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The spin and parity analysis of the p'(958) from the distribution of events on the &+vr p
and the &+& y Dalitz plots has been shown to favor J =0 over 2, but not conclusively.
The Brookhaven National Laboratory-University of Michigan data reported here indicate
anisotropies in the production and decay correlation angular distributions. Earlier Law-
rence Berkeley Laboratory data dilute these effects. The observed anisotropies weaken
the evidence for a J =0 assignment for the g'(958).

The conclusion that J =0 for the q'(958) is
supported by two observations. Firstly. the stan-
dard Dalitz-plot analysis of the q'(958) decay in-
to sr+a q(549) and p y favor J~=0 over J~=2,
but not conclusively. '' Secondly, no significant
correlations between the g' production and decay
angles have been observed when averaged over
all production angles in experiments at various
energies. ' ' Ogievetsky, Tybor, and Zaslavsky, '
proponents for a J"=2 g' meson, have empha-
sized that the production-decay correlations
should be studied for rj' mesons produced in the
extreme forward direction. They and Klosinski,
Rembielinski, and Tybor' point out that produc-
tion-decay correlations must exist for the very
forward rj', if indeed J =2 . The Brookhaven
National Laboratory (BNL)-University of Michi-
gan data' at 2.18 GeV/c show anisotropies for
the very forward produced q'. The earlier Law-
rence Berkeley Laboratory (LBL) data' spanning
a range of incident E momenta from 2.1 to 2.65
GeV/c do not show such anisotropies averaged
over all energies. Both the separate and com-
bined data of these two experiments are reported
here. The difficulty of determining between J
assignments with 4J= 2, pointed out by Zemach, '
is clearly illustrated in these data.

The BNL-University of Michigan data' of 1400
q'(958) events in all decay modes come from the
reaction K"p -Ar~'(958) at 2.18 GeV/c. The LBL
data' consist of 800 events from the same reac-
tion at 2.1, 2.47, and 2.65 GeV/c, with the bulk
of the data coming from 2.1 and 2.65 GeV/c.

Various production and decay angular correla-
tions can be examined which should all be isotrop-
ic if J=O.

For the v+z q decay mode, the distribution of
the decay-plane normal, n, with respect to the
incident beam, E, was calculated in the g' rest
frame. For the p y decay, the y direction y re-
lative to the beam E was used. The distributions
n E and y Z are each presented as a polar-equa-
torial ratio, P/E, because of the severe statis-
tical limitation imposed by the "very forward"
cut. The P/E ratios are presented in Table I for
various production angle cuts on cos8* = (K q')
in the K p c.m. system. Isotropic distributions
are characterized by P/E = 1. Anisotropies
should appear for events with cos8* near 1 if
J= 2. The standard prescription that 8* & (kr) '
implies (8*)=0.1, so 8* &0.2 rad should suffice, '
i.e., cos8*&0.98. However, only 7/o of all data
survives such a cut (166 events in the combined
sample in both decay modes). The P/E ratios
for coso* &0.98 in the BNL-University of Michi-
gan data are P/E(n K) =1=0.54+0.14 and P/
E(y K) =0.35+0.31, both deviating from unity.
The P/E(n K) =I observed is, e.g. , 2.5 standard
deviations from an assumed isotropic J = 0 ex-
pectation of (33 +4)/(33+4). The LBL data aver-
aged over energy show consistency with isotropy.
The LBL 2.1-GeV/c data give indications of devi-
ating from isotropy (see footnotes to Table I);
with larger statistics than those available here,
tighter cos0* cuts can be made at higher energy
in order to check for the necessary anisotropies
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TABLE I. Polar-equatorial ratios (P/E) as a function of the c.m. pro-
duction cos(9*= (& ~ g') for the reaction X p-Ag'(958). n -K is the cosine
of the polar angle of the normal to the tt. +n p(548) decay plane relative to
the incident &beam in the g' rest frame; j ~ K is that of the y in the g'
—p y decay. A background subtraction has been performed for the g'

p p decays. The background region is 900-930 and 990-1020 MeV, re-
spectively, and the p' region is 930-990 MeV. P is the number of events
with I n .KI (or I y.A I) &0.5; E is the number of events with I n .X I (or

I j -K l)&0.5. The columns labeled BNL-Michigan and LBL are for BNL-
University of Michigan data at 2.18 GeV/c, and the LBL data for 2.1, 2.47,
and 2.65 GeV/c, respectively.

