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Data are presented for the reaction K d —A& p at 910, 1007, and 1106 MeV jc in
which the proton momentum is greater than 250 MeV/c. The Ap invariant-mass plot
shows an enhancement at about 2130 MeV, similar to that found by Cline, Laumann, and

Mapp. No enhancement is seen at about 1440 MeV in the A7t invariant mass. A simple
two-step process describes our data as well as those of Cline, Laumann, and Mapp
without the use of resonances.

In the absence of readily available hyperon
beams, the study of the hyperon-proton (Y-P)
system in final-state interactions may be useful
in the search for strangeness -1, dibaryon reso-
nant states. Several possible AP resonances
have been reported in the past; however, none
has been substantiated by further investigations. '
Recently Cline, Laumann, and Mapp have ob-
served an enhancement in the AP invariant-mass
distribution in a study of E d interactions at 400
MeV/c leading to the final state Apv with a fast
proton. 2 This enhancement, which was centered
a few MeV below the ~& threshold, suggested to
them the existence of a (&&)«, bound state cou-
pled to the open AP channel, which in turn im-
plies an elastic AP resonance with a mass of
2126 MeV and a width of less than 10 MeV.
Cline, Laumann, and Mapp also observed in the
same reaction a strong enhancement in the Ar
system at 1440 MeV. '

In this Letter we present data on the reaction

around 1 GeV/c in which the proton has a mo-
mentum greater than 250 MeV/c. We also dis-
cuss a simple model which can explain our data
and those of Refs. 2 and 3 without invoking any
resonances.

The experiment used pictures taken in the Law-
rence Radiation Laboratory 25-in. bubble cham-
ber filled with deuterium and exposed to a &
beam at momenta of 910 MeV/c (54X 10' pic-
tures), 1007 MeV/c (12& 10' pictures), and 1106
MeV/c (&6X 10' picutres). The film was scanned
for two-prong events plus an associated ~. The
positive prong had to have a range greater than
5 cm in space (corresponding to a minimum pro-
ton momentum 225 MeV/c) and ionization consis-

tent with a proton. The events were then mea-
sured and kinematically fitted to the various pos-
sible final states involving ~, A, or ~ . No dif-
ficulty was found in separating the A or Z from
the If . A lower cutoff momentum of 250 MeV/c
was imposed on the proton in the final state
Aa(ZO)Pv in order to obtain a sample of events
in which both nucleons in the deuteron were in-
volved in the interaction. From a previous study
of the reaction & d-&v Ps (spectator), we esti-
mate that the background from this reaction in
our study is 20~&.4 The proton momentum cut in
the data of Cline et al. was 150 MeV/c. '

A total of 324 events fitted the APr hypothe-
sis, 421 events fitted the ~'Pm hypothesis, and
an additional 367 events were ambiguous between
the two hypotheses. The ambiguous events were
fitted by the hypothesis & d-A+m . The Ar in-
variant-mass distribution had two peaks, one
near the A mass and the other near the Z mass.
%e accepted the 241 events in the lower mass
peak as & d-APv, the cut being M(Ay) &1165
MeV. These 241 events together with the 324
unambiguous ones constituted our sample of 565
AP& events. In the following analysis we have
combined the data at the three incident & mo-
menta. Ne discuss first the AP invariant-mass
distribution and later the» system.

Figures 1(a) and 1(d) show the AP mass plots
for our data and, for comparison, those of Ref.
2, the shaded events having cos(8A.-v-) & 0.&,

where 6)~—~- is the angle between the & and m

in the & d c.m. system. This cut was applied by
Cline, Laumann, and Mapp and is discussed la-
ter. Figures 1(b), 1(e), 1(c), and 1(f) show the
ratios (F-B)/(F+B) and (P E)/(P+E), respec--
tively, for the events in the shaded portion of
histogram 1(a) and 1(d); F and B refer to the
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FIG. 1. Ap invariant mass and A angular distribu-
tions for the reaction K d —Apr . (a), (d) M(Ap) dis-
tributions of our data and of the data given in Ref. 2.
(b), (e) (F—B)/{I +B) as a function of M (Ap). (c),(f) (I'
-E)/(P+8) as a function of M {Ap). Dashed curves rep-
resent the expected distribution from the one-step pro-
cess Z d —A {p~).

number of forward and backward A's in the AP
rest system, and P and ~ refer ta the number of
events having I cos(&A) I

)0.5 and I cos(&A)I (0 5,.
respectively, where ~A is the angle in the Ap
c.m. system between the A and the line of flight
of the AP system.

