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A diffractively produced 37 enhancement is observed with mass ~1.1 GeV and width
~0.35 GeV. There is no structure observed in the peak in either the mass or angular
distributions. The system is predominantly s-wave mp with a 37 0~ admixture which is
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essentially constant in percentage and relative phase across the peak.

An analysis of 45000 three- and four-prong
events originating in an exposure of the 80-in.
deuterium bubble chamber to a beam of 8-GeV/c
7t particles yielded 792 events identified! as

mtd -ntrtn—d. (1)

The measurements were made using the Brook-
haven National Laboratory flying spot digitizer
and analyzed with the Brookhaven National Labo-
ratory versions of the TVGP-SQUAW programs.
The effective-mass distributions for channel (1)
are shown in Fig. 1. From the figures it may be
seen that (a) the 37 mass spectrum consists
mainly of a 350-MeV wide structureless peak
similar to that observed in other coherent inter-
actions?; (b) the 7*7~ mass spectrum is domi-
nated by p formation, with 80 % of events in the
37 mass region 0.850-1.450 GeV having a m*r~
combination in the mass interval 0.660-0.860
GeV; (c) there is ~10% D**+ formation? but little
evidence for D*° production (not shown).

For the remainder of this Letter we discuss the
607 events forming the 37 peak lying in the mass
region 0.850-1.450 GeV.

As stated above, no structure is evident in the
mass spectrum with the statistics available. A
moments analysis of the angular distribution of
the normal to the plane of the 37’s relative to the

beam direction and of the p® decay angles rela-
tive to the beam, as a function of the 37 mass,
have confirmed this lack of structure by showing
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FIG. 1. Mass distribution (a) 7™n*r—, (b) ntr—,
(c) 7%d, and (@) 7*7". (b), (), and (d) are for nTntr™
masses in the interval 0.85-1.450 GeV. The curve on
(a) is from the Reggeized Deck calculation normalized
to the average height of the distribution in the interval
1.0-1.2 GeV. The curves on (b) and (d) are from the
maximum-likelihood Dalitz-plot fit.
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only a smooth variation across the peak. We
conclude, therefore, that there is no evidence in
these data for the production of narrow reso-
nances.

The overall angular-distribution characteris-
tics of the mass region 0.850-1.450 GeV are
shown in Fig. 2. The predominantly sin®0 distri-
bution of the normal to the 37 plane as shown in
Fig. 2(a) could originate from the production of
altor 27 state.® A maximum-likelihood fit as-
suming 1t production gives a 37 density-matrix
element p,, of 0.95+0.04 while a similar fit to
27 yields a py, of 0.45+0.09. Figure 2(b) shows
that the p is produced strongly aligned with a p,,
of 0.79+ 0.025; the p decay is asymmetric indi-
cating that there is interference with a back-
ground of opposite parity? The strong alignment
of the p indicates that the produced 37 state is
predominantly s-wave 1. The interfering state
giving rise to the p decay asymmetry has to be
of opposite parity to 1* and hence could be due to
some admixture of either 0~ or 27. The value
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FIG. 2. (a) Polar angular distribution of the normal
to the 37 plane. The curve is a fit assuming a pure 1+
state. (b) Polar angular distribution of the n* from p°
decay. The curve is from the maximum-likelihood Da-
litz-plot fit. For (a) and (b) the z axis is defined as
the beam direction in the 37 and 27 rest systems, re-
spectively.
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of py, Obtained assuming that the 37’s are ina 1*
state permits an admixture fraction of 0.1 +0.06
0~ in conjunction with a completely aligned 17+
state. No exact estimate has been made of the
fraction of 27 since it leads to the same distri-
bution of the normal to the decay plane as does
the 1% state; however, the p alignment shows
that the fraction cannot be large.

From the above analysis it may be concluded
that the 0.850- to 1.450-GeV peak consists pre-
dominantly of a strongly aligned 1% state with
some admixture of opposite parity. The simplest
explanation of the strong alignment is that we are
observing a diffractively produced 37 system.

In order to study the 37 state further we have
attempted to find an amplitude describing chan-
nel (1) which fits the mass distribution in the 37
Dalitz plot for six 0.1-GeV-wide 37 mass inter-
vals. The analysis follows the procedures used
in the study of pp annihilations® with the addition-
al assumption that p,,=1.0 for the 37 system.

If ¢ is the relative momentum of two pions in
their rest system and p is the momentum of the
remaining pion in the 37 rest system, the transi-
tion amplitude may be written as

A =thFlt(1>, S,(p,a),
where S is in a spin-parity function constructed
according to the procedure of Zemach® and Fy;
=m exp(z'élt) sinélt(qZZ +1)-1, élt is the 77 scat-
tering phase shift for the appropriate angular
momentum / and isospin £, and m is the 27 ef-
fective mass. Two 77 phase shifts 6,,* and 3,°
are known to be large in the mass region under
study. §,,! has been parametrized’ as tan™![I'my/
(my2-m?)] with I'=y(m,/m)(q/q,)°, where [,
=0.140 GeV, m,=0.780 GeV, and ¢ =(ém02
-m;?)M2. 1t is not unreasonable to believe that
0,° resonates close to 0.7 GeV,® and so a linear
parametrization in m of 6,° has been used with
this characteristic.

