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served in p-p kaonic annihilations at 3.7 BeV/c, has
decreased with the increased initial-state energy. The
production of K*(890) has dropped from the 50% level
at 3.7 BeV/c to 10% at 7 BeV/c among the final
states examined. Neither p nor ~ has been observed
among the two-vee events at 7 BeV/c, although there
is some evidence for the formation of K*(1400).

A study of the energy dependence of the fraction of
annihilation events leading to kaons and pions in the
final state indicates that after an initial rise (from

4%) for antiproton capture at rest, the kaonic
annihilations reach 10% of the total annihilation
cross section and remain fairly constant up to 7 BeV/c,
where the fraction is (10.2~3.1)%.This is inconsistent
with the predictions of the statistical theory.

Our data at 7 BeV/c show a Ki'Ei'enhancement near
threshold similar to the effect observed at 3.7 BeV/c.
There is also a EI K~' enhancement at 1140 MeV, but
no conclusive statement can be made concerning the

significance of this e6ect because of the limited sta-
tistics. It is interesting, however, that a similar effect
exists in the 3.7-BeV/c data.
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The reaction E+p —& E+pm+m at 2.26 BeV/c is investigated. It is found to be dominated by the simulta-
neous production of the E* (895 MeV) and ¹ (1238 MeV) resonances. The production and decay angular
distributions of these resonances in the double-resonance channel are analyzed and the results compared
with the predictions of a single-particle-exchange model. These distributions are consistent with the assump-
tion that the primary production mechanism responsible for the reaction E+p -+ E*0E*++-+ E+~ w+p at
2.26 BeV/c is the exchange of a single ~ meson. A search is conducted in this channel for other possible
resonant states. A Monte Carlo analysis is utilized for this purpose. The data are not found to be consistent
with the production of any other resonances except the aforementioned E* (895 MeV )and ¹ (1238 MeV).

1. INTRODUCTION

E have investigated the reaction K+p —+E+pvr+w
in the 20-in. hydrogen bubble chamber at

Srookhaven National Laboratory. In our exposure, the
E+ beam had a laboratory momentum at the chamber
entrance window of 2.260 BeV/c with a full width at
half-maximum of 0.045 BeV/c.

We find this reaction to be highly resonant and domi-
nated by the simultaneous production of the K* (895
MeV) and X*(1238MeV). In addition, there isevidence
for the production of these resonances singly via the
channels E+p- Ke'p~+ and E+p- X*++K+~-.i

~ Supported in part by the National Science Foundation, the
Air Force Ofhce of Scienti6c Research Grant No. AF AFOSR 234-
65, and the U. S. Atomic Energy Commission Computation
Center.

'A preliminary report on this work was made at the 1963
/(beans Conference op Resoq. @qt Pq,rticley,

We have analyzed the production and decay angular
distributions of the E*and X* in the double-resonance
channel and compared our results with theoretical pre-
dictions of a single-particle-exchange model. ' ' These
experimental distributions are consistent with the as-
sumption that the primary production mechanism re-
sponsible for the reaction K+p~ E"X*++~K+~ ~+p
is the exchange of a single x meson between the incoming
particles.

We have also conducted an extensive search for other
possible resonant states which could be observed in the

' J. D. Jackson, Nuovo Cimento 34, 1644 (1964).
3K. Gottfried and J. D. Jackson, Nuovo Cimento 33, 309

(1964).
4K. Gottfried and J. D. Jackson, Nuovo Cimento 34, 735

(1964).' J. D. Jackson, Rev. Mod. Phys. 37, 484 (1965).' J. D. Jackson, J. T. Donahue, K. Gottfried, R. Keyser, and
I, F. Y. Svennson, Phys. Rev, 139, B42$ (1965).
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stereo reconstruction, kinematic fitting, and ionization
checking, 1296 of these were positively identi6ed as
belonging to the reaction K+p~ K+pn. +m. . A more
detailed description of the data reduction process is
presented in Ref. 7.
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FIG. 1. EffeCtiVe E+7r maSS VerSuS effeCtiVe p7r+ maSS.

1.30

3. CROSS SECTIONS

We determine the cross section of the reaction
K+p —+ K+ps+~ at 2.26 BeV/c from the total K+ beam
length and number of reactions observed within a speci-
6ed 6ducial volume. We utilize a subsample of 30 000
frames, all of which mere scanned tmice. We estimate
the purity of the E+ beam from the number of r and
7-like decays counted in this sample of the 61m. The
procedure is discussed more fully in Ref. 7, and yields
a beam purity of (80+3)%K+.The number of reactions
is corrected for the over-all scanning eKciency, which
is 97%%u~, as determined from the two independent scans.
A total K+ beam length of 12.95&(10' cm and 811 reac-

reaction K+p -+ K+p~+~ . To this end, we assumed that
only amplitudes relating to K*(895) and N~(1238) pro-
duction (as well as phase space) occurred in the reaction
and generated a series of Monte Carlo events based on
this assumption. When all possible mass spectra ob-
tained from the Monte Carlo events were compared with
those of the experiment, no signi6cant differences were
observed. We therefore concluded that our data were
not consistent with the production of any resonant state
other than the K*(895) and the N*(1238).

Incoming E+ lab
momentum

(BeV/c)

1.96
2.26
2.97

1.96
2,26
2.97

0 (E+p ~ E+p7r+7r )

1.7+0.2
1.7&0.2
2.3~0.3

&(E+p ~ E*0Ã*++
~ E+p7r+7-)

0.8+0.1
1.2+0.2

Reference

a
Present experiment

b

Present experiment
b

TABLE I. Cross section for the reaction E+p ~ E+p7r+7r .

2. EXPERIMENTAL METHOD a G. Goldhaber, W. Chinowsky, S. Goldhaber, W. Lee, and T.O'Halloran,
Phys. Letters 6, 62 (1963).

0 (K+p ~K+ps.+s=) = 1.7+0.2 mb.K P K a m+p 2 26geVyt:
EFFECTIVE K 7r MASS

1296 REAL EVENTS We esthnate (using a method to be described later) that
the double-resonance process K+p ~K*'N*++ accounts
for 48% of all events of the type K+p ~ K+ps+'ir
yields a partial cross section

500-

Approximately 1pp ppp bubble chamber photographs
yielded 4711 four-prong events. After measurement,

tions of the type K+p-+K+p7r+mgive a total . cross
section:

(h
1-

0 200-
LLJ

O

0 (K+p —& K*N*—+ K+ps+m )=0.8&0.1.
These results are compared mith those of other experi-
ments at di6erent energies in Table I.

