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A b s t r a c t 

In a study of the four particle states K+p -7 KNnn at 3 GeV/c, it is 

found that the quasi two-body process K+p~K~N~ occurs in large proportion. 

The cross-sections for the various charge and decay modes of K~N~ are in good 

agreement with the predictions based on isotopic spin invariance. The sharply 

peaked c,m. production angular distribution suggests peripheralism. Within 

the framework of a simple one-meson exchange model the decay angular distri­

butions of K~ and N~ are consistent with the assumption that the reaction 

proceeds predominantly through the exchange of a single pion. Such a model is 

unable to explain the non-zero value of the "interference" parameter Re p1 0 
? 

(-0.13 ± 0.02). In addition, the model requires the inclusion of a drastic 

ad-hoc form factor, similar to the one used at 1.96 GeV/c, in order to fit 

the observed production angular distribution. A modified one-meson exchange 

model, talcing into account the absorption due to competing processes and 

developed by Gottfried, Jackson, Keyser and Svensson, does not explain the 

absolute value of the cross-section, but predicts, with a minimum of assumptions 1 

a production angular distribution and decay correlations in reasonable accord 

with experiment. 
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We report on the results of a study of the fouI'-body final states 

K+p~KNnn at 3 GeV/c, and in partieular on the production mechanism of I~~ and 
:ii: . + ~ 2:-

N in the K p~K N channel. Preliminary results on part of this study have 

been reported elsewhere1 ). 

The Saclay 81 cm hydrogen bubble chamber was exposed at the CERN proton 
+ 2) 

synchrotron to a separated K beam with a momentum at tl1e centre of the chamber 

of 2.97 GeV/c (total energy in the cmtre of mass Etot== 2.60 GeV) and a dis­

persion of ± 0.015 GeV/c, The pion c.:ontamination of the beam was Dn the average 

·not more than 5° /o. Approximately u 5 pictures were taken containing about 106 

beam tracks. They were scanned and re-scanned for, among other things, all 

interactions containing four charged prongs and all two-prong events associated 

l7ith a v0 • In the case of the latter, a fiducial volume was chosen to eliminate 

events with large escape probability for the v0 • For the four--prong events, a 

smaller fiducial volume was chosen to reduce the nurr.ber of events with poor 

resolution; furthermore, for the study of this topology we only used the films 

for which the pion contamination was found to be especially small. 

The events were measured on the CERN IEP measuring projectors and processed 

through the CERN computer programs : THRESH (geometry), GRII'ID (kinematics) and 

BAKE (calculnhon of relevant dynamical quantities). For each event a verifi·­

cation was then made on the scanning table to see if the ionization of the 

tracks was consistent with the results of the fit. Events for which GR.UTD could 

not find an interpretation were processed with MILLSTONE, a program which allows 
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the user to guide GRIND in the performance of the kinematical analysis of 

individual events. As a result of this procedure, practically all the events 

were given an unambiguous interpretation. 

Of the many possible final states, some have already been reported3 ), 4 ). 

Here we shall discuss the following reactions 

K+p~K+ + 
(1009 events); ( 1) p 1t 1t 

K+p~Ko + 0 0 + 
(739 events); (2) p 1t 1t ' K ----?r n 1t 

K+p.-+K0 + + 0 + (208 events). (3) n TI 'It ' K ~n 'It 

0 The cross-sections for these reactions, corrected for the invisible K decays, 

were determined by normalizing to the number of -c' decays found in the same 

fiducial volumes. They are given in Table I, where for comparison, we also 

show the values obtained at PK= 1.96 GeV/c 5). 

2. Production of Resonances 

a) Let us first examine the events which fit reaction (1). If we plot a 

(K+~-) ( +) scatter diagram of the effective masses for the " and p n systems, we see 

(Figure (la)) that the K*(890) and N~(l238) are formed in abundance. Furthermore; 

there is an important clustering of events corresponding to the simultaneous 

formation of these two resonances. 

If instead we consider a scatter diagram for the combination (K+n+) and 

(pn-) (~,igure (lb)), or for the combination (n+n-) and (K+p) (Figure le)), we 

find the events distributed throughout the plots in a rather uniform manner. 

No significant resonance peaks seem to be present in these combinations, as can 

also be seen on the corresponding effective mass distributions of Figure (2). 

Here we have also shown the four-body phase space predictions; the slight 

departure from thecurves is due to the "reflection" of the resonance formation 

in the other channel, 

To estimate the cross-sections for K~Nn, N~Kn and simultaneous K~N~ 

production, we analyse reaction (1) under the assumption that there are four 
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non-interfering contributions to its final state : 

:li: + -
K ------7 K n , 

:li: + 
N .. --~ pn 

+ ~ + * + -
K p -7' K pn , K --?' K n ; 

+ + + -
K p --;>K pn n (non-resonant). 

