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We report evidence for the existence of a new meson, which we call the M (953), with
mass 953 2 MeV and width <10 MeV, produced in the final state K"p— pK"M" at inci-

dent momenta 3.9 and 4.6 GeV/c.

These results are based primarily on a s1gnal of 68

+12 events in the decay mode M—7*71"y where the mm system does not show a p® signal,
in sharp distinction to the p% decay mode of the 7’ (958).

The 960-MeV mass region for nonstrange me-
sons is remarkable for the variety of effects al-
ready reported, most notably the 1’(958) meson?
of very narrow decay width which is believed to
complete the nonet of J£=0" mesons, the 5(962)
meson® reported from missing-mass spectrome
ter and bubble chamber studies, and the notori-
ous H(990) meson.® We wish to report, in addi-
tion to the observation of the n’(958), detection
of a new nonstrange meson, which we call the
M(953), decaying into nr*7” and into 7*7 7y,
where the 77~ system does not show a p°. This
is in contradistinction to the 100% p% content of
the 77"y decay of the 1’(958) seen both in our da-
ta and in the world data.? The mass found for the
M is 953+ 2 MeV and the intrinsic width is I'<10
MeV (95% confidence level), which are consistent
with the compiled values for the 1’(958). The
717y /m 1 n,° (Where 1,° signifies decay to all
neutrals) branching ratio of the M(953) is found
to be 1.2+ 0.3. We cannot associate the M (953)
with any known effect.

The data for this study come from exposures of
the Brookhaven National Laboratory (BNL) 80-in.
hydrogen bubble chamber to beams of K~ mesons
at 3.9- and 4.6-GeV/c incident momenta. The fi-
nal states of interest are (1) pK n*r™, (2) pK n*-
Ty, B)pK min %, (4) pK mrmn,°, (5) AntwT,

(6) Am*m™y, (7) An*n™7° and (8) Am*7 7,°. Events

were assigned to the four-constraint (4C) cate-
gories (1) and (5) if the x? probability was greater
than 1% and ionization, as measured by the BNL
flying-spot digitizer (FSD), was consistent with
the kinematic interpretation. For Reactions (3)
and (7), a 5% probability cut was normally im-
posed. Reactions (2) and (6) were not originally
fitted, but are in fact found in the samples of Re-
actions (3) and (7). Therefore, in order not to
lose y events, we have retained all 1 C 7° fits
with probability greater than 0.1% which are con-
sistent with ionization.

In Fig. 1(a) we show the unfitted® 7*7 “n°” ef-
fective mass from Reaction (3) for cos6*>0.0.8
In order to favor y events, the missing mass
squared has been restricted to MMZ? < 0,01 GeV?,
where MM is defined as the mass recoiling
against the seen particles, i.e., the mass of the
“rn°.” In addition to the w signal, coming from
the tail of the 7° distribution, a sharp peak at a
mass of about 955 MeV is seen consisting of 70
+ 14 events above background. The same mass
spectrum, but for events with MM?>0.01 GeV?
(not shown), displays no evidence of structure in
the 955-MeV mass region, indicating that the
peak seen in Fig. 1(a) is not due to the tail of the
7°. An investigation of alternative hypotheses
has shown that the peak cannot be due to contami-
nation from any other channel. In addition, there
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FIG. 1. (a) Unfitted n*n “n%” effective mass spectrum for events that fit Reaction (3) with cosf*>0.0 and MM?
<0.01 GeV2. (b) Background-subtracted spectrum of missing mass squared for the 0.940-0.970 GeV region.
(c) 1"y effective-mass spectrum for events that fit Reaction (2). The shaded histogram is the same mass spec—
trum with M(7*1") required to be in the p° region. (d) Unfitted n*7 “7%” effective-mass spectrum for events that
fit Reaction (7) with cosf*>0.8 and MM? <0.01 GeV?, The shaded histogram is for events with 7*r” effective mass
in the p? region. (e), (f) "7~ mass projections for events in the M and 7’ regions, respectively. The dotted curves
represent the 7¥7” mass projections of the adjacent control bands normalized to the total number of events in the
backgrounds under the resonances. The solid curves are the result of the fits described in the text. (g) ny’r 7~ ef-
fective mass spectrum for events that fit Reaction (4) with cos6*>0.0.