100-

.6 .7 .8 .9 I.O I.2

EFFECTIVE K' 7r MASS (BeV)

Fxr.. g. Number of events versqs effective E+g mass,

4. X* AND N* DISTRIBUTIONS

In Fig. 1 we present a kinematic scatter plot for all
events fitting the hypothesis K+p —+K+p7r+~ . The
effective E+m mass is plotted along the horizontal axis
and the eifective ps.+ mass along the vertical axis. The
strong enhancement in the region 840 MeV &~3f~+-
~&940 MeV and 1130 MeV~&3f„+~&1300 MeV is evi-
dent. In Figs. 2 and 3 me plot the projections of the

7F. Bomse, S. Borenstein, J. Cole, D. Gillespie, G. Luste, E,
Moses, A. Pt;vsner, and R, Zdanis (tq be published).
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kinematic triangle plot on the MK+ — and M„+ axes,
respectively. The solid curves are appropriate Lorentz-
invariant phase spaces normalized to the total number
of events. We return to these plots later.

Figure 4 shows the production angular distribution
for the E*system in the over-all center-of-mass system
for the double-resonance events. The strong forward
peaking of this distribution is taken as evidence that the
reaction may be mediated by a peripheral or single-
particle exchange mechanism. We analyze the decay
correlations and production differential cross sections
accordingly.

The decay angular distributions are observed in a co-
ordinate system de6ned in the rest frame of the reso-
nance in question. The s axis of this system lies along
the direction of the incoming particle, the y axis along
the production plane normal and the x axis along the
direction of the cross product of y with s. The general
form of the E* and N* angular distributions that ac-
count for conservation of angular momentum and parity

200-

l5P-

O I 00

LLI

50-

K p ~ K 7T sr p 2 26 Bfsy/C
E FFECT I V E p 7r+ MA $ S

I296 REAL EVENTS

TABLE II. Experimental E* and N* density matrices corre-
sponding to K*—N* production in the reaction X+p —+ E*oN*++
~ E'~ ~'p

I2 I3 I 4 l5
EFFECTIVE P»' MASS (8ey)

i

l.6 l.7

Element

poo

PI—1

Rep1o

Element

E*density matrix
Value at

2.26 BeV/c

0.56~0.03—0.004~0.03—0.09 ~0.02

N* density matrix
Value at

2.26 BeV/c

Value at
3.0 BeV/c'

0.76+0.05—0.03+0.03—0.13%0.02

Value at
3.0 BeV/c'

FIG. 3. Number of events versus effective P2r+ mass.

We recall that for the E*decay, a value of ppo near
zero indicates predominantly vector meson exchange
and a sin'8 angular distribution, while a larger value of
this parameter indicates pseudoscalar meson exchange
and a predominantly cos'8 angular distribution. The

P33
Rep31
Rep3 1

a Reference 8.

0.19 +0.03—0.05 +0.02
0.0005+0.02

0.01 +0.04
0.07 +0.02—0.035+0.035

,3 6 —.

132-

DIF FERENTIAI CROSS SECTION

FOR K'- N' PRODUCTION IN

K N =K' v+p,

TOTAL
= 0.8+- .I mb

are well known. ' ' They are:

Wrc *(cos8,$)= (3/4s. )[pss cos'8+ s (1—pM) sin'8
—pi i sin'8 cos2$—V2 Repro sin28 cosQ], (1)

Wsr *(cos8,&)= (3/4tr) [pss sin'8

+(s—pss)(s+cos'8) —2/V3 Repsi sin28 cosQ
—2/V3 Reps t sin'8 cos2$1, (2)

where (8,&) are spherical polar angles defined in the
coordinate system described above, and 5'~*, S'z* are
normalized to unity over a sphere. The experimental
values of the p;;, the density matrix elements of the
resonances may shed some light on the nature of the
exchanged particles. We determine the E*and N* den-
sity matrix elements for the double-resonance events
exactly from the data as described in Ref. 7. We remark
here that a double-resonance event is one for which the
effective K+s. and Ps.+ masses satisfy 840 MeV
&~ M~+ -&~ 940 MeV and 1130 MeV~& M„+~& 1300
MeV. The results a,re shown in Tahle Ig,
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FIG. 4. Differential cross section for double-resonance produc-
tion (E+p~ E*IVs) versus center-of-tnsss production cosine of
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element p~ ~ is a measure of the departure of the
Treiman-Yang or P angular distribution from isotropy.
It is expected to be very small for pseudoscalar meson
exchange and to produce a Treiman-Yang distribution
mhich is isotropic. Our value of 0.56%0.03 for pQQ pro-
duces after integration over p a distribution WLr~(cos8)
=1+(1.5&0.3)cos'8. This is shown, normalized to the
total number of events in Fig. 5. Furthermore, our value
of p~ ~ of —0.004&0.03 gives a 6tted Treiman-Yang dis-
tribution of W'x~(P) = 1—(0.02&0.11)sin'8. This nearly
isotropic curve is shomn normalized to the total number
of events in Fig. 6. The oR-diagonal element ReplQ is
—0.09+0.02 and is not consistent mith zero. This may
indicate that absorptive eRects due to competing chan-
nels are important. The E~ decay angular distributions
allom us to conclude that the production mechanism of
the reaction E+p-+E*'E*++ is consistent with the
exchange of a psuedoscalar meson.

To check this me consider the experimental values of
the E* density matrix elements. The result obtained
for p33 is 0.].9~0.03 and leads to a cose distribution of
W~*(cos8) = 1+(0.4&0.2)cos'8. We present this curve
normalized to the total number of events in Fig. 7. %e
remark that the experimental E*decay distribution in
cos8 (histogram in Fig. 7) shows a marked forward-
backmard asylnmetry. On the high side from cos8= 0 to
cos8= 1 it rises more or less as cos'8, mhile on the lorn side
from cosISI= —1 to cos8= 0 it is nearly Qat. %e note that
for pseudoscalar exchange p33 is expected to be near
zero and the distribution, approximately (1+3 cos'8).
The high value of p33 is a reQection of this asymmetry.
A possible explanation for this asymmetry is that final-
state interactions may be important for the mide

( 100 MeV) X*. Figure 8 shows the experimental

K'p K N' K'71. 7I'p 2.26 BeV/c
624 K'" N'EVENTS

e„.(eos8)= I+(I.5+.~) cos'8
x -I69

FIG. 5. CosO dis-
tribution of E* from
E+p ~ IC*E*.

Ioo
K p K'N K+ vr ~'p 2, 26 BeV/c

62+ K' - N' EVENTS

W„.($) = I -(.02+.II) SINep
x2 = t2.0

V3

z
LLJ

o $0-

-I 80 - 90 0 90 ISO
TRE IMAN YANG ANGLE $ (DEGREES)

FIG. 6. Treiman-Yang or @ distribution of E*
from E+p —+ E*E*.

