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Evidence for a Neutral Boson of Mass 953 MeV and Narrow Width*
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A 20-standard deviation peak is observed at a mass of 953.4+2 5 MeV and with a physi-
cal width 1 & 15 Mev, produced with (da/dQ)c. ~. so =2 x 10 cm /sr in the reaction p+d—He + missing mass. The incident proton energy was 3 BeV and the proton-to-meson
and proton-to-He3 transfers t =-1.74 and u =-4 (Bev/c), respectively. The qo(958),
6 (963), and p (1019) are not observed and the p (765) not apparent in our data.

The high-precision, high-statistics missing-
mass spectrometer" search for the minor peaks
in the neutral-meson spectrum produced in the
reaction P +d-He'+X' has yielded the following
results.

(1) We have observed a narrow, neutral boson,
which will be referred to as $' in order to dis-
tinguish it from X'(958) = I)', with the following
mass, physical width, and isospin values:

M( =953.4'~ 5 MeV,

1", & 15 MeV (compatible with zero width), (2)

exclude a contribution from the rl' to the $ peak
gives rise to the asymmetric error in Eq. (1).

However, $ could be the recently reported
resonance4 of mass 953+ 2 MeV, I'&10 MeV,
called M, observed by the Brookhaven Bubble
Chamber Group, which decays into ~+a y. A
meson at this mass decaying into m'v y, called
D', was recently predicted' to be the ninth meson
with J~ =1". The invariance of the peak is dem-
onstrated in Fig. 2; it is observed at all three
subsamples, each at a slightly different average
incident momentum: A, 3.74, J3, 3.79, and C,

I( =0 or 1.

The data are shown in Figs. 1 and 2. In the re-
gion of the g peak, the statistics are -20000
events per a mass bin about 4 MeV wide and the
mass-squared resolution is 4M'= 0.018 GeV'.

The unusually small absolute mass errors are
the result of the simultaneous observation of the
m, q, and ~ peaks whose known masses are used
for calibration of the variable incident proton
momentum. The only other quantity used in de-
termination of the missing mass is the angle of
He' in our method. " The uncertainties in the
shape and slope of the mass distribution are un-
likely to produce a significant mass shift. The
&u and g peaks are observed within the acceptance
band of one spectrometer setting.

The $ bump cannot be 5(966) since the mass is
significantly different. If the mass value of q',
which is 957.7 +0.8, is fixed in the program, it
is rejected by the data with a confidence level
P(x') &10 4. The inability of our instrument to

700—

600—

V)
500-

400—
I

O
~ ~

~t
~ ~ y ~

~ 4
~ ~

~ ~

~ ~ yt
~S.et

FuLL

~ 0

~s%

~p~p
~ ~

sic%'
~0

300—
O
I—
O
LLI
(/)

