
Lawrence Berkeley National Laboratory
Recent Work

Title
THE Kit SYSTEM IN THE CHANNEL K+iT /\,f + AT 9 Gev/c

Permalink
https://escholarship.org/uc/item/0dn4f717

Authors
Fu, C.
Firestone, A.
Goldhaber, G.
et al.

Publication Date
1969-12-04

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0dn4f717
https://escholarship.org/uc/item/0dn4f717#author
https://escholarship.org
http://www.cdlib.org/


.1 
" 

SubITlitted to Nuclear Physics B 

JAN ~ 1970 

LIBRARY AND 
DOCUMENTS SECTION 

THE K1T SYSTEM IN THE CHANNEL 
K+1T -.6. ++ AT 9 Ge V / c 

UCRL-19427 

Preprint ,~ 

C. Fu, A. Firestone, G. Goldhaber, and G. H. Trilling 

DeceITlber 4, 1969 

AEC Contract No. W - 7 405 -eng -48 

TWO-WEEK LOAN COpy 

This is a Library Circulatin9 Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Diuision, Ext. 5545 

LAWRENCE RADIATION LABORATORY 
UNIVERSITY of CALIFORNIA BERKELEY 



i. 

DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. . 



'0 

UCRL-19427 

THE Krr SYSTEM IN THE CHANNEL K+ rr -6,.++ AT 9 GeV/c t 

C. Fu, A. Firestone, G. Goldhaber, and G. H. Trilling 

Department of Physics and Lawrence Radiation Laboratory 
University of California, Berkeley, California 94720 

December 4, 1969 

Abstract: 
+ - ++ 

The study of the Krr system in the channel K rr 6,. is complicated 

t 

++ -
by the presence of the broad low-mass 6. rr enhancement centered near 

1580 MeV. A cut which removes this effect reveals a break in the tt 

distribution at Itt I ~ 0.05 (GeV/c)2, with a very steep forward peak 

of slope a = 23.6±5.2 (GeV/cf2 for Ittl < 0.05 (GeV/c)2 and a slope 

of a = 9.5±2.0 (GeV/c)-2 for Itt I ~ 0.05 (GeV/c)2. We associate this 

forward peak with a single-pion-exchange mechanism. A small enhancement 

+ - . 
at M(K rr ) ~ 1100 MeV is observed in a tt region dominated by non-pion-

exchange mechanisms. 

Work supported by the U. S. Atomic Energy Commission. 
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1. Introduction 

There has been rather extensive discussion of states that may contribute 

* * to the Krr mass spectrum in the region from Ks90 to K1420 • Specifically there 

have been the suggestions of a wide s-wave Krr state near 1100 MeV
l

) and a p

* 2 wave Krr state near the K1420 ), both based on interference effects with each 

* of the two principal adjacent K IS. Furthermore, studies of the Krr mass 

spectra in a number' of different experiments have observed some evidence for 

several small mass. peaks between the tvlO principal K*' s3). This paper presents 

+ +. - ++ 
K P ~ K rr L).236 the results of a study of the production mechanisms of the reaction 

4 ' 
as a function both of Krr mass and of t' ). 

++ We shall use the symbol 6 to refer 

++ 
to the ~236 resonance. The study is based on a sample of 7552 events of the 

+ + - + / reaction K p ~ K rr rr p at 9 GeV c from which we select 2954 events in the 

6++ band [1.12 GeV ~ M(prr+) ~ 1.32 GeV] and with It'l < 10 (Gev/c)2.t This 

tWe use the symbol t', defined as t' = t - t , where t is the square of the 
m 

+ + -
four-momentum transfer from the incident K to the outgoing K rr system, and 

tcorresponds to the Chew-Low boundary adjacent to the peripheral region. 
m 

latter cut eliminates a small nonperipheral background. 

The main conclusion we draw from our study is that pion exchange is dominant 

only in a very small forward region, It'l < 0.05 (GeV/c)2, and that even in this 

region the low-mass 6++rr- enhancement contributes to asymmetry in.the Krr decay 

system. Hence any quantitative conclusions about a Krr s-wave state--whichmay • 

well be present--must be evaluated with due concern for these limitations. 

