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relative velocity of the two particles. In the
ultrarelativistic limit |[V,~V,!=2c.

Since the solution to Eq. (6) is very well known,
we may write down the small-angle scattering
amplitude. As before,! we write the small-an-
gle scattering solution as

= 1n9)2 . - 1 12
fCoul(e) [-n/2R(36) ]epoz(UO nlngd), (12)
where 6 is the scattering angle in the center-
of -momentum system,

o, =arg(1 +in), (13)

and &, n are now given by Egs. (8)-(9).

The small-angle scattering formula given
above reduces to the usual nonrelativistic re-
sult at low energies. At very high energies,

where E > m, +m,, the phase of the forward-
scattering amplitude is reduced in magnitude
by a factor of two from the phase which we would
obtain for an ultrarelativistic particle of charge
Z e scattering from an infinitely heavy station-
ary particle of charge Ze.

For the scattering of pions by protons at 8
BeV/c, n=4i(e?/nc) (1.06); at 14 BeV/c, n=4(e?/
fic) (1.03).
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Atomic Energy Commission.
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The study of the properties of the B meson!~3
has been considerably impeded by the presence
of background. The decay of the B meson into
w +m permits us to try reducing this background
by purifying the w sample. As is well known,*?®
the w-decay matrix element is proportional to
®; xﬁj). This leads to a density distribution
in the w Dalitz plot that is peaked in the center
(i.e., equal energies for the three pions), and
vanishes on the periphery (i.e., all three mo-
menta collinear). It is therefore possible, by
choosing a sample of events corresponding to
the central region of the Dalitz plot, to improve
the w-to-background ratio considerably. Fol-
lowing such a procedure we obtain the supris-
ing result that the “purified” w sample does
not appear to lead to significant wm enhancement
in the B-meson mass band. On the other hand,
the “diluted” w sample, corresponding to events
closer to the periphery of the Dalitz plot, leads
to a marked enhancement in the 47 mass dis-
tribution.

In this note we are reporting on the analysis
of 77p and 77p interactions at 3.65 and 3.7 BeV/c,
respectively, corresponding to the reactions

1t +p =1t +77 +70+7E +p. 1)

The work on the 7t interaction was carried
out in the Brookhaven National Laboratory 20-
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in. hydrogen bubble chamber exposed in the
Brookhaven-Yale beam® at the AGS. The work
on the 7~ interactions was carried out in the
Lawrence Radiation Laboratory 72-in. hydro-
gen bubble chamber exposed in a negative-par-
ticle beam” at the Bevatron. The 71p data (1997
events) were analyzed by conventional methods.®
The 7~ p data (930 events) were analyzed on
the Lawrence Radiation Laboratory Flying-Spot
Digitizer® (F-SD) and by associated programs.®

For each event corresponding to Reactions (1)
two neutral pion triplets 7*r~7° can be formed.
In the 77p reaction, for example, we can label
the four pions Tra+, 7~,7%7p*. The two neutral
mass triplets are then M3 =M (na+7r‘110) and
M3b=M@=1%,*). To study a 7+, w interaction
we choose events for which at least one mass
triplet, let us call it na+n‘1r°, lies between two
limits, M pyin,Mmaxs corresponding to the
“experimental width” of the w meson.!*

Thus we can select a sample of events fulfill-
ing the condition

760 <M, <820 MeV. 2)

This sample then contains the majority of the
events corresponding to the channel

mt+p~w+nt+p, 3)

as well as events for which three pions are
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artificially constrained by condition (2).
latter we call “background events.”
Although experimentally we have no way of
distinguishing between “true w events” and back-
ground events on an individual basis, we can
get samples enriched in true w events by utiliz-
ing the properties of the w-decay matrix ele-
ment. In Fig. 1 we illustrate the normalized
Dalitz plot for the TTa+7T_TT° system for events
selected according to condition (2). Here x
=(T;+-T5;-)/V3Q and y =To/Q are the usual
Dalitz coordinates. We have chosen to examine
two regions of the Dalitz plot, which are de-
lineated by a curve of equal probability corre-
sponding to the square of the w matrix element,
A, given by

These

5 XB 2
A= [Bes=] @
The separation between the two regions is giv-
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FIG. 1. (a) Normalized Dalitz plot for all mass trip-
lets with M (rt7~7) between 760 and 820 MeV. (b) Ra-
dial density distribution for the data in (a). The radius
quoted refers to radius measured along the y axis.

