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rect in this region. Further work is in progress
on this point.
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OBSERVATION OF A PEAK IN E +P —A+g NEAR THRESHOLD*
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We report here the results of measurements
of the cross section for the reaction

K +p -A+neutral missing mass,

K +P-A+7T++n +m'.

The events were observed in approximately

(3)

K +p-A+q
at a number of E momenta near the threshold.
A sharp peak in the cross section is observed
near the threshold. The excitation functions
predicted by possible singularities in the re-
action matrix are compared with the data.

The examples of Reaction (1) are found among
events of the types

150000 pictures taken at the Brookhaven AGS
with the 30-in. hydrogen bubble chamber exposed
to a separated K beam at five momenta above
the threshold for Reaction (1), which occurs
at 724. 5 MeV/c. The values of these momenta
at the center of the bubble chamber were found
to be 725, 741, 768, 802, and 820 MeV/c with
a beam spread of +0.7%. These momenta were
measured by several methods, including values
from K —p, +v decays where the p, stops
in the chamber and, particularly, the values
of K momenta computed from the fitted mo-
mentum and angle of the A in the events inter-
preted as Reaction (1). (The mass of the q was
taken to be 548.7 MeV/c'. ') The measurements
are in agreement, the latter being more accur-
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K +p —Z +n'o,

E +p -(A' or Z')+nx',

(4)

(5)

where n is 2 or 3. The continuum background
in the region of the q peak is rather small 2

Figure 1(b) shows the distribution from the run
at a K momentum of 820 MeV/c, and the n
peak has essentially disappeared. In Figs. 1(c)
and 1(d) the x+w xo mass distribution is shown
for the same two K momenta. The g cross
section is calculated as the sum of the decays
into neutrals and the decays into ~ ~ ~, with
the latter increased by 22% to account for de-
cays into r & y.' The ~~y decays can be kine-
matically separated from n r m decays but
are ambiguous with a similar number of events
from K +p-Z +m++m, where the m+n and
the y from the decay of the Z happen to have
a mass in the q region.
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FIG. 1. (a) and (b) Distribution of the missing mass
squared for zero-prong events associated with a kine-
matically fitted A tReaction (2)], for K incident mo-
menta of 741 and 820 MeV/c. (c) and (d) Distributions
of the n m m mass for events which give kinematic
fits to Reaction (3), for the same two K momenta.

ate near threshold, where for a typical event
the K momentum has an error of about 1 MeV/c.

The fraction of Reaction (2) which corresponds
to g production is obtained by examining the
mass distribution of the missing neutrals. The
histogram of the square of the neutral missing
mass is shown in Fig. 1 for two of the K in-
cident momenta. The two sharp peaks in Fig. 1(a),
from the run at 741 MeV/c, correspond to the
m' and q masses. There is also a continuum
arising from the apparent mass of the neutral
system in the reactions

dL/dp = ff (x,p)E(x)dx, (6)

where x is the distance along the beam direc-
tion; f (x, p) is the beam momentum distribution
(assumed to be Gaussian in shape) with the cen-
tral momentum as a function of x given by the
range-momentum relation in hydrogen; and
E(x) is the relative probability of obtaining an
event of this type at a given x, for a constant
cross section.

The quantity E(x) was measured from the
distribution of A+2n events not involving g's,
but with a similar A configuration, thereby
including the effects of the decay and interac-
tion of beam particles, as well as the scanning
efficiency. The total path length, L, integrated
over p, has been normalized to the value given
by the number of 7 decays observed.

