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The “world” data on 7’ (958) in regard to the branching ratio R = (7r

'Y/W+7f'77N), Ny de-

noting 7(549) —all neutrals, and the dipion mass spectrum in the n’— 7" 777 decay are re-
viewed. We find that R =0.97+ 0.08 independent of energy, exclusive of the data of Aguilar-

Benitez et al.

Under the assumption that J© =0~

, the best value of the a parameter of the

linear matrix element is @ =—0.08+0.03. Possible connections between the dipion mass
spectrum and 8y, the I = J=0 phase shift, are discussed.

Many studies of the n1/(958) have been made. We
comment here on the branching ratio R
=(r*n"y/m* 1™ny), where ny represents n(549)

- all neutrals, and on the linear matrix element

of the n/(958). We base these comments on the
data presented in Refs. 1-6; some additional data
are not used.” We obtain the current “world”
averages of R and of @, the parameter character-
izing the linear matrix element. We also comment
on possible connections with 6,,, the I=J=0 dipion
phase shift. Additional comments on the n/(958)
are given in Ref. 8.

BRANCHING RATIO

The data of Refs. 1-6 on the branching ratio
R=(n"n"y/n*m™ny) are given in Table I and
are shown in Fig. 1 versus the momentum of
the incident beam in the experiments. Included
is the branching ratio of the M(953) of Ref. 3.
The values of the n’ branching ratio R from
Refs. 1, 2, and 4-6 are consistent; the weighted
average is R=0.97+0.08 and is indicated

also in Fig. 1. The value of R for the n’(958)
from Ref. 3 is in disagreement with this average
value. Since there is no evidence that the

mt77y and 77 7™ states at 958 MeV are different,®
we must attribute the disagreement between

R and R (Ref. 3) to some unknown systematic
effect in that experiment. The evidence that

the M (953) is not identical to n’ (958) rests

in the M (7" 7~) distribution of the 7" 77y decay
mode. The data in the p° region of both the

1’ (958) and M (953) data samples have the
characteristic sin®6,. , distribution of n’(958)
events.®* Therefore, the evidence for an M(953)
should be obtained from the M(7*7~) mass dis-
tribution, Fig. 46(a) of Ref. 3, where events con-
taining a p°(765) were excluded. The data yield
37+ 10 events outside the p band, of which about
8-15 should be attributed to the tail of the p° in
n’—p°% decay. Thus, the evidence for an M(953)
is about 2 to 3 standard deviations, attributing all
the other “M” events to n/(958); then the branch-
ing ratio R of the n’ in the “M” sample is about
0.8+ 0.2.
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TABLE I. Summary of branching ratio R = (1" r7y/
* 17 ny), ny denoting n(549)—all neutrals, from Refs.
1-6. The momentum of the incident beam of the experi-
ment is denoted P, . The average value of R for data
of Refs. 1, 2, 4—6is R =0.97+0.08.

Data of
Ref. P (GeV/e) R
1 21K~ 1.39+0.272
2.45-2.85 K~ 0.89+0.142
2 1.8 and 1.95 K~ 0.53+0.30°
3 3.9and 4.6 K~ [7°(958)] 0.54+0.10°¢
[M(953)] 1.2 +0.3
4 2.89 K~ 1.11£0.18
5 2.18 K~ 0.92+0.14
6 (Badier et al.) 3.0 K~ 1.3 £0.4
6 (Mott e al.) 5.5 K~ 0.7 0.3

20.99+0.19 (2.1 GeV/c) and 0.63+0.10 (2.65 GeV/c)
divided by 0.71, the branching ratio 7,(549)/7(549).

bR =(0.475)"'R’, where R’ = (r*17y/1mn) =0.25+0.14.

¢ A correction upwards of about 10% should be made to
account for 1’ — %7, .

LINEAR MATRIX ELEMENT

The spin-parity J* of the n’, 0~ or 2~, is still
an open question.®*®® However, under the assump-
tion that JF=0", the mass distribution M(r*7") of
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FIG. 1. Branching ratio R= (7" y/7*n"ny), n(549) —
all neutrals (N), vs laboratory momentum Py, of incident
particle producting n’(958) [or M(953)]. The data are
from Refs. 1—-6 as indicated (see Table I for values of
R). The average value of R, from the data of Refs. 1, 2,
4—6, R=0.97+0.08, is shown as the dash-dot line and
the shaded area.

the decay mode n’-~7" 777 is expected to be
phenomenologically described by a “linear matrix
element”; the event distribution should be

