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intermediate p was not produced.
i~B. T. Meadows, Syracuse University High Energy

Physics Memo No. 12-71, 1971 (unpublished).
2Besides the matrix elements included in Table II we

have tried the matrix element suggested by V. Oglievet-
sky t. see V. Oglievetsky, W. Taylor, and A. Zaslavasky,
Phys. Lett. 35B, 69 (1971)l, which appears to be almost
identical with the 2 dipole matrix elements and achieved

the same fit probability.
i3J. P. Dufey et al. , Phys. Lett. 29B, 605 (1969).
'4We have not subtracted any background from the decay

distributions of q' —n+m y since from the side bands we
determined that their contribution is isotropic.

~5The y2 probability that the significant moments up to
l, m=5 are all zero is &80% in all reference frames.
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We observe substantial B-meson production in m d interactions at 7 GeV/c. The observed mass and

width of the B are 1217+ 12 MeV and 115+40 MeV, respectively. We find that the B is produced

largely in quasi-two-body final states, and, on the basis of the observed b, B production cross section,
we expect a large mA, B coupling which should be observable in other reactions.

Although the B meson was discovered about 10
years ago, ' many of its properties are still rela-
tively poorly known. Most of our knowledge con-
cerning the B comes from the reactions m'P -+m'P
(Ref. 2) and PP-&uv'v at rest. ' There has also
been some evidence for B production in the reac-
tion K d-PA~m .' The data indicate that the spin-
parity of the Bis likely to be J =1'; however,
assignments of 2', 3, 4', and higher cannot be
excluded. The Particle Data Group' lists values
of 1233+10 MeV and 100+20 MeV for the mass
and width of the B, respectively. The available
data, however, are not entirely consistent, with
mass values ranging from 1200 MeV to 1260 MeV,
and widths ranging from about 80 MeV to about
200 MeV. It appears that the total cross section
for B production is falling rather slowly as a func-
tion of beam momentum (-1/g, ) .'

We present here a study of B production in the
reaction

7T d ~ PP7T 77 F W 1T ~

The data are derived from exposures of the SLAC
and BNL' deuterium-filled bubble chambers to
beams of - f-GeV/c s mesons. These exposures
yielded -20 ev/p, b of cross section. The film was
scanned for five-pronged events which had one
track that could be identified by ionization as a
proton candidate, and for six-pronged events
which had two proton candidates. Owing to these
scanning rules, our data are unbiased only for
values of the square of the momentum transfer
from the deuteron to the two outgoing protons of

less than 0.'7 GeV'. These events were subse-
quently measured and processed through the TVGP-
SQUAW programs yielding a total of 1616 events
belonging to reaction (1).

Figures 1(a) and 1(b) show the v'v v' and
m'm m m' mass spectra for these events, respec-
tively. The shaded region of Fig. 1(b) corresponds
to those r'n m ~'mass combinations whose m'm 7T'

mass lies within 65 MeV of the peak. An enhance-
ment is visible in this mass spectrum in the B re-
gion.

Our measuring resolution (a) in the n'v v' mass
spectrum at the mass of the & is -20 MeV. In
order to both improve our mass resolution and to
provide a means of v selection, we further fitted
all events that had made acceptable fits to the one-
constraint hypothesis of reaction (1) and which
had at least one m'~ m' mass combination less
than 1000 MeV to the two-constraint reaction

7t' d PP c07l 7l'

(2)

A total of 605 events made acceptable fits to this
hypothesis. ' The shaded area of Fig. 1(a) shows
the 7t'm m' mass combinations identified as ~'s
by this two-constraint fit. Figure 1(c) shows the
~m mass spectrum for the events identified as
belonging to reaction (2). The 8 meson is clearly
visible at -1220 MeV. The dashed curve is the
result of a low-order polynomial fit to the histo-
gram assuming no resonant peak. If the observed
enhancement were a statistical fluctuation, it
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FIG. 1, (a) n n m mass spectrum for reaction (1); the cross-hatched events are the n n. 7r combinations selected as
cu's using the 2-constraint fit of reaction (2). {b) m+7I' 7I mo mass spectrum for reaction (1); the cross-hatched events
correspond to those combinations whose x+n x. mass lies within 65 MeV of the co peak. (c) cup" mass spectrum for
reaction (2). The dashed curve is the result of a low-order polynomial fit to the histogram while the solid curves are
the result of a fit of the data to a Breit-Wigner resonance shape and a polynomial representation of the background.
The8-mass region extends from 1117 MeV to 1317 MeV while the control regions C1 and C2 go from 1017 MeV to 1117
MeV and from 1317 MeV to 1417 MeV, respectively.