is no evidence for any loss of y events into reac-
tions K p~K n n'pMM and K p=-K n n*p. To
demonstrate that events in the signal in fact con-
tain a ¥, we plot the MM? spectrum [Fig. 1(b)] for
events in the 955-MeV peak region minus events
from control bands on either side, chosen to have
an area equal to the estimated background in the
peak region. A clear y signal is seen, peaked at
MM? =0 and mainly lying below 0.01 GeV2. This
separation is due to the high accuracy and preci-
sion afforded by the BNL FSD. There is no evi-
dence for any residual 7°’s at MMZ=0.018 GeVZ2.
To sharpen the mass resolution of the 777y sys-
tem, we refitted all events of Fig. 1(a) having a
71 “n®” effective mass between 0.8 and 1.1 GeV,
adding to our normal kinematics hypotheses the
1Cy hypothesis of Reaction (2). We then repeated
our fit-selection procedure using ionization esti-
mates and kinematic-fit x* probabilities. In Fig.
1(c) we plot the fitted 7*7”y mass spectrum for
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only those events with Reaction (2) as the best’
hypothesis and also kinematic x* probability >5%.
The peak at 955 MeV persists and becomes nar-
rower, strengthening our belief that it is a genu-
ine resonance and that it decays into 7*7"y. The
curve shown is a maximum-likelihood fit using a
Breit-Wigner shape with folded resolution® plus
a second order polynomial background shape and
yields a mass of 953+ 2 MeV and an intrinsic
width of <10 MeV.® The statistical significance
of the peak is more than 5 standard deviations,
corresponding to an excess of 68+ 12 events., The
shaded histogram of Fig. 1(c) shows the mass
spectrum of the p% system where the p° is de-
fined by 0.64<M(7*77)< 0,82 GeV. The number
of events in the peak at 955 MeV is much re-
duced. Those remaining are in proportion to the
5 of the m*7~ phase space included in the p° mass
slice. This is incompatible with the branching
ratio of the 1/(958) into (0°y)/(all 77 y)=1.0
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found in the world data, indicating that we are ob-
serving a new resonance which we call the M(953).

Before returning to a quantitative demonstra-
tion of the above, we will first proceed to dis-
cuss the properties of the 7’(958) as observed in
Reactions (6)-(8). For events which fit Reaction
(7) with x2 probability greater than 0.1%, we plot
in Fig. 1(d) the unfitted 7*7 “7°” mass spectrum
for events with MM? < 0,01 GeV?, to favor Reac-
tion (6) and to eliminate most 7° events.!® A
very forward cut, cosf0*(p,A)>0.8, is imposed
in view of the remarkably peripheral production®!
of 7’ in K'p — An’ at these energies. A clear sig-
nal is seen between 0.93 and 0.98 GeV. A maxi-
mum-likelihood fit using a Gaussian plus a poly-
nomial background shape gives a mass of 956+ 2
MeV and a width consistent with our mass resolu-
tion of 20 MeV full width at half-maximum. The
shaded histogram of Fig. 1(d) contains events in
the p° slice as defined above, and we see that es-
sentially all of the signal remains. Inspection of
the background-subtracted MM? spectrum (not
shown) from the mass region 0.93-0.98 GeV
shows a clear peak at MM? =0, strongly support-
ing a decay into py. The mass, width, and p%
decay mode identify this enhancement as the
1’(958); we note its distinctive difference from
the non-p% enhancement of Fig. 1(c).