(la) 

(lb) 

(le) 

( ld) 

The resonances present in (la), (lb) and (le) are described by p-wave relativistic 

Breit-Wigner distributions (see Appendix (A) for detailed formulae). The events 

corresponding to (ld) are assumed to be distributed according to their phase 

space. The combined density of events due to the contribution of all the above 

reactions is then written as 

where the f's are the fractions of events of each type and the F's are their 

effective mass distributions. 

A likelihood analysis was made on the basis of this distribution (4) for the 

r, M 

determination of the seven parameters : MK~' MN*' K~' IN*' 

fN:it. The maximum likelihood solution for these parameters is given in column 2 

of Table II. The corresponding effective mass distributions agree well with the 

data as can be seen on Figures (3a) and. (3b), where we have shown the projections 

of the scatter plot of Figure (la) on the respective axes. It should be noticed 

that in the Kn effective mass spectrum, Figure (3a), there is no evidence for 

/((725) production as was found in the five-body final states, KNmm, at the same 

energy6 ). 

b) An analysis similar to the one described in a) was performed for the events 

of reactions (2) and (3). With respect to reaction (1), there are differences 

to be noted here. Reaction ( 2) can yield a quasi two-body process in two 

different ways : 

:if 0 0 
K--;7Kn, 

K~ Ko + 
-?" n ' 

(2a) 

(2b) 

and reaction (3) with its two identical pions leads to a similar problem. 
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In the likelihood analysis of these reactions we have assumed that the presence 

of a resonance in one channel contributes as "phase space" when its decay 

products are introduced in the other ("wrong") combination. The scatter diagrams 

and their projections on the appropriate axes are shown on Figures (4), (5), (6) 
and (7); the combinations (K0 p), (n+n°), (K0 n) and (n+n+) do not exhibit any 

significant resonant peak and are not shown. 

The maximum likelihood solutions for the parameters of these reactions 

are given in columns 3, 4 and 5 of Table II. In the case of reaction (3) no 

independent determination of the masses and widths of the K~ and the N* was 

possible due to the small number of events involved; instead, a preset value 

for these quantities was used to determine the other parameters. We have 

independently calculated the maximum likelihood solutions for all reactions 

using preset values of the masses and widths of both resonances. Using the 

values obtained in the study of the three-body final state K0 pn + 4), we obtain, 

within statistics, the same values of the f-parameters. 

c) Looking at the results on Table II, we notice that the values obtained in 
:if: 'if: 

the different reactions for the masses of K and N , as well as their widths, 

agree reasonably well. We have verified that the values obtained for the mass 

of one of the resonances does not depend on the value found for the other. 

It is also worth noticing that the high pErcentage of K~N~ events (52°/o) 

produced in reaction (1) makes this reaction particularly well suited for the 

study of the process K+p-?K*N*. In contrast to this, one can see that for 

reactions (2) and (3) the simultaneous K*N* production represents a much lower 

percentage of the total; the study of the K~N* among these events will thereby 

be hindered by a larger background than that present in reaction (1). 

From the results of the above analysis (a and b) we can calculate the 

cross-sections for all the double resonance channels. These cross-sections are 

connected, on the basis of isotopic spin invariance, by Clebsch-Gordan 

coefficients. For this, isotopic spin invariance is assumed ·for the production 

and decay of the resonances, together with the fact that the initial state has 

I = 1 and I 2 = +l. The comparison between the observed and predicted cross­

sections is given in Table III. 

The agreement is rather good and speaks well for the validity of the above 

analysis. 

PS/4801/mhg 



5 CERN/TC/PHYSICS 65-6 

3. Analysis of the Decay Angular Distributions of the K~N~ Events 

We now examine in detail the decay angular distributions of the resonances 

formed in the reaction K+p--;)K*N*. We have seen that in all three reactions 

(1), (2), (3), a substantial fraction of the events proceed through the 

simultaneous formation of K~ and N*. In order to select out these events, and 

at the same time reduce the relative background due to the other contributions, 

we have imposed the limits 0 .86 GeV ~ MK7t ~ 0. 94 GeV and 1.16 GeV ~ Mpn ~1.29 GeV 

on their effective masses. The effect of this selection is shown on Table IV+); 

* * 0 . here we see, for example, that the KN events represent 89 /o of the total 

number of reactions (1) which satisfy the above mass limits. As an additional 

purification of the sample considered we have further introduced a cut-off in 

the fuomentum transfer 62 of reactions (la), (2a) and (2b); only events with 

62 ~ 0.5 (GeV/c) 2 were taken. This selection was suggested by the sharply peaked 

production angular distributions of these reactions (see Section 4, below); 

the events belonging to the background reactions are more likely to contribute 

to the high 62 tail of the distributions. This was tested by examining the 

2 * * 6 distributions for various regions outside the selected K N rectangular 

area of the scatter diagrams of Figures (1) and (4)++). 

