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%e present production and decay distributions for the reaction vP —p p~+ with M~+&
& 1.4 GeV. This reaction is primarily vp -p, 4++, but we find evidence for the presence
of non-6 amplitudes for Q & 1 GeV . The data are fitted by various theoretical models.
For Q & 1 GeV the best fit yields the value M~ =1.25+0 &3 GeV, using a dipole-nucleon
axial-vector form factor in Adler's model, although none of these models successfully
reproduces the observed 6-decay distributions.

Several theoretical models for weak single-pion
production and, in particular, for the reaction
vp - p b. ' have been published and fitted to data
below 1.5 GeV. ' ' In this paper we present new
data on this reaction at energies from 5 to 100
GeV and fit our data by the same parametrized
models used in Ref. 1, and also by a more re-
cent version of the full Adler model. ~

From a sample of 201 events with kinematic
fits to the reaction vp- p p&', we obtain 188
events with the &'p invariant mass, IV(1.4 GeV,
corresponding to an average cross section of

(0.55+0.08)&&10 ' cm between 15 and 40 GeV,
as described in the preceding paper. ' The Q'
distribution [Q' = —q' = —(p„-p„)']from these
events, predominantly from the reaction vp- p. ~ ', is shown in Fig. 1.

The decay-angle distributions from the events
with W(1.4 GeV are shown in Fig. 2 and are
summarized in Table I for various Q' regions.
The decay angles 8 and @ are calculated for the
~' in the & "p rest frame with respect to a Gott-
fried- Jackson system of right-handed axes with
the polar axis, ~ along the momentum-transfer
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FIG. ].. The do/dQ2 distribution. The solid and
dashed curves are the projections of the fits by the full
Adler model with Mz-—1.48 GeV and 1.25 GeV, respec-
tively. The dotted curve shows where the fit by the
parametrized Adler model with I&= 1.15 GeV differs
from the solid curve. In all cases the curves are abso-
lute predictions.

FIG. 2. Decay-angle distributions from events with
W&1.4 GeV: (a) cose, (b) 4, (c) 4 for coso&0, (d) 4
for cos0& 0. The shaded areas correspond to events
with Q & 1 GeV . The solid curve is from the full Adler
model with M&= 1.43 GeV averaged over all Q, and the
dashed curve is from the parametrized Adler model
with M&= 1.0 GeV for Q & 1 GeV .
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TABLE I. z+P decay-angle distributions for g (1.4 GeV.

Q2

(GeV)'
Number of

events (0 &0

4 (0-2~)
& ~/2

cos0 (c) or 7t//2—

je)& 0.5 ~c~ & 0.5 & r & w & sr/2 Bw/2 w/2 &3m/2

0—1

0—0.8

111
18
9

60

52 59
8 10

8
24 86

74
10

5
40

37
8
4

20

58 53
8 15
6 3

32 28

64
10
5

Q4

47
8

26

82
0
4

17

82
10

1
17

direction, 0 = q = p, —p „, and with the y axis along
the production plane normal, y=p„xp„. For Q'
&1 GeV' both the cos0 and @' distributions are
symmetric, as required for pure &" production,
but for Q'& 2 GeV' there is an excess of events
with forward &+ (as observed in the data with W
& 1.4 GeV), and for 1 & Q'& 2 GeV' there is an
asymmetry which is evidence for a parity-non-
conserving production process. These results
suggest that background amplitudes may be com-

parable with the &" amplitudes for Q'& 1 GeV'.
The decay-angle distributions for Q'& 1 GeV' and
W&1.4 GeV are well described with the spherical
harmonic expansion up to I =2. The coefficients
calculated by the moments method are given in
Table II. The related density matrix elements
(also for Q'&1 GeV'), assuming a pure spin-~
state, are p„=0.90+0.12, p„=0.01+0.05, p3
= - 0.07 +0.07, where the decay-angle distribution
is given by

0 2 - ~ 0

d oKdc' ~4
Y —~5@ ——)Y ' —

~10 p,„,ReY '+
y10 p„ReY '

We have fitted our data with various param
etrized models' listed in Table III and also using
the full Adler model. " Since we have evidence
that background amplitudes, not included in the
parametrized models, are present at high Q',
we first study the fits to events with Q'& 1 GeV'
before attempting to fit the full Q' range. In the
parametrized models we use the Barita-Schwinger
formalism for pure ~" production, using the
notation described in Ref. 1.

For the vector form factors" we take

c,"= o, c,"= (- M, /W) c,'(q'), c,'(q') =o,

~C,v~' = (2.05)'(1+9') exp(- 6.3~Q').

