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Evidence has been reported in the past few
years for a neutral and a charged meson state
in the 960-MeV region. The existence of a neu-
tral meson state (n’) with M =958 +1 MeV and
I'<4 MeV was established by several hydrogen-
bubble-chamber experiments.! In the reaction
K™p—-An’, the n’ was found to decay strongly
into 77 and electromagnetically into 77y, from
which decays its quantum numbers were deter-
mined to be IJFG =00~*. Kienzle et al.? have
reported evidence for a charged meson (5) with
a mass of 963+ 5 MeV and I'<4 MeV in the re-
action 77p - (MM)~, with 6~ decaying into one
or three charged particles and possible neutrals.®
Allison et al. report evidence for the reaction
K~p—z*1°6" with 6T =7 771~ at 6.0-GeV/c
incident momentum.* The coincidence of the
mass and width of the 6 and 7’ leads to two pos-
sible interpretations: (a) 6 and 7’ are the same
particle; in this case not only the isospin, but

also the other quantum numbers of the 1’ are
questioned. (b) 6 and 1’ are two different par-
ticles; this interpretation has led to theoreti-
cal discussions on mass degeneracy,’ to a pos-
sible assignment of the & to a ®P, configuration
in the quark-antiquark model for meson states,®
and to the conjecture that 6 might be the 0
daughter trajectory of the p meson.” We report
here an experiment which rules out possibility
(a) and sets some upper limits on the cross
section for production of the § in K™n—A0"
with subsequent decay of the 6 into various states.

In this experiment the 72-in. bubble chamber,
filled with deuterium, was exposed to a K~
beam at momenta 2.11 and 2.65 GeV/c. The
reaction studied was

K~d=AX"(p), 1)
where X~ is a negative meson decaying into

349



VoLUME 20, NUMBER 7

PHYSICAL REVIEW LETTERS

12 FEBRUARY 1968

two to five pions or pions plus a y; the spec-
tator proton (ps) was measurable in 30% of
the events. Excluding the spectator proton from
the number of prongs, these events were found
in the topologies of a V and one prong (13 000
measured events) and of a V and three prongs
(5000 measured events). The events were mea-
sured on Franckenstein and spiral-reader mea-
suring machines, and our standard programs
(PKG, DST-EXAM, SUMX)were used for the anal-
ysis.® If the spectator proton was not visible
or was too short to be measured, it was assigned
a momentum equal to zero, with appropriate
errors in the x, y, and z components, and fit-
ted as if it were measured.® For the following
analysis, only events having a proton momen-
tum Psp <280 MeV/c were used.

If the 1’ were isospin 1, the cross section
for K~ n=An’" would be twice as large as that
for K~p—~An’°, and the latter cross section
we know at both momenta from our hydrogen
data.!® We proceed to test the isospin-1 hypoth-
esis under varying assumptions.

(a) We assume, for the moment, that the
charged 7’ would appear only in the reactions

K n=Ar"ntn"MM, 2)

K n-An" MM, (3)
where MM consists of at least two neutrals.
This would be the case if the only decay modes

of 7'~ were 7~ 7°n and 7~ 7%. Figure 1(a) shows
a plot of the invariant-mass squared of the

S — ,
TTo) kn = axX- {x‘-»w»;nn(zzz)

(a) K'n—AX" '{x’L MM (750) |
X X7 nn (41)

"= z-wtr-MM (42)

Ne=378232

’_l"‘ aX ™= rrtrMM
(42)
40+ L Ne =158%I8 N

BX = rron, (41)
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FIG. 1. Mass-squared distribution of the n~”MM and
m=ntr~MM systems in Reactions (2) and (3). Only
events with small momentum transfer to the A [A%2<0.7
(GeV/c)?¥ are plotted. (a) Search for o'~ —-7—MM and
r~nTr~MM, (b) search for '~ —r"n%. The shaded
histograms refer to events with three charged pions.
The arrows indicate the position of the '~ mass and
have bars representing twice the resolution of the
mass squared. The expected number of '~ events (N,)
above background for isospin 1 is given in each histo-
gram,
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negative system recoiling against the A for
these reactions for momentum transfer to the
A, A%<0.7 (GeV/c)®. Using the effective path
length of this experiment for Reactions (2) and
(3), we expect a total of 378+ 32 events above
background in the interval 960+ 45 MeV.!! We
find no enhancement of statistical significance,
and, drawing a smooth background, we conclude
that N,y <42 events,'? or the cross section
for K~n—-An'" (all A), is 0<25 ub against an
expected 220+ 18 pub.