More specifically, in the study of the above sample we make the following 

experimental observations: 

+ - * ++ 
(1) The low Krr mass region [M(K rr ) < 1.54 GeV) is dominated by KS906 

and K~4206++_double resonance production. The high Krr mass region [M(K+rr-) ~ 

. ~ ~:.. : " 
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] ++ - ++ -
1.54 GeV is associated with a low-mass 6. n: enhancement with M(6. n: ) "'" 1.58 

GeV, and wl'th r(A++n:-) ~ 0.35 GeV. w- This well-known enhancement is strongly 

correlated with forward e values, where e is the Kn: scattering angle in the 

+ -K:n: center-of-mass system (Jackson angle). 

(2) In the double resonance production region [M(K~:n:-) < 1.54 GeV], the 

It'l distribution is different for the forward and the backward K:n: decay angular 

regions. Specifically, for the events with cos e < 0.5 (a cut which tends 

. ++ - . 
to eliminate the 6. :n: enhancement), there is a clear break in the slope of 

the It'l distribution near 0.05 (GeV/c)2. For events with + -M(K:n: ) ~ 1.54 GeV 

the It'l 
at' distribution is relatively flat and fits the form ewell. 

(3) Events with It'l < 0.1 (GeV/c)2 and with It' I ~ 0.1 (C&V/c)2 show 

very different distributions in K:n: mass, in cos e, and in the correlation 

between cos e and ~, the Treiman-Yang angle. 

These observations are studied and discussed in terms of contributions 

from re.sonance production by pion and other meson exchange diagrams and inter-

ference effects between these processes. 

(4) There is a very rapid change in the K:n: 

*0 
of the K890, and a similar change in the region 

decay asymmetry 

*0 
of the K1420 . 

in the region 

This experiment was carried out in the Brookhaven National Laboratory 

80-inch hydrogen bubble chamber, which was exposed to a 9-GeV/c rf-separated 

+ 
K beam at the AGS. The measurements were performed with the Lawrence Radiation 

Laboratory Flying-Spot Digitizer (FSD), and the geometric reconstruction and 

kinematical fitting were accomplished with the program SIOUX. The experimental 

details are given in ref. 5, which treated about half the present complete 

sample. 

'?' 
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2. Data Analysis 

The 
+ + - + 

Kp"-?Krcrcp Reaction 

+ - +) Figure 1 shows the triangle plot for M(K rc ) versus M(prc • We observe 

++ *0 . + - + 
clear ~ and K890 bands, which contain about 61% of the events in the K rc rc p 

final state. These two bands are close to the kinematical boundary of the 

triangle plot. Inside the K~~o band, events with a high M(prc+) value are 

5,6) associated primarily with the Q enhancement, which has been discussed previously . 

++ 
In this paper we study the events in the ~ band. In this band about 46% of 

*0 *0 the events are produced together with the K890 and the K1420 resonances. 

Figures 2a and 2b show the mass projections of the triangle plot. The 6++, 

*0 *0 K890, and K1420 resonances are clearly observed. 

2.2. 
+ - ++ . 

K rc ~ Dalitz Plot 

+ - ++ 
Figure 3a shows the Dalitz plot for the K rc 6 final state. From this 

++ -plot we see that the effect of the ~ rc low-mass enhancement extends down to 

the Krc threshold and contributes to at least part of the well-known positive 

asymmetry in cos .Bin * * 4 the K890 and K1420 resonance regions). Figure 3b shows 

the Dalitz plot with It'l < 0.1 (GeV/c)2. There is still a substantial population 

* * ++ -between the K890 and K1420 bands. Furthermore, although the ~ rc low-mass 

enha~cement is considerably reduced it is not eliminated by this cut. 

+ - ++ 
To demonstrate the similarity between the K rc ~ and 

+ 
rr p channels, 

we show the Dalitz plot for the latter in fig. 4. The is defined as 

0.84 ~ M(K+rc-) < 0.94 GeV. There is a strong ~++ band and a low-mass enhancement, the 

Q . t K-l<O+ , In he T( system. 

