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In a study of the reaction m++p- p+rr++7t++7T
at 3.65 GeV/c, Goldhaber et al. ' have reported
on an enhancement seen in the Pm+a+-invariant
mass distribution at 1.56+ 0.02 GeV with a width
of I = 0.20+ 0.02 GeV, selecting small-momen-
tum-transfer events of b, '(Pv+n+) ~ 15m„'. It
was pointed out by the same authors that this
enhancement, which may be due to tne forma-
tion of an I=; 1V* resonance, could also be ex-
plained through the peripheral production of
v++ p -N*++(1238) +pa, taking into account the
Bose symmetry of the two 7t+-mesons in the
final state.

In the present work a search has been done
in P-P collisions at 5.5 GeV/c at different final-
state channels, looking for a possible forma-
tion of an I=-,' N* resonance. The work was
carried out with 30000 pictures taken with the
81-cm hydrogen bubble chamber at CERN ex-
posed to a secondary beam of protons at 5.52
GeV/c. An unbiased sample of 1020 four-prong
and 159 six-prong events have been measured
and analyzed kinematically. A total of 1014
events yielded at least one kinematical fit,
and most ambiguous events were resolved by
the ionization method. The P-P reactions used
in the present work, together with their cross-
section values, are given in Table I.

The data have been analyzed in terms of reso-
nance production as a function of their momen-
tum transfer 6'. As the initial state has two

identical particles, two values for the momen-
tum transfer 6' may be computed for each par-
ticle. However, the angular distribution of
the final-state nucleons and nucleon-pion sys-
tems show a marked forward-backward peak-
ing (see Fig. 1). We have therefore chosen
from the two possible 6' values the smaller
one to represent the actual momentum trans-
fer. This procedure is equivalent to a fold in
the angular distribution through 90'.

The relative production rate of the different
charge states of a possible I= N* resonance
and their subsequent Nvv decay configurations
may be uniquely determined by isospin consid-
eration in the reaction P+P -N», *+N +v; A', &,

*
—N + w +v . These relative production rates
are given in Table II for Reactions (1) and (2).
Final states of NNv~Tt involving more than one
neutral particle could not be identified in the
present work. As seen from Table II, the for-
mation of an I=,'- N* resonance should mostly
occur in the Pv+~+ configuration of Reaction (1)
and the Pv ~0 configuration of Reaction (2).
These two configurations have further the ad-
vantage that they cannot be in an I=-,' state,
and hence have no contribution from the two
I = ~

N* resonances at 1.518 and 1.688 GeV.
The invariant-mass distribution of Pz+v and
PTr v using all events shows some enhancement
around 1580 MeV [Fig. 2(a)] which, however,
is much more pronounced by using events with

Table I. Cross-section values for five- and six-body final states in pp collisions at 5.5 GeV/c.

Reaction No. of events (mb)

(1)
(2)
(3)

p +p n +p +7r +z +7r

p +p +r +7r +7r

p +p + 7r+ + 7r+ + 7r + 7r

333
226

74

2.84 + 0.15
1.93 + 0.13
0.63 + 0.08
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FIG. 1. Angular distribution in the production c.....
system of the reaction p+p-n+p+Tr++Tr++7", . (a) Of
the proton; (b) of the p7r+vr+ configuration.

momentum transfer of 6'(P7tv) ( 0.8 GeV'
[Fig. 2(b)] corresponding to a cutoff in the pro-
duction angle of about i cos8 )

o 0.8. In order
to determine the expected background for the
distribution Pv+v+ and Pw+v' in Fig. 2 we have
evaluated the amount of N*(1238) formation

I (N7~) Configuration Reaction
Relative N5i&*

production

+—5
2

+ 0
2

1
2

per+a++ ppx ~'
nm+m-+

px+z
p"'
p~ ~'
n7r+7r

(1)
(2)
(1)
(2)
{1)
(2}
(1)

0.50
0.08
0.02
0.02
0.01
0.02
0.01

gable II. Relative production rate of anf =f N* res-
onance in interactions p+p —N+N+7r+7r +7r having only
one neutral particle in the final state.