gOOV ~ ~

200 —... . EMPTY l
~ ~ ~ ~1 ~ +$+0 +a ~ ~

%~~+me~0 ~ fy ~ ~
~ ~yOOt~~

~~~g Po%%yew ~l00-
M
O
Q

0 I I I I

0.00 0.20 0.40 06Q 0.80 l.00

MASS (GeV)

FIG. 1. All 3-GeV full-target and empty-target data.
Mass bins are 0.0075 GeV wide. Error bars (not
shown) are about equal to +1.5 times diam of each dot.
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3.83 GeV/c.
The $ excess above the phase space contains

about 4000 events. The differential cross sec-
tion for $ production at a c.m. angle of 60' '

(do/dQ), =(2.0+0.1)x10 "cm'/sr (4)

The f and u values at which $ is observed are

t(p-to-$) = —1.74;
(5)

u(d-to-() = —4.11 (GeV/c)'

a't Tp 3 GeV (s = 18.5 GeV ).
2) The g'(958), 5(963), and cp(1019) are not

evident in our data. 6 The p meson, while not ap-
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FIG. 2. Data at 3 GeV for full target minus empty
target. Mass bins are 0.015 GeV wide. Error bars
(not shown) are + diameter of each dot The f.it shown
includes resonance terms plus phase-space b k d.ac groun .

an of the incident proton momenta is 3.71—3.77
GeV/c; 8, 3.77—3.81 GeV/c; C, 3.81—3.85 GeV/c.
D, all 3-G, a - eV data, X+ a + C. Z, excess above the
background line in the ( region of diagram D; both the
horizontal and vertical scales have been blown up, by
factors of 1.7 and 8.5, respectively. The area under
the histogram corresponds to (2 + 0.1)&& 10 cm /sr in
the center of mass.

Meson
observed

Mass
(MeV)

Physical
width
(Me V)

(d&/&@c.m.
(10 "cm'/sr)

Incident proton momentum 3.71-3.85 GeV/c
'I'p=3 GeV

0.0'
p pb

11.5 + 2.5
160

0-r-15

77 k2
52 +2

121 +4
271 +130

20 +1

0

p

t (953)

135 +2 ~

549 +1 ~

783 +0.3 ~

768
953.4

Incident proton momentum 2.8 GeV/ 1' =2c; &= GeV

0.0 b 542+26
549 +1 0.0 b
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ution of Fig. 2, D. Note that the cubic term in the

polynomial is negative.

~The me masses of the 71, p, and were fitted by a two-
parameter fit for beam energy and angle calibration.

Assumed by fitting program. The errors shown in
the table above are statistical Th 1a . e va ues of the cross
sections for nar
15% d

arrow resonances have an erro f b tar r 0 a ou

o ue to the uncertainty in the absolute proton in-
c ac ground. Thetensity and the exact magnitude of the back

uncertainty in the background shape can increase the
errors in the mass and width b 50i

C
y o.

The widths of &road peaks cannot be measured with
any degree of confidence by our spectrometer brome er ecause

i s re a ave y narrow mass bite per setting (-150
MeV) .
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parent, is compatible with our data on account
of its width (see Table I). This is demonstrated
in Fig. 3 which shows the contributions of each
term to the best fit to our data. The higher-mass
region is fitted with a general polynomial in mass
squared; only the linear and cubic terms were
needed.

(3) The combination of the good resolution of
the apparatus and the high statistics of the data
makes it possible to place limits on the cross
sections of bumps which were not seen. From
an examination of the mass plot of our data, it is
clear that we have no evidence for any narrow
resonances (except those listed in Table I) pro-
duced with cross sections comparable to 25/o that
of the $(953) [i.e. , with (dv/dG), greater than
5& 10 "cm'/sr] in the mass region to 1.1 GeV'.
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Prism Plot: A New Analysis of Multibody Final States*
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We present a new technique for analyzing multibody states. This analysis makes pos-
sible the selection of samples of events that contain only resonances, particle correla-
tions, or phase space. A unique feature of this analysis is that every event in the data is
assigned to a particular sample. The three-body final state n++p P+z++z is ana]yzed
as an example.

In this Letter we present a technique for analyz-
ing multibody final states. The bases of this anal-
sis are the Van Hove' angular variables and an
N-dimensional energy simplex. The underlying
concept is an attempt to utilize a complete set of
parameters to analyze the final states. Given an
unpolarized beam and target and an N-body final
state, there are 3N —5 free parameters required
to specify that final state completely. We define
2N —2 parameters that form a generalized equi-
lateral rectangular prism. In addition, we define
the remaining N —3 required parameters in a
manner useful for specific problems.

We will use the previously published v'+p data'
at 3.9 GeV/c as an example. For N =3 we need
four parameters. The first parameter which we
choose is the well-known Van Hove angle. ' Fig-

ure 1(a) gives our representation of this angle in
a manner useful for generalizing to higher dimen-
sions; namely, the N unit longitudinal momentum
vectors lie in (N —1)-dimensional space in such a
way that any two of them form an angle with each
other such that the cosine of this angle is equal
to —1/(N —1). Therefore, we have defined the
Van Hove angle (8) so that baryons produced with
positive center-of-mass longitudinal momenta
are in the angular region 0 &0 (180 .

Our second parameter is R/R, „, which is the
ratio of the length of the radius vector in the Van
Hove plot to the maximum length that vector
could have at the given Van Hove angle [Fig. 1(b)j.
If R/R, „=O, the event lies in a plane perpendi-
cular to the incident direction, and if R/R, „=I,
the event is collinear with the incident direction.
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