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I. INTRODUCTION 

In a 3 .0 GeV/c K+ exposure of the 80 cm 
Saclay HBC at the CERN proton synchrotron, 
the following reactions were studied: 

The cross sections for these reactions are 
0.8 mb, and 0.4 mb, respectively, where the 
decay corrections for reaction (2) have been 
taken into account. The samples measured, 
yielded 3 1 2 events of reaction ( 1 ) , and 1 1 3 
events of reaction (2) (in which the K° decay 
was visible), identified and processed through 
the standard CERN analysis programmes. 
Each event was examined on the scanning 
table for compatibility of ionisation with the 
result of the fitting programme. 

II. INVESTIGATION OF REACTION 

From the study of this reaction, we appear 
to have strong production of J V * ( 1 2 3 8 ) in 
conjunction with the two charge states of 
iC*(890). 
i. e. 

In Fig. 1 , the mass distribution for pjt + is 
shown, the shaded area representing those 
events in K*° and the crossmatched area rep
resenting events in K* + , where the /Ç* band 
is defined as 0 . 8 6 < M ( i f t r ) < 0 . 9 4 GeV. 
It may be seen that if one substracts the events 
which are produced with K*9 the remainder 
of the pjx+ spectrum is in agreement with phase 
space (Fig. 2 ) , and it may also be remarked 
that the shaded region of Fig. 1 has the general 

* It has been noted in th is exper iment , and others, 
tha t the phase space dis t r ibut ion is l i t t le affected 
when one combines the K or jt from / (* , or it from A/*, 
to from a Kn non-resonant system. 

form of the Breit — Wigner for the N*. From 
these considerations we find that about half 

Fig. 1. The mass spectrum of the pJt+ in reaction 
K^P ->• / C + p j l + J t ~ " J t ° - The shaded area represents 
events inside the while the cross-hatched area 
represents events inside the K*+, where the K* band 

is defined as (0.86 < M (Kn) < 0.94 GeV). 

of the events in this reaction go through the 
formation of N* ( 1 2 3 8 ) . 

Fig. 3 shows the mass distribution for the 
(K+n°) combination, where the shaded region 
represents events falling inside the N* band, 
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Fig, 2. The pn+ mass spectrum from reaction K+p -> 
- > /C + pjt + Jt~j t 0 , when events inside the K*° and 
have been subtracted out, the solid line represents 

phase space dis t r ibut ion for the /C*pJtJt s ta te . 

Fig. 
K + P 

3. The K+n\ 
K+pn+K~K°\ 

mass 
The 

dis tr ibut ion 
shaded are 

for reaction 
represents 

events in which an N* is produced, where the /V* band 
is defined as (1.15 < M (pjt+) < 1.3 GeV). The solid 
line is the phase space dis t r ibut ion for KrtrtiV* final 
s ta te , fitted to the shaded area, neglecting XheK* (890). 

Fig. 4. The A^Jt 0 mass spectrum obtained after sub
tract ion of the fitted phase space spectrum from the 
total 7 ( + j t 0 da ta . This spectrum shows clearly the 
production of the (890), and indicates an effect 

around 730 MeV, in the /(it system. 

Fig. 5. The mass spectrum for ( A ^ J T ) from the reac
tion K+p ^- K+pn+n~n°. The shaded area repressents 
events in which an /V* is produced, where the N* 
band is defined as 1.15 < M (pn) < 1.3 GeV. Thesolid 
line is the phase space distr ibution for a Knn N* final 
state, fitted to the shaded area, neglecting the i<* (890). 
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ï. e. 1.15<M (p j t + )<1 .3 GeV. It may be 
clearly seen that there is production of K* (890), 
and that it is produced predominantly with 
the N*(1238). The solid line represents phase 
space for the (Kn) system in the (K^nN*) 
state, fitted to the shaded region, but neglecting 
the iC*(890) events. A subtraction between 
this curve and the histogram should then leave 
the iC* events standing of a background distri
buted as (Kn) phase space from (Knnpn) final 
state*. This subtraction procedure avoids the 
statistical uncertainty of each interval of the 
data. In Fig. 4 where this subtraction has 
been performed, the % shows up clearly but 
there is also an accumulation of events around 
730 MeV. If one associates this excess of events 
with the kappa, K, meson, there are ~ 12 
events produced in this charge state. 