Treiman-Yang distribution for the S~. The parameter
Reps ~ is 0.0005~0.02 and the corresponding 6tted
curve is WLL *(p)=1+(0.002%0.09)sin'g which is very
nearly isotropic. For pseudoscalar exchange this is ex-
pected to be the case. Ke compare the E* and E*
density matrices determined in this experiment mith
those of the CERN group' in Table II.

%e nom return to the E*production angular distri-
bution in Fig. 4. The solid curve is the theoretical predic-
tion of the single-pion-exchange model mith absorptive
effects included' for the reaction E+P ~ X~'LV*++
~ K+ps.+7r, normalized to our experimental differential
cross section at cos0~+= 0.95. The absolute cross section
is far too large. %e have performed the indicated. nor-
malization to see horn mell the shape of our cross section
agrees mith the theory. As can be veri6ed from Fig. 4,
the agreement of the shapes is excellent. The theoretical
curve was generated by Dr. J. D. Jackson and co-
morkers at The University of Illinois.

S. THE MONTE CARLO TECHNIQUE

Wc pollltcd Gilt. above tllat tllc 1cactloll A.+P ~
IC+prr+7r at 2.26 BCV/c is dominated by the simultane-
ous production of the E*(g95 MeV) and Ee(1238 MeV)
resonances. These appear respectively as strong peaks
above the predictions of ordinary phase space in the
Eland pm+ mass spect.ra. We now consider the effects
of this resonance production on the other mass spectra

-I,O -0.6 -0.2 0.2 0.6 I.Q

|;ov 0

' M. Ferro-Luzzi, R. George, Y. Goldschmidt-Clermont, V. P.
Henri, B.Jongejans, D. W. G. Leith, G. R. Lynch, F. Muller, and
J.-M Perreau, NLLovo Cimellto 39, 417 (1965).
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in this channel. In particular we wish to determine if
various enhancements above phase space are merely
kinematic reflections of the strong E*—E*production
or if they represent real physical states in their own
right. To this end we have developed a Monte Carlo
technique.

In applying this technique we 6rst make a reasonable
guess as to all the processes that are operative in the
reaction K+p ~ K+ps.+s. at our energy. This complete
set of assumed processes constitutes a model for the reac-
tion. In our model we assume an incoherent mixture of
the following four processes: (a) a process with no cor-
relations whatever among any of the particles, that is,
a process described by a constant matrix element; (b)
a double-resonance process with simultaneous correla-
tions between the K+ and s and the proton and s+; (c)
a single-resonance process with a correlation between
the K+ and s. rnesons only; (d) another single-resonance
process with a correlation between the proton and m+

meson only.
Processes (a) through (d) may be described in a

short-hand notation as follows:

IOO—

75-

CA

LJJ

o 50-

25-

-I 80
I

-90
I

90

K p K N K 7I m'p 2 268eV/c
624 K'- N' EVENTS

W~e ($) = I+(.002+.090)SIN $
= 6.62

I 80

(a) K+p ~K+ps+7r-.
(b) K+p ~ K*X*—+ K+ps+s

(c) K+p~ K*p~+~ K+p~+~-;

(d) K+p-+K+s-X*-+K+ps+s .

100-

K P~K N ~K+~ ~+p 2.268eylc
624 K'-N' EVENTS

w„.&cose & = I+ (.a z.2icos*e
xe =59.1

0
I
R
W

4J

O
K

50-
a

25-

I I I I- I,o -0.6 -0.2 0.2 0.6 1.0
cose

FzG. 7. Cos8 distribution of N* from &+p ~ E*&*.

TREIMAN-YANG ANGLE $ (DEGREES)

FIG. 8. Treiman-Yang or g distribution
of E*from E+p —+ E'*Ã~.

We do not write down theoretical amplitudes corre-
sponding to these processes but attempt to get informa-
tion about them from the experimental data through the
K+~ and ps+ mass distributions and the angular dis-
tributions of the K* and S*events. We use this infor-
mation to generate a set of 6ctitious events which are
constructed so as to reproduce the various distributions
(mass spectra and angular distributions) of the assumed
model, that is, to reproduce processes (a) through (d)
above. Using these Gctitious events we then plot all the
mass spectra that can be formed from the 6nal-state
particles and compare these one by one with the corre-
sponding experimental spectra. If there is agreement
between the real and 6ctitious mass spectra, then we
may say that the proposed model is consistent with the
data. Lack of agreement between the two sets of spectra
is an indication that some process was not included in
the model. For example, an enhancement in some mass
distribution above phase space, in the experimental
events which is not duplicated in the fictitious events
is evidence that the enhancement may be a real e6ect
and not a re6ection of K* or N* production.

Our Monte Carlo calculation was done on an IBM
7094 computer using a program developed at Johns
Hopkins called sIMULATE. We now proceed to describe
the main features of operation of this program. It is
capable of generating events with any number of Gnal-
state particles but we will only discuss the four-particle
state here. We will also key the discussion to our reaction
K+p ~K+ps.+s and make use of our assumed model
for this reaction.
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{a)
SCHEMATIC REPRESENTATION OF 4-PRONG EVENT

K

t~, ~)

TARGET
PROTON

(a, i)

RESONANCE
BY SIMULATE

(b)
SCHEMATIC REPRESENTATION OF FICTITIOUS

4-PRONG EVENT

LEVEL I

{5,I)
COMPOSITE SYSTEM OF

BEAM AND TARGET

LEVEL 3

FIG. 9. Schematic representation of 4-prong
event according to ULULATE.

sIMULATE operates by breaking events down into a
series of two-body vertices. Figure 9 is a schematic
representation of a simulated event of the type Z+p —+

K+pir+ir .The upper part of the figure depicts the event
as it might appear on a scanning table, while the lower
part gives sIMULmz's conception of it. The level number
of a particle signi6es the number of vertices plus one,
that it takes to reach a particle in this diagram. Particle
(3,1) represents the initial state consisting of particle
(1,1), the incoming K+ meson and particle (2,1), the
target proton. Particle (3,1) has the total momentum of
the initial state, which is the beam momentum and the
energy of the initial state, which is the energy of the
beam particle plus the target proton mass. )In the
terminology of the program the notation (1,1) etc. refers
to a particular particle at a particular level. That is, the
6rst 1 in parentheses means particle number 3. and the
second 1 refers to level 1.j Particle (3,1) then "decays"
into two particles (1,2) and (2,2). Note that (3,1) was
de6ned in such a way as to make its "decay" equivalent
to the production of (1,2) and (2,2) by the initial system,
hearn plus target. Particles (1,2) and (2,2) decay into
four particles, (1,3) (2,3), (3,3), and (4,3).These are the
four final-state particles E+, n. , ~+, and p. The masses
of these particles as mell as the masses of the beam and
target and the beam momentum are read in by SIMULATE

as data. We note that the intermediate particles (1,2)
and (2,2) are really composites, representing the E+~
and p~+ systems. The masses of these systems are not
constant but are chosen by sIMULATE according to dis-
tributions which pertain to a particular process. Once
both masses are chosen, the kinematics of a four-prong
event are determined.