++ 
In order to determine the i so spin of the ~ rc- enbancement, 

++ - 0 0 ++ + - ++ . 
we compare the ~ rc mass spectrum from both K rr 6 and K rc ~ final states 

as shown in fig. 5. + 0 0A++ We note that for the reactions K p "-? K rc u and 
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+ -1- - ++ 
K P ~ K rc 6, , the initial' channel has a uniq,ue isospin state, namely I = 1, 

I = L z Conservation of I and I req,uires z I == 3/2 
++ 0 for the 6, rc system and 

, / / ++ -I == 3 2 or 1 2 for the 6,rc system. Since there is no excess of events near 

1.58 GeV in the M(6,++ nO) plot (fig. 5a) and the Clebsch-Gordan coefficients 

for an I == 3/2 (Lm) system predict a ratio of 9 to 2 for the intensity of 

A++rcO ++ - ++ -the ~ and 6, rc states, the 6, rc low-mass enhancement is predominantly 

I == 1/2. 'A simple double-Regge-pole exchange model, a diagram (shown in fig. 

6a) with a Pomeranchuk exchange (p) 
the 

vertex, and the rc coupled to~ and 

+ at the K vertex, pion exchange at the p 

pion trajectories at the interior vertex, 

can be shown to account for the dominant characteristics of this enhancement. 
, ++-

The detailed discussion of the Im'i-mass 6, rc enhancement in terms of this 

doubie-Regge exchange diagram is given in a separate communicatiCin7 ). 

Figure 6b shows a single exchange diagram for K* resonance production. 
1 

In addition to the pion there are four other allowed Regge ,trajectories, 

namely AI' B, p, and A2 • At present there seems to be no clear understanding 

about the contrtbutlons of these allowed nonpion exchanges in this reaction. 

In the next section we outline a method for separating, at least in part, 

the pion and nonpion contributions. We emphasize the importance of achieving 

this separation cleanly in trying to fit the data to pion-exchange models. 

2·3. It'l Distributions 

Figure 7a shows the I t I I distribution for the events with M(Krc) < 1.54 

GeV. The data are not consistent with one or even two exponential dependences. 

In order to investigate the production mechan:Lsm of the Krc system we study 

the structure of the It'l distribution as a function of cos e. Figure 7b shows 

the It'l distribution for, the events with 
+ - ' 

M(K rc ) < 1.54 GeV and cos e < 0.5. 

The straight lines represent the results of a least-sq,uares fit to the data 
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at' for two functions of the form e We observe a very steep forward peak with 

slope a = 23.6±5.2 (GeV/c)-2 for It'l < 0.05 (GeV/c)2, and a flatter distri

bution w.ith slope a = 9.5±2.0 (GeV/cf2 for It'l ~ 0.05 (GeV/c)2. In contrast 

to this structure, the t' distribution for the events in the forward cos e region 

(fig. 7c) appears quite different. The data in fig.' 7c are fitted well by a 

single slope, a = 13 .5±1. 2 (GeV/c f2 for It' I < 0.3 (GeV/ c)2. We shall 

associate this sharp forward peak with pion exchange. The lesser slope is 

due to the participation of nonpion exchanges (e.g., Al , B, p, and A2 ). 

Evidence for this assignment will be presented in the last paragraph of this 

section and in the next few sections. 

Figure 7d shows the It'l distribution for the events with M(K+ n -) ~ 1·54 

GeV. The relative flatness of the slope, a = 4.4±0.5 (GeV/c)2, can be quali-

One is that the high Kn mass region is tatively understood in two ways. 

relatively far away from the pion pole. 
a (t) 

The other is due to the factor (s/s ) n o 

in the Regge amplitude. Here a (t) is the exchanged pion trajectory and t is 
n: 

the square of the four-momentum transfer from the target proton to the outgoing 

A++. ( 6 ) w. For: the low Kn mass region where a single exchange diagram fig. b 

dominates, s = (total energy)~ is about (4.25)2 (GeV)2. For the high Kn: mass 

regions where the double exchange diagram (fig. 6a) dominates, s = s ++ _, 
/::, n 

'2 2 
which is about (1.58) (GeV). Therefore, due to the s-dependence factor the 

slope in the It I distribution for events with + -M(K n: ) ~ 1.54 GeV should be 

smaller than that for the events with M(K+n-) < 1.54 GeV by a factor 

~ 2a' &n (4.25/1.58)2 ~ 4. Here we have used the linear form for the trajectory n: 

'a = a' (t '~ m2 ), and have set a' = 1 (GeV/cf2. The slopes in the It'l 
n n: n: n: 

distributions should differ by a factor of the same order. Figure 7e is an 

enlargement of smail It'l region of fig. 7b. The same phenomena are observed 

*0 
when we restrict the sample to events in the K890 band, which represents about 