In fig. 5 and 6 the combination (K+ft~) 
is treated similarly. The presence of K* (890), 
and the production together with the iV* are 
in evidence again, in Fig. 5, while the excess 
of events around 730 MeV persists in the neut
ral charge state. Here, the excess is —10 events. 

The effective mass of the three pions is 
plotted in Fig. 7 where the solid line gives 
the shape of the phase space distribution. 
The production of —40 ©° events may be 
clearly seen. It should be noted that no pro
duction of a recoiling K+p resonance system 
is observed in the co° reactions. The co0 events 
have not been subtracted out of the (Kn) 

T a b l e 1. 

Part ial cross sections for K+p - > Af+pr t+ j r - J i 0 

Fig. 6. The K+n~ spectrum obtained from the sub
traction of the fitted phase space spectrum from the 
data. This histogram shows the production of K* 
(890), and the presence of the enhancement around 

730 MeV, in the neutral mode. 

Fig. 7. The effective mass distribution of (jc+'jr-Jt0) 
from the reaction K+p -~> iC +pJt +jt~Jt°. The solid 
line shows the expected shape of the distribution 
as given by phase space for 5-body final state. The 
Figure clearly shows the production of co° events, 

at 780 MeV. 
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distributions discussed above, as they distri
bute themselves over the Ktc spectrum in 
a manner consistent with phase space. 

Thus, it has been seen that this five-body 
reaction proceeds through many channels, 
and by the production of many resonances. 
The productoin cross-section for the resonan
ces, and the partial cross-sections for the various 
channels are given in Table 1. 

III. INVESTIGATION OF REACTION 

For reaction (2) we observe that about half 
of the events proceed through the formation 

Fig. 8 
K+P 

The pjt4" mass spectrum for the reaction 
/C°pJt+3t+Jt"~. Each event has two combina

tions entered on the dis t r ibut ion. The shaded area 
represents events in which ( /C 0 Jtf } 2 ) are in a K*+; tha t 
is the shaded area represents the corresponding 
(Pnta) combinations for tha t event . The solid line 
is an a t tempted fit t ing of the 5-body phase space shape, 
to the total data . The fi t t ing shows that there is con
siderable productions of N* (1238). 

of iV* (1238), with the predominant reaction 
channel being 

The effective mass plot for the {pn+) com
binations is shown in Fig. 8 where the solid 
line again gives the shape of the phase space 
distribution. The plot is consistent with the 

production of —50 iV* events. [Th* shaded 
region represents events in the K* band (0.86< 
< M (/Cn)<0.94 GeV) analogous to the treat
ment in the analysis of reaction (1)1. The mass 
distribution for the (K°n+) combinations is 

Fig. 9. The mass spectrum for the two 7 ( 0 Jt + combina
tions from the reaction K+p -> K^p^^n'. The 
shaded area represents events in which one of the JX+ is 
in an V* with the proton: in this case the mass va lue 
of the combination of the K° with the other n+ is 
shaded. (pat^g in JV*: shaded area represents K°ttt,i)-
The solid line is a f i t t ing of the 4-body phase space 
( / ( J tJ tN*) , to the shaded area, neglecting the K* (890) 

events . 

shown in Fig. 9, where the shaded area repre
sents events falling in the JV* band, 1.15< 
< M (p j t + )< 1.3 GeV. That is, for an event 
in which the (pn^) combination falls inside the 
A/* band, the mass of combinations (/C°JtJ) 
is shaded, and vice versa. This plot indicates 
that there is an appreciable production of 
# + * W * + + J T states, where /C°<, ? and 
JV*++ -> pn 2 , i . As was done in analysis of 
KM states in reaction (1), this shaded region 
was fitted to the phase space distribution taking 
into account the presence of N*, and the sub
traction performed (Fig. 10). This shows clearly 
the production of K* (890), and also enhances 
the effect around 730 MeV, 
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To investigate further the Kn mass spectrum, 
we take the double (K°nt, 2) combinations and 