The analysis of the decay distributions is most conveniently done in the 

rest frame of the resonance considered. We have used the coordinate system 

shown in Figure (8). For the K* rest frame the z-axis was chosen as the direction 

of the incident K+ (in the centre of mass system of_ the K*) while for the N* 

rest frame the z-axis was chose~ as the direction of the target proton (in the 

centre of mass system of the N~. For both resonances, the x-z plane is parallel 

to the production plane. 

+) We have not included in Table IV the column corresponding to reaction (3) 

because here the combination of small statistics together with the large 

background makes this study less reliable. 

++) 

PS/ 
4801/mhg 

When the four-body reaction is reduced to a three-body one (K*, Nn), the 

fractions of the reactions K*, pn and K*N*. can be analysed using the method 

developed for the three-body case4). In this case it is allowed to make 

cuts in the production angle of the K*. This cut still fills the whole 

Dalitz plot. In this way we arrive at the following fractions of K*N* 

events in the mass intervals used for the decpy angular distributions : 

97°/o for (la), 93°/o for (2a), and 83°/o for (2b). 
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In general, the angular distribution of the K-meson from the decay of the 
t•* 7) K can be expressed in the form 

WK~ (cos Q, cp) d cos 9 d cp ==in: l~O,O cos 2G + % (1 - Po,O) sin29 

- Pl,-l .sin2e cos2 cp - f2 Re Pi,o sin2 Q cos cpJd cos 9 d cp (5) 

from which we obtairi the e and cp distributions : 

3 -- 2 -
(cos e) d cos e == 4 L(1 - r0 , 0 ) + (3r0 , 0- 1) cos e_/ d cos e (6a) 

1 - 2 -
(cp) dcp == 2n L1 - 2pl,-l + 4pl,-l sin rp_/ d cp (6b) 

where G and cp are the polar and azimuthal angles (Figure (8)) and the p's are 

elements of the K'X: spin-space density matrix .. Equation (5) is derived under the 

assumption that the K'lf is a freely decaying particle of spin 1. 

* Similarly, the angular distribution of the proton from the decay of the N 
7) 

can be expressed as : 

R sin2 Q coscp - -1... Re p3 1 sin2e cos 2 cpJd cos Q dcp 
e P3' 1 (3 ,-

from which we obtain : 

(7) 

l -1 2 -
WN~ (cos e) d cos g == 4 L 3 (1 + 4p3,3) + (1 - 4p3,3) cos e_/ d cosG (Ba) 

where the * p parameters are elements of the N spin-space density matrix, and 

the N* is assumed to be a freely decaying particle of spin 3/2. 

The parameters Po,O' pl,-l' p3 , 3 and Re r3 ,_1 were determined by a maximum 

likelihood analysis of the data based on equations (5) and (7). The parameters 

Re Pl,O and Re r 3 , 1 were calculated by means of the equations 

Re Pl,O = 
_5_ 

<sin 2 e cos cp > 
4 12 

( 9) 

PS/4801/mhg 
Re P3, 1 = - 5 6 <sin 2 g cos cp > . 8 

( 10) 
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The values thus obtained, together with their allowed range, are given in 

Table V. 

A comparison between the p parameters for the different reactions of Table V 

shows that, within the statistical errors, there are no significant differences. 

In the case of reaction (la) we have calculated corrections to the p parameters 
X: 'it: to account for the presence of the "non-K N eventstt by considering events in the 

regions surrounding the rectangular area selected for our samples. These 

corrections turned out to be, at most, equal to the statistical errors and were 

neglected. The Q and cp decay angular distributions for the K~ and N~ from 

reaction (la) are shown in Figure (9) together with the best fits using the 

p values of Table V. Similar decay angular distributions were obtained for the 

K~ and N~ from reactions (2a) and (2b) and are not shown. 

4. Production Mechanisms of K~N~ 

If we look at the c.m. production angular distributions for the K~N~ events 

(Figure (10)), we see that the K~'s are very sharply peaked in the forward 

direction with respect to the incident K+ (and, of course, the N~'s are peaked 

in the backward direction). This suggests peripheralism as the production 

mechanism and the use of a one-meson exchange model for the interpretation of 

the data. The simplest diagram corresponding to this phenomenon·is shown on 

Figure (11). 

a) .One-meson exchange model 

~ 
For the K vertex, the situation is identical to the one encountered in the 

t d f th th b d t . K0 + f t th t f f 11 t s u y o e ree- o y reac ion . pn ; we re er o a paper or a u accoun 
4) ' 

on the possible exchanged particles at this vertex • We only recall that in the 

framework of a simple one-meson exchange model, a single n-exchange corresponds 

to a decay angular distribution (6a) proportional to cos 2Q (i.e. Po,o= l); 

a vector mes,ori exchange, on the other hand, leads to a decay angular distribution 
•.. . 2 . 