-, 
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33% of the events vii th + -M(K rr ) < 1.54 GeV. Figure Sa shows the It'l distribution 

* t for all the events in the KS90 region. * In order to demonstrate that for KS90 

" ' 

t For comparing data at different laboratory momerita, an effective fOlJ.r-momentum 

squared, teff = t' + t~, is the appropriate variable to useS). 

as the mean value of t in the mass region considered. m 

( /)2 *0 ++ 0/ 2 GeVjc and for K14206 , tm "'=< -0.044 (GeVjc) • 

Here to is defined 
m 

production there are other contributing mechanisms than pion exchange, we have 

also plotted the It'l distribution with 
*0 

cos e < - 0·5 for the KS90 

band (fig. Sb). A break in slope near It'l = 0.05 (GeV/c)2 is observed here 

as well, in contrast to the straight-line It'l distribution in the other polar 

region (cos e ~ 0.5) (fig. Sc). Figure Sd shows the It'l distribution for the 

events in the equatorial region - 0.5 ~ cos e < 0.5. The two slopes in fig. 

Sb are a = 31.2±12.4 (GeV/c)-2 and 

8 / 
-2 fig. c is a =14.4±1.S (GeV c) . 

/ 
-2 

a = 7.l±3.1 (GeV c) • 'I'he slope in 

The values of these slopes are about the 

same as those for the events in the angular regions cos e < 0.5 and cos e ~ 0·5 

with M(K+rr-) < 1.54 GeV. This supports the assumption that the production 

mechanisms for the events WithM(K+rr-) < 1.54 GeV/c are the same as those 

for the events 
*0 ++ 

in the KS906 double resonance region. For pure single resonance 

production the It'l distributions for two symmetrical polar regions should be 

the same if there are only single exchange diagrams contributing, such as those 

shown in fig. 6b. The different structures of It'l distributions in figs. Sb 

*0 
and Sc indicate that~ even in the Ks90 resonance region, there are nonnegligible 

contributions from other processes, e.g., the double peripheral exchange process 

shown in fig. 6a, or perhaps a Krr s wave. The change of the slope in fig. Sb 

1.s due to nonpion exchange. More evidence and discussion of these points is 

given in the study of Krr decay distributions in Sect. 2.4. 
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2.4. Kn Decay Angular Distributions 

In this section we study the Kn decay angular distributions in the K* 

resonance region by fitting the distributions to a Legendre polynomial in 

cos e to determine the various angular momentum components of the scattering 

amplitude. In addition, as an alternative procedure we assume a unique spin 

* for the events in a K resonance region and study the decay distri.bution 

W(cos e,~) in terms of the spin density matrix elements. 

Figures 9a and 9b show the cos e vSM(K+n-) scatter plots for It'l< 0.1 

(GeV/c)2 and It'l s 0.1 (GeV/c)2 respectively. The projections of the cos e 
-lEO . *0 

distributions in the K890 and K1420 bands with the same t' cuts are shown in 

Fig. lOa-d. We observe that the difference between the cos e distributions 

in the K~90 band with different ~ I I cuts is striking. For It' I < 0.1 (GeV /c)2, 

it is very much like cos2 e, whereas for It'l s 0.1 (GeV/c)2, it is consistent 

with being flat. The curves in fig. lOa and c are the results of a least-squares 
n 

fit to a sum of Legendre polynomials, &0 a.l.e(cos e). The coefficients 

*0 *0 
of the polynomial fits in the K890 and K1420 regions are given in table 1. 

From the values of these coefficients we obtain the well-known spin-parity 

assignment of ? 1 -:::: * for KS90' and find that the result agrees with the 

? == 2+ * for K1420 • assignment of 

Figure 11 shows the results from the fits of the second-order polynomial 

*0 ( ) in cos e for K890 to our data excluding the very forward polar region cos e ~ 0·5 • 

As mentioned earlier, this cut eliminates most of the contribution from the 

double peripheral processes. The fit is norrr~lized to the number of events 

in each ·1 t' 1 interval. If we assume pure pseudo scalar exchange, the n a2 and 

a indicate the contributions from Kn p- and s-wave intensities respectively, o 

and a l the interference between the p and s waves. However, we point out that 

if in addition there is a vector exchange, then its sin2 e-decay distribution 

• 
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2 added to the cos e-decay distribution from the pseudo scalar exchange can fake 

an ao term. We observe that ao drops more slowly than al or a2 • For It'l~ 0.15 

(GeV/c)2, (a
O
/a

2
) and (aO/a

l
) gradually increase, and presumably the nonpion 

exchanges become more important in this region. This indicates that in analyzing 

Kn scattering data the sample must be restricted to very smalllt'lvalues--at 

this momentum less than ~ 0.05 (GeV/c)2. 

