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"A,"MESON PRODUCTION FROM K n INTERACTIONS AT 3.9 GeV/c *
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%e report the observation of one narrow p ~ resonance in the A2{1300) mass region
with a width of 40 MeV or less from the reaction E n-Ap ~ . A spin-and-parity anal-
ysis of this narrow enhancement favors J+&=1 +. Branching ratios for other decay
modes are also given.

The recent discovery of the splitting of the

A, (1300) meson' produced in wp interactions re-
quires a careful re-examination of spin and par-
ity assignments in this region. Since there are
two distinct peaks in this mass region, which
have been named the A,ff(1315) and A,L'(1270),'
it is extremely important to study the mass and
width as well as angular correlations for each
possible decay mode independently before asso-
ciating it with either A, or A,

In this Letter we report a study of the pw,

g(550)w, and KE decay modes of the "A," as ob-
served in the reaction K n -A "A," at 3.9 GeV/c.
In the p m channel a single narrow peak is seen
in the "A," mass region with a width of 40 MeV
or less. This contrasts to previous results on
the pm mode as a single peak with a width of 90
+ 10 MeV obtained in mN interactions. ' A spin-
and-parity analysis of the events in this narrow
p0w (fr=1 ) resonance favors J&C= 1 + as the
simplest assignment.

Approximately 200000 pictures obtained from
the Brookhaven National Laboratory 80-in. liq-
uid-deuterium bubble chamber exposed to 3.9-
GeV/c K mesons were analyzed. ' 2740 events
fitted the final state Am w+m, 173 events fitted
Ar)(550)w -Aw w w (w' or y), and 42 events fit-
ted AE K,'. Visible A decays were required in
all cases and, in addition, a visible K decay in
AK K

In studying the p m system produced in the
Ap n final state it is desirable to remove that
background which is due to the final states
Z(1385)~w+w and Z(1385) p'. Strong Z(1385)+
-Aw+ is seen, with approximately 50% of the
events having at least one An~ effective mass in
the region 1340-1420 MeV. Figure 1(a) shows
the m m+ mass distribution for those combina-
tions in which either pion gives a An effective
mass in the Z(1385) mass region. There is no
evidence of p' and Z(1385)+ sharing the same pi-
on. In contrast, Fig. 1(b) shows strong po pro-
duction for those events with no A~~ effective
mass in the Z(1385) region. Therefore, in the
subsequent analysis of the p'm events the
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FIG. 1. The &+& mass distributions with A& mass
selections {as shown) from the Ar+r r final state.

Z(1385)~w+w and Z(1385) pa backgrounds are
suppressed by rejection of all events with a An+

effective mass in the Z(1385) region.
The three-pion mass distribution for the 746

events with at least one m+m mass combination
in the p' mass region (650-880 MeV) is shown in
Fig. 2(a). A broad enhancement at -1.1 GeV cor-
responding to the A, mass and a sharp peak in
the A, mass region are evident. Ne note that the

p m background in the low p m mass region is
considerably less in this reaction (K n-Apow )
than in the comparable wP interactions (w P
-pp w ), where the usual Deck mechanism pre-
vails. Therefore, our data give strong support
to the resonance interpretation of the A, enhance-
ment at a mass -1100+10 and width 90+ 30 MeV.
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FIG. 2. (a) p ~ mass distribution with events in
Z (1385)+ region removed. A best fit to the data for
two resonances and phase space is shown in the solid
curve. Mass resolution in the "A2" region is shown in
the hatched area. (b) g(550)7( mass distribution with
events in the Z(1385) region removed. The curve
shows phase space. (c) X K& mass distribution. The
curve again shows phase space.

The properties of the narrow "A," resonance are
examined below:

(1) Mass. —From a fit to the pox effective-
mass distribution, calculated from measured
variables, the "A,"mass is found to be 1289 + 10
MeV. For comparison the measured K,' mass
gave a value of 497.0 MeV in good agreement
with the accepted value of 497.8 MeV. ' Unlike
this procedure, the missing-mass experiments'~'
for the reaction ~ P -Px, which find mass val-
ues A,+(1315+4) and A,~(1269 + 5), depend di-
rectly on an absolute measurement of beam mo-
mentum. ' Thus the mass values must be com-
pared with caution because of possible systemat-
ic differences.