Fxo. 10. Kinematic triangle for the reaction X+p —+ E+m=x+p
(2.26 BeV/c). B=over-all c.m. energy=2338 MeV.

The method of selection of these masses may be de-
scribed with the help of Fig. 10, which is a schematic
drawing of the kinematic triangle for the reaction
&+p~X+p7r+ir . The abscissa is the K+ir effective
mass and the ordinate, the prr+ effective mass. An event
which conserves energy can always be represented by a
point in the triangle. As an example, we consider the
generation of Lorentz-invariant phase-space events. As
a 6rst step, let us populate the triangle uniformly.
sIMULATE 6rst chooses a E+m mass randomly along
line AB. It then chooses a pir+ mass randomly along
AC. Finally, it checks to see if its choice of masses is
consistent with conservation of energy. If B is the total
center-of-mass energy available, one must have

If sIMULArE 6nds that this inequality is not satis6ed
it cycles back and chooses another pair of masses and
again checks energy conservation. It does not proceed
further until a pair of masses is found which lie inside
the triangle. In making the random selection of masses
(as well as angles —to be discussed shortly) srMUL&Tz

uses a random number generator developed at the Johns
Hopkins Applied Physics Laboratory for the IBM 7094.
It generates random numbers uniformly over the in-
terval 0 to 1.Thus if e is a number between 0 and j., the
probability that a number less than or equal to e vol be
generated equals e. The generator is used in the same
%'Ry Rs R function subroutine. The name Qf the function
is RRN and its initial argument determines a particular
set of random numbers. Subsequent calls a,re always
made to RRN(0). Thus, if we desire to set a variable X

equal to a random number between 0 and 1 we write
a FORTRAN statement:

X=RRN(0) . (4)

In choosing a mass uniformly and randomly along AB
of Fig. 10, we would have

Mrr+, =Mg+RRN(0)(Mri -Mg). —



By this process sIMULATE can generate as many pairs
of masses as desired. If they are chosen uniformly along
the it+~ and pm+ axes they will populate the triangle
uniformly.

If wc dcs11c lIlstcRd to generate K resonance events~
rather thRn populating thc cntlrc tl langlc uniformly w'c

ask sIMULATE to choose K+m masses randomly accord-
ing to a Gaussian dlstrlbutlon whose s'tRndRrd deriva-
tion is set equal to the half-width of the K~. Thus we
have, for example,

where M~* is the central mass of the K* and I'~* is its
full width at half-maximum. The variable T speci6es
the distance of the particular K+~ mass from the cen-
tral K*mass. To obtain some value of T we 6rst divide
the area under the Gaussian function y= (2~) 'I'e "~'

into 100 equal parts. This de6nes the values of R 100-
element array in sIMULATE such that the eth element
contains a subdivision point t„, where t satis6es

g(2m) 0

e—"~'dt
00 S

e ""dh= -. P)
100Q(2n) 0

We then obtain a random number which we multiply
by one hundred, obtaining a number m which lies be-
tween zero and one hundred. T is then set equal to I, .
If m is not an integer, the value of T is found by a linear
interpolation between t and t~~. Finally, the choice.
of sign in (6) is determined by another random number
which we truncate to an integer. If the integer is odd,
the minus sign is chosen, if even, the plus sign.

To complete the mass selecti. on for an event in which
a K* is produced along with an uncorrelated proton and
pion, the pm+ mass is chosen uniformly between its
phase-space limits. As before, an energy check is made
to ensure that the pair of masses chosen lies inside the
tr1Rnglc.

The generation of process "c" events described im-

mediately above will populate only a portion of the
kinematic triangle of Fig. 10.This will consist of a verti-
cal band whose shape is Gaussian relative to the M~+-
axis. Within this band, events will be uniformly distri-
buted along the M„+ axis. In the same way sIMULATE

can generate events in which the p~+ mass is distributed
according to a Gaussian whose maximum value occurs
at the experimental value of the E* mass and whose
standard deviation is the E* half-width. Finally,
sIMULATE can choose both pairs of intermediate masses
according to Gaussians, thus generating a set of double
resonance, or process (b) events.

After having chosen R pair of intermediate masses for
particles (1,2) and (2,2) slMULATE proceeds to choose
pairs of angles. At each vertex a reference frame and a
set of coordinate axes are speci6ed. Relative to these a
pair of spherial angles (8,&) is chosen for each particle.
Figure 9 shows that there are three vertices for a four-

particle event. At each vertex, two pairs of angles cor-
responding to two outgoing particles must be selected,
a total of 12 different angles. These angles are chosen
according to experimental distributions by a random
process in exactly the same manner as masses are chosen
from a Gaussian distribution. 8IMULATE uses several
100-element arrays for angular distributions. They are
called xH1, YH2, rH3 .They are read in as data. Thus
TH1 contains a table of integrals of the distribution func-
tion for the production angle of particle (1,2). Suppose
this angle for a particula, r process is distributed according
to a function f(cos8). Then the eth element ot TH1 is
that value ot cos8 such that the integral of f(cos8) from
zero to cose is n hundredths of the integral from 0 to 1.
In other words:

TH1('II) =cos8~,

w'1th cos8& SRtlsfylng

f(cos8)d (cos8) f(cos8)d (cos8) = . (8)
0 100

An angle is chosen by sIMULAx'E from this array with the
help of an interpolation subroutine in a fashion similar
to that explained above in connection with the choice of
R mass.

We emphasize that all the distributions from which
sIMULATE chooses variables are obtained from experi-
mental data and that each process is done separately.
Thus in the double-resonance process, the C6ective
masses of particles (1,2) and (2,2) are chosen according
to Gaussians with central values and widths appropri-
ate for the K* and E~. The experimental production
angular distribution of these particles is employed at thc
first vertex and the corresponding experimental K~ and
E*decay angular distributions at the second and third.
I ikewise for a single-resonance process in which say, R
K* alone is produced, we obtain form the experiment
not only the K*mass and angular distributions but also
those of the proton-pion system which is produced al.ong
with the K*.

