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The existence of nucleon isobars having mass-
es of 3030, 3230, 3245, and 3695 MeV has been
reported in different experiments. ' We re-
port the observation of a narrow enhancement
seen in the ppp invariant-mass spectrum in
a study of the reaction w+p-m+ppp. U this en-
hancement is interpreted as the ppp decay of
a nucleon isobar, then the resonance param-
eters are M = 3755+ 8 MeV and I' = 40+ 20 MeV.

The sample of events for this study is obtained
from a systematic investigation of n+p inter-
actions at 8.45 BeV/c in a 65000-picture ex-
posure of the Brookhaven National Laborato-
ry 80-in. hydrogen bubble chamber. The events

are part of a sample of approximately 15 000
events having the topology of four prongs and
no kinks. In addition, all events in the sample
have at least one outgoing track clearly iden-
tifiable as a proton on the scanning table. This
restriction corresponds to a proton momentum
below about 1 BeV/c, and it was made to en-
rich the sample of events for the study of pi-
onic resonances. '

Events corresponding to the reaction m+p

-m+ppp were identified in the following way:
All four-prong events not consistent with mo-
mentum conservation, assuming no neutrals
to be present, were first rejected. The remain-
ing events were assumed to correspond to re-
actions of the type 7r +p -m+pX+X, where X+
and X represent any long-lived particle-an-
tiparticle pair. After adjusting only the incom-
ing momentum, so as to conserve momentum
exactly, energy conservation was then used
to calculate the rest mass of the X particle. '
The resulting distribution in the X mass squared,
in Fig. 1, shows three clearly separated peaks,
corresponding to the following reactions:

10-

m p-7r pv &, 2779 events;

+ + +
w p - m pK K, 162 events;

m p-m ppp, 21 events.
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FIG. 1. Distribution in the square of the X+ rest
mass for 2964 events of the type 7t+p-w+pX X . X
and X here represent any long-lived particle-antipar-
ticle pair. Each event is plotted twice due to the
X+-7t+ ambiguity. The peak centered at 0.02 BeV2 has
a height of 2356 and a balf-width of 0.007 BeV2.

Each event is plotted twice, as the X+ and the
n+ tracks are generally indistinguishable. Cal-
culating the X mass using the wrong assignment
of tracks will introduce some background on-
ly for events corresponding to Reactions (2)
and (3).

All events outside the pion peak in Fig. 1
were kinematically fitted in GRIND, resulting
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in the numbers of events for Reactions (2) and

(3) given above. None of the events fitting Re-
action (3) fit any other hypothesis. In Fig. 2,
the square of the four-momentum difference
between the incoming w+ and the outgoing 7t+

is plotted against the PPP invariant mass. In
the mass projection of this plot, a significant
deviation from phase space~ may be seen cen-
tered at 3755 MeV. In the interval 3700-3825
MeV, 14 of the 21 events are found instead
of the four expected from phase space. The
probability of getting a fluctuation this large
anywhere in the spectrum is 5x10

Possible evidence against the resonance in-
terpretation of the 3755 enhancement comes
from the fact that the pa+ invariant mass spec-
trum of these same events shows an enhance-
ment near the mass of N*(1236), as may be
seen in the plots in Fig. 3. In order to clar-
ify the nature of the 3755 enhancement, we
have attempted to answer the following ques-
tions: (1) If the events correspond to the final
state PPN*(1236), should a narrow peak be
seen in the PPP mass spectrum at 3755 MeV?
(2) If the events correspond to the final state
w+N~(3755), should a peak be seen in the Pm+

mass spectrum near 1236 MeV? We believe
that the answer to (1) is no and the answer to
(2) is yes, favoring the resonance interpreta-
tion of the 3755-MeV PPP enhancement.

To make a calculation of the ppp invariant-
mass spectrum resulting from the final state

PPN*(1236) requires certain assumptions about
the pp production mechanism. As an alterna-
tive procedure, ere have made a Monte Carlo
calculation in which 420 fake events were gen-
erated by choosing the momenta of the PP pair
from one of the 21 real events and choosing
the N*(1236) decay angle from each of the oth-
er 20 events. The PPP mass spectrum for
the fake events is the jagged curve in Fig. 2.
As the fake events were generated from the
real ones, it is not surprising that the agree-
ment with the experimental distribution is some-
what better than it is for phase space. How-

ever, the discrepancy is still quite significant,
as only six events would be expected in the
interval 3700-3825 MeV.

A similar Monte Carlo calculation was made
to determine the Pw+ invariant-mass spectrum
from the final state w+N*(3755). The result is
as prominent a peak at the mass of the N*(1236)
as seen in the experiment. The reason for this
is that the N*(3755) is produced primarily at
high four-momentum transfers, as seen in

Fig. 2, giving rise to low-momentum m+ in the
laboratory (typically about 350 MeV/c). Ow-

ing to our scanning selection of events having
a slow proton (average momentum about 700
MeV/c), the Pm+ invariant mass must necces-
sarily peak at a low value.

The fact that the N*(3755) is produced pri-
marily at high four-momentum transfers may
be associated with a very high spin. It is not
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FIG. 2. Four-momentum transferred from incoming
m+ to outgoing x+ plotted against the ppp invariant mass
for 21 events having the final state m+ppp. In the mass
projection of this plot, the smooth curve is phase
space; the jagged curve is from a Monte Carlo calcu-
lation.
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FIG. 3. pp& invariant mass plotted against pp+ in-
variant mass and the corresponding mass projections
for 21 events having the final state m+ppp. Each event
is plotted twice. In the scatter plot the circled points
represent p1 =pf„st and pg =pslow, and the uncircled
Points rePresent P] =Pslow and ~ =Pfast. These two
cases are represented in the histograms by the shaded
and unshaded areas, respectively.
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clear as to which Regge trajectory an isobar
with a mass of 3755 MeV may be assigned.
If it is a, recurrence of the N*(1512), then J

23/2 and I= —,
' xo~u

There is no clear evidence for other decay
modes of an N*(3755) in this experiment, al-
though some invariant-mass plots of the two
final states nucleon plus four pion and nucle-
on plus eight pion are consistent with an I~=+2
enhancement in the region" 3700-3800 MeV.
The peak for the nine-body final state is not
nearly so prominent as that seen in a previous
experiment at the same energy. ' A small peak
is also seen in this mass region in the pKK
invariant-mass spectrum in the final state
Px+K+K . As it is difficult to determine the

backgrounds, these enhancements are not at
present clearly understood.

The prominence of the PPP enhancement does
not necessarily imply a large branching ratio
for N*(3755) into this mode. It may be due,
instead, to the lack of other mechanisms for
producing antiprotons in the final state x+ppp.
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