FIG. 2. Effective mass distribution of the p7r+7r+ and
pg 7r configurations in Reactions (1) and (2) (a) for all
events, and (b) for events with ~ (p7r7r)~ 0.8 Qe7 .
Full curves are N~vr phase-space normalized to all the
events, dashed curve normalized to 80% of the events.

in the pe+ configuration using the same events
of Reactions (1) and (2) shown in Fig. 2. For
this evaluation we have used a linear combina-
tion of Nm phase space and N*(1238) mass dis-
tribution, taking properly into account the cut-
off in 6' and the various reflection effects. '
It was found that the percentage of N*(1238)
in the p~+ invariant mass is above 80% and
consistent with 100%. The 100/p N (1238) con-
tent has then been used in calculating the back-
ground curves in Fig. 2, the smooth curve is
normalized to all the events in the plot, and
the dashed curve was drawn so as to fit the
data outside the enha. ncement ma. ss region of
1.48 to 1.68 GeV. As seen from Fig. 2, neither
curve reproduces the peak at 1.58 GeV, neither
its height nor its shape. Best values for the
position and width of the peak as obtained from
the data were yn = 1.58+ 0.20 GeV and I = 0.20
+ 0.02 GeV, in very good agreement with the
values given by Goldhaber et al. '

We have investigated the possibility that this
1.58-GeV enhancement is due to interference
effects such as those coming from double pro-
duction of resonances. Careful analysis of
the data. shows that double formation of isobars
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like p+p-N~*+Nb*, N~*-N+m, and Nb*-N
+r+m is very small. There is some evidence
for the reaction p+p-N~*+Nb*+m; N~*-N
+m, Ny*- N +m; however, it is seen from the
data, that the two pions in the Pmw configuration
of the 1.58-GeV enhancement do not belong to
the two different N* isobars. Monte-Carlo-
type calculation shows that the addition of the
nonresonating pion to one of the N* does not
create an enhancement of 1.58 QeV. The pro-
duction of boson resonances such as g, ~, and

p are essentially absent in the 5.5-GeV/c reac-
tions p+p-N +N+m+n +w. Finally, we have
looked into the possibility that the 1.58-GeV
enhancement is due to a kinematical effect of
the decay of higher N* resonances such as
N», "(2360) into Pnme.

Attributing the 1.58-QeV peak to the forma-
tion of an N», * resonance, we may proceed
to evaluate from the data the relative produc-
tion rates of the I=

~& isobar in the different
Net configurations for comparison with the
expected values given in Table II. The invari-
ant-mass distributions of Pn+v+, Pm+m', pm+a

and P~ n' for events with a momentum-trans-
fer cutoff 6'(Paw) ~ 0.8 GeV' are given in Fig. 3
together with a phase-space curve of N*(1238)m.
The smooth phase-space curves in Fig. 3 are
normalized to all the events, and the dashed
curves normalized to all events minus the es-
timated events in the 1.58-QeV peak, that is,
to -75/0 of the events in Fig. 3(a) and to -90/p
of the events in Fig. 3(b). Invariant-mass plots
of both Pv+n+ (pure I= —', state) and Pm+v' (mix-
ture of I=-,' and 2It states) show an enhancement
around 1.58 QeV. The small peak around 1.9
GeV seen in the Pv+~+ mass plot is due to the
formation of N*(1238) in the nw configuration
of Reaction (1). The small peak at 1.9 GeV
seen at the Pw+v' mass plot is probably due
to the formation of N», *(1920)decaying into
Pz+~'. Estimation of the relative production
cross section of the possible N„,*(1580) in
the Pw+m+ and Pa+no configuration yields a value
of 0.60+ 0.35, where the error is statistical only
and does not include the background uncertainties.
This value is within one and one-half standard
deviations from 0.16 predicted from isospin
consideration (see Table II). The effective
mass distribution of net+ configuration (mix-
ture of I = f and states) is described well
by a phase-space distribution of N*(1238)r.
The configuration Pn+m and Pn m, given in
Figs. 3(c) and 3(d), also have contributions
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FIG. 3. Effective mass distribution for events with
~2(p7I.7r) ~0.8 GeV . (a) p7I+7I'+ of reaction (1); (b) pz+7t'

of Reaction (2) (c) pm+z of Reaction (2) ~ (d) p7I. ~ of
Reaction (2). Full curves represent N*~ phase space
normalized to all events, dashed curve normalized to
all events minus estimated events in the 1.58-GeV en-
hancement.

from the I='; N resonances, namely, N, ~,*(151 )8

and N, ~,~(1 68)8, which hinder the detection of
a possible small enhancement in the 1.58-QeV
region.

