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ABSTRACT 

K+ P inelastic final s:tates in the region of the 1250 MeV/c Cool 

peak are examined for eviden'ce of resonant behavior. The dominant 

~:t: 

KN final state is found to be about equally divided between the P 1/2 

and P 3/ 2 final states, with no rapid phase variation between 960 and 

1370 MeV/c. 
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In a recent experiment, Cool et al. 1 found a peak in the total K+ p 

cros s section at a momentum of about 1250 Me V / c. If interpreted as a 

resonance, -it would have a mas s of about 1910 Me V, a resonant cross 

section of about 4 rub, and would presumably belong to a 27 representation 

of SU(3). Furthermore, it would be a highly inelastic resonance, since 

the size of the peak implies a value x:::: 0.3/ (J -,+ 1/2) for the ratio of 

elastic to total width. 

In this paper we present an analysis of inelastic K+ p interactions 

between 860 and 1580 MeV /c with particular emphasis on the 
,:~ 

KN (1236) final 

state, which is important in the entire region of the !1 Cool peak.!1 We find 

':< 
some evidence for an enhancement in the N production cross section, at 

a slightly lower mass, which may correspond to the peak in the total cross 

section, whereas we observe no indication of a peak in the elastic scattering 

,', 
cross section. From an analysis of the N' production and decay angular 

distributions, we find that the enhancement occurs largely in the P 3/ 2 and 

P 1/ 2 states. There is no evidence for the rapid phase variation with pri

mq.ry momentum characteristic of a Breit- Wigner amplitude in a single 

state; hence, it does not appear that the rnajor contribution to either the 
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P3/2 or the P
i/2 

amplitude can be:.resonant, although a small resonant 

. component cannot be ruled out. 

The data were obtained from art exposure of the Lawrence 

Radiation Laboratory 25-inch hydrogen bubble chamber to a separated 

K+ beam of variable mOlnentum. Single pion production is the only sig

nificant inelastic process in the momentun1. range under consideration, 
2 

and in this paper we confine ourselves primarily to the reaction 

K+ + p - K 0 + P + 1T + (1) 

which accounts for the major part of the single pion production and is 

** richest in the two-body final states KN (1236) and NK (891). 

Figure 1 shows the total and partial K+ p cross sections in the 

region of the Cool peak, including data from both this experiment and 

3-7 
others. Figure 2(a) shows the production angular distribution of the 

N':< with respect to the incident proton direction at 1200 MeV Ic, close 

to the Cool peak, and Fig. 2(b) and 2(c) give the corresponding distri-

butions of cos y and &', where y and &' are the polar and azimuthal 

~::: 

angles of the decay proton from the N with respect to the production 

plane normal. 
8 

The production angular distribution can be expanded in terms of 

Legendre functions: 

da >:< 
d(cos B) (N ) = ~ A;... P1 (cos e); 

1 

and the cosy and &' distributions can be expanded as follows: 
9 

W(cosy) 
2 

0:: 1 + B c?S y, 

(2a) 

(Zb) 

W(&') 0:: 1 + C sin2&' + D cos2&' . (2c) 

These coefficients, for all the momenta, are presented in Fig. 3. The 

following features are particularly relevant: 
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(a) The production angu.lar distribution appears to be predominantly 

sin
2e and furthermore has a forward-backward asymmetry which is a 

smooth monotonically increasing function of the incident momentum. 

(b) The decay angular distributions are insensitive to the incident 

2 
momentum: the " dependence has a strong positive cos "component, 

and the o! distribution deviates from uniformity only through a small 

negative cos 20! term. 

We have attempted to interpret these features in terms of a 

':< 10 
partial-wave expansion in the final KN state. In Table I we give the 

angular distributions expected if the reaction proceeds through a single 

incoming and outgoing partial wave. 

