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We report on the analysis of the reaction w n-coop at 6.96 GeV/c. The absence of a
dip in the differential cross section at t =-0.6 (GeV/c) ~ and the nonzero values for the
coo spin-density matrix element ppp for It I&1.4 (GeV/c) 2 indicates that an unnatural-par-
ity contribution to this process is still important at this energy. A simple Regge-pole
model is found to represent the general form of the data.

The reaction m'n-&sop has been studied at 6.95
GeV/c. The results are found to be adequately
described by a simple Regge-exchange model.
The significant features of the data are a pro-
nounced drop in the differential cross section in
the forward direction, the absence of a dip at the
wrong-signature zero of the p trajectory, and
the large value of p,o indicating a contribution to
the process from an unnatural-parity exchange.

This analysis is based on an exposure in the
Argonne National Laboratory-Midwestern Uni-
versities Research Association 30-in. deuterium
bubble chamber to a 6.95-GeV/c m' beam. Mea-
surement of about 30000 three- and four-prong
events has yielded a final sample' of 5471 events
in the channel w'd-pp7T's z', of which 369+20
events are produced by the two-body process
w+n —&u'p.

The s'm p' mass distribution below 1 GeV/c'
is shown in Fig. 1.' These data have been fitted
by a phase-space distribution modified by s-wave
relativistic Breit-Wigner functions. The phase-
space distribution in turn was approximated by
a standard phase space multiplied by a polyno-
mial function in the 3z mass. Our experimental
mass resolution of 25.1+2.5 MeV/c' (full width
at half-maximum) was folded in during the fitting
to yield mass, M, and width, I', values for the
ar' of M = 784.0+1.4 MeV/c' and I' = 14.0+ 5.1
Me V/c', respectively. The background in the
u' mass region, 0.74-0.83 GeV'/c', was deter-
mined from this fit to be 30.4'„', events, an
8.2/o correction.

The cross section for m "n-&u'p, corrected for
unseen decay modes of the &, was determined
to be 86.4+12.8 p, b. This value of the cross sec-
tion was calculated using only the four-prong
data, and is in agreement with the value derived
from the three-prong data which has somewhat

70—

5p ~
AI

CP

40 ~
O

tAj-
QJ 30)
UJ

20—

IO-

I I I

I.O0 5 0.6 0.7 0.8 0.9

MASS (, 7T 71 W GGV/c 2

FIG. 1. InVariant maSS Of 7r+7r" 7r in the g and CO

mass region. The solid curve is a fit of Breit-signer
forms plus background yielding mass and-width values
for the cu'.

larger errors. Corrections for the effect of the
Pauli exclusion principle on the two-nucleon final
state at low momentum transfers' yielded finally

89.6 +13.3-0„+„op-96.2 + 14.2 p.b,

where the lower and upper limits were for 100%%up

spin flip and spin nonf lip at the nucleon vertex,
respectively.

We have used the combined three- and four-
prong data in the following analysis. The mass
distributions, differential cross sections, and
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density-matrix elements have been checked for
consistency between the three-prong, four-prong,
and combined data samples. Differences be-
tween these data samples were all within one
standard deviation with the single exception of
Rep» for Itl&0. 1 (GeV/c)'. The combined-sam-
ple value for Rep„ is shown in Fig. 2(c), how-

ever, the four-prong value is Rep„= -0.01+0.07
for this t range. The large effect of the back-
ground in this I; interval was believed to be the
cause of this discrepancy.

The differential cross section and density-ma-
trix elements are shown in Figs. 2 and 3. The
data have been corrected for Pauli exclusion ef-
fects' and for background.

The differential cross section and the J =1
density matrix elements were determined for two
overlapping background regions selected with 3m

masses above the w' mass interval. The differ-
ential cross sections for the two background re-
gions were found to be well described by the ex-
ponential dependence exp[(7. 5+0.5)t]. This t de-
pendence for the background was assumed to
describe the background in the w'-mass region.
The small number of events available in the con-
trol regions, and the lack of events with 3g mas-
ses less than the w, make this assumption some-
what uncertain. By choosing two background re-
gions above the +' we determined that the slope
of the differential cross section, outside the cu

mass region, was a slowly varying function of
the 3g mass. We believe, therefore, that we
have a reasonable parametrization of the back-
ground contribution to the differential cross sec-
tion in the &' mass interval.

A similar procedure was applied to the density-
matrix elements. Corrections were found to be
necessary only in the Itl interval 0.0-0.1 (GeV/
c)'. The corrected density-matrix elements are
shown dotted in Fig. 2. These corrections to the
w' density-matrix elements include only the sta-
tistical error estimates. At the present level of
statistics the large uncertainties involved in de-
termining the dependence of these terms on the
3w mass makes these corrections somewhat
speculative.