P/E (n K) P/E (y . K) Subtracted

BNL-Michigan LBL BNL-Michigan LBL

0.6 & cose*
*

0.8 & cose

0.9 & cos0

0.9 cose*

0.98& cose
*0.6 & cose

0.8

& 0.9

1.0

0.93 + 0.14

0.88 + 0.12

0.79 + 0.09

1.
I

1.98

0.54 + 0.14

0.89 + 0.07

0.98 0.87 + 0.11

1.04 + 0.20

0.80 + 0.15

0.97 + 0.13

0.93 + 0.14

1.00 + 0.43

1.29 + 0.63

0.66 + 0.21

0.78 + 0.27

0.92 + 0.09 0.97 + 0.23

1.14 + 0.33 0.35 + 0.31

0.76 + 0.46

1.33 + 0.60

1.17 + 0.31

1.17 + 0.39

1.2 + 0.5

1.12 + 0.24

*0.6 & cose & .98 !
*0.9 & cose & 1.0
*0.98& cose & 1.0

BNL-Michigan + LBL

499/554 = 0.90 + 0.06

251/292 = 0.86 + 0.07

48/65 = 0.74 + 0.14

BNL-Michigan + LBL

(190+24)/(187+22) = 1.02 + 0.18

(97+15)/(115+1S) = 0.84 + 0.17

(21+7)/(32+7) = 0.66 + 0.27

'LBL 2.I-GeV/c data only, 0.69 +0.17.
LBL 2.1-GeV/c data only, 0.60+ 0.92.

if J = 2 . The data are combined in the bottom
part of Table I, and we see that for 0.6 & cos9*
&0.98, P/E(n K) =0.90 +0.06 deviates by almost
2 standard deviations from 1; and that for cos0*
&0.98, P/E(n K) =0.74 &0.14 and P/E(y'K) =0.66
+0.27. These three numbers have a probability
(in a )(' sense) of a few percent to be in agree-
ment with isotropy, as compared to a small frac-
tion of a percent for the same three numbers
from the BNL-University of Michigan data alone.
The angular distributions for coso* &0.98 are
presented in Fig. 1 with theoretical curves for
p~=0.5. These data give as much evidence for
J= 2 as the Dalitz plots do for J= 0; that is, the
confidence level for J= 0 is less than that for J
=2 from the production and decay correlations,
whereas J= 2 is less probable than J= 0 from the
Dalitz-plot analysis. Thus, J= 0 or 2 are both
tenable.

Several Monte Carlo studies were undertaken
to verify that the observed asymmetries were
not introduced into a 0 g' decay by any known
bias. No effects in the P/E ratios of greater
than 1/o were discovered. The following biases
were eliminated as possible causes of the ob-
served asymmetry:

(1) A systematic shift in the beam momentum
leading to a fore/aft shift of the neutral momen-
tum (q or y) in fitting.

(2) A smaller than realistic beam-momentum
error in fitting, leading to a fore/aft shift of the
neutral momentum in fitting. This effect is ob-
servable as a depletion of the very polar normals
but results in few normals crossing the polar-
equatorial bounda. ry.

(8) A loss of events with a high-momentum
track near zero degrees relative to the beam.
The data were measured on a flying-spot scanner
for which overlaying beam track confusion could
lead to an event loss.

(4) Confusion as to whether the m+v selected
as the primary decay products of the q' are ac-
tually from the subsequent decay of the p. Mis-
assignment of this type is small for the ~+m g,
q- neutrals decay because of the favorable de-
cay branching ratios involved. For the m+m g,
I)- m+s no (or y) the misassignment is greater,
but no asymmetry results from misassigned
events.

