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An upper limit of 1.5% (90% confidence level) is found for the branching fraction

X(3554) = ymta a0,
It has been suggested that the channel g7 7~ m®
could be a significant decay mode of the J*€
=2** x(3554) meson.! Since this is a strong-
interaction decay, it might compete favorably with
electromagnetic decays even though the x(3554) has
a mass which is only 43 +5 MeV above threshoid for
this decay channel. (However, there are theoretical
arguments that refute this suggestion.?) In addition,
there has been a recent experimental indication that
the x(3554) — ym*m~w° branching fraction is of the
order of 45% +15%.°> The purpose of this paper is to
establish an upper limit of 1.5% for this branching frac-
tion. An important application of this result involves
the production of y mesons by hadrons.* In deter-
mining the extent to which hadronically produced y
mesons come from X decays, one must examine all X
decay modes involving a ¢, including the known
X = ¢y. ’

We have previously investigated the degree to
which ¢ mesons produced in 7=~ Be collisions at 190
GeV/c come from X — ¢y decays.® Our data were
obtained in a large-acceptance multiparticle spectrom-
eter which was triggered on ¢ mesons decaying into
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wtu™® Because of our excellent yy mass resolution,
we could resolve the 1+ and 2% x states at masses
of 3.507 and 3.554 GeV, respectively. We found that
the x(3554), through the decay x(3554) — ¢y, ac-
counts for 12% +4% of  production. Since the
x(3554) — yy branching fraction is known to be
15.4% +2.4% we can measure the X(3554)

— 770 branching fraction by determining the
percentage of ¢ mesons produced by this decay
mode.”

We can observe the decay X(3554) — ymr*m~m° by
examining Y ¥~ masses. Since the ¢ and all three
pions have small momenta in the X(3554) rest frame,
the X should appear as a signal just below the mass of
the X minus the mass of a #° (Ref. 8). Alternative-

"1y, we can look at the effective-mass difference

between all p, a*7~ combinations and the corre-

sponding w*u”, for those events having u*u ™ in the
¥ mass region. Then it is not necessary to assign the
¢ mass to the dimuon. The x(3554), if it decays into
ymtw~m® should appear as a signal just above twice
the mass of a charged pion.

From a sample of 42500 w*u~ events in the mass
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region 2.95 to 3.25 GeV produced with an average
‘beam momentum of 190 GeV/c, we have determined
this mass difference. The data contain 38 000 y
mesons and 4500 background events. The ¢ mass
resolution has a o =32 MeV. The result is plotted in
Fig. 1(a). There is no significant X(3554) signal at
~300 MeV. The prominent §' — ym*7~ peak at 590
MeV serves as a stringent test of our technique and
our mass resolution. Like-sign dipion data are used
to determine the background in Fig. 1(a). The
smooth curve comes from a fit to the effective-mass
difference between p.*p,‘vrivr:t and u"u”, allowing
for a ¢’ resonance. The background-subtracted data
are shown in Fig. 1(b). A fit to the ' signal gives a
¢'-y mass difference of 589.7 + 0.6 MeV, compared
to the value of 588.7 +0.8 as measured by Liith

et al.® The mass resolution is 5.6 +0.7 MeV.

The overall 7*m~ acceptance, including effects of
geometry and pattern recognition, is 58%. Since we
have measured the ¢’ cross section from ' — u*u~
decays using the same apparatus,® we have confirmed
that the number of ¢’ events from Yo *7~ decays, as
indicated in Fig. 1, is consistent with our acceptances.
Thus the width and height of our ¢’ peak verify our
ability to detect similar signals.

To indicate the sensitivity of our experiment to
X — g +tm~n® decays, we show as a dashed curve in
Fig. 1(b) the signal we would expect if 10% of the
mesons came from this decay mode. (This would
correspond to a X — ymr*7w~m® branching fraction of
13%.) This Monte Carlo study generated X’s having
x and pr distributions equal to those we have mea-
sured for the ¢. The X was allowed to decay isotropi-
cally. The total width of the signal is 43 MeV. This
is large compared to our mass resolution.

The dashed curve contains 2040 combinations
below 325 MeV in Fig. 1(b), compared to the 170
combinations that we observe. Most of these 170
combinations are probably due to a contamination of
Yy events in which there is a y — e*e™ conversion in
the production target and the electrons are assumed
(incorrectly) to be pions. Since we cannot determine
the extent of this y-conversion effect experimentally,

2400 T T T T
2000+ o A
1600 -
1200+

800

400

400

Combinations / 5 MeV
o
+

300

200

100

o0f W M M |

1 1 I
0.3 0.4 05 0.6 0.7
Mass difference (GeV)

FIG. 1. For each w*u~n*7~ combination with a uw*u™
mass between 2.95 and 3.25 GeV, the difference between
the u*u~n*m~ and p*u~ effective masses is plotted. Fig-
ure (a) contains the number of combinations for each 5-
MeV bin for this mass difference. Figure (b) shows these
data after a background subtraction. The smooth curves,
background determination, and dashed histogram are ex-
plained in the text.

we use these 170 combinations to establish that less

than 0.8% +0.2% of hadronically produced y mesons
in 190-GeV/c n~ Be collisions come from

X — y7*mr~m® decays. This corresponds to an upper

limit of 1.5% (90% confidence level) on the

X — ya*w w0 branching fraction. Thus our result is
not consistent with suggestions’? that the

X — Ym0 branching fraction is significant.
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