The amplitude A giving the highest value of the
likelihood function for the fit to the Dalitz plots
has the form

1412 = aa@™h) +be'%a07) |2 +c 202,

where A(1%) is the symmetrized amplitude for a
1+ s-wave 7p state and A(0™) is the symmetrized
amplitude for a 0~ state with three pions in an

s wave with respect to each other. The normal-
ization used is such that a® +b* +¢?=1, and that
the integral over the Dalitz plot of A(1%), A(07),
and the constant D, representing a uniform back-
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ground, are each equal to unity. b? and c? repre-
sent the fraction of 0~ and background, respec-
tively, and ¢ is the phase angle between the 0~
and 17 state; these parameters were varied in
the fit.

Other amplitudes with coherent 0™ and 27 mp
admixtures were tried. Both amplitudes gave
likelihood functions lower by two orders of mag-
nitude than the preferred fit over the lower 37
mass interval, but in the higher 37 mass range
(greater than 1.250 GeV) the 2~ background gave
an equally satisfactory fit to the data.

Figure 3 shows the results of the Dalitz-plot
fit as a function of the three-pion mass. It may
be seen that apart from the peak at 1.3 GeV in
the fraction of uniform background, the 37 char-
acteristics are essentially constant across the
peak. In particular the phase angle between 0~
and 1% is consistent with zero across the peak
and the fraction of 0~ does not show any strong
variation. The results from the six mass inter-
val fits have been used to determine® the form of
the 27 mass spectrum and the p decay angular
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FIG. 3. (a) The fraction of 0~, (b) the fraction of uni-
form background, and (c) the relative phase of 0~ and
1* amplitudes as a function of the 37 mass.

distribution; the curves on Figs. 1(b), 1(d), and
2(b) show the results of the fits. Evidently the
amplitude gives a good description of the distri-
butions.

The origin of the uniform distribution D is not
known. However, it may be noted that a direct
37 production was needed in antiproton annihila-
tion at rest®; also we have not taken into account
D* production or T=2 77 interactions® and have
used only the simplest form of amplitude. The
non-p events, which are mainly the uniform
background events, show some evidence of having
1% characteristics. The D term could also be due
to the presence of a d-wave mp 17 state. Fits with
d wave in place of the D term give, within er-
rors, the same percentage and phase of 0~ across
the peak and the fitted percentage of d wave is
equal to that of the uniform D term. The likeli-
hood function is slightly lower for this amplitude
at low 37 masses but is larger for the higher
masses. Hence, while this analysis does not re-
quire a d-wave mp 17 state, about 15% may be
present in the central region of the peak.

Figure 1(a) shows the 37 mass distribution cal-
culated from a Reggeized Deck model'®; the dis-
tribution agrees well with the data. Other as-
pects of the data such as the s-wave form of the
0™ background and the phase angle and percent-
age of 0~ have not been investigated theoretically
in the framework of this model. However, the
characteristics of the p produced in the Deck
model should be similar to the p produced in the
TN interactions; hence a 0~ admixture of con-
stant percentage and zero relative phase would
be expected to be associated with an s-wave 7p
system. It may be concluded that, with the ex-
ception of the predicted cross section, the Reg-
geized Deck model agrees well with the data.
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1A11 three- and four-prong events were fitted as 7td
— 1t ~np. The np mass spectrum showed a sharp
peak at the 7zp mass threshold of width 8 and 3 MeV for
the three- and four-prong events, respectively. Co-
herent deuteron events were defined as the events in
these low-mass 7p peaks with a kinematic-fit probabil-
ity greater than 10%. Coherent events occurred ap-
proximately equally in the three- and four-prong topol-
ogies. We estimate that there may be a 10% contami-
nation of incoherent events in the three-prong sample
while the contamination is negligible for the four-prong
events. The exposure yields 2.3+0.2 events/ub.
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rest frame; for 0~, S =const for three pions in a rela-
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Vg, L. Berger, private communication. The calcula-
tion is similar to that in E. L. Berger, Phys. Rev. 166,
1525 (1968). The 7d elastic differential cross section
was assumed to have the form e—30f, The predicted
mp cross section is about 60% of that observed experi-
mentally. In Fig. 1(a) the peak height of the theoretical
distribution has been normalized to the average height
of the experimental 3™ mass distribution in the inter-
val 1.0-1.2 GeV. Two other parameters may be com-
pared with the data, namely the momentum transfer to
the deuteron and the momentum transfer ¢ between the
incoming 7" and the p’. Both agree reasonably well
with the data; a form factor of the form e—*f would im-
prove the agreement with the p momentum-transfer
distribution and also reduce the width of the pm mass
distribution.