For the axial vector form factors" we take

C,"(Q') = C~ "(0)exp[a Q'/(1 +5Q')]/D,

! wherei =3, 4, or 5; D =(1+Q'/M„')'; and C&"(0),
a, and b are given in Table III for each theory
for i=4 and 5. For i =3, C,"(Q)'=0 except for
Zucker's model in which C,"(0)=1.8, a =-1.76,
and b =0.62. For all models

M~ gg f, —1.07
( 2~3(M, -+Q)D 0.019~Q-D

where g~ is the b -P&' coupling constant and f„
is the pion decay constant. For each model the
value of M& was found using the maximum-likeli-
hood method. The fit includes the values of Q',
8, @, S', and E, for each event, as well as the
measured average cross section for the process.
The results are given in Table IV with the pre-

TABLE II. 7& coefficients for the decay-angle dis-
tribution for events with g (1.4 Gev and Q & 1 GeV .

Model C4 (0) C,"(0)

TABLE III. Form-factor coefficients following Ref. 1.

aio

a20

a2(

Re

0.08 + 0.08
—0.12 + 0.07
—0.86+ 0.08
—0.01 + 0.06

0.09 ~ 0.07

Im

—0.04 + 0.07

0,01 ~ 0.06
—0.04 E 0.08

Salin~
Adler'
Bijtebier
chucker

'Ref. 5.
Qef. 6.

2.7
—0.3

3
—1.8

0
—0.61
—0.61
—1.36

0.19
0.19
0.57

0
1.2 —0.61 0.19
12 —061 019
1.9 —0.84 0.32

Ref. 7.
Ref. 8.
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TABLE IV. Results of fits using the dipole form of
the nucleon axial-vector form factor for Q & 1 GeV2 2

and for all Q . Adler 75 refers to the full Adler model
(Refs. 2 and 9). All the other models are in the parame-
trized form as described in the text.

Model
M~

(GeV)

Cross section'
predicted from
fitx].0 "cm'

X'/d f.
for

da/dQ 2

Q2&1 GeV2

Adler

Zucker

Bijtebier

Salin

Adler 75

Adler

Adler 75

1 0+0'14
~ - O. if

p 62+0. 09
0

0.50+ 0.04

0.42+ 0.03

1 25+0.15
4

1.15+0.10

1 43+0.0II

50+0.04

p 55+0. iO
e

0 40""
24+0. 07-0.$0

0.45+ 0.05

All Q'

p 67+0.04"0.06

p 66+0.04
~ -0.03

10.1/10

35.7/10

13.3/1O

21.3/10

10.9/10

20.9/13

19.1/13

'For g &1.4 GeV and over Q range fitted. For Q
& 1 OeV2 the measured cross section is (0.44+ 0.07)
~10 "cm'.

dieted cross section and, as an indication of the
fit quality, the p' of the projection of the fit to
the Q' distribution. For the fits restricted to Q'

&1 GeV' the models of Adler' and Bijtebier' give
good fits to the Q' distribution, "but the struc-
ture in the decay-angle distributions is not well '

reproduced in any of the parametrized models,
as shown in Fig. 2 for Adler's model. In terms
of the average density-matrix element p», Ad-
ler's and Bijtebier's models predict 0.59 and
0.62, respectively, comparedwith our value of
0.90+ O.j.2. Comparing the values of M& obtained,
only that from Adler's model, M„=1.00 0.,", GeV,
is consistent with the value 0.95+ 0.08 GeV ob-
tained from the reaction vn —p P" and therefore
we have only considered this model for the fits
over the full Q' region.

The parametrized Adler model with M„=1.15
+ 0.10 GeV yields an acceptable fit to the full Q'
distribution as shown in Fig. 1. It should be point-
ed out, however, that both for the Q'(1 GeV'
fits and for the full Q' fits the value of M„ob-
tained is strongly influenced by the cross-section
term in the likelihood function. If the measured
cross section is not included in the likelihood,
the best fit over the full Q' range using the param-
etrized Adler model gives M„=1.45+ 0.20 GeV
and predicts o'=(0.88+0.11)x10's cm '. As in the

case of the restricted-Q' fits, the decay-angle
distributions are poorly fitted.

In an attempt to obtain better fits we have also
used the full Adler model' (Adler 75) which in-
cludes non-~ amplitudes. The best fits with this
model give M„=1.25+,'.,", GeV for Q'(1 GeV',
and M„=1.43';.',", GeV over the full Q' range, as
summarized in Table IV and shown in Fig. 1.
The quality of these fits is very similar to that
of the parametrized model. In particular there
is no improvement in the fits to the decay distri-
bution, although the model introduces asymme-
tries in the integrated cos0 and 4' distributions
as shown in Fig. 2.

To summarize, we have obtained new data on
the reaction vP - p, 6+' at higher energies and
hence higher-Q' values than previously studied.
The decay distributions show evidence that non-b" amplitudes may be significant at higher Q'.
The full Adler model' using a dipole form" for
the nucleon axial-vector form factor provides a
good fit to the Q' distribution below Q' =1 GeV'
with M„=1.25',.",,' and adequately describes the
full Q' region with M„=1.43.',",", GeV. Fitting
with the parametrized Adler model yields lower
values of M&, but gives very similar quality fits.
None of the models considered reproduces suc-
cessfully the observed decay distributions.
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