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prtr~ ENHANCEMENTS IN THE REACTION pp—~ppntn— AT 24.8»GeV/c
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A study of the reaction pp —ppr+n— at 24.8 GeV/c, based on 3250 events, gives strong
support for the production of resonant pr+r— states at 1.423+0.027 and 1.688 +0.023 GeV.

A number of experimenters studying reactions
of the type xp —xpm*tr—, where x =7, K,%° or
»,*~1* have reported enhancements in the final-
state pr*m— invariant-mass spectrum. The ac-
tual number of low-mass enhancements, their
interpretation as either resonances®"»'%!! or kin-
ematic effects,® and their connection with the
peaks seen in earlier missing-mass experi-
ments!?™™ are all unresolved questions.

We report further results on the reaction pp
~pprtn— at 24.8 GeV/c.® These data were ob-

tained from approximately 15500 measured
three- and four-prong events obtained in a 3.4-
event/ub exposure of the Brookhaven National
Laboratory 80-in. hydrogen bubble chamber. In
90 % of the film, only those four prongs having a
slow proton identifiable by ionization were mea-
sured. This selection of events having one pro-
ton with a momentum below about 1 GeV/c al-
lowed us to measure about half the total number
of three and four prongs. A cross section of 1.5
+ 0.2 mb is obtained for this final state after cor-
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recting for the loss of events without slow pro-
tons. We note that discriminating against events
without slow protons cannot seriously distort the
highly peripheral low-mass pr*r— spectrum,
since in that 10 % of the film in which all three
and four prongs were measured, only 7.3 % of
pprtn— events having prtr— masses below 2 GeV
did not have a slow proton identified by ioniza-
tion. Furthermore, the structure of the pn*r=
spectrum below 2 GeV for this 7.3 % is consis-
tent with that of the slow-proton events.

Copious A** production via the quasi-three-
body final state A**p7~ is observed. However,
the percentage cannot be accurately determined
on account of the strong enhancement of the low-
mass prtr— spectrum and the correlation be-
tween low-mass pnt7= and pnt enhancements.
The data are consistent with between 55 and 90%
A*+ formation.

In agreement with some other recent experi-
ments?,1%11516 made to study the reaction pp
—~pputn™ at high energies, two p7*71™ enhance-
ments are observed, one at about 1.45 GeV and
the other at about 1.69 GeV, as seen in Fig. 1.
A Deck-type®!® background, obtained by modi-
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FIG. 1. prtr— invariant-mass distributions with two
combinations per event (upper curve). (In only 28

events are both prtm— mass combinations below 2 GeV).

In the lower histogram only those events having both
pymT and port invariant masses greater than 1.3 GeV
have been plotted. The curves are fits to the data de-
scribed in the text.
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fying three-body (pA**n~) phase space accord-
ing to a prescription suggested by Stodolsky,!” is
also shown. A fit to the pr*7r— spectrum using
such a background together with a single S-wave
Breit-Wigner resonance, the dotted curve in Fig.
1, does not fit the data in the mass interval 1.45-
1.60 GeV. An excess of 17+12 events in the in-
terval 1.45-1.50 GeV and a deficiency of 41 +17
events in the interval 1.50-1.60 GeV amount to a
3-standard-deviation effect, indicating the pres-
ence of resonance near 1.45 GeV. To determine
the resonance masses and widths, the data were
fitted by a function of the form

lag/F? + o, f iy my5 T)) + @ BWOm,, Do),

where f is a third-order polynomial in M, the
pmm invariant mass minus 1.217 GeV, fgyy is the
standard S-wave Breit-Wigner function, ¢ is un-
modified four-body phase space, and g, a,, a,
are the fraction of background and of two reso-
nances, respectively. This fit is shown as the
upper curve in Fig. 1. The parameters obtained
from this fit are, in GeV,

m,=1.406£0.010, I, =0.174x0.025;
m,=1.675+0,010, I[,=0.132+0.032.

The data were also fitted by a Deck-type'”s'®
background plus two resonances yielding values
of

m,=1.427+0.023,
m,=1.698+0.011,

r,=0.116 + 0.045;
r,=0.100+0.032.

Since a substantial fraction of the final state may
not involve A** production, it is not clear that a
Deck-type background is relevant. We see no
way of determining experimentally which of
these two widely different choices for the shape
of background is more appropriate. The entries
in Table I are chosen so as to bracket approxi-

Table I. Properties of pmtn— enhancements. The
values are combinations of results from the fits de-
scribed in the text.

t dependence of
resonance plus

Mass Full width background®

(GeV) GeV) [(Gev/e)=2
1.423+0.027 0.135 £0.064 9.6 +1.5
1.688 +0.023 0.116 £0.048 6.6 £0.9

1., B in e—Bl¢l,
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mately the 1-standard-deviation limits of the
parameters from the two fits described above.
The resonant contributions «, and «, depend crit-
ically on the shape of background and could cor-
respond to cross sections as large as 150 and
220 pb with the polynomial modification of phase
space, or as small as 15 and 73 ub with the
Deck-type background.