If we consider only the lowest partial waves required to account 

for the distributions given in Fig. 2, we conclude that: (i) there must be 

st!"ong P3/2 present, since of all Sand P final states it is the only 

one that gives a positive cos 2" coefficient B, and can account for the 

large negative value of A2 (see Fig. 3.); (ii) the increasing forward

backward asymmetry in the production angular distribution is caused by 

interference between the dominant P state and higher waves of opposite 

parity, principally D waves; and (iii) the P 3 /2 state is certainly not the 

only P state present, as the 0' distribution does not agree with pure 

P 3/ 2 , and fhere is not enough D wave, particularly for momenta at or 

belo'}\! 1200 MeV/c, to account for these discrepancies. These features 

are qualitath"ely those expected from the Stodolsky-Sakurai magnetic 

dipole p-exchange model
11 

(hereinafter denoted by M1), whose pre-

dictions are shown at the bottom of Table 1. In this model the contributing 

final state partial waves are P 1/ 2 , P 3/ 2 , D 3/ 2 , D S/ 2 ' etc., where the 
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D and higher waves contribute little to the cross section in the monlentu:rn 

range under consideration because of the short range associated with the 

exchange of a massive particle like the p. Consequently. absorptive 

corrections to the Mi am.plitude are expected to occur mainly in the 

P-waves. For this reason, and to allow for the possibility of resonant 

. * behavior in the dorninant P waves. we have attem.pted a fit in which N 

production is assumed to proceed via Pi/2,P3/2>. Mi'. and S3/2 states 

whose contributions are left a.djustable in both magnitude and phase, 

where Mi' is a magnetic dipole p-exchange amplitude from which the 

P 3/ 2 and P i / l contributions have been subtracted out. The 83/ 2. wave 

has been introduced to account for the * sinlo I term required near- the N 

production threshold. i 2, (See Fig. 3.) In addition to the above N* 

amplitudes we have introduced a three ··particle final state background 

amplitude in which all particle pairs are in rela.tive S - states. These 

amplitudes were fitted independently at each niomentum., over the whole 

Dalitz plot at 860 and 960 MeV Ic and over just the low K-'TT mass ha.lf of 

* the Dalitz plot at the higher mom.enta. to avoid contributions from. K (891) 

production. The results of the fit. illustrated in Fig. l(a)-2(c) for the 

1200 MeV /c data, lead to the following conclusions: 

(1) 
~.( 

The enhancement in the N production cross section appears to be 

about equally shared between the P 3/2 and P i/2 ":1ln.plitudes. Ind.eed the 

ratio of the P 3/2 to P 1/2 c;h.~~nel eros s s.ection seems to lie closer to· . 

unity, at all momenta' under study, than to the Mi model'predicti"On of 5/L 

The S3/2 amplitude leads to a cross section of l~ss than 100jJ.b at a.11 mO

menta, and is far too small to account fo:r the Cool peak~ 

. . 
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(2) The P3/2 and P 1/Zamplitudes are approximately in phase at a.ll 

momenta, as predicted by the M1 model. Furthermore the phase of 

eithe;- of these amplitudes relative to the partial waves of opposite parity 

(represented in our analysis by the Mil terms) remains about the same 

as a function of incident momentum. 

Thu.s these data neither require nor suggest that any of the main 

>~ 

amplitudes present in the KN production is dominantlyofa Breit-Wigner 

fonn, although the possibility that some small fraction of one of these 

amplitudes is resonant cannot be ruled out. The qualitativ:e agreement 
,)C 

of the KN angular distributions with the M1 model suggests that some-

thing Lke the p-exchange mechanism, which appears to be the dominant 

7, 13. f . h h 1d 14 process at higher momenta, 1S 0 1mportance even near t res 0 • 

, >): 

In this connection it is interesting to note tha.t near the KN threshold, 

current algebra arguments supplemented by generalized PCAC for K 

me sons lead to the same predictions as the M1. model for the angular 

distributions and rate of rise of the cross section, and furthermore cor-

rectly predict the magnitude of the cross section. 15 For the 
o + Knp 

* channel at 960 MeV /c the theory predicts an N production cross section 

of 1.8 mb, in good agreement with our experimental result of Z.3±0.3 mb, 

* 16 and predicts a non-N background in rough agreement with the data. 