(6a) proportional to sin Q (i.e. Po,o= o). The parameter Po,o can therefore be 

interpreted as the fraction of the events which proceed by way of pion exchange. 

In the case of pion exchange the azimuthal angular distribution ·cp is isotropic 

(p1 ,~1= 0) wherei:;.s it is in general non-isotropic for vector meson exchange 

(the cp distribution is in fact identical to the so-called Treiman-Yang angular 

distributions),g)). 

PS/4801/mhg 
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As can be seen in Table V, Po,o for reaction (la) is equal to 0.76 ± 0.05, 

indicating that a large fraction of the events though not all can be 

interpreted as proceeding via the exchange of a single pion+). rrhe parameter 

Re p1 , 0 is equal to -0 .13 + 0. 02 which is significantly different from 0, the 

value it should have in our simple one-meson exchange model?) (pseudoscalar and/or 

vector meson exchange). 

For the N* vertex, it is easy to show that when there is pion exchange the 
2 

polar angular distribution is predicted to be 1 + 3 cos 9 and the azimuthal 

distribution is isotropic. This corresponds to p3 , 3 =Re p3 ,_1 =Re P3 , 1 = 0. 

If, on the other hand, there is vector meson exchange, it is reasonabl~ to expect 

it to proceed by way of the p-meson exchange mechanism of Stodolsky and Sakurai13 ), 

which seems to describe the vector meson exchange observed in the reaction 

K+p~K0N*++ 4 ). This model predicts p3 , 3= 0.375, Re p3 ,_1= 0.216 and Re P3 , 1= 0. 

Since the measured value of p3 , 3 is nearly zero (0.01 ± 0.04), these data again 

indicate a predominance of pion exchange. At the same time, the significantly 

non-zero value of Re p3 1 (0.07 ± 0,02) provides another demonstration that the 
' -'-

simple exchange model is not fully adequate. 

It should also be noticed that the non-pion part of our one-meson exchange 

' . th . t lt lO),ll) . d" t woula require e exchange of a vector meson. Recen resu s in ica e 

th t . th t· K+n·--"K*0 p K-p__,,_K-xon th h d t· 1 ( h" h a in e reac ions -,, and ---,,, e exc ange par ic e w ic 

has to be charged, as in reactions (la) and (2a)) appears predominantly to be a 

0- particle. These results are in agreement with the Bronzan and Low assignment 

f t b f 1 . t d . t 12 ) d. t . . . h KpK* t . o a quan um num er or amp i u e pari y accor ing o wnic a ver ex is 

forbidden. We also notice that at the Ni' vertex the exchange of a T = 0 vector 

meson is forbidden by isotopic spin conservation. Hence, w-exchange is forbidden 

and since p-exchange seems also to be excluded, the vector meson part of the 

simple one-meson exchange becomes difficult to interpret. 

The validity of this one-meson exchange model may also be tested by a 

comparison between the theoretical prediction and the experimental values for the 

production angular distribution. An attempt at such a comparison is made on 

+) We have estimated from the published data at 1. 96 GeV/c 5) and for events 

corresponding to the same cut in the 62 distribution that Po,o= 0.85 ± 0.1 

which is again in agreement with a predominance of pion exchange. 

PS/4801/mhg 
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Figure (lOa) where we show the distribution of the c.m. production angle for 

the K:f. of reaction (la). The dashed curve represents the prediction of the 

simple one-meson exchange model 

contributes. It corresponds to 

ilil 
dQ 

x 

(mb/ster) = 
PK:it: 

c-x 
PK+ 

2 
gK:ll: 

4n 
x 

2 
gN:it: 

x 
4n 

1 -2--
E tot 

on the assumption that only pion exchange 

the following . 14) expression 

1 1 x 
6M2 M2 .x. 2 2 

(M :f + M ) - m K:t: N:f N p 1t 

( 11) 

In this expression, 

2 
gK:it: 

4n = = 1.0 (the coefficient 2/3 accounts 

for the particular decay mode considered), 

2 
gN:!t: = 

4n 
with 

3 
2PN,N:!t: 

~N~ = 140 MeV. PA,B represents the momentum of particle A in the rest frame 

B, PK+ and PK~ are the c.m. momenta of the incident K+ and the outgoing K~, 
respectively, and C = (Ec) 2 = 0.391 GeV2 mb. 

From the dashed curve on E'igure ( lOa) we see that the model predicts a 

differential cross-section which strongly differs from the experimental one, both 
+) in shape and absolute value 

In order to get a good agreement with the experimental distribution one 

usually multiplies the theoretical distribution (11) by a form factor F2 (62 ). 