A quantitative demonstration of the essential
difference between the M and the 7’ is provided
in Figs. 1(e) and 1(f), where the 7*7~ mass pro-
jections of the M [Reaction (2)] and 7’ [Reaction
(6)] regions are shown, The dotted histograms
are suitably adjusted 7 "7~ mass projections from
control regions below and above the resonance
regions.® Clearly, the 7*7” mass distribution
for the 1’ shows a large p° signal, while the cor-
responding distribution for the M is like phase
space [solid curve in Fig. 1(e)]. A maximum-
likelihood fit to the Dalitz plot for events in the
1’ region, using phase space plus a p Breit-Wig-
ner modified by a matrix element!® correspond-
ing to the decay of a J¥¢=0"* particle into p°,
gives 64+ 9 p® events. As shown by the solid
curve in Fig. 1(f), a good fit is obtained, with the
7'1” mass peaking at 730 MeV as do the data.
The fit to Fig. 1(d) gives 63+ 9 7’ events above
background in the mass region 0.93 to 0.98 GeV.
Moreover, outside the 1’ region, the 7*7” pro-
jection shows little p° (5 events), and we attribute
59+ 10 p°’s to the 1’ events. The resulting ratio
(n"=p%)/(n’ —all 7*77y)=0.94+0.20, in excellent
agreement with the world data. Performing a
Dalitz-plot fit with the same matrix element for

the events in the M region, we obtain 3+ 6 p°
events from the 58 + 10 resonance events. The
ratio (M - p%)/(M —~all 7*77y)=0.05+0.10, and
is in disagreement with our determination of the
1’ ratio by about 3.5 standard deviations.!* The
inclusion of the world n’ data strengthens this
conclusion. This difference comprises the main
evidence for the existence of yet another new bo-
son resonance with mass in the 955-MeV region.

We now address ourselves to the question of an
num decay mode of the M. We show in Fig. 1(g)
the n*7 7 n,° effective mass spectrum of Reaction
(4) with cos6*>0.0. The 7,° is defined by the se-
lection 0.27<MM?<0.33 GeV2 A clear 77 1,°
signal is seen in the 955-MeV mass region. We
cannot attribute this peak to the 7*7 1’ because
any 7' —7*7 ™ n,° in Reaction (4) would imply an
approximately equal amount of ’ —p° in Reac-
tion (2), which is not observed. Fitting a Breit-
Wigner with resolution folded in plus a polynomi-
al background we obtain 58+ 7 events above back-
ground, a mass of 951+ 4 MeV, and a width of
<15 MeV® (95% confidence level). The mass and
width agree well with those of the 7my decay mode
of the M(953). On the assumption that the two de-
cays are from the same object,!® the 7*7 y/n*7" -
ny° branching ratio of the M is 1.2+0.3, similar
to that obtained for the 7’.

We cannot associate the M(953) with any of the
previously reported®® mesons in the 960 MeV re-
gion. In particular, we can rule out its being the
H(990) since we do not observe a 7*7"7° decay
mode. No evidence is found for the M decaying
into 7°n,°,'® which precludes it from being the
5(962). Using arguments!” similar to those made
for the 7’(958), we conclude that the ny°r*m"
mode of the M is mediated by the strong interac-
tion, which implies G =+1. The apparent absence
of a p% mode would suggest C = -1 for the M.®

In summary, we have observed an enhancement
with mass and width consistent with those of the
1’(958). All its properties observed in this ex-
periment are similar to those of the 7’(958) ex-
cept the p%/7*7"y decay rate which is signifi-
cantly different (3.5-4 standard deviations). Un-
less we are victims of a severe fluctuation in the
p content of 1’(958), we have observed a new me-
son, the M(953). We note in closing that a num-
ber of reports in the literature attribute enhance-
ments at about 1 GeV to 7’(958) ~ 7*7 "y, misfitted
as m'7°1°. We suggest that a careful study of the
p° content of those effects might prove interesting.