The reference frames and coordinate axes relative to
which all angles are chosen will now be described. At
each vertex, the reference frame employed is the rest
frame of the parent, or incoming particle. Thus, the
angles for particles (1,2) and (2,2) are chosen in the rest
frame of particle (3,1). Those for particles (1,3) and

(2,3) are chosen in the rest frame of (2,2) and those for

(3,3) and (4,3), in the rest frame of (1,2). The coordinate
axes relative to which the angles are chosen are set up
as follows: The s axis lies along the direction in which
the parent particle is moving in the laboratory system;
the x axis is normal to the plane of the interaction and
the y axis is the cross product of s with x. Figure 11
shows the coordinate axes and angles for vertex 2 of Fig.
9 at which particle (2,2) decays into (1,3) and (2,3).
The laboratory coordinate axes relative to which all
three-momentum vectors are ultimately measured are
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IN THE REST FRAME OF (2, 2)

FIG. 11.Coordinate axes used in sIMULATE.

fixed in space, such that the laboratory s axis is along
the beam direction or the direction of particle (3,1).
These laboratory axes are shown in Fig. 11. We note
also that since the decay at each vertex occurs in the
rest frame of the decaying particle or parent, the two
daughter particles must travel antiparallel to one
another and therefore the angles chosen by sIMULATE

for one decay particle automatically specify those for
its partner. Thus in the decay of (2,2) into (1,3) and

(2,3), a pair of angles (cos8,&) is chosen randomly from
a specified distribution for (2,3) and those for (1,3) are
then

cos8(1,3)= —cos8(2,3),
y(1,3)=y(2,3)+~.

(9)

We now discuss the way in which the randomly se-
lected kinematic variables are put together to produce
an event, that is a set of four three-momentum vectors
for the final particles (1,3), (2,3), (3,3), and (4,3).Output
from sIMULATE consists of three direction cosines for
each 6nal-particle three-momentum and the magnitude
of this three-momentum, all specified relative to the
laboratory system of coordinate axes. We suppose that
the variable selection has been completed. Then
sIMULATE has in storage two intermediate masses
Lthose of particles (1,2) and (2,2)] and 12 angles, two
for each of the six particles (1,2), (2,2), and (1,3)—(4,3).
One vertex is handled at a time. At each vertex the
decay-particles' energy and momentum components are
calculated in their center-of-mass system. Also a P and

y are calculated to be used in Lorentz transforming these
quantities back to the laboratory system. The p and P
are usual relativistic quantities: P=P/E and &=1/
(1—P')'t', where P and E are the magnitude of three-
momentum and energy of the parent particle relative
to the laboratory system. At vertex 1 (Fig. 9), the total
center-of-mass energy for decay into (1,2) and (2,2) is
just the over-all center-of-mass energy of the reaction.
At each of vertices 2 and 3, the total center-of-mass
energy for decay is the corresponding intermediate mass

(1,2) or (2,2). When the four-momenta of the decay
particles and an appropriate y and P have been calcu-
lated at a given vertex, control is turned over to a sub-
routine which uses the quantities calculated to trans-
form the decay particles at that vertex back into the
laboratory system. Finally we compute the direction
cosines of these particles relative to the laboratory axes.
For the intermediate particles, these direction cosines
are necessary to specify the directions of the x, y, and
s axes for decay into the final particles. Thus the labora-
tory direction cosines of (2,2) specify a direction which
de6nes the s axis (and hence the x and y axes) for the
decay of (2,2) into (1,3) and (2,3). The laboratory di-
rection cosines plus the three-momenta of the 6nal
particles (1,3), (2,3), (3,3), and (4,3) are the final results
of the generation.

We now return to discuss the problem of weighting
events. We remark that sIMULATE does not keep every
event it generates. Returning for a moment to the con-
sideration of phase-space events, we point out that with-

out a suitable weighting system a large number of gen-
erated phase-space events would populate the area of
the kinematic triangle uniformly. In fact, even for a con-
stant matrix element for the reaction the number of
events having X+m mass between M~+ —and M~+„-
+dMx+ — and also ps+ mass between Ms + and
M„++dM„+ is not constant, but is proportional to'

R=p1XP.Xp3,

where P; is the magnitude of the three-momentum of
either decay particle at the ith vertex in the center-of-
mass system at that vertex. Thus in order to obtain a
sample of fictitious events which follow the predictions
of Lorentz-invariant phase space, the uniformly popu-
lated kinematic triangle generated by sIMULATE must
be depopulated in such a way that the number of events
remaining in any small box of area of dM~+ -&(dM„+
is proportional to the right-hand side of (11).Actually
this is done event by event without erst generating all
events. In other words, sIMULATE generates an event
and decides whether to keep or reject it before the next
event is generated. In carrying out the weighting proce-
dure we first find by calculation, or by trial and error the
maximum possible weight for our particular reaction.
This number is read in by the program as data. Then

' G. Kalian, Eterrterttary Particle Phystcs (Addison-Wesley Pub-
lishing Corporation, Reading, Massachusetts, 1964).
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for each generated event sIMULATE obtains a weight
according to Eq. (11). A random number is then ob-
tarned which in turn is multiplied by the maximum
weight. If the weight for the event is greater than the
product of the random number and the maximum
weight the event is kept —if not, it is rejected. In this
way, the number of events remaining in any small region
of the kinematic triangle is proportional to the value of
R [Eq. (11)] corresponding to that region. Further-
more, all events, not only phase-space events may be
treated in this way. For we have already weighted all

resonance events according to a nonconstant matrix
element by choosing the kinematic variables according
to the proper mass and angular distributions. Hence in
our model any further weighting will involve only the
kinematic, or phase-space part of the amplitude. This
has the advantage of saving computer time and of
making the weighting procedure identical for all types
of events. We present in Fig. 12 a low diagram of
sIMULATE which summarizes briefly the remarks made
above concerning its operation.

The Monte Carlo Program sIMULATE is utilized in

this experiment to generate a number of four-particle

final-state events equal to the number of experimental
events in this state. It is necessary to decide how many
events in the experimental sample are appropriate to
each of the four processes (a) through (d). We ind that
of the entire sample of 1296 experimental events, 148
events lie inside the kinematic triangle but outside both
resonance bands. We assume that these 148 events are
phase-space events. We then use sIMULATE to generate
a large number of phase-space events and calculate the
effective E+7r and p~+ masses. We proceed then to plot
these mass pairs in a kinematic triangle until we have
148 events outside the resonance bands. We assume that
all fictitious events plotted up to that point give a goad
estimate of the total number of phase-space events in

the experiment. We find that 350 events are required to
produce 148 events outside the resonance bands. By
subtracting the numbers of phase-space events lying
in each of the bands on the simulated plot (350—148
=202 events) from the bands in the experimental plot
we obtain an estimate of the fractions of the experi-
mental events which proceeded according to one or
another of the resonance amplitudes. According to this
analysis we estimate that the reaction lt+p —+ E+ps+~
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500-

K p K + m'p 2.26BeV/c
EFFECTIVE K 7K IHASS
I296 SIMULATEO EVENTS

(b) events, and so on. Table III is a list of all input in-
formation supplied to sIMULATE. Ke emphasize strongly
that this information is obtained entirely from the ex-

TABLE III. srMUI. ATx input information.