We note that after background subtraction and
differential cross section in the present data
[Fig. 3(c) and 3(d)] has a 3- to 7-standard-devia-
tion dip in the forward direction for spin nonf lip
and spin flip at the nucleon, respectively. The
published experiments are presently split be-
tween those favoring a constant cross section
for I tl&0. 2, ' and those favoring a dip. ' We note

that the former experiments' have a larger per-
centage of background in the co' mass region than
the latter, ' and it is not clear that this back-
ground was completely accounted for in deter-
mining the differential cross sections. A for-
ward dip in the differential cross section would
be inconsistent with one absorption model, ' but
is in agreement with the predictions of standard
Regge models. ' "

Past interest in p'n ~'p has focused on the
lack of a dip in the differential cross section at
the wrong-signature point, e =0, of the p tra-
jectory which is expected to contribute to this
process. "'"" There is no evidence for a dip
in our data at t- -0.6 (GeV/c)' (see Fig. 3),"
and the data can be well described by an expo-
nential in the t interval -0.3 to —0.8 (GeV/c)'.
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FIG. 2. Density-matrix elements of the &: (a) ppp,
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ted point in the lt I interval 0.0-0.1 (GeV/c) 2 has been
corrected for background. No corrections to back-
ground were required for
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~
& 0.1 (GeV/c) 2. The dotted

point between It
~
=0.5-1.0 (GeV/c)2 is the average of

the solid points in the same t interval.
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The feature is inconsistent with models utiliz-
ing pure p Regge exchange, "and also appears
to be inconsistent with the p-plus-strong-eut
model. '

The +o density-matrix elements are presented
in Fig. 2 and Table I." Vfe note that in a simple
exchange model only unnatural-parity exchange,
for example, B-meson exchange, will contri-
bute""" to poo, the sample exchange of a p

meson" yieMs p«=0 for all values of t. Our
data are consistent with a nonzero poo for all
values of Itl(1.4 (GeV/c)' [see Fig. 2(a)], and

suggest a large unnatural-parity contribution to
the process.

In addition to the standard density-matrix ele-
ments we have plotted v, ' = (p»+ p, ,)/& as sug-
geested by Hogaasen and t.ubatti. "" For simple

p and 8 exchange, 0, ' will vanish at zeros of the

Table I z density-matrix elements in Jackson and helxcity frames. No co~ ~ correction for background has been0

made to these data.

(Gev/c) 2
poo

Jackson Frame
Re pro poo

Helicity frame
Re pro

0.0-0.1
0.1-0.2
0.2-0.3
0.3-0.4
0.4-0.5
0.5-1.0
1.0-1.4

0.50 *0.10
0,31+ 0.07
0.34+0.08
0.40 + 0.10
0.39+0.15
0.26 +0.10
0.23 +0.24

0.12+0.07
0.29 +0.06
0.10+0.07
0,04 +0.07
0.13+ 0.11
0.12+0.11
0.18+ 0.18

-0.13+0.05
-0.03+0.04
-0.04 +0.05
-0.09 + 0.06
-0.12+0.07
-0.26 +0.05
-0.06 + 0.11

0.50 +0.10
0.17 +0.07
0.29*0.09
0.32 +0.10
0.21 +0.13
0.19+0.11
0.14 +0.15

0.12+0.07
0.22+ 0.06
0.08+0.07
0.01 +0.08
0.04 +0.13
0.08 +0.09
0.14 +0.20

0.10+0.05
0.10 +0.04
0.05 +0.05
0.10+0.05
0.13+0.07
0,24 +0.06
0.03 +0.14

402



Vol, UMz 26, NvMszR 7 1$ FEBRUARY 1971

p contribution. Our data axe consistent with o, '
being nonzero at the mrong-signature point of
the p; see Fig. 2(d). However, the poor statis-
tics in this t range necessitates the use of large
t bins and the analysis yields large uncertainties
in the density-matrix elements. %'ith these lim-
itations me are unable to exclude the possibility
of a zero in the o, ' term in this t region.

The curves dramn on the differential cross
sections (Fig. 3) and the density-matrix elements
(Fig. 2) result from a simple Regge-exchange
model involving p, p', and B-meson exchanges. '
The curves, obtained using the parameters of
Ref. 12 from a fit to data at 3.65, 4.19, and 5.1
GeV/c and the present experiment, describe the
general form of the data, reproducing the for-
ward dip in dc/dt, the absence of a dip at f- -0.6
(68V/c)', and the t dependence of the density
matrix elements pooq p1 ~~ and Rep~o. The ad-
dition of the p'-exchange" term to a p+ B model
describes the crI' data [Fig. 2(d)], and is consis-
tent mith the data being nonzero at the mrong-
slgnature point of the p.

In conclusion, our analysis of the process
II'n-cI'p at 6.95 GeV/e is consistent with a dip
in dc/dt in the forward direction and with the
absence of a dip at f- -0.6 (GeV/c)'. This is in-
consistent with simple Regge-exchange models
(with wrong-signature zeros) employing only p
exchange. The nonzero values of p« for all t
values studied indicates that a substantial un-
natural-parity exchange is still required at this
energy. The data are found to be consistent with
a Regge model including p, p', and B-meson ex-
changes.
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~Events were scanned for one or bvo identifiable pro-
tons in three- and four-prong events, respectively.
Accepted events were consistent with scan taMe ioniza-

tion. The data have spectator-proton momentum cuts
of ~0.3 GeV/c for the four-prong data Rnd «0.1 GeV/e
in the plane for the three-prong data. An overall y2
probability cut of 5' was applied to the data. Events
fitting z constrained to 2+ conversions in the liquid ol
plates of the chamber were accepted only with fitted y
momenta exceeding those estimated in the scan table.
The data contains events with proton momenta &1.5
GeV/e.

'The sharp peak at the ~0 mass, not well fitted by the
curve, comes from the three-constraint {3C) events
with the xo fitted to 2y conversions. The mass resolu-
tion for these events was much better than for the 1C
fits. These 3C data reflect the true width of the z
rather than the Gaussian-like mass peak characteristic
of the 1C data.
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