This form :factor can take a variety of equally suitable expressions. The solid 

curve on Figure (lOa) is the one-pion exchange distribution multiplied by the 

form factor F2(o2) = '[:: + :~ J2 
with a2 = 0.165 (GeV/c) 2 as derived from 

. . 14) 
the data at 1.96 GeV/c . The agreement with the experimen'tal. data is not 

a~ good here as it was at 1.96 GeV/c. Even though it is conceivable that an 

appropriate form factor could be found to satisfy our data, the introduction of 

an energy-dependent form factor is unattractive. This fact, in addition to the 

+) The same remarks were already made at 1.96 GeV/c (Ref. (5)). 
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non-zero value obtained for the parameter Re p1 0 , clearly indicates that the 
' simple one-meson exchange model cannot be considered as a satisfactory explanation 

of the data. 

b) Modified one-meson exchange model 

From the considerations given in a) it appears that for a complete under­

standing of the production mechanism and of the decay correlation of the K'l!:N'lf 

reaction, it may be necessary to modify the simple one-meson exchange model. 

In particular, an attempt can be made at explaining the highly peaked production 

angular distribution without the use of ad-hoc form factors. This was done by 
15) +) Gottfried, Jackson, Keyser and Svensson ; they consider a model in which 

absorption effects due to competing processes are taken into account. The pre­

dictions of such a model are in pretty good agreement with the experimental facts 

in the case of the reactions K+p.....-+K'lHP and K+p-?i-N'*'K0 at 3 GeV/c4 ). It is 

therefore tempting to try this model in the present case. In the calculations 
15) of the G.J.K.S. model , only n-exchange is considered, for which the coupling 

constants at both vertices are known. In this model the amount of absorption in 

the initial state was deduced from the K+p elastic scattering data16 ) and from 

it an estimate was made for the absorption in the final state. This latter 

estimate does not critically affect the final results. 

To allow a comparison between the experimental results and the theoretical 

predictions, we have determined the p parameters for the reaction (la) as a 

function of the four-momentum transfer. rrhe 62 intervals chosen and the values 

of the parameters are given in Table VI and shown in Figure (12). On the same 

figure we have also shown the predictions obtained so far by the G.J .K.S. model 15 ). 

We see that the general trend for the parameter Po,o is correctly described by 

the model. In particular, there is no necessity of invoking vector meson exchange 

in order to explain the value of Po,o less than one. The agreement for the other 

parameters is not as good but still acceptable. Moreover, the model predicts 

values of Re Pl,O different from zero as is observed experimentally. 

+) Hereafter referred to as the G.J.K.S. model. 

PS/4801/mhg 
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On Figure (lOa) we have represented by crosses the values of the differential 

production cross-section predicted by the G.J.K.S. model. We see that the 

angular dependence of the cross-section is here in much better agreement with the 

experimental values than is the prediction of the unmodified single one-meson 

exchange model (dashed curve). On the other hand, the absolute value of the 

cross-section is still off by a factor of approximately 3+). We can, therefore, 

consider the G.J.K,S. model as a fruitful, although not completely successful, 

attempt at explaining the data17 ). 

Conclusion 

In the final states K+p---?KNnn at 3 GeV/c, the double resonance reaction 

K:il'N:if' occurs in large proportion. It is found that the K'* is sharply peaked in 

the forward direction in the c.m. system, suggesting a peripheral process. The 

decay angular distributions for this reaction were studied in terms of the 

density matrix elements. The main result of this study is that, within the 

framework of a simple one-meson exchange model, the reaction proceeds predominant­

ly through the exchange of a pion. In contrast to this, vector-meson exchange 

1 d . t 1 . th t . K+p ------"' K*+p d K+p --"-N'll'++Ko t th p ays a ominan ro e in e reac ions ----r an .... ,,, a e 

same energy 4 ). 

In the simple one-meson exchange model some vector-meson exchange is needed 

for the interpretation of the decay angular distributions, but w-exchange is 

forbidden (by isotopic spin conservation) and p-exchange also appears to be 
10) ll) 12) suppressed ' ' . More than that, it should be emphasized that the model 

cannot account for the non-zero value of the parameter Re p1 0 • 
' 

Another drawback of the simple one-meson exchange model is that it is 

'lf '*' unable to fit tm K N production cross-section without the use of a drastic 

6 Gev/c 5). ad-hoc form factor similar to the one needed at 1. 9 

A modified one-meson exchange model which takes into account the absorption 

due to competing processes was developed by Gottfried, Jackson, Keyser and 
15) 

Svensson • Their theory does not explain the magnitude of the cross-sections, 

but it succeeds in accounting, with a minimum of assumptions, for both the 

production angular distribution and the der:ay correlations. 

