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STUDY OF THE mp SYSTEM IN THE REACTION n +p-w +p'+p AT 8 GeV/cg
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In the reaction w +p w +po+p at 8 GeV/c, we find that theAt can be explained as a
kinematic effect due to a Deck-type mechanism, but only if both x and p exchanges are in-
cluded. We also present evidence for a possible x p resonance at 1190 MeV with a width
of 17 MeV.

The A, meson has continued to be a puzzle
despite the fact that Shen et al. ' showed clear-
ly that the Deck effect is important in the A,
region. The problem is that the A, peak pro-
duced at higher incident momenta has not been
reproduced by the Deck calculations. ' The cal-
culations yield curves which are too broad,
thus leaving an excess of events in the A, re-
gion which can then be interpreted as a reso-
nance sitting on top of a broad Deck-type back-
ground. The present work demonstrates that
this excess of events can be explained by a Deck-
type mechanism including n and p exchange,
and that no A, resonance is needed.

Measurements of 9900 selected four-prong
events, produced in the Brookhaven National
Laboratory 80-inch hydrogen bubble chamber
at a beam momentum of 8 GeV/c, led to 1832
events which were consistent with the reaction
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at 1190 MeV, hereafter called theA, „and
a peak corresponding to the A, meson. In the
following analysis, we have fitted the data with
background curves using Deck-type models
in order to distinguish between kinematic peaks
and resonances.

The procedure used in searching for the cor-
rect background curve involved the following
Monte Carlo technique. We first attempted
to fit the background with a Deck effect based
on m exchange followed by mP elastic scatter-

on the basis of kinematic fitting and ionization. '
The events were further required to have the
square of their missing mass between —0.02
and +0.02 GeV'.

The general features of Reaction (1) are quite
similar to those observed' at 6 and 7 GeV/c.
Both N*++(1236) and p' production are prom-
inent, and p' production is very peripheral.
In order to select events corresponding to the
reaction
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n +p-m +p'+p, (2)

the following cuts were introduced: (a) 1tpp1
&0.5 (GeV/c)2, (b) M(m+P) outside the interval
1.140 to 1.349 GeV, and (c) 0.660&M(m m+)

& 0.860 GeV, where tpp is the square of the
four-momentum transfer from the target pro-
ton to the final proton, M(~+p) is the m+p in-
variant mass, and M(m x+) is the invariant
mass of the m+ and either v

Figure 1(a) shows the x p' effective-mass
distribution for these events. There is a broad
shoulder in the A, region, a rather sharp peak
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FIG. 1. (a) Distribution of M(m. p ) with fitted curve
(see text). The dashed curve is the background for 55%
x exchange and 45% p exchange; (b) background curves
for x exchange and p exchange shown separately; (c) dis-
tribution of the Treiman-Yang angle y =(Tf„&&p )~ (p&& w )/
I&)„"p I I p && v I with the curve for 551o x exchange and
45% p exchange.
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ing. The Monte Carlo events were required
to reproduce the experimental m p effective
mass distribution and the distribution of the
four-momentum transfer from the incident
track to the p meson. ' If one then specifies
the angle between the incoming proton and the
outgoing proton, the effective mass of the 7r p'
system is fixed. We required that this angu-
lar distribution correspond to that for real ~
elastic scattering' which is a function of the

P effective mass. The resulting distribution
is insufficiently peaked in the low m p -mass
region to explain the data.

We have, in a similar way, computed a back-
ground curve based on p' exchange followed
by p'P elastic scattering. This calculation us-
es as input the p'P effective-mass distribution
and the distribution of t„-z—,the four-momen-
tum transfer from the incident m to the final
m —. For the p'P elastic-scattering angular dis-
tributions we have put in an exponential tppde-
pendence, which can be justified by the fact
that almost all the events have a high p'P invar-
iant mass. ' The resulting curve is more peaked
than the v exchange curve and is, in fact, ,
too peaked to fit the data.

In order to see if some combination of ~ ex-
change and p exchange is justified, we have
examined the Treiman- Yang angular distribu-
tion shown in Fig. 1(c). This is the angle in
the laboratory system between the normal to
the plane including the incident pion and the
p', and the normal to the v P plane. This dis-
tribution should be isotropic for 7t exchange
if absorption effects are ignored; it is clear-
ly anisotropic. Our Monte Carlo events for
p exchange are similarly nonisotropic. Anoth-
er indication that p' exchange is present is that
the scattergram of tp po the momentum trans-
fer from the incident m to the p', vs t„—~—
shows two bands corresponding to low t~ —&0

and low t„-„—.If one assumes m exchange for
events with tp —po(tp —p —and p' exchange for
events with t„~ (t~-po, the ra—tio of 55% v

exchange to 45% p exchange is obtained.
For the analysis to follow the events were

so divided and the Monte Carlo techniques de-
scribed above were separately applied: 7t ex-
change to the events with lower t„po and p
exchange to the events with lower t „.The
smooth curve in Fig. 1(c) is based on this mod-
el and agrees well with the angular distribution
observed.

The maximum-likelihood fit to the 7t p' mass

Table I. Parameters of the maximum-likelihood fit
to the ~p mass distribution.

Mass
{MeV)

Widt
(MeV)

Percentage of events
in resonance

Ag

Ag 5

A2

~ ~ ~ ~ ~ ~

1190+ 4 17+f2

1288+ 14 84+23()

0.07+ 0.05
4.1 + 1.4

11.6 +3.2
a

No correction has been made for our experimental
resolution which is about 8 MeV in the A region.

distribution, assuming three Breit-Wigner reso-
nances combined with the background curve
corresponding to 55/q m exchange and 45% p ex-
change, is shown as the solid curve in Fig. 1(a).
The dashed curve shows the background con-
tribution; the m exchange and p exchange dis-
tributions are shown separately in Fig. 1(b).
The intensities, masses, and widths of the three
resonances were varied simultaneously. The
values obtained are shown in Table I. The X'

value of the fit is 25.5 for 27 mass intervals. "
We conclude that no A, resonance is required
to fit the data when both m and p exchanges are
included.

Our Monte Carlo analysis is, of course, not
a theory, and such a model cannot be consider-
ed complete until one can reproduce the data
by a theoretical calculation with no experimen-
tal data as input. The results are in such good
agreement with the data, however, that we feel
the substance of the model may very well ex-
plain the A, effect in Reaction (1).

Finally, we wish to comment on the peak
in the mp spectrum at 1190 MeV. A peak at
this mass is all the more significant since one
expects a valley between the A, effect and the

A, . The fit to the mp mass distribution summa-
rized in Table I shows this peak as a three-stan-
dard-deviation effect. This suggests the exis-
tence of a resonance

Further evidence on this point is given in

Fig. 2 which shows the distributions in the Jack-
son angle, the angle between the incident 7T

and the outgoing 7t in the m p center of mass,
for various regions of the 7t p effective mass.
The smooth curves are maximum-likelihood
fits of the form A +B cos6I + C cos'0. It seems
clear that the distribution becomes more peaked
fore and aft in the region 1150 to 1225 MeV.
This lends credence to the hypothesis that A, ,
mass peak is not a statistical fluctuation. The
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mass and width of this peak, interpreted as
a resonance, along with those of the A, are
shown in Table I. The m p' decay mode indi-
cates a state of negative g parity and isospin
of one or two.
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FIG. 2. Distributions in the angle between the inci-
dent m and the outgoing x in the x p center of mass,
for various M(mp) intervals. The intervals are chosen
to center on the A& 2 and the A2 regions. The curves
are maximum-likelihood fits of the form A+B cos8
+C cos28.
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