(b) Figure 1(b) shows the situation if we make
the additional assumption that the branching
ratio for n’~ - 7771y is the same as for n’°
-7~ 7™n; from our H, data, this ratio is found
to be 0.42+0.03, independent of any isospin
assignment for the n’. In order to reduce the
background under a possible 7~ 7° enhancement,
for Reaction (2) we impose the condition that
at least one 7t7~ combination satisfies M (rt77)
SMn; for Reaction (3) the 77 is neutral and we
require that MM =My +Mpo. With these con-
ditions, appropriately adjusted to take errors
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FIG. 2. Search for the decay modes of n’~ other than
the known decay modes of 7', (a) X~ —7"7?, (b) X~
-1, @) X~ —r"rtr %, () X" —~17p, (e) X~
—7n"w, and (f) X~ —7" 1. The position of the ' = is
indicated by the arrows, with error bars representing
twice the resolution for each plot. The events with
small momentum transfer to the A [A2<0.7 (GeV/c)Y]
are shown in the shaded histograms. The solid curves
represent fits to each mass plot as explained in the
text, The dashed lines represent our estimated back-
ground for the low~-A? plots.
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into account, we obtain the plot of Fig. 1(b).
The expected number of events is now 158 +18,
and we find N, <21 events,'? or the cross sec-
tion for K"n—=An'" (all A, '~ =~ 7% is o
<12 pb against an expected 92+ 11 pb.'

(c) We have shown thus far that there is no
evidence for a charged 7’ decaying into 7~ 7°n,
7~ 1%, or any mode involving two or more neu-
trals. To settle definitely the question of the
isospin of the 1/, we now investigate all the
other possible modes, which would be includ-
ed in the following reactions:

K n—=A1"10r 7), (4)
K~n-~Ar"ntn", (5)
K n-Ar"7"1"7%0r 7). (6)

These modes might be allowed electromagnet-
ically for the n’~, even though the correspond-
ing modes for 7’° are absent in the H, data.
Figure 2 shows the 2w, 37, 47, 7~p, T~ w,
and 71 mass distributions. The shaded histo-

grams refer to low-A? events [A2<0.7 (GeV/c)?];
the unshaded histograms contain all the events,
which we will use later to set upper limits for
production of the 8. The curves on the latter
distributions represent fits obtained with the
program MURTLEBERT,!* which takes into ac-
count all the possible resonant states present
in any of the mass combinations. The dashed
lines drawn on the shaded histograms repre-
sent the background estimated from the adja-
cent bins. Each plot also shows the width which
the 7'~ would have, taken according to our
resolution in the different final states. The

six low-A? plots show no statistically signifi-
cant enhancement in the 960-MeV region.

By the analysis of Figs. 1 and 2 it is clear
that there is no evidence at all for production
of the n’—, which should appear in the distri-
butions with a total of N=378 + 32 events above
background. Since even the possibility of de-
cays other than 77 and wmy for a charged n’
is excluded, we conclude that the isospin of

Table I, Cross-section limits for production of a negative meson at 960 MeV.

All events A% < 0.7 (GeV/c)?
Reaction N N (b N,p° N;3AP (P%) ¢
Kn—-AX"
1. X -1 nf +34+16 44 <26 +13 32 <19
2. X - MM +20 64 <37 +17 42 <25
3. X = ammT - 414 38 < 16 0 24 <10
4, X -ap + 811 27 <11 -1 18 <8
5. X - anima® 47 34 <14 +5 22 <9
6. X —»xw 1 +11+10 32 <13 +9 21 <9
7. X »>1a -19+9 30 <12 + 4 19 <8
8. X v nn MM - 1 13 <5 -2 10 <4
9. X —-rnxn + 7 28 <16 -7 21 <12
X" = 1charged +54 71 < 42 +30 50 <29
X"—>3charged + 2 49 <20 + 3 30 <12

aNab =number of events seen above background (those values of Ngp having
an error were obtained from fitting as discussed in the text; the remainder
were determined by estimating the background).

bFor the definition of Ny, see Ref. 12.

Co=upper limit for the cross section, as obtained by combining the 2.11~
and 2.65-GeV/c data, and corrected for neutral A decay (there is no significant
difference between the values for the two momenta taken separately).
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the n’ is definitely I=0.

We now turn to the 6. There is no evidence
in our data for production of any meson reso-
nance in the 960-MeV region for the reaction
K n-AX". With the isospin of the n’ estab-
lished, we may take the upper limits for a sig-
nal in this region as being those for production
of the 6. Table I summarizes these limits for
the nine processes considered in this paper,
for all events and for low A2,
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