+) 

PS/4801/ 
mhg 

Some admixture of vector-meson exchange might succeed in reducing the 
predicted cross-section but a) me)tioned in a) this is counter-indicated 
by the experimental results10 ,ll . 
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Appendi:X:···· A 

The distribution function over the triangle, Figure (la), for the reaction 
+ ~ + 9) 

K p--;>K pn (lb), is taken to be : 

FK3f (JVL_ , M ) dl\L dM = --Kn pn --Kn pn 

with 

x 

r = r--* x r 

r 

dM 
pn 

x 

(lA) 

where lVL_3t: and rK* are the intrinsic mass and width of the K*, qK and q --K ,n p,n 
are respectively the relative momenta between the K and n in the rest system 

for ~n and between the p and n in the rest system for Mpn' and where qKn,pn 

is the relative momentum between the (Kn) and (pn) mass combinations in the 

c .m. system. 

r/'/'T(MK21t - M~z)2 +·r2M:K2,..J The relativistic Breit-Signer distribution used L~· -icA x 

contains only one power of r in the numerator because the resonance appears only 

in the final state.and not in the initial state of the reaction. The formula for 

the width r is based on the assumption that at the decay of t.he resonance the 

interaction radius is small compared to tic/ r . The qK3 is the corurnquence 
, 1t 

momentul .l= 1 for the decay. . of a p-wave decay, i.e. the orbital angular 

The term q~,n (~~) corresponds to the value of· 

The ~n term is a factor appropriate for the decay 

two speudo-scalar mesons. 

3 
qK,n when .· ~n = ·.·~~. 
of a vector meson ( l~) into 

The distribution function over the triangle, Figure (la), for the reaction 

K+p~N*K+n- (le) is taken to beg) 

FN3f (JVL_ , M ) dJVL_ -lCn pn - Kn 

PS/4801/mhg 

dM 
pn 

x 

r 

dM x 
pn 

(2A) 
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where x pn P [
(M + M ) 2 
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x 

2 
M :l1' 

N 
2 2 

(M * + M ) - M N p n l 
Where M and M are the pion and proton masses all other quantities are 

TI p . * 
defined analogously to those in the formula for K . The factor in brackets in 

the expression for r is the result found from first order perturbation theory for 

Nx decay. 

The distribution function for the reaction K+ p-+K*N'.li' 

as the product of the distributions (lA) and (2A) : 

(la) is written 

where the quantities in square brackets in (3A) are equal to the corresponding 

quantities in the square brackets of (lA) and (2A). 

The distribution function for the reaction K+p-7K+pn+n- (non-resonant) (ld) 

is taken to be : 

(4A) 

The distribution functions (lA) through (4A) have to be normalized before being 

used in the likelihood function (4). This was done by dividing the above-mentioned 

functions by their integral over the triangle (Figure (la)). 

Our results (column 2 of Table II) give values of MN* = 1220 ± 6 MeV and 

r 125 + 30 M V f th d 'dt~ f th N*++ f t' (1 \ N* = _ e or e mass an wi ,, o e o reac ion a). 'I'he se 

can be compared, for example, to the values of MN*= 1232 ± 6 MeV and 

r N* = 125 ± 20 MeV, obtained in a previous study of the three-body final state 
o + I 4) 3 K pn at 3 GeV c . In the latter case a dynamic factor qK (qK = momentum of the 

K0 in the c.m. system), appropriate when the resonance is produced via the exchange 

of a vector meson, was introduced in the formula for the N:ii: density distribution. 

Here, no such model-dependent term was used, however; even if it were it would 

not be enough to account for the difference in the values of MN*· Similarly, the 

values of 896 + 3 MeV and 49 ± 4 MeV for the mass and width of the K*0 can be 
'l!:+ . 0 + compared to the corresponding values obtained for the K in the K pn final 

state4 ), i.e. 891 ± 3 MeV and 47 ± 4 MeV. 
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Table I 

Comparison between the cross-sections, corrected for the invisible 
0 . 

K decays, for reactions (1), (2) and (3) at 2.97 GeV/c and 1.96 GeV/c. 

Reaction PK == 2.97 GeV/c PK== 1.96 GeV/ca) 

cr (mb) cr (mb) 

+ + -K p 1t n ( 1) 2.3 ± 0.3 + 1.7 - 0.2 

0 + 0 (2) 2.1 ± 0.3 1.3 ± 0.2 K p n 7t 

0 + + (3) 0.6 ± 0.2 0.33 ± 0.1 Kn n 1t 

a) Reference 5) 
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Table II 

Parameters of the maximum likelihood solution of equation (4) for reactions (1), (2), (3). 

Masses and widths in MeV, fractions in °/o. 