Since the experimental situation regarding the
Dalitz plot and production-decay correlations is
inconclusive, it is important to look into what
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I.O vored. '2 However, if I' &0.1 MeV, then either J
=0 or 2 would be possible. A width I' - 50 keV
for a J=O rj' is expected using a Duffin-Kemmer-
Petiau description, "as opposed to the —1-MeV
value from a Klein-Gordon description, whereas
for J=2, I -5 keV is expected. '

z'z q/z+z y branching ratio. —The observed
ratio of about 2 is perhaps low for a strong v'm "r~

decay with J= 0. This value is about a factor of
30 low according to Fischbach et al. '3 This ratio
was expected to be about 10 according to Brown
and Faier. ~2 A J=2 g' would have angular mo-
mentum barriers in the m+ p g mode to help with
this problem.

Linear matrix element for q'- p+p q. The—y('

-z+z q Dalitz plot for J =0 can be modified by
the addition of the factor 1++P to a matrix ele-
ment, where n is a parameter and
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FIG. 1. The production and decay correlation (6 ~ A
and j'E) distributions for events with cos&*&0.98 (see
text). (a) 1n El for g'-&+7t q. (b) ly. RI for g'-ppy
with background subtracted (see Table O. The errors
on the total pPp data are shown since they are greater
than + because of the background subtraction. The
solid curves are the predictions of Ref. 6 for an arbi-
trary "middle" value of ppp = 0.5 and for (7t+& p) &pN&'&2
=1:0:8.72 and for (ppy) C&..C2..C3 ——1:—0 5:1. The two
curves in each figure are normalized to the BNL-Uni-
versity of Michigan data alone and to all the data, re-
spectively. No curves are shown for the isotropic as-
signment since they can be easily visualized. The pre-
dicted P/E ratios (Ref. 6) vary from 0.75 to 0.85 for
both In Jfl and Iy Zl for a variation of poo from 0 to 1,
respectively.

other information might shed light on the prob-
lem.

The ninth pseudoscalar meson. —The spin and
parity of the E(1430) meson is in a similar situa-
tion, that is, J = 0 or 1'. Therefore, neither
the g' nor the E can be assigned as the ninth 0
nonet member yet, although Schwinger' argues
that the ninth member should have a mass near
1500 MeV.

Width of q'(958). Our estimate of the true up-
per limit obtained by Binnie and co-workers' ~'

is I' & 2.8 MeV (95/p confidence level). If a width
I' -1 MeV were found, then J= 0 would be fa-

I'= (m„+2m,)(T„/m Q) —1,

and nz„, m„T„are the q and pion masses and the
q kinetic energy, and Q is the energy release in
the decay. " For q(549) and K decay to three pi-
ons, the corresponding parameter is n'= -0.5."
Charged decay modes of the kaon have different
large values" for o.. For q' decay the parameter
n has been found to be —0.11 &0.05 by Ritten-
berg, ' —0.05~0.04 by Danburg et al. ,

2 and -0.28
+ 0.06 by Dufey et al." Schwinger" proposed that
n be -+».=-0.41. Dolgov, Vainshtein, and Zak-
harov" give a value of -0.43." The near-zero
+ parameter observed for the g' decay may prove
troublesome for a J =0 assignment.

The decays Az- nq(549) and Az- nq'(958). The-
decay modes A, -mq(549) and A, - zq'(958) are
-16~/o and a 3c/o, respectively. " For the current-
ly assumed pseudoscalar nonet, the g is mostly
octet and the g' mostly singlet. Thus the small
zq'/wq ratio implies that the singlet/octet coup-
ling ratio must be small. If Z~(q')=2 then two
different couplings are also needed. If a J"=2
q' were to be the Regge recurrence of the g, then
the coupling must vary as a function of position
on the trajectory. The case of a J = 2 g' on its
own trajectory would modify calculations in the
v p-pA2 reaction, since exchange of both the

p and q' trajectories might be of comparable im-
portance.

The reaction pd- He'X'.—If the X (953)" ob-
served in this reaction is indeed the g, as dis-
cussed by Brody, " then the He' form factor gives
some evidence for J=0 for the rj'.

None of the above additional factors is decisive,
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however. Thus, in conclusion, J"=0 or 2 for
the q' are both possible. Further observations
of anisotropies in q' production and decay corre-
lations as presented here wouM revise our pres-
sent assignment of [m, EC, 7), I}'(958)J mesons as
comprising the pseudoscalar nonet.
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