The number of events in each of the momen-
tum intervals is corrected for background by
analyzing plots like Fig. 1, and is combined
with the integrals of dL/dP over the correspond-
ing momentum interval to give the value of the
cross section for that interval. It may be noted
that dL/dp has tails at high and low momenta
given by the form of the beam momentum dis-
tribution. These are not well determined, since
only the rms width of the beam distribution is
measured well. However, the tails in dL/dP,
and the corresponding events, are not used for
evaluating the cross section. The momentum

In order to study the increase of the g pro-
duction just above threshold, the lowest mo-
mentum run was chosen such that, consider-
ing the energy loss of the K in the hydrogen,
the threshold momentum is reached when the
beam particle is near the center of the chamber.
If the beam were truly monoenergetic, the thresh-
old would correspond to a definite position in
the chamber, but due to the spread in momen-
tum, the point at which the threshold is reached
is distributed over the central region of the
chamber. Consequently, most of the Aq events
occur in the upstream half of the chamber.
Under these circumstances, the following meth-
od was used to evaluate the cross section.

The An events in the 725-MeV/c run were
divided into three bins corresponding to the
momenta 724.5-728.5, 728.5-732.5, and 732.5-
736.5 MeV/c, using the E momentum deter-
mined from the production fitted to the g mass,
as mentioned earlier. The path length for each
momentum interval was determined by evaluat-
ing the integral
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intervals used extend only about one-third fur-
ther than the spread due to the energy loss in
the hydrogen. For this reason, the cross sec-
tions are not very sensitive to the form of f(x,P).

At the higher momenta, where the error on
the K momentum is larger and the variation
of the cross section less rapid, the subdivision
of the individual runs is not carried as far.
The run at 768 MeV/c has been divided into
two regions, and the runs at 802 and 820 MeV/
c have not been subdivided at all.

The resulting cross sections are plotted in
Fig. 2(a) as a function of the momentum of the

g in the Aq center -of-mass system. The c.m.
system total energy is shown on a separate
scale. The relation between the two scales is
very nonlinear near threshold. The cross sec-
tion exhibits a sharp peak just above threshold,
with a maximum near 1 mb, to be compared
with the 4= ~ unitarity limit of 3.6 mb, for a
state with isospin equal to zero. It is very na-
tural that in a two-body reaction the cross sec-
tion should rise very sharply at threshold, and
then perhaps fall slowly. The unusual aspect
of the observed excitation function is the rapid
decrease in the cross section.

The angular distribution of the q's is given
in Figs. 2(b) and 2(c), for two momentum in-
tervals. The fact that these are consistent with
isotropy suggests that the dominant angular-
momentum states have J= &. Furthermore,
the lack of a pronounced front-back asymmetry
in the lower momentum interval, where s,i,
would be favored over p», by the angular-mo-
mentum barrier, suggests that s»2 is the dom-
inant state.

We have considered several possible inter-
pretations for this peak: an effect arising from
a large s»2 or pg/2 scattering length, and an

s„,or p», resonance. In order to analyze the
data in terms of a scattering length, we make
use of the K-matrix analysis as developed by
Dalitz. ~ This analysis, with zero effective range,
has proved to be quantitatively successful' in
the analysis of K +p-Z+r reactions for c.m.
system momenta up to at least 200 MeV/c, which
is greater than the highest g momentum encount-
ered in our experiment. The result for s, /~

scattering length can be expressed as

t'dg

AI) k' 1+dq+(c'+d')qm'

I.O—

Me V/c'

1665 1670 1675 1680 1690 1700 1710

1

S/2SC T E G I E G

II 2

SI~2 RESONANCE

725 MeV/c

~ 74 I

~ 768

30—

20
z'
LIJ

q &70
( )

mb

OI
I
I

+ 803
o 820

(a)

& Io
0
UJ

0
Z

q &70 (b)

0.5 20—

I 0

I

IOO

q MeV/e

I

200
cosa

FIG. 2. (a) The cross section for K +p A+g, as a function of the center-of-mass momentum of the g. (b) The
angular distribution of the Aq events, for g momenta below 70 MeV/c. (c) The angular distribution of the Ag events,
for g momenta above 70 MeV/c.