Fig. 10. The mass spect rum for (K°rt+) 
obtained from the subt rac t ion of the 
fitted phase space (to the events pro
duced in conjunction with N*), from 
the total data . The K* (890) is promi
nent, and an excess of events around 

730 MeV is indicated. 

Fig. 11. The effective mass dis t r ibut ion for (K°tt~) 
combinat ions from K+p —>- /C°pjt+Jt+Jt"* reactions. The 
solid line is the 5-body phase space shape, normalised 

to the total number of events . 

subtract from it the (K°ji~) mass distribution. 
This latter distribution is T 3/2, and shows 

no deviations from phase space (Fig. 11)*. 
The subtraction, shown in Fig. 12, has therefore 
only one entry per event and the false (K°n+) 
combination (which should be phase-space
like), has been removed. This distribution 

Fig. 12. The mass spectrum for i ( ° J i + , 
when the iC°Jt~, or phase space, is subt
racted from the (K°^t + K°^t) spect
rum. In this manner, the false i (°J t + 

combinat ion is removed, showing clear
ly the production of K* (890), and also 
enhancing the effect around 730 MeV. 

shows clearly the production of K* (890), and 
again accentuates the effect around 730 MeV. 
If this is associated with the %, it implies the 
production of ~ 1 0 kappa events. 

As in reaction (1), the final state discussed 
above involves the production of the iV* and iC* 
resonances. The partial cross sections for each 
channel, together with the resonance production 
cross section are given in Table 2. 

* This indicates that the enhancement has / -
spin 1/2. 
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T a b l e 2 

Par t ia l cross sections for K+p K°ptt+tt+iï~ 

IV. EXAMINATION OF 730 MeV REGION 

The effective mass distributions for the K 
states discussed above have shown systemati
cally an excess of events in the region around 
730 MeV, very near to the mass value assigned 
to the kappa meson. This resonance has been 
reported in n~p and K~p interactions at (1.51— 
2.36) GeV/c [11 and (1.0-1.7) GeV/c 12], 
respectively, but has never been regarded as 
well established. Again, in the K+p interactions 
discussed here, identification of this state is 
made difficult by the shape of the phase space 
distribution which peaks just in this mass 
region. Below we attempt an examination of 
the enhancement around 730 MeV in the data 
presented above. 

In Fig. 13, the effective mass distribution for 
all of the T= 1/2 (Kn) combinations is shown. 
Fig. 14 shows the spectrum for those events 
whiche belong to the positively charged system 
(i. e. K°n+ and K+n°). 

The solid line in Fig. 13 represents the 
addition of the phase space distribution 
when the K* is ignored, and a P-wave 
Breit — Wigner shape centred at 890 MeV 
and with a width of 50 MeV. This spectrum 
shows an effect of ~ 3—4 standard deviations, 
at 730 MeV. 

Further enhancement may be obtained if 
the events produced in conjunction with N* 
are removed (i. e. /C + p-> KN*nn). As in the 
analysis described in Sections II and III above, 
this subtraction was performed by fitting an 
appropriate phase space to the events associated 
with the production of an N*, neglecting the 
effect of the K* (890). This was done for all 
three charge states, K+n~, K n+

} K+n separa

tely, and the combined histogram shown in 
Fig. 15, where the curve is an attempted fitting 
of the 5-body phase space distribution to the 
background. It may be noted that the excess 
over background in both Fig. 13 and 15 is —40 

Fig. 1 3 . The mass distr ibution for all the T = 1 /2 , 
Kn combinations produced in the reactions K+p 
->- K+pn+n~n° (i. e. i(°jc+, K+rc°, K+n~). The solid 
line is the sum of 5-body phase space (normalised 
at the wings), and a P-wave Breit — Wigner centred 
at 890 MeV, and with a width of 50 MeV. The distri
bution is in good agreement with the fit, except for 
the production of 40 events in mass region 0.70 < 

< M (K) < 0.75 GeV. 

events, indicating that this enhancement is 
not produced in conjunction with the iV*. 