,!< 
We now consider briefly the NK final state in reaction (1.). Its 

threshold occurs at about 1050 MeV Ie, just below the Cool peak, and its 

cross section rises rapidly, being about 300/0 of the 
,): 

K...N" value at 

1200 Me V/ c and roughly equal to it at :1. 580 Me V / c. In Fig. 2(d) -Z(f) 

we show the distributions of the production angle e, the K-n scattering 

angle a., and the Treiman-Yang angle ¢ at 1200 MeV/c. There are ex-

t . d h' . b·' h 7, 1. 3 , 17 d . t enS1Ve ata on t 1S reachon at "lg er momenta an , JUs as 
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* in the case of N production, the production angular distribution shows 

a nlOnotonically increasing asymmetry and the 
~}:: 

K decay distributions 

* are essentially independent of momentum .. The K decay angular 

distributions are qualitatively consistent with production largely by 

18 
vector exchange, again with no unusual behavior on pas sing through 

the region of the Cool peak. 

.:< 
Even if the sharp rise of the KN cross section near threshold 

is understood in terms of its p-wave momentum dependence, no detailed 

model predicts the subsequent fall-off. Note, in this connection, that at 

1200 MeV/c the inelastic cross section is 7.7 mb, and the maximum con

. tributions from the low K+ p incoming partial waves are: S1/2 or P 1/2' 

3.4 mb; P 3/ 2 or D 3/ 2 , 6.8 mb; etc. Thus the inelastiC channels may 

perhaps be limited by unitarity if only low partial waves contribute near 

threshold. Then the sharp initial rise in the cross section for reaction (i) 

and its subsequent fall-off as 'IT r-. 2 
could account for the peak in the total 

cross section. To substantiate such a speculation would require a de

tailed calculation of the manner in which the inelastic 'cross sections are 

affected by the onset of unitarity effects. 

'. 
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!::~ 

Table 1. N angular dist::ibutions for production through a single partial 

wave .. We have included only the lowest order term for the Stodolsky-

Sakurai model production angular distribution; this term dominates 

near threshold. 

K+ P initial 
state 

,:c t 
KN final I Production angular 

state distribution 

S3/2 

P1/2 

P3/2 

Di/2 

Stodolsky - Sakurai 
model 

l 
r 

--' 
i 

Isotropic 

Isotropic 

4 
1 .;. S P 2 

(cos B) 

Isotropic 

.~ - P 2 (cos B) 
(to lowest order) 

I 
I 
! Decay angular 
f Cosy 
i 
f 3 2 i 1-5 cos y 
1 
i 
! , 
l 

J 
! 
) 

I 
.; 

3 2 
1-Scos y 

21 2 
1+1 :3 cos y 

3 2 
1-- cos Y 5 

2 
1+3 cos y 

distributions. 
e l 

. 1 
1+2 cos2e l 

1 
1-6" cos2e l 

11 2~ I 
1+30 cos v 

Isotropic 
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. Fig. 3. 
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FIGURE LEGENDS 

+ Total a~;, partial K p cross sections. Besides our own data, 

we have included those of References 3 -7. The partial cros s-

section curves are intended only to guide the eye, and have no 

further significance. 

':c 
Production and decay angular distributions for the N (1236) 

The N .curves are results of the 

fit described in the text, and the K':< curves are fits to w(<I» = A 

+ B sin
2

<1>, w(a) = C + D sin
2
a. 

* Expansion coefficients for N (1236) production and decay angular 

distributions as functions of beam momentum. The coefficients 

are defined in Eqs. (2) in the text. 
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