K~ TT.+ - N~ + 
--)h. n ; .~ pn 

896 + 3 

49 :t 4 

1220 + 6 

125 + 30 

52 + 3 

6 ± 2 

15 + 3 

KN rm 
27 + 3 

893 = 4 

57 + 9 

1230 + 8 

175 + 30 

22 ± 2 

8 + 3 

21 ::: 3 

895 + 3 

50 + 10 

1240 ± 8 

125 + 25 

9 + 1 

15 + 3 

1 +5 
-1 

..-(------ 24 + 3 ------~ 

v* Ko + N~ . + 
n.~ 11 ; ---.:;nri; 

(896, input) 

(49, input) 

(1220, input) 

(125, input) 

18 + 8 

30 + 6 

20 + 8 

32 + 8 
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Table III 

Observed and predicted (by Clebsch-Gordan coefficients) cross­

sections for the various charge states of the reaction K+p~K~N* 

Charge state 

(K+ n:-)(p n:+) 

(Ko n:o)(p n:+) 

(Ko n:+)(p n:o) 

(K0 n: +) (n 1/) 

Obserred (a) 
Cross-sections 

(mb) 

1.2 + - • 2 

0.46 + .09 

0.18 ± 0.04 

0.11 ± 0.05 

Observed (a) 

Percentages 

61 + 10 

24 + 5 

9 + 2 

6 + 3 

(a) Corrected for invisible K0 decays. 

PS/4801/mhg 

Predicted (a) 

Percentages 

55 

27 

12 

6 
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Table IV 

Contributions (in °/o) of K:x:N't, K*Nn:, N'li:Kn: and KNn:n: for events 

with effective masses 0,86 GeV ~ MKn;~ 0, 94 GeV and 1.16 GeV ~ Mpn: 

~ 1.29 GeV in reactions (1) and (2). 

~ 
+ + - ( ) Ko + o (2) K pn; n l u n n 

K~K+n- ' K~Ko:o} ~ 0] ' K~K n ( 2b) 
J(la) (2a) 

* + ')!; 0 

f 
e 

N -7pn: N~pn: N _...,. pn 

K* N:if 89 67 51 

K°*' N n 3 7 20 

N* K n 5 13 2 

N K n n 3 13 27 
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Table V 

Decay parameters for the K:li'N* reaction. Selected events with 

effective masses 0 .86 GeV ~ MK ;$'0. 94 GeV and 1.16 GeV ~ M 
n ? 2 pn 

~l.29 GeV and momentum transfer 6'- ~ 0.5 (GeV/c) • 

Parameter Range + + - (1) Ko + o (2) K rm n pn n 

~ + -1 K~K0n°} ~ o+} K .---:).K TC K-;fK n ( 2b) 
N:lf + (la) N'*' + (2a) * 0 

·-?PTI ~pn N~pn 

Po,o o, 1 0.76: 0.05 0.64 ± 0.09 0.70 ± 0.11 

Pl,-1 -1/2, 1/2 -0.03 : 0.03 0.12 ± 0.09 -0.03 ± 0.10 

Re P1,0 
a) 

-1/2.(2. 1/2/2 -0.13 ± 0.02 + -0 .13 - 0 .05 -0 .15 ± 0 .05 

P3,3 
o, 1/2 0.01 ± 0.04 0.09 ± 0.05 0.20 ± 0.07 

Re P3,-1 -/3/4, /3/4 -0.035± 0.035 0.07 ± 0.08 o.oo ± 0.08 

Re P3, l 
a) 

-/3/4, /3/4 0.07 ± 0.02 0.03 ± 0.06 0.04 ± 0,06 

a) The sign of the parameters Re Pi,o and Re p3 , 1 is determined 

by the choice of the normal to the production plane (Figure (8)). 
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Table VI 

Decay parameters for the reaction K+p-?K~N~ (K~---?K+n-, Nx~pn+) as a function of the four­

momentum transfer 62 . Selected events with mass intevals 0.86 GeV ~JY'Yn~0.94 GeV and 1.16 GeV 

.( M pn ~ 1. 2 9 Ge V. 

62 

Interval Po,o pl -1 Re P1,0 P.,, 3 Re P3,-1 Re P3,1 
(GeV/c) 2 ' ./ ' 

0.11 (. 62 
~ -~ 0 .16 0.86 ± 0.08 0.07 ± 0.07 -0.14 ± 0.04 -0.01 ± 0.05 0.02 ± 0.06 0.03 ± 0.05 

0 .16 ~6 
2 

~- 0 .24 0.82 ::: 0.07 -0.03 ~ 0.09 -0.18 ± 0.04 0.09 ± 0.07 -0.10 ± 0.07 0.14 + 0.05 
...... 