LLI

~ 200-
0
K

R

IOO-

.6 l I I.8 .9 IO
EFFECTIVE K'g MASS (BeV)

Pro. 13. Effective E+w mass for fake events.

200-
.K p ~ K m ~+p 2.26 BeV/c

EFFECTIVE p m'+ MASS
I296 SIMULATEO EVENTS

I50-

at 2.26 BeV/c proceeds by way of four amplitudes as
follows:

(a) it+p lt+ —+p 27+5%,
(b) Z+p ~E*E*~E+~ ~+p, 48-~5%,

(c) E+p~I *p~+~I+s ~+p, 10+5%,
(d) E+p-+E+~ %*~Z +m+p, 15&5%.

Thus, vie use sIMULATE to generate I296 fictitious events
27% of which are process (a) events, 48% of which are

Vertex 1:
(1,2) mass dist.
{2,2) mass dist.
cosg(2, 2) dist.
y(2, 2) dist.

Vertex 2:
cosg(2, 3) dist.
q (2,3) dist.

Vertex 3:
cosg(4, 3) dist.
q (4,3) dist.

Vertex 1:
(1,2) mass dist.
(2,2) mass dist.
cosg (2,2) dist.

y(2, 2) dist.

Vertex 2:
cosg(2, 3) dist.
q (2,3) dist.

Vertex 3:
cosg(4, 3) dist.
q (4,3) dist.

Vertex 1:
(1,2} mass dist.
(2,2) mass dist.
cosg(2, 2) dist.

y(2, 2) dist.

Vertex 2:
cosg(2, 3) dist.
q (2,3) dist.

Vertex 3:
cosg(4, 3) dist.
q (4,3) dist.

A: Phase-space events

Constant between 1078—1704 MeV
Constant between 634-1260 MeV
Constant
Constant

Constant
Constant

Constant
Constant

8: Double-resonance events

Gaussian, Mo ——1210 MeV, 1'= 120 MeV
Gaussian, %0=895 MeV, F =50 MeV
Constant cosg&0; 1—13 cosg+32 cos'8

cos80~ 0
Constant

1+1.4 cos2g
Constant

1—0.43 cosg+0.40 cos'8
Constant

C: IC~ single-resonance events

Gaussian, jI10=895 MeV, I'=50 MeV
Uniform between 1078—1704 MeV
Constant cosg) 0; 1+2.6 cosg+10 cos'8

cosg «& 0
Constant

1+cos8+cos'8
Constant

1+0,5 cosg+1.5 cos'8
Constant

LLj

~o I 00

50-

Vertex 1:
(1,2) mass dist.
(2,2) mass dist.
cosg(2, 2) dist.

q (2,2) dist.

Vertex 2:
cosg(2, 3) dist.
y(2,3) dist.

Vertex 3:
cosg(4, 3) dist.
q (4,3) dist.

D: S*single-resonance events

Gaussian ufo ——1210 MeV, F=120 MeV
Uniform between 634—1260 MeV
Constant cosg&0; 1-4.5 cosg+13.5 cos'8

cosg ~~ 0
Constant

1+cos28
Constant

1—cosg+cos'8
Constant

I.2 I.S I.4 I.S
EFFECTIVE p~+ MASS (BeV)

I

l.6

Pro. 14. EBective P7f+ mass for fake events.

periment. The vertices and particle numbers referred to
in the table are shown. in Fig. 9. At each vertex only one
pair of decay angles need be specified since all decays
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6. RESULTS OF MONTE CARLO CALCULATION

Figures 13 through 24 display the results of the Monte
Carlo calculation. Most of these figures have tao sec-
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events. The (b) section is the corresponding effective-
mass histogram for simulated events. The appropriate
Lorentz-invariant phase-space curves, normalized to

the total number of events are included in these 6gures.
To check the validity of the calculation, we generate a
second independent set of fictitious events with exactly
the same input quantities as the 6rst. The independence
of the two sets is accomplished by using different se-
quences of random numbers.

Figures 13 and 14 show, respectively, the K+x and
p~+ mass distributions for the fictitious events. These
are in a sense controls for the remainder of the results
because they represent input to the Monte Carlo pro-
gram. The strong E* and N* signals are observed and
these plots should be compared with the experimental
K+m and pm+ mass distributions (Figs. 2 and 3). Fig-
ures 15(a) and (b) is a comparison of the pit+ mass dis-
tributions from experimental and simulated data. The
deviations from Lorentz-invariant phase space in the
experimental distribution are small. The simulated
events, however, show an excess above phase space from
1720 to 1860 MeV. To check this, the pX+ mass spec-
trum for the second independent sample of simulated
events is shown in Figs. 15(c) and (d). The excess does
not appear here. The difference between the two simu-
lated histograms is a measure of the statistical variations
we may expect in our Monte Carlo events. Figure 16 is
the effective-mass distribution of the E+~+ system. The
agreement between the real and fictitious events here
is very good. Except for small excess between 660 and
800 MeV both distributions agree very well with the
predictions of phase space. Apparently the N* and E*
production does not appreciably aQect the E+x+ mass
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pro. )9. KGeetive E+m+x mass for real events and two samples of fake events.
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40-

D

g 100-

spectrum. We note in passing that there is no evidence events also show this excess LFigs. 19(b) and (d)$.
in our data for the production of an isospin-s state in the Quantitatively we take1170MeV as a central mass and
E+x+ system. Figure 17 shows the mass distributions for 60 MeV as a width for a possible Kwm state in this region
the pm system. The simulated events show an apparent
depletion relative to the real events in the mass region K'p K w ~ p 2 26BeV~c
1140—1260 MeV. The reason for the disparity is possibly EFFECTIVE K p~ MASS
a weak X*(1238) signal in the experiment. The model izss RssL EvENTS

used to generate the fake events did not include this 80-
possibility. Therefore, we should not expect to see a 0

corresponding N*(1238) peak in the fake events. Figure so
18 is a plot of the x+x mass distribution for real and
fake events. The experimen. tal and Monte Carlo dis-
tributions agree very well and both seem to be well ap-
proximated by Lorentz-invariant phase space.