(2) Width. —The apparent width of this sharp
peak from our fitting procedures is 50+ 10 MeV.
Unfolding the mass resolution of 30 MeV (AM
=+15 MeV) yields a true width of 40 MeV or less
with 90% confidence. This value is substantially
less than those deduced from mN interactions'
(90+ 10 MeV) from a one-peak assumption of the
"A„"but is compatible with the widths of either
A,& or A namely 25+ 10 MeV.

(3) Isospin, charge conjugation, and G parity
—The production of this "A," in the reaction K n
-A "A," requires the assignment I= 1, and as-
suming a strong decay to p m makes G = -1 and
the charge conjugation Cz =+1 for the neutral
member of this isotriplet resonance.

(4) Relative branching ratios. —We have exam-
ined the final states Ag(550)w with Z(1385)
events removed and AK K,' for the "A,"decay
modes g(550)m with charged g decay and K K,'
with visible K, . The mass distributions are
shown in Figs. 2(b) and 2(c). The upper limits
for g(550)w and KI7 with respect to pv are 33 and
23%, respectively, at the 95% confidence level.

(5) Spin and parity. (a) Three-pion Dalitz-plot
analysis. —Since the dominant decay of the "A,"
is pm, the analysis is confined to examination of
events in the p bands of the three-pion (r+v~ wh )
Dalitz plot using Zemach's method. ' For each
p' (va ~+) band the alternative mass-squared dis-
tribution M'(m5 w ) is plotted, the events in the
p overlap region being plotted twice. Figures
3(e)-3(g) show these distributions for three re-
gions of p'm mass, one covering the "A2" mass
region (1260-1320 MeV) and the other two for
control regions below (1140-1260 MeV) and above
(1320-1440 MeV) the "A," region. The fit to the
distribution in the "A~" region includes the effect
of an incoherent background which is determined
as follows': The fraction of signal to background
B in the "A," regionB is determined to be 0.55
+0.05 from a fit to the pn mass spectrum of Fig.
2(a) using a Breit-Wigner form for the A, and
"A,"peaks together with an incoherent phase-
space background. This background is then taken
to be of two parts: a three-pion phase space uni-
formly distributed over the Dalitz plot and a pox
background which we have assumed to behave as
a 1+ (s-wave) state. The ratio X of three-pion
background t:o all background has been estimated
by examining the n+m mass distributions in the
"A," region and the two control regions [from the
total three-pion spectrum with Z(1385)~ events
removed] giving X=0.3+0.2. The curves in Figs.
3(e) and 3(g) show the expected background dis-
tribution for X= 0.3 and indicate that our assump-
tions about the background are able to describe
the control regions. We have considered only
those possible spin and parity assignments for
the "A,"which have J &2 and the lowest possible
orbital angular momentum states for each value
of J+, namely, 0 (p wave), 1+ (s wave), 2 (p
wave), 1 (p wave), and 2+ (d wave). For each
spin-and-parity hypothesis the "A2" region has
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been fitted by incoherent addition of signal,
three-pion, and pm backgrounds for a wide range
of X and B. The resulting y' is then calculated
allowing for the double counting in the p overlap
region. The 0 (p-wave) assignment is clearly
ruled out. The 1+ (s-wave) and 2 (P-wave) as-
signments give similar distributions and also
give similar X' as for the case of the 2+ assign-
ment. y' curves for J = 1 (solid line) and &
= 2+ (dashed line) are shown as a function of B
for three values of X in Figs. 3(a)-3(c) and in

Fig. 3(d) for B = 0.5 as a function of X. Using the

estimated values of I3 and X, the y' probabilities
for the hypotheses 1 and 2+ are, respectively,
25 and 2%. The corresponding curves for the
AP(x+v ) spectra are shown in Fig. 3(f). We note

that the values of y' obtained are insensitive to
the value of X. The better fit to 1 is due large-
ly to the absence of a peak at M'(w+w ) -0.6 GeV'

expected from the constructive interference in

the p overlap region for the 2+ assignment.
(b) The (p's ) decay angular distributions. —We

now examine the orientation of the normal to the
three-pion decay plane, ' an angular distribution
independent of the previously considered M (v+x-)
distribution. Figures 3(h) and 3(i) show the polar
(cose) and the Treiman- Yang (4) distributions
for the "AI" region. The cose distribution for
the "AI" shows marked peaking at cose= +1 with

only a 3% probability of consistency with being
flat like the two control regions (not shown). The
Treiman- Yang distribution is flat in all three
regions. The cose distributions for the events in
the "AI" region have been fitted to J+ =1 and 2+.
Assuming an incoherent isotropic background
with 8 =0.55 the following results are obtained:
(i) For J+=1, p~ =0.8 I +0.1 with ys probability
of 40%, and (ii) for J&=2+, p» =0.38+0.11 (pss
constrained=0) with Xs probability 6%. However,
if one assumes strong interference between a