Figure 1(a) shows a small enhancement in the
shaded histogram around 2130 MeV close to the
&N threshold. [The mass resolution at hf(AP)
=2130 MeV was found to be =3 MeV.] Figures
1(b) and 1(c) show that, at the enhancement, the
angular distribution is consistent with isotropy,
while below it a deviation from isotropy is indi-
cated. The enhancement in the AP mass plot as
well as the angular distributions at this enhance-
ment are very similar to those reported in Ref.
2 and shown in Figs. 1(d)-l(f); however, the peak
in the mass plot for the 1100-MeV/c data ap-
pears to be less pronounced than that that for
400 MeV/c.

In view of our results and those at 400-MeV/c
incident momentum, it is of interest to investi-
gate the extent to which one is compelled to intro-
duce the existence of a AP resonance. e To this
end we have calculated the AP invariant-mass
distribution in the framework of a simple two-
step process without invoking any ~& resonances. '

where the momentum of the spectator proton is
in the ta,il of the Fermi momentum distribution;
these events contribute mainly below ~+ thresh-
old.

in order to calculate the M(Ap) distribution

from Reactions (2)-(4) [Reactions (6) and (6) do

not contribute to a peak in M(Ap) j, we have as-
sumed that they can each be approximately de-
scribed by two successive, well-separated re-
actions, KN- Yg and then YN- Ap. This simple

approach is expected to describe the processes
at least qualitatively, since the deuteron is a
rathe r loosely bound system.

The calculations have been carried out by gen-
erating individual events by a Monte Carlo rneth-
od according to the two-stage reactions described
above for K incident momenta of 40Q and 11QQ

MeV/c, from where the bulk of the present data
came.

In the first stage we have calculated the reac-
tion R N- ~n' in the framework of the impulse
model, taking into account the momentum distri-
bution of the nucleon as given by the Hulthen
wave function and using an isotropic angular dis-
tribution of the nucleons in the deuteron c.m.
system. The angular distribution of the emerg-
ing hyperons was taken from known KN- Y~ sin-
gle-nucleon interaction data at 400 and 1100
MeV/c

The second stage involves calculation of the
relative probability for the hyperon to have a
subsequent interaction with the spectator nucle-
on. In calculating this probability we have as-
sumed an s-wave energy-independent matrix ele-
ment for the reaction Y+-AP. Taking into ac-
count the phase-space and flux factors, the cross
section is given by the expression'

P
)

YNAp f
hP(Ap) P. '
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where & &, &&, &A, and &p are the ener gies of
the corresponding particles and Pf and P, are
the final and initial momenta in the YN c.m. sys-
tem.

This expression is in agreement with experi-
mental data on low-ener gy hyperon-nucleon scat-
tering. We are justified in using it here, since
the experimental cut of cos(8ff-„-)&0.8 restricts
the momentum of the hyperon to (250 MeV/c and
-500 MeV/& at & momenta of 400 MeV/& and

1.1 GeV/c, respectively.
The probability for the (b) reactions to occur

also depends on the spatial configuration of the
deuteron and, therefore, on the Fermi momen-
turn. So, in general, the cross section in Eq.
(7) should be weighted by some function G(PF) of
the Fermi momentum. However, by performing
the calculations at a series of unique nucleon mo-

menta, we have verified that the shape of the
Monte Carlo mass distribution is essentially in-
dependent of the nucleon momentum. This inde-
pendence comes about because &y»F, and
hence P; in Eq. (7) is not strongly correlated
with &F. Since we are interested in shape rather
than absolute cross section for various final-
state configurations, we can ignore the G(PF)
factor.

It is clear that any calculation in which all the
particles in the reaction ZAt -AP (second stage)
are on the mass shell cannot generate a AP mass
below ~N threshold. However, since neither the
~ nor the N need be on the mass shell, this reac-
tion can lead to a AP mass below ~+ threshold.
In order to estimate the effect with the mass of
the nucleon off the mass shell we constrained the
total energy of the nucleons to be the mass of the
deuteron, letting the masses of the two nucleons
go off the mass shell in equal amounts, i.e.,

where PF is the Fermi momentum and Md is the
mass of the deuteron. The other particles were
taken as being of the mass shell.