We now turn to three-particle mass combinations. We
plot the effective mass of the E+~+~ system in Fig. 19.
Several groups have reported enhancements in Kmx
mass distributions —Wangler et ul."observed such an I296 SIMULATED EVENTS

enhancement at 11"/5 MeV in m p collisions at 3.0 BeV!c
in the 6nal states A.OE+~ m', A.OE'x+x, Z'Eox+~, and

m+E m . This was verified by Miller et ul."and more
recently Bishop et cl " have reported a E'x+m+ en-
hancement in the reaction Z+P —+ Ksn+n. +Pm . In the
present experiment an excess is observed between 1080
and 1180 MeV. However, both samples of simulated

T. P. Wangler, A. R. Korin, and W. D. Walker, Phys. Letters
9, 7t (i964)."D. H. Miller, A. Z. Kovacs, R. L. McIhvain, T. R. Palfrey,
and G. W. Tautfest, Phys. Letters lS, N (1965).

J. M. Bishop, A. T. Goshawk, A. R. Evvm, M. A. Thompson,
W. D. Walker, and A. Weinberg, Phys. Rev. Letters 16, 1069
(1966).

20
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FIG. 2 j.. EBective %+pal-+ mass for real and fake events.



140—

I20—

K+ P K'& ~+ P 2.26 BeVZc
E F F ECTIVE K p~

l296 REAL EVENTS

(D
I loo-
zi'

80-
O

604J

20

1.6 l, 7 1.8
I

l.9
I

2.0
I

2. I

ll
I

2.2
EFFECTIVE K+pm MASS (BeY)

(a)

l40—

I20-

p —K ~ vr p 2.26 BeVlc
EFFECTIVE K+p~ MASS

l296 SIMULATED EVENTS

CA

z IOO-
IJJ

LLI

IJJ
Q3 60—

40—

20—

I.6 I.7 I 8 l9 20
EFFECT IVE K'p7r MASS (BeV)

(b)

2. I 2.2

FxG. 22. Effective E+pm. mass for real and fake events.

"N. Barash, J. Steinberger, T. H. Tau, L. Kirsch, P. Franzini,
report presented at The 1964 International Conference on High
Energy Physics at Dubna."R. Armenteros, P. N. Edwards, T. Jacobsen, L. Montonet,
A. Shapira, J.Vandermeulen, Ch. D'Audlou, A. Ostier, P. Baillon,

and consider the interval 1140 MeV~&M~ &~1200
MeV. We find 220 experimental events in this interval.
Using the two samples of fictitious events as the correct
"phase space" with which to compare the experimental
plot, we find, respectively, 204 and 229 events in this
same interval. This represents a one-standard-deviation
enhancement relative to the first fictitious sample and
no enhancement relative to the second. We conclude
that there is no evidence for a Exw resonance at 1170
MeV in our data. A K~~ enhancement at 1215 MeV
has been reported by a Columbia-Rutgers group" and
a CERN group. "The reactions were pp annihilations

at rest: pp ~ KZ~m with at least one neutral Z meson
decaying by a two-pion mode. Furthermore, a CERN
group" has also reported a 1270-MeV enhancement in
E7r~ spectra from the reaction Pp ~K'K+~ s+s s'. In
the present experiment a small enhancement above
ordinary phase space is observed in the region 1200—
1260 MeV (Figs. 19(a) and (c)]. This might possibly
be related to one or the other of the excesses at 1215 or
1270 MeV. However, the simulated events also show
these excesses relative to ordinary Lorentz-invariant
phase space in this region. The number of experimental
events between 1200—1260 MeV is 270. Using the simu-
lated sample of events in Fig. 19(b) as the "correct"
phase space for comparison we find 256 events in this
interval. The 1200—1260 excess is therefore less than
one standard deviation. If we use the second 6ctitious
sample as phase space we Gnd 251 events in this range
giving an experimental excess of about one standard
deviation. Thus our excess in the 1200—1260-MeV region
of the Kx~ mass spectrum does not appear to be signi-
ficant. In a K+P experiment at CERN" at 5.0 BeV/c a
100-MeV wide enhancement was reported at 1320
MeV in the K~m spectrum from the reaction K+p —&

X+w—~+p. No evidence for this is observed in the present
experiment LFigs. 19(a), (b), (c), and (d)). It is of some
interest to separate the Monte Carlo events into four
distinct processes and plot the contribution of each to
the K+~+~—mass spectrum. This is done in Figs. 20(a),
(b), (c), and (d). Figure 20(a) is the E~m mass distribu-
tion for events generated according to a constant matrix
element. Figure 20(b) is the Item. distribution for events
generated according to the K*—E*or double-resonance
process. This plot is rather drastically distorted relative
to ordinary phase space and in particular, the effect
between 1200 and 1260 MeV discussed above is seen to
originate partly from this group of events. The events
in which only a E* was generated are shown in Fig.
20(c). The 1200-1260 excess is plainly visible here also.
Events in which only an S*was generated are shown
in Fig. 20(d). From these plots we conclude that the
departure from ordinary Lorentz-invariant phase space
which are observed in the E~m mass spectrum derive
mainly from con6gurations in which the K+m system
resonances as a E*.We remark 6nally, in connection
with the Kxx mass spectrum that we are just below
threshold for the production of the X*(1400)."

The %+pm.+ mass distribution is shown in Fig. 21.
Various small excesses along the upward slope of the
ordinary phase-space curve are present in this spectrum.
The simulated events agree quite well with the real

J. Cohen-Gousuna, C. Defoix, J. Siaud, C. Glesquiere, and P.
Rivet, Phys. Letters 9, 207 (1964)."B.R. French, J. B. Vinson, V. Simak, J. Badier, M. Bazin,
A. Monge, P. Grieve, report presented at The 1964 International
Conference on High Energy Physcis at Dubna."S. P. Almeidee, H. W. Atherton, T. A. Byer, P. J. Dorman, A.
G. Forson, J. H. Scharenquivel, D. M. Sendall, and B. A. West-
wood, Phys. Letters. 16, 184 (1965)."N. Haque et u/. , Phys. Letters 14, 338 (1965).
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FIG. 23. Effective E+pm mass from four different simulated processes.

2.2

events. We discuss now the K+pm —mass distribution. A
very strong enhancement about 200 MeV deride is ob-
served centered about a mass of 2040 Mev [Fig. 22(a)j.
Relative to ordinary phase space this is a nine-standard-

deviation effect. Figure 22(b), vrhich is the correspond-
ing mass distribution for the fictitious events shows that
this effect is only a reAection. To investigate its origin
the E+p7r mass spectrum is plotted for the various in-
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I'zo. 24. Effective px+x mass for real and fake events.
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dividual processes in Figs. 23(a)—(d). The effect is ap-
parently associated mostly with the E* in the ps-+

system for it shows up strongly in the double resonance
events and in the S*only events.

