try—,
' = (3/64m'(y)') Q„p,„', (3)

with the sum running over all intermediate vec-
tor bosons. This potential has a local minimum
at a point &y) given by'

single scalar isodoublet, &y) is 2 '~'GF '~', or
247 GeV, and (7) becomes

'r2 ~ (2 g)
3& (2 +Be 9

(8)16 ' ' 16&2G

where 8 is the weak mixing angle. Even with 0
unknown, MH has the lower bound 1.738n/KGF,
or 3.72 GeV. For 0=35 as suggested by ex-
periment, the lower limit on mH is 4.9 GeV. As
noted by Ellis, Gaillard, and Nanopoulos, ' a
Higgs boson this heavy would decay chiefly into
heavy leptons and charmed hadrons, with a very
small branching ratio to p, 'jtj, pairs.

Similar arguments apply to theories with sev-
eral Higgs bosons, but the results are less use-
ful. In general, one can show that

(M H') ( g
&4' $) (4', ) - (3/I «)g, P „' ~

If we assume for simplicity that there are no
gauge-invariant scalar fields, then this yields
a lower bound on the heaviest Higgs-boson mass

&y)'[In(&q)/M, )'+-,'] =M'/4B (4) M„,„'~ (3C/16m')g„p, „'~,, p, „,', (10)

and the Higgs mass is

M„' = v "(&y)) = 8B&y)'[ln(&cp)/Mz)'+ —,'] . (5)

It may now appear that for given values of the
"known" quantities &y) and B, we can give MH'

any value we like by a suitable choice of f, or
Mz. However, not all these solutions are physi-
cally acceptable. The potential at the point (4)
has the value

V(&V») = —B&p)'(»(&I)/M )'+ 1] (6)

M„) 4B&cp) = (3/167I'&(p)')Q, p, (7)

For instance, in the SU(2)8 U(1) model' with a

and this must be less than V(0) =0 if the local
minimum is to be an absolute minimum. ' With
the logarithm thus constrained to be greater than
—1, Eq. (5) yields the lower bound

where C = O(e') is the smallest eigenvalue of the
gauge algebra Casimir operator g 9 .

However, there are reasons to suspect' that
the spontaneous breakdown of the weak gauge
symmetries may be described by an effective
field theory which has all bare masses zero, in
the sense of Coleman and Weinberg. ' In this
case, even if there are many Higgs bosons, it
is possible actually to calculate the masses and
couplings of the lightest one, in terms of other
masses. ' In an SU(2) 00 U(1) model with any num-
ber of scalar isodoublets, the mass exceeds the
lower bound (8) by just a factor v2 (or somewhat
more, if the scalar loop graph is appreciable).
For 0=35', this would give mH=7 GeV.

If the light Higgs boson has a mass of order
5-10 GeV, the best place to produce it may be
in a neutrino reaction. ' For a center-of-mass
energy E between MH and p, ~, the light Higgs bo-
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son would tend to be emitted from the exchanged
intermediate vector boson line. Aside from nu-
merical phase-space factors, the probability of
producing the Higgs boson would be of order
Q g2

I am grateful for valuable conversations with

S. Coleman and E. Gildener.
Note added. —After this paper was submitted

for publication, I received a Lebedev Physics
Institute report by A. D. Linde (to be published)
in which similar conclusions are presented.
Linde calculated the lower bound only for Abeli-
an gauge theories, but his estimate for the more
realistic SU(2) S U(1) theory agrees with the re-
sults given here.
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Data from a 15-Gev/c v+4 experiment have been used to search for both short- and

long-lived narrow resonances. No statistically significant high-mass narrow resonance
has been observed up to a mass of 5 GeV. There is a single long-lived V that remains
unexplained. Cross-section limits (95% confidence level) of 0.7 pb for the long-lived pos-
sibility and 2 to 4 pb for the short-lived possibilities have been obtained.

Since the discovery of the J(g) and g' narrow
resonances, ' there has been a lot of speculation
whether these resonances are the manifestation
of a new quantum number called charm. ' If charm
exists then it should be possible to form meson
and baryon resonances which contain the charm
quantum number. The least massive of the
charmed mesons and baryons should decay weak-

ly, implying long lifetimes and narrow widths.
There are many predicted decay modes for

these resonances' but to date only a few experi-
mental searches have been reported. There has
been one experiment looking for long-lived

charmed mesons' with a sensitivity several or-
ders of magnitude lower than ours. There are
a few other experiments which search for short-
lived high-mass narrow resonances with negative
results. ' Only one experiment has reported one
possible event which could be a charmed baryon. '
In our experiment, in addition to searching for
long-lived charmed particles, we also searched
for narrow high-mass resonances among such
final states as K'g', K'm'z, K'z'p', K p, K'n,
etc.

The data of this experiment come from an ex-
posure of a. 15-GeV/c rf-separated g' beam to
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