The areas are delineated by a curve of equal probabil-
ity for the w-decay matrix element. The dashed line
represents the background estimate considered as iso-
tropic over the Dalitz plot. (c) Same as (a) with the
additional condition that 1160 <M (47) < 1300 MeV.

(d) Same as (b) with the additional condition given in (c).

en by the dashed curve in Fig. 1(a). This cor-
responds to a value of A =0.07. From integrat-
ing expression (4) over the Dalitz plot, we find
(for a pure 17~ state) that 50% of all w’s should
be contained in the central region. The contri-
bution of the background events to the central
region will be proportional to the area, which
amounts to only 29% of the total area. We as-
sume here that the background events are uni-
formly distributed (i.e., according to phase
space). In order to estimate the experimental
ratio w/background in the respective regions
we employ the following method. We include
all 7tr~7° mass triplets in a normalized Dalitz
plot. Since the curve delineating the two regions
can be expressed in terms of the x and y Dalitz
coordinates, one can apply the analogous sep-
aration to all mass triplets, as was done for
the w band.!? The resulting two 77 ~7° mass
plots are shown in Fig. 2(a) for the central re-
gion and Fig. 2(b) for the peripheral region.
We have estimated the background underneath
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FIG. 2. The three-pion mass distributions. The
curves shown correspond to phase space. (a) Pion
triplets with Dalitz coordinates x,y lying in the “cen-
tral region” as defined in the text. (b) Pion triplets
with Dalitz coordinates lying in the “peripheral region”.
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760 s M(m*mr-7w°) < 820 MeV
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FIG. 3. The four-pion mass distributions, where
one neutral three-pion mass is given by condition (2) in
the text. The curves shown correspond to phase space.
Computed by a Monte-Carlo method as described in
the text.

the w peak by comparison with the mass regions
below and above the w mass. For the entire
data we obtain the ratio “true w”/background,
R=2.9:0.2, whereas for the central and periph-
eral regions the ratios are R,=5.7+0.8 and
Rp=2.1x0.2, respectively. The values of R¢
and Rp are in good agreement with the values
computed from the w matrix element and R for
the entire data.

We note here that the n meson (JPG=0"")
stands out clearly above background in the pe-
ripheral region and is hardly discernible in
the central region. This can be understood in
terms of the well-known feature that the high-
est density for n decay occurs at low 7° kinetic
energies.

In Fig. 3 we show the 47 mass distribution
for events selected according to condition (2).
The shaded histogram shows the distribution
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FIG. 4. Same as in Fig. 3 with the two regions of
the Dalitz plot given separately. (a) Pion triplets in
the central region of the Dalitz plot. (b) Pion triplets
in the peripheral region of the Dalitz plot.
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for events without N*** formation.*® The dark
shaded region corresponds to “double w” events,
i.e., events for which both pion triplets fall

in the w mass band.!* It is noteworthy that
these cluster below the “B-meson” mass band.
The curves shown correspond to phase-space
calculations by a Monte-Carlo method,!® which
takes into account reflections due to resonance
formations, viz., wN*, wprm, nooN*, and manmp
in the experimentally observed ratios. As may
be noted, the “B meson” appears as a well-
defined peak in our data.

We now proceed to calculate the 47 mass dis-
tribution with pion triplets from the two regions
(see Fig. 4). Here we note the surprising ef-
fect that the B enhancement appears to be pri-
marily associated with pion triplets from the
peripheral region[see Fig. 4(b)]. The observed
peak occurs at E =1220 MeV and has a full width
at half-maximum of approximately 80 MeV.

On the other hand, the four-pion mass distri-
bution corresponding to the highly purified w

mesons from the central region does not show
a significant peak at the B-meson mass band.
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We may now reverse the argument and ask
what type of Dalitz density distribution is ob-
tained for “w” mesons produced in the decay

of the B meson. For this purpose we chose

the central band of the B meson by selecting

a mass between 1160 and 1300 MeV in the four-
pion mass spectrum. The Dalitz plot for the
71 n° mass triplets fulfilling condition (2)

and the radial density distribution plot, are
shown in Figs. 1(c) and 1(d). As may be noted,
the data deviate from the calculated curve cor-
responding to the w matrix element and 25.49
background. The probability that the experi-
mental distribution corresponds to a pure 17~
matrix element together with the average back-
ground is <0.5%. This result is not indepen-
dent of the observation shown in Fig. 4, and
reflects the statistical reliability of the effect
we have observed.