Finally, we have looked for the formation
of the possible N»2*(1580) in the six-body state
of Reaction (3). In this reaction the c.m. pro-
duction angular distribution of the nucleons
and nucleons-pions system are less peaked
in the forward-backward directions than in
Reactions (1) and (2). Ana, lysis of the invari-
ant-mass distribution of the Pm+m+ configura-
tion without momentum-transfer cutoff and us-
ing the two possible Pm+m+ combinations of each
event shows a small peak in the 1.58-QeV re-
gion. This peak, however, is less significant
than the one seen in the five-body final states.
Selecting events with small b, ' values does not
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improve the relative height of the 1.58-GeV peak.
In the framework of the SU(3)-symmetry mod-

el an I = N* resonance may be classified in
the 35 representation. ' Recently it has been
pointed out by Harari et al. 4 that in the extreme
SU(12)-symmetry particle classification, where
no orbital angular momentum between the quarks
exists, the parity of an I ='-, N* resonance is
negative if the decay mode N„,*-N»,*(1238)+~
exists, and is a non-symmetry-breaking in-
teraction. We have looked for the decay mode

N», *(1580)-1V,i,*(1238)+v in our data by plot-
ting mph +' versus mp~ +2 for events having
1.48 ~mp~z (1.68 GeV in the pm+w+ and Pa+no

configurations. Although there is some indica-
tion for the N*(1238)+m decay mode, the data,
is too meager for final conclusion.

We would like to express our gratitude to
CERN and to the hydrogen bubble chamber crew
for enabling us to have the P-P exposure.
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By reflection effects we mean, for example, the
contribution to the background in the p7t+vr+ invariant-
mass distribution from the existence of the N*(1238)
resonance in the p7). configuration in the reaction
p+p z+p +7t++7t.++7r . These types of reflection
effects were calculated through a Monte-Carlo —type
phase-space calculation.
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Measurements were made of the photoproduc-
tion of charged pion pairs in a mass range from
0.300 to 1.500 BeV using a 5.5-BeV bremsstrah-
lung beam produced by the Cambridge electron
accelerator. Copious production of neutral
rho mesons was observed in the forward direc-
tion. The dependence of the rho photoproduc-
tion cross section on gamma-ray energy, pro-
duction angle, and atomic number of the tar-
get nucleus indicates that a diffraction-like
mechanism is dominant.

The spectrometer arms from the previous-
ly reported electron-pair experiment were mod-
ified and used to detect pion pairs. ' The cir-
cular bending magnet was removed and the sin-
gle-momentum counters were replaced by an
array of angle and momentum counters. The
total angular acceptance of each of the two chan-
nels on one arm was 1.5, and the full width
at half-maximum of the total momentum ac-
ceptance was 8.2%,' these combine to give a
total mass acceptance of 21%. The angle and
momentum counters divided the total accep-
tance into angle bins of 0.21' and momentum
bins of 1.4'%%u&, , these combine to give mass bins

with a full width of 2.8%. The outputs of the
angle and momentum counters were fed on-
line to a PDP-1 computer, which analyzed
each event and calculated the invariant mass
of the two-pion system. All charged particle
pairs were assumed to be pion pairs; the elec-
tron-pair contamination was less than 0.1%.
The mass of the dipion system was varied by
keeping both the synchrotron energy and the
opening angle between the spectrometer arms
fixed and varying the momentum in each spec-
trometer.

Figure 1 shows the dipion mass spectra for
dipions produced at 0' from hydrogen and car-
bon targets. Similar spectra were obtained
at laboratory angles of 3.5' and O'. The only
significant structure observed was a peak around
a mass of 740 MeV; it was assumed that this
peak was due to the rho meson. An analysis
of the data with fine mass resolution gave for
the rho a full width of 150+ 10 MeV and a mass
of 740+ 10 MeV. Excitation curves suggested
that the rho production was due predominant-
ly to elastic production in which the recoil par-
ticle was an unexcited proton.
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