The results of these calculations show that the
width of the peak in the AP mass plot remains es-
sentially unchanged, but its position shifts to-
wards lower masses by a few MeV when the nu-
cleons are off the mass shell. We have intro-
duced into these calculations the same cutoffs on
the momentum of the proton as were used in the
experimental data, i.e., 150 and 250 MeV/c for
incident & momenta of 400 and 1100 MeV/c, re-
spectively.

The Monte Carlo distributions are shown in
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FIG. 2. Calculated M(AP) distributions for incident
E momenta of 1100 and 400 MeV/& of the Reactions
(2)-(4) and (6). The dashed curves represent the cal-
culated distributions with cos(6I~-7I-) ) 0.8.

Fig. 2 (solid curves); the dashed curves are the
distributions obtained with the cut of cos(8Jf-v-)
)0.8. This cut was introduced by Cline, Lau-
mann, and Mapp to enhance the 'S, state (same
as deuteron state) over the iS state for the inter-

+ 0

mediate ~ n system.
As seen in Fig. 2, Reactions (2) and (3) gener-

ate peaks in the AP mass at & momenta 400
and 1100 MeV/&. The position and width of the

peak from Reaction (2) at Plf = 400 MeV/c corre-
spond closely to those observed. At &g = 1100
MeV/c, the generated peak is at the observed
position but is somewhat wider than that observed.
The occurrence of the peak can be readily under-
stood as arising from a combination of two fac-
tors: (1) strong production of low energy &'s in
Reactions (2a) and (3a) [enhanced by the cut of
cos(elf-„-) &0.8], and (2) the approximate 1/P;
dependence of the cross section for the exother-
mic Reactions (2b), (3b), and (5b) at low energy.

The Ag mass plot can be adequately described
at 400 and 1100 MeV/c by a suitable combination
of Reactions (2)-(4) except for the region above
-2450 MeV for the 1100-MeV/c data. The events
above this mass can be explained by Reaction (5)
and also the reaction K d- Ap p~ with a subse-
quent pp~ elastic scattering which contributes to
the cross section at the high masses.

In the framework of this model one expects an
isotropic A angular distribution at the ~N thresh-
old. Above threshold, without further assump-
tion on the relative magnitudes of the various re-
actions, we are unable to calculate the angular
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the E is scattered predominantly with low mo-
mentum transfer, and so the E n system is not
formed close to threshold energy in Reaction
(5b) "

Since our calculations show that the present
data can be explained satisfactorily without the
need for either a ~n bound state or a ~m reso-
nance, other reactions that are sensitive to these
effects should be examined. In looking for Y&
resonance below ~n threshold two reactions may
be studied: (a) free AP scattering; the rather
meager data available at the ZN threshold (PA
= 635 MeV) show no peak; and (b) free ZP scat-
tering; again the data are very meager and do
not allow one to measure the scattering length.

FIG. 3. Experimental and calculated M (A~) distribu-
tions of our data and of the data given in Ref. 2. (a),
(c) Experimental M (A&); shaded area corresponds to
events with cos(&~-p) & 0.5. (b), (d) Calculated M (A&)
distributions from the two-step process (5); dashed
curves represent the calculated distributions with
cos(6)~p) & 0.5.

distributions. However, it is interesting to note
that the A angular distribution below ~& thresh-
old is approximately described by the one-step
process & d-Av (Ps) [curves on Figs. 1(b) and
1(c)], where the spectator proton momentum is
greater than the cutoff value.

Next we consider the Aw invariant-mass distri-
bution, shown in Fig. 3(a) for events lying out-
side the Ap peak [2120 MeV &M(Ap) &2140 MeV]
and for cos(elf-p) &0 5(sha.ded portion), where
I9~-p is the angle between the & proton in the
c.m. system of & d. The data from Ref. 3 at
400 MeV/c are shown in Fig. 3(c). There is no
significant enhancement at 1440 MeV in our data.

Figures 3(b) and 3(d) show the Az mass dis-
tribution calculated for the two-step process (5).
The calculation was done using the Monte Carlo
method with the assumptions outlined earlier.
The experimental data on & P elastic scattering
were used in the first step, '&" and for Reaction
(5b) we again assumed that the matrix element
was & wave and energy independent. Reaction (5)
is seen to give rise to a peak around 1440 MeV/c
for incident momentum of 400 MeV/c, but not for
1100 MeV/c. Again, the peak in the 400-MeV/c
data can be understood in terms of strong pro-
duction of low-momentum & in Reaction (5a),
followed by the exothermic Reaction (5b) at low
energy. In A P elastic scattering at 1100 MeV/c
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