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In this paper we want to report a study of the

reaction
at+p—> Nit a0 (1)

at 3.54 GeV/c. We find a very good agreement
between the angular correlations observed

Fig. 1.

o Exchange mechanism
for isobar production:

a) for reaction i+ 4 p - Ngg'l' -+ no;

b) for reaction K+ p— N§§+ + KO

in the decay of the N}, and the predictions
by Stodolsky and Sakurai based on a single
¢ exchange model [1] (see Fig. 1, a). The

reaction
K+ p— Ni* KO @

has also been found to display similar angular
correlations [2—4] in agreement with the
single @ exchange mecharism as illustrated
in Fig. 1, b. But we want to point out that
the energy dependence of the cross section of
both reactions (1) and (2) is in strong contra-
diction with the results derived from a simple
exchange model as used, for example, by
Jackson and Pilkuhn [5].

After analyzing about 7000 two prong events
from a m* exposure at 3.54 GeV/c in the
Brookhaven 20" hydrogen bubble chamber,
we identified 1061 events as

A+ p—>at4p+a. (3)

The details of the analyzing methods will
be described in another publication. Fig. 2,
a shows the Dalitz plot of the reaction (3).

* Work done under the auspices of the Atomic
Energy Commission [Contract No. AT (11—1) GEN
10 PROJECT 10 MOD 3].

One can see the formation of g* around Mz+ro=
=.56 GeV? and the formation of N+ around
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Fig. 2 (a) Dalitz plot of the reaction st++p — st 4-
0
(b) Distribution of M%,, from the reaction ntp —
— qtpnd when M2, is outside the range of the o*
meson. M2, ,>.72GeV? and M2, < .42 GeV2
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2+p = 1.53 GeVZ2. In the Fig. 2, b we take
off the o band (.42 GeV? << M << 72 GeV?)
and plot the projection of the remaining Dalitz
plot on the M3, axis. This histogram shows
a big N*** peak above a small background.
We estimate the cross section of the reaction
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Fig. 3. a) Angular distribution in cos a, the angle
between the normal to lhe plane of production and
the direction of the m* from Nif*+ decay measured in
the N#f+ rest frame for the reaction st --p — NiF+ -
+ 0 The curve is 1-+3cos?a, normalized to the
data. b) Histogram of the Treiman-Yang angle ¢ for
the reaction st-f-p — NiFt+m0. ¢ is the angle
hetween the production plane and the decay plane of
the Nji*+ measured in the rest frame of Nijt. The
curve is 14-2 sin? ¢ normalized to the data. In both
a) and b) the shaded area is the contribution from
«bidon» events (see text)

(1) to be .20 4= .04 mb at 3.54 GeV/c. In the
following, we discuss only the reaction (1),
i. e. we use only events with an effective mass
Maip in the N3 region (1.240+ .060 GeV).
To avoid the overlap region of Nj* and o*
we analyzed the properties of the Ni™ reso-
nance using the Method of Eberhard and
Pripstein 16] whereby we ignored all the events
on the Dalitz plot having .42 GeV? << M% 00 <<
< .72 GeV* and repopulated this region with
a sample of fictitious conjuguated events con-
structed from the remaining events. (We call
these fictitious events: «bidom» events; they
represent only 15% ol the data). We plotted
in Fig. 3, a the histogram of the angular distri-
hution in cos « where a is the angle between
the normal to the plane of production and the
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direction of the m* from the N, decay, measured
in the N}, rest frame. The shaded area repre-
sents the contribution of «bidon» events. The
solid curve represents the distribution «I + 2
cos?a», normalized to the data. This is the
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Fig. 4. Distribution of momentum transfer between
incident m* and outgoing n® of the reaction mwtp —
— Nif* n0; the shaded area is the contribution form
«bidon» events (see text). On top we plot the scale
in cos O where 0 is the angle between n0 and at
incident in the center of mass frame. The solid
curve is the best fit using the Jackson-Pilkuhn For-
muta. (See text).

prediction by Stodolsky and Sakurai [1] using
a single o exchange model (Fig. 1, a) in which
the vertex o*pN* behaves like an ML — ps,
electromagnetic transition in accordance with
the «p photon analogy». Our data are in very
good agreesment with this prediction. We plot
in Fig. 3, b the histogram of the Treiman—
Yang angle ¢, where ¢ is the angle between
the decay plane and the production plane in
the Nj, rest frame. The shaded area is the
contribution from «bidon» events. The solid
line represents the distribution «1 -~ 2 sin? ¢'»
which can be derived from the preceding pre-
diction (I -3 cos? a) assuming that the ver-
tex opN* is pure ML — ps;, transition. Here
also our data agree very well with the predi-
ction,

In Fig. 4, we plot the distribution of the
differential cross section versus the four momen-
tum transfer (A% between the indicent m*
and the outgoing =°. Our data peak sharply
in the region of small momentum transfer.
Jackson and Pilkuhn [5] have derived the
differential production cross section of reacti-
ons (1) and (2) assuming a single @ exchange



mechanism with a magnetic dipole coupling
model. Their formula is similar to the Stodol-
sky — Sakurai Formula quoted dy Daudin et al.
[7]. To make a fit to the momentum transfer
distribution of reaction (2) at 3.0 GeV /c (which
has almost the same total energy in the Center
of Mass as in our case), they must use a form
factor of the form F, (0) e=*4%. They get good
fits for:

A= 2.5 with (gp+x+ko/4m) X
X (Gyww+/4m) | F, (0) > =31

A= 2.0 with (gh+g+xo/4m) X

X (Ggnn+/4m) | Fy (0) 2= 21.

Using their formula we get a good it to our
data (solid curve in Fig. 4) for A = 7.0 with

By dividing the preceding relations we get
a ratio of gpimino/Gp+i+ko between. 9 and
1.3 which is not too far from 2.0: the predi-
cted value of SU4 But there are two criticisms
of the results derived directly from o exchange
mechanism as with the Stodolsky—Sakurai
Formula 7 or with the Jackson-Pilkuhn For-
mula [5]:

a) One needs very drastic form factors to
fit the data. The form factors are so rapidly
varying that the momentum dependence of

momentum (See Table) in contradiction with
both the Stodolsky — Sakurai Formula [7]
and the Jackson —Pilkuhn Formula [5]
which predict an increasing cross section. In the
Stodolsky-Sakurai Formula [7] the cross-section
is almost proportional to P;-P} with Pi-mo-
mentum of the incident n* and Ps-momentum
of the outgoing n® in the center of mass frame.
For the Jackson—Pilkuhn Formula [5] we
list in Table its predictions for reaction (1)
at 3.54 GeV/c and 1.59 GeV/c (with A = 7.0),
and its predictions for reaction (2) at 3.0 GeV /c,
1.96 GeV/c, 1.14 GeV/c and .91 GeV/c (with
L = 2.5). We also list the corresponding expe-
rimental results in the same table. Except
for the momenta, where the calculations
have been normalized to the data (3.54 GeV /¢
for the reaction (1) and 3.0 GeV /c for reaction
(2)), all the predicted cross-sections are very
different from the expérimental values, some-
times by an order of magnitude *.
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Cross section of reaction m*p — NizT-|-n® and K*p — Nff*-|-K* at different incident momentum
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Reaction in GeV/c Pr pilkuhn formula section number
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91 .08 mb 2.1—.2 mb [2]
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b) A stronger criticism is that the measured
cross-sections of both reactions (1) and (2)
decrease rapidly with increasing incident
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* We héve verified that for all A between 1.0
and 10.0, the Jackson-Pilkuhn Formula gives values
of cross-section increasing with energy.
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