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Weak production and electroproduction of 5(1236) in a Zucker-model calculation
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Zucker's model for weak production and electroproduction of b(1236) is reconsidered in
the light of recent experimental data. We find that the disagreement between the predic-
tions of the Zucker model and the experimental data can be significantly reduced by choos-
ing a different form for co exchange.

We consider in this paper the production of
b,(1236) from neutrinos scattering off nucleons
within the context of a model due to Zucker and col-
laborators. ' Although the data for low values of
the squared momentum transfer (k ) agree with the
predictions of an earlier model due to Adler, the
applicability of the Adler model is very limited.
The model due to Zucker' and collaborators (here-
after referred to as the Zucker model) does not fit
the entire set of data available; however, the in-
herent simplicity and wider applicability of this
model motivated us to improve upon the calcula-
tions without modifying the basic structure of the
model. Zucker's model' is based on the premise
that the denominator function in the It//D represen-
tation for the perturbation amplitude of a resonant
state is independent of k and the nature of the ini-
tial state; it depends only on the phase shifts in the
final state and the hadronic mass (W) produced.
D ( W) for a particular resonant final state (identified
by isospin, angular momentum, and parity) is the
same for all processes leading to the production of
that state. Although in principle D(W) can be
determined from phenom enological eigen phase
shifts, such deteiininations in practice depend on as-
sumptions made about the asymptotic behavior of
the eigen phase shifts. Therefore, D(W) for any
resonant state is estimated phenomenologically. The
estimate is made by comparing the theoretical and
experimental cross sections for production from a
particular process in the following manner: In the
resonant region the solution of the I)//D equation
for a helicity eigenamplitude can be approximately
written as

A(Wk )=A" (Wk )/D(W)

where A ( W, k ) is the contribution from the un-
physical left-hand region. If the resonance is sharp
and A does not vary appreciably in going across
it, then the cross section dt7/dk is proportional to

2 2 LHS 2 2

X f (D()V)( d)V. (2)

The factor f (D(W)
(

dWis te* -ed the enhance-
ment factor for the resonant channel and can be
used for all processes in which the resonance is pro-
duced. For the nX-channel resonances Zucker and
collaborators' use the electroproduction results to
estimate the enhancement factor.

The electroproduction model of Zucker and colla-
borators' differs from the Adler model in the
Born-ter nI content. Zucker and collaborators' in-
clude an extra to-exchange diagram in the t channel
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suits (Figs. 5 and 6 and Table III).
Since in the Zucker model the integrals are cut off

at t e upper edge of the resonances the contributions
rom the higher exchanges are not included. In the

s and u channels the additional particles exchanged
are the resonances themselves. ' ' In the t channel

apart from the m. and ELT, other particles can also be
exchanged. Also as was pointed out b Adl
the hi h-k2 re ie tg - region of the crossed-channel diagram
which is affected when integrals are cutoff. There-
ore, we ave used a k -dependent coupling constant

for pI. We choose pI ——0 at k =0 so that it repro-
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FIG. 10. Comparison of total weak production experi-
mental cross-section results for the process
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from Barish et a/. , Ref. 16 (solid circles), Bell et a/. , Ref. 1

(open triangles), and Allen et a/. , Ref. 16 (open circles).
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vp~p 5++(pm+) as a function of the incident
neutrino energy is plotted in Fig. 10 along with the
experimental points. ' Zucker's results are clearly
far above the experimental numbers and even revers-
ing the sign of the p coupling (so that the contribu-

TABLE IV. Weak production of 5(1236) in particular
channels from high-energy neutrino and antineutrino
scattering off nucleons. (a) Sign of p coupling opposite to
Zucker model and (b) sign of coupling same as Zucker
model. The coupling constant y~ /4n. =0.8. The experi-
mental value of the total cross section for the process
vp~/J, b++(pn. +) is (0.59+0.06)0&10 ' cm and for
vp +p+h(pn ) is —6.5)& 10 cm where high-energy
neutrino and antineutrino beams were incident. The comp
form factor F F2.

k [(Gev/c)

FIG. 9. Comparison of experimental weak production
do/dk data for vp —+p b++(pm+) results with predic-
tions of the Zucker model [curve (b) with P= —6 and
curve (a) with P~ ——+4]. To compare with the experimen-
tal points the curves have to be enhanced by their
enhancement factors. The experimental points are from
Allen et a/. , Ref. 16 (crosses}, and Bell et a/. , Ref. 1 (open
circles). Curve (c) is the enhanced P~ ——S» curve.

tion from p exchange helps reduce rather than add
to the total cross section) decreases the cross section
by 30% only. This is still 2 —3 times more than the
experimental number. The reason being that with a
negative P the ro-exchange diagram interferes des-
tructively with the rest of the vector amplitude for
b,(1236). Therefore, in order to match the elec-
troproduction data for 6(1236) a large enhancement
factor is needed. Since, in the axial-vector ampli-
tude no such term is present when the same
enhancement factor is used for the axial-vector con-
tribution, the cross section becomes too large and
the p-exchange diagram cannot reduce the cross sec-
tion sufficiently. The predictions made for Pi ——4 or
Pi ——Sz with F „z(k )=E& (k ) agree closely with
the experimental data (Fig. 6). Also from Tables IV
and V it can be seen that the total cross section for
the production of 6(1236) from vp scattering, with
Pi ——4, and Pi ——Sz, is also closer to the value ex-
tracted from the vp experimental data. ' We have
also looked at the weak production and electropro-
duction of other resonances, with P& ——4 or Pi ——Sz

TABLE V. Weak 6(1236) production for neutrino and
antineutrino scattering off nucleons, with different P&.
Results are presented for y~ /4m =0.44 and for
yz /4' =0.80. (a) and (b) are as in Table IV.

o(vp~p pm+)
(10 cm )

y~'/4m. (a) (b) (a)

cr(vp ~p+b (pm. ) )'

(10 cm }
(b)

o.(vp~p pm+)
(10 cm )

(a) (b) (a)

o (vp ~p+b, (pn. ) )
(10 cm )

(b)
—3.5
—4.0
—6.0
—3.5
—4.0
—6.0

0.80 1.1
0.80 1.15
0.80 1.34
0.44 0.89
0.44 0.95
0.44 1.2

1.35
1.43
1.92
1.26
1.32
1.72

11.2
11.8
14.2
8.8
9.1

10.8

12.6
13.2
18.3
10.1
10.6
15.2

4.0
6.0
Sg
4.0
5.0
Sg

0.80
0.80
0.80
0.44
0.44
0.44

0.414
0.395
0.44
0.38
0.361
0.40

0.594
0.545
0.6
0.5
0.462
0.51

4.35
4.16
4.65
3.66
3.48
3.92

6.26
5.77
6.55
4.89
4.52
6.0
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and F r(k ) =Fi (k ), and find that the agreement
with the experimental data is better than that for
negative P and F„&(k )=F2 (k ).'

In conclusion, the foi-i' of the model used here
with an effectively k -dependent value of Pi retains
the low-k structure of the Born diagrams used in
the photoproduction model of CCxLN and the
weak-production model of Adler. It satisfies the ob-

servable PCAC constraints and agrees reasonably
with all available data. To test the reliability of the
model electroproduction and weak-production ex-
periments for higher hadron energies should be per-
fornIed. From the data obtained the resonant cross
section for the higher resonances can be extracted '
and compared with the Zucker-model predictions
for Pi ——Sx.
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