If we believe that this effect is indeed due 
to the kappa — x (730), then the branching 
ratio between the Kn° and K°n+ channels may 
provide information on the /-spin of the x, 
as the amplitudes may be predicted from the 
Clebch — Gordan coefficients. In Table 3 the 
branching ratios into these channels for the 
K* (890) and x (730) are given, together with 
the prediction for different isospin values. 
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T a b l e 3 

tf* (890) and x (730) branching ra t ios 

* These f igu res h a v e been c o r r e c t e d for t h e i n v i s i b l e d e 
c a y m o d e s of t h e K ° , and for t h e d i f f e r e n t s i ze of t h e m e a s u 
red s a m p l e . T h e r e is a f ac to r of 0 . 5 5 a g a i n s t t h e K°pn+n+K-
r e a c t i o n i n f i d u c i a l v o l u m e a n d f r a c t i o n of e x p e r i m e n t a n a l y 
s e d . 

* * F u r t h e r e v i d e n c e for t h e / = l / 2 c h a r a c t e r of t h e K ( 7 3 0 ) 
c o m e s f rom t h e « p h a s e - s p a c e - l i k e » d i s t r i b u t i o n of t h e K°n-
s p e c t r u m in F i g . 1 1 . 

The data are in reasonable agreement with 
isospin 1/2, for both systems. 

An additional interesting study may be made 
on these events. The decay of the K* -> x + « 

Fig. 14. The (/(JT) mass dis t r ibut ion, where only the 
positively charged combinat ion is taken. The solid 
curve is the sum of 5-body phase space (normalised 
at the wings), and a P-wave Breit — Wigner centred 

at 890 MeV, and with a width of 50 MeV. 

is energetically possible and may be used to 
throw some light on the spin parity of the x. 

If the x's observed in the reaction above come 
from iC* decay, then we would expect them 

Fig. 15. The mass spectrum obtained from the 
subtract ion of (KnjtN*) phase space (fitted to those 
events in which an N* is produced), from the total 
(j(jt) data. The shaded region represents the positi
vely charged combinat ion only. The K* (890) and 
the 730 MeV enhancement show up very clearly on 

this plot . 

to be derived from the following reactions: 

The parent / (* would be found in the follo
wing reactions: 

From the total number of / (* (890) found in 
reactions (3) and (4), one can place an upper 

limit of 0.06 on the ratio , By exa-
K * - > K + ft 

mining the mass spectrum of the n combina
tions, the branching ratio may be further deli
mited by an order of magnitude (i. e. in the 
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xjt mass spectrum < 1/10 of the events are 
found in the K* band, and each of these is 
assumed to be a real K* despite the phase-
space-like' shape of the spectrum). Thus, we 
arrive at a value for the ratio 

CONCLUSION 

The five-body final states in the 3.0 GeV/c 
K+ interactions appear to be an extremely 
rich field of resonance production. Among 
those produced, the iV* (1238) is strongly in 
evidence and the production of K*N*n states 
is shown to be an important channel in both 
charge states of the /£*. The data also clearly 
show an effect in the Kn mass spectrum around 
730 MeV, which may be associated with the 
kappa meason. 

A more complete treatment of these reactions 
(1) and (2), including information on the angu

lar distributions for production and decay of 
the resonant states, and a study of the Knn 
systems will be presented at the Conference. 
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DISCUSSION 

R. A r m e n t e r o s . 

Could you comment on the test values for the mass 
and width of the Kappa-meason in your experiment? 

F. M u 1 1 e r, 
The mass of the /(-system tha t we find in the Kappa-

region is about 730. The width we have not yet really 
invest igated. I may comment tha t the two first samp
les (K + r t ° and K + Jt~) are from events in which one 
Jt° is missing, so the accuracy is not very good, as can 
be seen on the K* (890) peak shape. The last sample 
(K°Jt + ) is more precise, but there are few events — 
the only comment . For the moment , is tha t the shape 
of the exper imental peak looks about the same as the 
shape of the K* (890). 
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