0.24 < 62 ~ 0.42 0.60 ± 0.10 -0.11 ± 0.10 -0.06 + 0.04 -0.02 ± 0.08 -0.07 ± 0.07 0.07 + 0.05 ~ -

0.42 {. t:? ~ 1 0.45 ± 0.15 0.21 ± 0.10 1-0 .15 + 0.07 0.20 ± 0.08 0.06 ± 0.09 0.03 + 0.08 --.;: -
I 
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Figure Captions 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 

Fig. 8 

Scatter diagrams of the effective masses for the two-particle systems 
+ . + + -of the reaction K p-7K pn n • The triangles correspond to the kine-

matical l:Lmits. 

Effective mass spectra for the events shown in Figures (lb) and (le). 

The solid curves represent phase space. 

(K\i:-) and (pr,+) effective mass spectra for the events shown in 

Figure (la). The five curves represent respectively the normalized 

distribution function (Equation (4), called TOTAL) and its four terms 

with the parameters of Table II, Column (2). 'rhe expressions for the 

F1s are given in Appendix A. 

Scatter diagrams of tlIB two (Kn) versus (pn) effective masses contri-

butions for the reaction 

Effective mass spectra for the events shown in Figures (4a) and (4b). 

The curves have the same meaning as in Figure ( 3) and the notations 

are identical. 

Scatter diagram of the (Kn:) versus (m:) effective masses for the 
+ 0 + + reaction K p........}K nn n , J~ach event is plotted twice because of tha 

presence of two identical pions. 

Effective mass spectra for the events shown in }'ig, (6). 'rhe curves 

have the same meaning as in Figure (3) and the notations are identical. 

Coordinate system used in the analysis of the decay angular distributions. 
-> 

The notation P represents the momentum of particle A in the rest A,B 
frame of 
-+ 

B. cm. refers to the overall centre of mass system. 

PK:- and 
~' 

PK are respectively the momenta of the 
.+. 

incident K and of the 

outgoing K .ff · rom the decay of the K'!f. 
-> -)!< 

p'P 
'· f' 

are respectively 

the momenta of the target 

PP. and 
l 

proton and of the outgoing proton from the 

* decay of the N . The XZ plane is parallel to the production plane. 

Y is the chosen direction for the normal to the production plane. 
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:B'ig. 9 

Fig. 10 

Fig. 11 
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Polar (cos 9) and azimuthal(~) 
+ 'lt: 'lt: 

of the reaction K p-7K N , 

angular distribution for the events 

* + - * + K -4- K TI , N ----?>pre for even ts with 

effective masses 0.86 GeV ~MK 
2 TI 

~ 0. 94 GeV 

(GeV/c) 2 . 

and 1.16 GeV ~ M ~1.29 GeV 
pn: 

and momentum transfer 6 ~- 0.5 Figures (a) and (b) are for 

the * Figures (c) (d) t' N* K and and for ne • The solid curves are best 

fits using the p-parameters of Table V, Column 3 and Equations ( 6a), 

(6b); (Sa) and (Sb). 

* K production angular distributions for events with effective masses 

0.86 GeV~MKn ~0.94 GeVand 1.16 GeV ~MPTI ~l.29 GeV. Figure (a) 
+ *-* 'lt: + - * + corresponds to the reaction K p-)-K N , K ---:>- K n , N -;i. pTI 

The dashed curve at the top of the figure represents the prediction of 

the simple one-meson exchange model on the assumption that only pion 

:::~:~:t:::t:::::::~edT:; :o~::mc;:::0:s :::,::e:pi;£2:x:~yang~ 
I ~2 + 62 

2 2 .... 14) 
with a == 0.165 (GeV/c) as derived from the data at 1.96 GeV/c . 

The curve with crosses shows the values of the cross-section as 

predicted by the modified one-meson exchange model, taking into account 
15) 

absorption effects • 

Figure (b) corresponds to the reaction 

N:if~p1/, and Figure (c) to K+p----->K'*°N*, 

K + p ---) K*N*, 

* 0 + K -----7- K TC ' 

K* Ko o 
--?o TC ' 

* 0 N ----7PTI 

events with the same effective mass intervals as in Figure (a). 

Feynman diagram for the reaction 

for 

F ' 12 + f +b +. K-+p -~--K*N*, ig r p-parame ,ers Or v "e reae vJ.On --------, * + -K-)K TI' * + N --7- pn , 

PS/4801/mhg 

for events with effective masses 0 .86 GeV ..f 1\n ~ 0. 94 GeV and 

1.16 Ge V :5, :M ~ 1. 29 GeV, as a function of various momentum transfer 
' pn ' - . 

2 
intervals. The 6 intervals chosen (Table VI) are indicated by 

horizontal arrows. The p values, plotted at the centre of a given 62 

interval, are averages over the 62 region. The curves are the 

predictions of the G.J .K.S. model. 
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