We can now summarize what we have learned
about the B meson.

(a) When all available data!~3® are considered
there is good evidence for an enhancement in
the four-pion mass distribution if the neutral
pion triplet is restricted by condition (2). This
enhancement, with Ep=1220 MeV and I'g =120
MeV, has been called the B meson.

(b) From our present work it appears, how-
ever, that the B meson may not be primarily
associated with the JPG=1"" » meson. Fur-
thermore, the observed B peak appears to be
somewhat narrower than indicated in the com-
bined results of earlier experiments.

(c) There does not appear to be any 27 or KK
decay mode for the B meson.'”!® This rules
out the spin-parity JP =17 and 3~ assignments
for the B meson.

It is not clear to us at present what the cor-
rect interpretation of the B peak is. Some pos-
sibilities we have considered are the following:

(a) Distortion of the matrix element due to
final-state interactions. —Here we consider the
possibility that the effect we observed is due
to B— 17 +w but that the w matrix element is
distorted because of the B-decay process. The
effects of Bose statistics will be more pronounced
for the “double w” events. As was pointed out
above, however, these occur primarily outside
the B peak (see Fig. 3). Furthermore, the ra-
tio of Fw/FB is such as to make distortion ef-
fects unlikely.

(b) A kinematical enhancement.—Such an en-
hancement can come about, for example, by
the presence of two constraints.’® One constraint

is the artificial one introduced for the “back-
ground events” by condition (2). The other con-
straint would have to be a natural one due to

the presence of a two- or three-particle reso-
nance other than the w.2° There is no convinc-
ing evidence for the occurrence of such a mech-
anism for the B peak in our data. We cannot
rule it out, however.

(c) Decay into four pions.—We can make the
assumption that the B meson is indeed a reso-
nance and that the wr decay mode is rigorous-
ly forbidden. This would occur in the case of
aJPG=-o™ assignment for the B meson, for
example. Such a meson could decay into four
pions. The problem, however, is to explain
why three of these pions appear to be bunched
in the vicinity of the w-meson mass, since on
simple phase-space considerations only 12%
of the three-pion-mass triplets would fall into
the mass band given by condition (2).

(d) Decay into a 7 and a definite three-pion
state with JP# 17. ~If the B meson, considered
again as a 0% particle, decays into a pion and
a definite three-pion state with mass similar
to that of the «w meson, the quantum numbers
of such a three-pion state would be 7=0 and
JPG=O"_, 177,277, etc. We note here that
for the above JPG assignments to the three-
pion system the density distribution goes to
zero at the center of the Dalitz plot. Our data
alone do not have the statistical accuracy, how-
ever, nor do we have any direct evidence to
ascertain the existence of such a three-pion
state.

This work would not have been possible with-
out the help of many people. While space limi-
tation does not permit us to thank all of them
individually, we do wish to single out a few.
We wish to thank Luis W. Alvarez for making
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Bevatron crew under Edward J. Lofgren and
Walter D. Hartsough; the bubble chamber crew
under Robert Watt and Glen Eckman; the F-SD
crew under Howard S. White and our own scan-
ning staff at Berkeley; R. Shutt for making the
20-in. bubble chamber available to us; the AGS
crew under K. Green and J. Spiro; and the 20-
in. bubble chamber crew, and in particular
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haven. Finally, we wish to acknowledge the
help of John L. Brown and George H. Trilling
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An example of such a “kinematical enhancement”
was observed in the present data. If we artificially
constrain M0 to lie between 510 and 710 MeV, we
observe a marked peak at 1010 MeV in the 47 mass
distribution. This comes about because of the pres-
ence of the natural constraint in M3%, the w meson.
This example is discussed in reference 3.

®Here one may comment that if such a mechanism
were present, one would expect a peak similar to the
B, but displaced in mass, to occur when we constrain
background events outside the w mass as well. We
have looked into the possibility, but find that any such
effect, if it occurs, would be masked because of the
overwhelming number of w mesons present in the data.