*Work performed under the auspices of the U. S.
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5The use of unfitted data avoids mass shifts from in-
correctly fitting a vy as a 70, After fitting to a 1r°, a Ty
peak at a mass of 0.96 GeV shifts up to about 0.98 GeV.

f6* is the angle between the target proton and the out-
going K “p system in the overall center-of-mass sys-
tem.

TAll events that fit the 4C reactions K~ r"1*p and
K"K*K™p were removed. Reaction (2) was selected if
its x? probability was greater than that of any of the
other 1C hypotheses. (These included reactions with a
missing 7, R, n, A0 and %)

%The resolution obtained from an ideogram of a delta
function, using mass errors from the kinematic full
error matrix, is c=8.3+0.5 MeV.

The quoted errors have been increased to allow for
uncertainties in the background.

1975 is the case with Reaction (3), no evidence for
structure in the 955-MeV mass region was observed
_ for events with MM?>0.01 GeVZ.
UThig cut encompasses almost all the ' events. A
strong 7’ — 0 71" signal from Reaction (8) (not

Rev. Mod. Phys. 42, 87

shown) is also observed with this selection.

L2For Reaction (2): M region is 0.945-0.965 GeV; con-
trol regions are 0.920-0.940 and 0.970-0.990 GeV. For
Reaction (6): 7’ region is 0.930-0.980 GeV; control re-
gions are 0.905-0.930 and 0.980-1.005 GeV. The n¥r~
background distributions have been normalized to the
central value of the resonance mass using the method
employed by Rittenberg (see Ref. 1).

3The matrix element used is~ Iazzqzm2 sin’0, where
Kk (g) is the ¥ (r*) momentum, 6 is the angle between
the ¥ and ¥, and m is the di-pion effective mass (all
evaluated in the di-pion rest frame).

“In order to obtain another quantitative test of the dif-
ference between Figs. 1(e) and 1) we have used the
same matrix element to describe the M decay which
best fits the 7’ Dalitz plot. Taking into account the ob-
served signal to noise in the M region, we have per-
formed a x? test on the 1*r” effective-mass spectrum
of Fig. 1(e) and obtained a x? probability of less than
1074, This reflects the 3.5-4 standard deviation differ-
ence in the branching ratios.

The nN°1r+x' and 7*1"y enhancements off K™p have
the same production angular distribution; about 50 % of
the events have cos6* >0.8 and the cos6* >0.0 selection
encompasses all the events. Also, both enhancements
prefer quasi three-body production.

181f we assume that the major decay mode of 6(962) is
7 (as seen in bubble chamber experiments) then we
should expect a large 7%, signal in the reaction K™p
— K"p MM for cos6 *>0.0 which is not observed.

G = —1 would necessitate a large 3n/nnm branching
ratio which is not observed. See Ref. 1 for more de-
tails.

18t should be noted that we cannot completely exclude
a p'y decay mode since exotic matrix elements can in
principle distort the m*r" effective-mass distribution,
therefore C =+1 cannot be ruled out.

ERRATA

MEASUREMENT OF THE ROTATIONAL CON-
TRIBUTION TO BRILLOUIN SCATTERING. D. F,
Nelson and P. D. Lazay [Phys. Rev. Lett. 25,
1187 (1970)].

The last two sentences on page 1189 and the
first sentence on the following page should read,
“The l’nagnitude of the latter is in fine agreement
with the predictions of ~0,0138 from Eq. (5) for
rutile at 5145 A. On the basis of this agreement
one is justified in choosing the upper signs in
Eqgs. (9) and (10) as the correct ones. This, in
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turn, means p(y3)ss =P (13)31 = +0.0255 and p(23)23
_P(IS)IS = _0 0009 cee, »

EXPERIMENTAL OBSERVATION OF NONLIN-
EAR LANDAU DAMPING OF PLASMA WAVES
IN A MAGNETIC FIELD. R. P. H. Chang and
M. Porkolab [Phys. Rev. Lett. 25, 1262 (1970)].

The symbol 7 in Eq. (5) on page 1264 should be
nF, where F is a factor which takes care of the
boundary conditions.