The final spectrum to be discussed is that of the p~~
system (Fig. 24). Relative to the simulated events, the
real events show an excess in the mass region between
1620 and 1840 MeV. Once again, we use the second sam-
ple of simulated events to determine whether the eRect
is statistically significant. Figures 24(c) and (d) show
the real event and the second 6ctitious sample. In the
interval 1620—1840 MeV the experimental distribution
has 689 events. In this same region the 6ctitious distri-
bution has 670 events. Therefore relative to the second
sample of fake events as phase space for the reaction,
the experimental excess is considerably less than one
standard deviation.

We conclude from the foregoing that the data for the
reaction E+p -+ E+s. s.+p is consistent with a model in
which four incoherent processes are assumed to occur
with the relative rates indicated:

4Q

30-

COI-

UJ

20-O

IO--

,6

K'p K'p»»» 2,26 BeV/c

EFFECTIVE MASS OF

K+» SYSTEM

!78 EVENTS

Fzo. 25. Effective
E+m' mass from the
reaction
K+p ~ E+p~+~ ~'.

E+p ~ E+p~+~, 27~5%
E+p —+ E*E* +E+prr+m— , 48+. 5%
E+p ~E*p~+~E+p~+~ , 10+5%-

E+P —+ E+mÃ~ ~ E+P.s+s, 15&5%.

We remark that a weak neutral E*may be present in
the data, a possibility indicated by a slight disparity be-
tween the experimental ps. mass distribution and the
corresponding distribution predicted by the model.
Finally we have seen no evidence for the production of
any resonance other than the E*(895) and E*(1238).
In particular our Exm mass distribution is not consistent
with enhancements at 1170, 1215, 1270, or 1320 MeV.

7. A NOTE ON THE FIVE-PARTICLE
EVENT X+p-+ X+p~+~ mo

We have also used our Monte-Carlo-generated events
to aid in the analysis of our 6ve-particle final-state
events of the type E+p —+ E+pm+ms'. A search f.or.the
z(725 MeV) meson in this channel was initiated. We
found nothing signihcant in any of the mass spectra
except the K+x' distribution which is shown in Fig. 25.
A peak occurs at about 670 MeV whose width is 60
MeV. The eRect amounts to about 3.5 standard devia-
tion above Lorentz-invariant phase space.

The low mass of this peak makes it rather suspect.
This suspicion increases when we discover that the
laboratory momentum of the 6tted ~ in these events is
invariably less than 100 MeV/c. We felt that this peak
might therefore be a spurious eRect, due possibly to four-
particle events which were mistakenly 6tted and then
misidentified at the scan table as five-particle events.
This is a reasonable guess, because the unfitted missing
momentum from a sample of four-constraint four-

EFFECTIVE K'» MASS (BeV)

particle events is found to be on the average, about 50
MeV/c. We therefore subtracted from the experimental
sample of 178 five-particle events all those which had
been 6tted as four-constraint 6ts with a probability of
greater than 1%.After the subtraction, 141 events re-
mained. Their E+x mass distribution is shown in Figure
26. The peak has not disappeared.

To investigate this matter further we sent a sample of
500 fictitious four-particle Monte Carlo events through
the 6tting program Kxcx. These events were distributed
according to the various experimental processes

I (a)—(d)] discussed previously. Before entering the
fitting program they were sent through a preliminary
program which pulled the various kinematical quanti-
ties, like momentum and angles, oR their exact values so
as to render the Monte Carlo events identical to a sam-
ple of measured events. Also, this preliminary program
assigned track lengths to the events and distributed them
in the 20-in. bubble chamber using the real events as a
guide.

The main results of sending these fake events through
the 6tting program are

(a) Only 20 failed to be fitted with the correct hy-
pothesis with greater than 1%probability.

(b) There were 209 events (nearly half) which were
6tted with a false neutral x. This agreed very well with
a sample of 500 real four-constraint events (E+p-+
E+pvr+s ) for which, about one-half had a one con-
straint s' 6t with greater than 1% probability.

(c) Of the 20 fake events which failed as four-con-
straint 6ts, only four were fitted as one-constraint 6t
with probability greater than 1%.This means that a real
four-particle event will fail as such (probability less than
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8. CONCLUSION

For the reaction X+p —+ Z+ps.+n. at 2.26 BeV/c we
find a cross section of (1.7&0.2) mb and a partial cross

30- K p K'p~'m

NO 4C FITS
I4 I EVENTS
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Z'
tij 20-
UJ

IO-

I

600 700 800 9OO IOOO

K ~ MASS(MeV)

FIG. 26. KGective E+m' mass from the reaction E+p —+ E+pm+~ 7f

with all events having a possible 4-constraint 6t removed.

1%) but pass as a one-constraint five-particle event
(greater than 1% probability) only in about 1% of the
cases. Thus we are not nearly entitled to remove any
more events from the plot in Fig. 26.

Despite the result mentioned in (c) above, we plotted
the eRective E+m' mass for all fake-event fits which had
a x'. We did not attempt here to choose among multiple
x 6ts in a given event when there were more than one.
We simply included all its, so that in Fig. 27, which
shows the distribution, some events are plotted more
than once. We see from this figure that when a false
neutral is added, the eRective K+x mass is almost al-
ways less than 720 MeV.

We do not wish to draw any conclusions from the
above. We simply note that the introduction of a false
neutral particle often occurs in a fitting program and in
these circumstances this neutral particle and one of the
charged visible particles may simulate a peak in their
eRective mass distribution. We 6nally remark in con-
nection with the five-body reaction lt+p ~ K+p~+m. ir'
that no enhancement at 730 MeV (corresponding to
the ~ meson) is observed in our data.

K' p K' ~ ~'p ( ~ ) 2.26 BeV/c
EFFECTIVE K wo MASS FOR 336 FITS TO FAKE

4-PARTICLE EVENTS WHICH INCLUDE

I20- A FALSE NEUTRAL PION
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FIG. 27. E+7f' effective mass for all false neutral m fits.

section for K+p ~K*1V*~ It+pe+a of (0.8+0.1) mb.
The decay angular distributions of the E* and S* in
the double-resonance process indicate on the whole,
consistency with a single-pion-exchange model for their
production. The data are in disagreement with the
absolute cross section predicted for the reaction K+p ~
E*E*by the model, but are in excellent agreement with
the theoretical shape of the diRerential cross section.

A Monte Carlo analysis of the channel E+p~
E+p7r+nindicates t.hat our data are consistent with
a model in which only the K*(895) and X*(1238) reso-
nances are produced along with phase space.

Finally, we have seen no evidence for the production
of the ~ (730 MeV) in either the E+n or E+n' mass
spectra of the five-particle reaction E+p ~ K+pir+7r ~'.
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