(|1+ay|®+cx?) times phase space, (1)

where x, y are the Dalitz coordinates,'® and where
a, c are parameters. The “slope” o describes the
deviation of the M(n"n~) distribution from phase
space; the ¢ parameter describes any anisotropy
of the cos6,., distribution. For a discussion of
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FIG. 2. The M(r*r”) distributions of n’ — 71" 5 for (a)
705 events from other experiments (Refs. 1-4), (b) 802
events from Ref. 5, (c) the “world” data, the sum of (a)
and (b), and (d) the “subtracted” world data, the data of
(c) with the estimated contribution of 117 5’ — "7,
events subtracted [using data from Fig. 4(b) of Ref. 5].
The solid curves shown normalized to the data of (a),

(b), and (c) correspond to the best fit [a(real) = —0.11
+0.03] to the data of (c). The solid curve A shown on the
data of (d) corresponds to the best fit, a(real)= —-0.08
+0.03; the dashed curve B corresponds to @ =0, which is
satisfactory; and the dash-dot curve C corresponds to
the “predicted” value « = —0.43, which does not fit the
data at all.
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TABLE II. Matrix element parameters obtained for 7’(958) under the assumption that
JP=0". The matrix element squared is (|1+ay|?+cx?), where x,y are the usual Dalitz vari-
ables (see text). All fits to the data had acceptable confidence levels.

Data No. of o (real) « (complex)
of ref. events (c=0) Rea | Ime | c
1 2178 —0.11£0.05 —0.11+0.05 0£0.3
2 57
3 7’(958) 109 -0.342%1%
M(953) 60 -0.462332
4 201 —0.19+0.07
52 “a]]” 802 -0.05+0.03
“subtracted”’ 534 0+0.10
5P 802 -0.039% 0.033 —0.06+ 0,04 0.45543
—0.06 + 0.04 0.3823:48  -0.06+0.16
—0.04 +0.03 ~0.11:0.14
1-4 705 —0.16 +0.04 —0.16+0.04 0:0.8
World (1-5) 1507 —-0.11 =0.03 —0.11+0.03 0+1.0
“Subtracted”
world (1-5) © 1390 —-0.08 +0.03 —0.08=0.03 0=0.3
74d 392 -0.28 +0.06 (1+2ay +By?)

a=-0.25+0.08
=—0.03+0.04

2 As reported in Ref. 5.

b Newly reported here; values from a maximum-likelihood analysis of the “normalized”

Dalitz plot coordinates (see Ref. 5).

¢ The estimated contribution of 117 7’ — 1r°1r°nc events has been subtracted [using data of

Fig. 4(b) of Ref. 5].

dCounter experiment data including about 25% background; the y distribution has been

‘“corrected” for instrumental biases.

the event distribution (1) see Ref. 11. The o
parameters for 7(549) and K° decay a =~ —0.5 are
nonzero and in reasonable agreement with theo-
retical predictions (see, e.g., Refs. 8 and 11).
For n’- n*1™n decay, Schwinger'® proposed that

=-0.41 and Dolgov, Vainshtein, and Zakharov"®
give a value @ =-0.45. Scadron' has given a
phenomenological discussion of chiral symmetry
breaking including n’—~7*7™n decay; others have
considered n’~mm from the standpoint of finite
dispersion relations.'®

The M(n* 7~) mass distributions from the data of
Refs. 1-5 are shown in Fig. 2. The data, where
necessary, were apportioned to the mass bins
shown assuming uniformity in the bins of the
original data; this is statistically satisfactory
since the mass distributions are smoothly varying
and nearly like phase space. Figure 2(a) shows
the data from Refs. 1-4 and Fig. 2(b) shows those
from Ref. 5. The combined “world” data, ex-

clusive of those in Ref. 7, are shown in Fig. 2(c).
The solid curves shown in Figs. 2(a), 2(b), and
2(c) represent the best fit to the data of Fig. 2(c)
normalized to each data set respectively. Since
background from n’-n°,, n,~mn*r"7° is included
in these data, a “subtraction” due to an estimated
117 7r°7r°nc events has been made, as in Ref. 5; the
“subtracted” world data are shown in Fig. 2(d).
The three curves shown are (a) the best fit,
a(real) =-0.08+ 0.03, (b) a fit with «=0, which is
satisfactory, and (c) a fit to @ =-0.43 (average

of the predictions of Refs. 12 and 13), which is
unsatisfactory. The results of various fits with
a(real), a(complex), and (@ and c) are given in
Table II in addition to the values deduced in the
original references. We find that the parameter
¢ is not needed to describe the data (i.e., ¢=0)
and that the best value of a(real)=-0.08+ 0.03.
Also, a =0 gives an acceptable fit. Thus the
decay mode n’—n*7™n does not require a large
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value for the slope parameter a as do 1(549) and
K(498).