VOLUME 15, NUMBER 15 P 8YSI CAL RE VIE%' LETTERS 11 OGToBER 1965

where q =the 7 momentum, in units of (Fermi)
c + id = the Aq complex scattering length; r = a
parameter which measures the coupling to chan-
nels other than E p, 0-x- 1; and k =momen-
tum of the incoming K . The best fit to the

s„, scattering length, giving a y' probability
of 0.1%, is shown as a solid curve in Fig. 2.
The fit is not very good primarily because it
is difficult to reproduce the rapid fall of the
cross section with the form of Eq. (2), which
decreases no faster than q '. The value of the
scattering length which gives the minimum X'

is 4+0.7i F, with r =0.9. Since the value of
c is considerably larger than d, and larger
than the expected range of nuclear forces, the
possibility of a "virtual bound state" exists
if c &0. As Eq. (2) shows, measurements of

crA& cannot determine the sign of c. The bound
state predicted for c & 0 would be -2 MeV below
Aq threshold and would be very narrow, since,
very crudely, '" I'-(d/i"~c') =2.3 MeV, where
p,

&
is the reduced mass of the Aq system. An

examination of the cross sections for E +p
-K+n, Z++w, and Z +"+ in the 725-MeV/
c run, with a momentum resolution four times
larger than the predicted width, shows no evi-
dence for such a peak. If c is positive, on the
other hand, the only effects in other channels
would be very small fluctuations due to the
unitarity of the E matrix.

For a py/2 scattering length, the cross sec-
tion is given by

2~ xdq'
Ag 0' 1+dq'+(c'+d')q''

The dashed curve in Fig. 2 shows a fit with a
)i' probability of 13%, which is better than for
the s», scattering length. The best-fit scatter-
ing length is (30.4+9.5i) (F)', with r =0.3. The
large value of d overcomes the effect of the
angular-momentum barrier to give a large cross
section near threshold; the damping term in
the denominator then causes a rapid decrease
in the peak.

A Breit-%igner resonance formula for an

s», state gives a good fit to the data, as shown

by the broken curve in Fig. 2. The Aq partial
width, I", is proportional to q, and if I is
assumed to be small compared to the total width

so that 1" is approximately constant, the
best fit has a y2 probability of 28%, with a reso-
nance energy ED*=1666 MeV/c', width I'=22
MeV/c', and partial-width product, evaluated
at Eo*, (I'I~I'~/I ) = 0.039. If, on the other hand,

l"- l"~~q, the resulting fit has a probability
of 30'//q, with E, =1675 MeV/c', I'=15 MeV/c',

(Ill ~/I') = 0.053. Thus, the hypothesis of an

s„, resonance is in excellent agreement with

the data.
A Breit-Wigner formula for a p», resonance

gave rather poor fits to the data, at least with

the total width assumed to be constant or vary-
ing as p~, corresponding to the assumptions
made in the s», case. A fit could be obtained

by introducing further parameters to give a
more complex momentum dependence to the
widths.

The conclusions from the fits to these sim-
ple models is that the T = 0, s», resonance pro-
vides the best fit to the data. ' The p„, scatter-
ing length also gives a reasonable fit, but the
angular distributions, and the somewhat im-
plausible va, lue of the imaginary part of the
scattering length, offer arguments against this
hypothesis. The s-wave scattering-length hy-
pothesis, which is perhaps a priori the most
attractive model, does not give a good fit; how-
ever, it may be that the zero-range theory is
inadequate in the present case.'

This question could be resolved if effects
of the resonance could be found in other chan-
nels, far removed from threshold, such as
E +p -Z + v+. However, this is complicated
by the small size of the effects allowed by the

s„,unitarity limit, and by the fact that the
Y, '(1660) occurs at about the same mass in

these channels. The reaction K +p -Z +n'
would be ideal, since it is a pure T = 0 state,
but it is not easily accessible experimentally.
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Our paper contains an internal inconsistency in

sign convention. Our corrected results for y
= [(m, -m, )/Im, -m, l ]im(a, /a, ) in Eqs. (2) and (3)
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