would represent an unlikely 5 standard deviation
fluctuation above this curve. The solid curves
show the result of a fit of the data to a Breit-
Wigner resonance shape and a polynomial repre-
sentation of the background. ' The mass and width
of the Breit-Wigner curve were varied and the best
fit was obtained for a mass of 1217 +12 MeVand an
observed full width at half maximum (1') of 130+40
MeV. Correcting the observed width for our ex-
perimental resolution, which is -15 MeV at the
B mass, we obtain a value of 115+40 MeV for the
width of the B.' After correcting for unseen co

decays and for losses at high momentum trans-
fer, "this same fit yields a cross section of 23+5
pb for the reaction ~ d-PPB ~ . This compares
with a value of -40 pb for the reaction ~'P- B'P
at 7 Gev/c. e

We attempted to gain some information about
the spin-parity of the B by using polarization in-
formation from the u decay. To this end we exam-
ined the angular distribution of the normal to the
u-decay plane in the + helicity frame. This dis-
tribution (not shown) is consistent with sin'8, im-
plying an absence of longitudinal (d polarization,
and ruling out the 0 spin-parity assignment for
the B. Attempts to gain further information about
the B spin-parity using the Berman- Jacob method"
were inconclusive.

To investigate the possibility of quasi-two-body
B production in our reaction, we examine a scatter
plot of the &w mass versus the invariant mass of
the proton and the other v meson [Fig. 2(a)]. (We
have chosen the spectator to be the proton with the
lower value of momentum and do not include it in
this or all subsequent plots. ) An excess of events

is apparent in the Ao(1236)B overlap region; there
is also possibly a small excess in the overlap be-
tween the B and the N* region around 1600 MeV. "
To investigate these further, Fig. 2(b) shows the
mass of the Pm system produced opposite the B,
where we have taken the B region to be 200 MeV
wide and centered at 1217 MeV. A strong ~' sig-
nal is observed, and, again, an additional enhance-
ment in the 1600-MeV N* region. Figure 2(c)
shows the distribution of the background-subtracted
P~ mass produced opposite the B, where we have
subtracted from the events in the B mass region
the P7) mass spectra for 100-MeV-wide control
regions above and below the 200-MeV-wide mass
band of the B [ see Fig. 1(c) ]. Clear enhancements
are visible at the &' mass and in the 1600-MeV ¹

region. Correcting for all decay modes, we ob-
tain cross sections of 26+10 p.b for the reaction
m d pB 4 and 23a9 IL(, b for the reaction m d
-pB &*', where our ~' and N* cuts extend from
threshold to 1400 MeV and from 1400 MeV to
1720 MeV, respectively. (Because we are unable to
distinguish between the different E*'s in the 1600-
MeV mass region we have arbitrarily assumed
that the N* decay rates into two-body and three-
body final states are the same. ) We note that
about V0% of the B production in reaction (1) ap-
pears to proceed through quasi-two-body channels.

Reactions of the type ~'P-B'P can proceed
through either isoscalar or isovector exchange,
with the exchanged particle being either an ~ me-
son or an A, meson, respectively (see Fig. 3).
The 1y*B production in reaction (1) can also pro-
ceed through the same exchanges; in contrast, how-
ever, & B production can only proceed through
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I=1 exchange. Fox has calculated the cross sec-
tion for & B production in our experiment assum-
ing A., exchange. " He predicts a value of 32 pb
for this cross section, a result consistent with our
observed value of 26+10 pb.

In Fig. 3(d) we display t —t;„(t') for the B mass
cut where we define I; to be the square of the mo-
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mentum transfer from the incident m to the out-
going ~m system. We also show the same distri-
bution after background subtraction in Fig. 3(e).
The t' spectrum is fairly flat, consistent with a
large A, -exchange component.

We are thus observing a rather large cross sec-
tion for a reaction presumably proceeding through
the exchange of an A, meson. This implies a large
m&,B coupling at the upper vertex in Fig. 3(c).
This coupling should also be observable in other
reactions and might manifest itself as a decay
mode of the 4, into B~. Although the A, mass is
slightly below the Bm threshold, a low-mass en-
hancement should be apparent in the Bm mass spec-
trum due to the Breit-Wigner tails of the decay
&,-B~. We speculate that the reaction m'n

—mm'w p, despite background problems, would

TABLE I. Summary of properties of the B meson. ~
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FIG. 2. (a) cur mass versus pm mass for reaction
(2); (b) p& mass produced opposite the B; (c)px mass
produced opposite the B after background subtraction.
See text for method of background subtraction. The 4
and N* regions extend from threshold to 1400 MeV and
from 1400 MeV to 1720 MeV, respectively.

Mass

cr(m d ppB m )

a'(v d PB n (1336))

0'(m' d —PB )V*0(1600))

1217+12 MeV

115+40 MeV

23+ 5 ILtb

26+10 pb

23~9 pb

~ Cross sections have been corrected for unobserved
decay modes and for scanning losses ~
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be the ideal process in which to search for the
decay A, —Bm."

In conclusion, we observe substantial B-meson
production in w d interactions at 7 GeV/c. We
have measured the mass and width of the B, but
can conclude little about its spin-parity. We ob-
serve that the B is produced largely in quasi-two-
body final states, and on the basis of the observed
~'B production cross section, we expect a large

mA, B coupling, which should be observable in
other reactions. A summary of our findings is
given in Table I.
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