DIPION PHASE SHIFT &,

If the spin-parity of the 1’(958) is indeed 07, the
(7*7”) pair in the n’— " 771 decay is predominantly
in the I=J=0 state. The deviation of M(r*7~) from
phase space might then be assumed to be propor-
tional to sin®8,, for the 77 system, if the (7*n)
system does not show any structure. The (7%7)
system is not known to exhibit any structure below
about 950 MeV.*® The M(n*n) distributions from
Refs. 1 and 5 are given in Fig. 3; the data are
well represented by the solid phase-space curves
drawn over the data.

Parameterizing 6,, by the usual s-wave scatter-
ing length a, effective range » approximation,'’

kcotd=a"'+3 k*r, (2)

where % is the pion momentum in the dipion rest
frame, we can fit the data of Fig. 2(d) as phase
space times sin®6. Part of the two-standard-
deviation region of 8, vs M(7*7~) about the best
solution is shown shaded in Fig. 4(a). The lower
dashed envelope corresponds to (a,7)=(2.5, 3.0)
(in fermis). The §,, phase shifts from K,, decay
of Zylbersztejn et al.'® and Beier et al.'® are shown
as the open and solid circles, respectively. The
prediction of the Weinberg?® scattering length
(a,7)=(0.2m,~ ", 0) is also shown. The (extrapo-
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FIG. 3. The M(r* 1) distributions of n’ —7*r" 7 for (a)
the 278 events of Ref. 1 and (b) the 802 events of Ref. 5.
There are two 77 combinations per event. The solid
phase-space curves shown are a good representation of
the data.
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FIG. 4. (a) The “phase shift” 6, (degrees) vs dipion
mass M(r*r”). The shaded region corresponds to the
assumption that M(7*r”) in n’ — 7*717 7 is proportional
to sin?é,, (see text). The shaded region is the 95% con-
fidence level region allowed by the data of Fig. 2(d). The
6y of Zylbersztejn et al., open circles (Ref. 18), and
of Beier et al., solid points (Ref. 19), and the phase
shift corresponding to the scattering length of Weinberg
(Ref. 20), agy=0.2m,”!, are also shown. (b) The M(n*r")
distribution of Fig. 2(d) with four additional fits. Curves
D and E for JP= 0~ are phase space times sin’6, with
6 corresponding to the curves D and E in part (a), re-
spectively. Curves F and G are for J©=27; curve F
corresponds to the best fit to the usual mixture of matrix
elements: curve G corresponds to modifying the
(l”,ln) = (0, 2) part of the mixture using Weinberg’s
scattering length.

lated) 6,, phase-shift solutions of Protopopescu
et al.?' (not shown) lie somewhat higher than the
Weinberg curve. We see that “6,,” from the n’
does not agree with these other values. Figure
4(b) shows the data of Fig. 2(d), without error
bars, with some additional curves. Curve D
corresponds to the lower envelope labeled D in
Fig. 4(a); curve E is that corresponding to the
Weinberg scattering length,?° which is essentially
the “linear matrix element” curve of Fig. 2(d).
Curve F is a fit for J¥=2" with no phase-shift
effects, as usually done. We can improve the 2~
fit by including sin®6 using the scattering length
of Weinberg. Curve G shows such a fit, which is
quite satisfactory; somewhat better fits could be
obtained using the extrapolated Protopopescu
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phase-shift solutions. Also, for JF=0", some
double d-wave amplitude (I,,=1,=2) can be added
to the usual double s-wave amplitude (I, ,=1,=0)
which predominates; very little double d-wave
amplitude is expected due to the small @ value of
the n'~ n*7™n decay. The (I,,=1,=0) part of the
matrix element can then be modified by the factor
¢'%siné using the Weinberg phase shift. Such a fit
was made (not shown) to the data of Fig. 25 of
Ref. 5; it does not describe the data. The (essen-
tially) isotropic cosf,+, distribution constrains
the interference term to cancel the angular cor-
relations of the (I,,=1,=2) amplitude. The re-
sulting M(n* 7~) distribution deviates almost as
strongly from phase space as does curve E in
Fig. 4(b).

Weinberg?® has noted that the meaning of any
procedure such as we used above is ambiguous in

decay processes such as K, 7, and 1’ decay. How-
ever, the “linear matrix element” expectation

and the Weinberg scattering length appear to be
equivalent (curves C [Fig. 2(d)] and E (Fig. 4(b)])
and appear to explain 1(549)~ 77" 7° decay.!! The
same expectation is not realized for n’—7" 777 if
JF=0". Whether this is due to the largely singlet
nature of the n’, to the possibility that J*=2", or
to some unknown 7°n interaction, or is an accident
in the case of 1(549), is not known.
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