+
2 state and an s-wave background, essentially
allowing p~~ to be negative, the 2+ fit can be
made as good as 1

The above two independent analyses both favor
J =1 over 2+. This assignment J C =1 + pre-
cludes a KK decay mode and is consistent with
our observation [Fig. 2(c)]. However, the value

p~ =0.87 obtained in the p'w decay analysis, if
interpreted with a simple one-particle-exchange
model, suggests dominantly spin-0 exchange.
The only candidate, the E', is however excluded
by the above argument. However, the "A~" pro-
duction angular distribution, shown in Fig. 3(j),
does not indicate strong peripheral production
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and suggests that single-particle exchange may

not be the dominant production mechanism.
In conclusion, our investigation of the "A~"

meson produced in the K n interaction at 3.9
GeV/c can be summarized as follows:

(1) We have observed a narrow p's resonance
in the "A~" mass region with a width less than

40 MeV. This value is incompatible with that
from a previous single-peak assumption of the
"A~" meson, namely, 90+10 MeV. This obser-
vation suggests that we have observed one and

F1G. 3. (a)-(g) Dalttz plot fits described in text.
(a)-(d) Variations of y~ (six degrees of freedom), with

varying fraction of background (B) and the ratio (X) of
3r/pr in the background, for J =1 (solid line) and J+
=2+ (dashed line) fits to the "A&" region. The arrows
indicate the best values of 8 and X. (e)-(g) x+v mass-
squared distributions for events in the p band for three
p~ mass regions. Curves in (e) and (g) show the ex-
pected background distributions. The expected distri-
butions for J+=1 (solid line) and JP=2+ (dashed line)
in the "A&" region are shown in (f). (h) and (i) Angular
distribution of the three-pion decay plane for the "A&"

region with the polar angle cose and the Treiman-
Yang angle 4. (I) "A&" production angular distribution.
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not both peaks of the "A~." In addition the mass
of this narrow resonance (128S+ 10 MeV) is cen-
tered below 1300 MeV.

(2) Two independent spin and parity analyses
of this p m

' resonance favor the assignment J&&
=1 + (25%, 40$) over 7+~=2++ (2%, 6%). This
is again different from previous investigations
of the "AI"-pm either as single or double peaks.

If this narrow p'm resonance is indeed a J&&
=1 + particle, then it will be difficult to accom-
modate it in the simple (qq) model for particle
classifications where P =C for all natural-parity
states, such as the p meson (JUNC=1 ). It may
be necessary to invoke new models for particle
classifications such as the four-dimensional (qq)
harmonic-oscillator model, or the existence of
daughter trajectories in the Chew-Frautschi plot,
or both.
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A model based on a broken (No, +~) exchange degeneracy is proposed to explain the
structureless data for the PP —& d differential cross section. An effective Regge tra-
jectory is determined which agrees with our prediction. Quantitative fits to the data
are presented and physical aspects of the broken degeneracy are discussed.

The appropriate theoretical description of the
accumulated data on the reaction pP - w+d has re-
mained as an unsolved problem during this per-
iod in which Regge-exchange models have ac-
counted for a substantial fraction of two-body
scattering reactions. The only systematic ap-
proach to the PP —m+2 data' 4 proposed thus far
is the empirical formula exp(-aPg), which un-
fortunately has no sound theoretical basis.

In terms of exchange models, the u and t chan-
nels for PP —n+d are B =1 and I= &, and the nu-
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cleon is an obvious candidate for exchange. In
fact, from the nucleon Regge pole we expect the
integrated cross section to have an energy de-
pendence

g~ SS

which is crudely compatible with the data. How-
ever, for nucleon exchange conventional Regge
theory also predicts a differential-cross-section
zero' at u =-0.15 (GeVjc)I where o~(u) = --,'.
This strongly contradicts the data which show