We note that the masses 1.423 and 1.688 GeV
closely coincide with those of 7N isobars seen in
phase-shift analyses and those of p7*7— enhance-
ments reported by others?s10s11,16,

The low mass of the 1.423-GeV enhancement
precludes a determination of the branching frac-
tion for the decay mode A**+7~ due to the small
size of the pmtn— Dalitz plot and the large A++
width.

In the case of the 1.688-GeV enhancement, a
substantial contribution is observed for events
having both p7t masses greater than 1.3 GeV,
as seen in Fig. 1, thus indicating the presence
of decay modes other than A++r—,

The distribution of the four-momentum trans-
fer between an initial-state proton and the final-
state p,m+7— system?®® is well described by an ex-
ponential of the form e=Al¢l, in the range 0.02
<|t=tpinl <0.3 (GeV/c)?, where tmin is the min-
imum allowed momentum transfer for a given
pntn— mass. The p7tr— enhancements have val-
ues for B as listed in Table I.
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INTERFERENCE ANALYSIS OF THE K*(1400)1
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A study of the K*r~ decay mode of the K *(1400) produced with an N *** has been made
using the reaction K*p —K*r~np at 5.5 BeV/c. We have fitted the K*(1400) angular
distributions using a model involving interference between 1~ and 2+ K¥7~ states. In
this model a considerable amount of 1~ is needed in the K*(1400) mass region, suggest-
ing that there is a JP =1~ resonance under the K*(1400). Such a J£ =1~ resonance

could be the first daughter of the K*(1400).

The analysis of high-energy interactions com-
posed of two final particles of which one or both
are resonances is complicated by the presence
of nonresonant background. The situation can be
remedied to a certain extent by assuming that the
background, as estimated from mass regions
bordering the resonance, may be directly sub-
tracted from the resonance data.! This proce-
dure fails in cases where the nonresonant back-
ground and the resonance interfere. An example
of such an interference is the observation of a
backward-forward asymmetry in the decay of the
K*(890) in the process K¥p ~K*°A**.2 This
asymmetry is an important aspect of work on a
Kr phase-shift analysis.> However, the nonzero
value of Rep,, [observed in K*(890) decay] makes
apparent the need for more than single 7 exchange
in K*°A++ production.* Rep,, not equal to zero
can be achieved by more complicated exchanges
or by using an absorptive pion-exchange model.®®
We have also found that in our K*(1400)A*+ sam-
ple, the K*(1400) decay exhibits characteristics
which indicate more than one spin and parity is
in the K7 system and other than 7 -type exchanges
are present. Consequently, we have made an
analysis of the K*(1400) region taking into ac-
count both the above effects. This analysis leads
in a plausible way to evidence for a JP = 1~ -type
structure in the K*(1400) mass region as well as
the presumed JP =2+ K*(1400),

The data are taken from a 3.3-event/ub K™p ex-
posure at 5.5 BeV/c taken in the Brookhaven Na-
tional Laboratory 80-in. bubble chamber.

We have examined the properties of the K*r~
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system in the reaction
K+p ~ Kt~ N*H
prt, (1)

where the presence of an N*** in an event is de-
fined by the pr* mass being in the interval 1150
to 1340 MeV. In Fig. 1 the K*r~ mass distribu-
tion is presented for all events of Reaction (1),
and also for the subsample of these events which
have —f, the square of the four-momentum trans-
fer from the initial proton to the final N*** in
the interval 0.2 to 0.5 (BeV/c)?. The K*(890) and
K*(1400) peaks are clearly seen in both histo-
grams. Furthermore, this momentum-transfer
cut greatly enhances the apparent signal-to-back-
ground ratio in the K*(1400) region. It is evident
from these mass distributions and from momen-
tum-transfer distributions (not shown) that the
K*(1400) is produced at higher momentum trans-
fer than the K*(890).% To utilize the relatively
clean K*(1400) signal found above, we shall limit
our analysis to events of the type

K*p - Ktr“N***, 0.2<A%<0.5 (BeV/c)?,

and we shall refer to this class of events as Re-
action (2) throughout the remainder of this paper.
An examination of the decay properties of the
N*** indicates that vector exchange is not en-
‘hanced in the K*(1400) mass region and is rela-
tively small from 1270 to 1570 MeV. However,
that some nonzero spin exchange is necessary is
found from examination of the K*n~ system. It
seems natural to assume that pion (zero-spin) ex-