As a result of a fit to the decay angular distribution, we find Poo == 0·79±0.03 

for It'l < 0.1 (GeV/c)2 and P :: 0.49±0.05 for It'l ~ 0.1 (Gev/c)2. This 
00 

is in agreement with our assignment of pion exchange for the sharp forward t' 

*0 
distribution in·Fig. 7b. We emphasize that the presence of a distinct KS90 

*0 
band in both t' regions indicates the dominance of KS90 over background (fig. 

9a, b). 

Figure 12 shows the spin denSity matrix elements Poo ' Pl,-l and Re P10' 

± _ l( + ) and fig. 13 shows a ="2 Pl,l - Pl,-l 

the values of which are given in table 2. 

, *0 
for the KS90 as a function of t', 

The values of P in fig. 12a indicate 
00 

+ the unnatural parity contribution in the t channel; a and a in fig. 13 indicate 

the natural and unnatural parity contributions in the t-channel helicity state 

± 1. In this reaction the unnatural parity exchanges are the nand Al and the 

'natural parity exchanges are the P and A
2

• With our statistical uncertainties 

, and the background pro blein we can only make some quali ta ti ve sta temen t s: 

(a) Poo is large in the forward direction and decreases to a small value as 

It' I increases. 
*0 

This again indicates that the K890 is produced in the m == 0 

state in the forward direction for which only pion exchange contributes. 

(b) Both the natural-parity and the unnatural-parity exchanges contribute 

,*0 
to KS90 production in the m == ± 1 states. The contributions are of the 

same order and increase as It'l increases. With the present data it is 

difficult to determine the cause or validity of the apparent nonzero values 

+ 
for a- in the forward direction. 

, ; 

.' 
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(c) Re Pl,O is always negative and not negligible. 

Figure 14. shows the cos e-~ decay angular correlation plots for events 

in the twoK* resonance regions with It'l < 0.1 (GeV/c)2 and It' I ~ 0.1 

(GeV/c)2. The sharp change in the character of the correlation witht' for 

each resonance indicates either the presence of at least two production 

mechanisms for each resonance, or the interference of the dominant wave in 

- * + * each resonance (1 for K890 and 2 for K1420) with a background term of opposite 

parity and with a markedly different t' dependence from the resonance itself. 

This may also be seen in the nonzero values for Pl,-l and Re PIO shown in 

table 2. Figure 15 shows the decay angular distributions, cos e, for the 6++ 

in .the final state K~06++ for It'l < 0.1 (GeV/c)2 and It'l ~ 0.1 (GeV/c)2. 

The striking difference in distributions is additional evidence for the presence 

of different production mechanisms dominating the high It'l and low It'l regions. t 

t The curves shown in fig. 15 are results of the least-square fits to the decay 

angular distributions with spin density matrix elements P
33 

= 0.05±0.03, 

Pll = 0.l~5±0.Oj, Re P
3
,-1 =-0.08±0.03, and Re P3,1 = - 0.06±0.03 for It'l < 0.1 

(GeV/c)2, and P
33 

= 0.17±0.0~, Pl1 = 0.33±0.03, Re P
3

,_1=-·0.07±0.04, and 

Re P3,1 - 0.08±0.04 for It' I ~ 0.1 (GeV/c)2. 

2.5. The Asymmetry arid'the Mass Spectrum of the Kn System 

2·5.1. Kn Asymmetry 

Figure 16 shows a forward-backward asymmetry plot for the Kn system as 

a function of Kn mass. The asymmetry is defined as (F-B)/ (F+B), where F and 

B refer to the forward and backward events in e. We observe that just above 

* the K890 the asymmetry goes to zerb very rapidly from a positive value, and 

then increases rather smoothly to positive values again for higher Kn masses 
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* except for a small perturbation on passing the K
l

)+20' The large positive 

asymmetry for 
+ ' + 

M(K re-) ~ 1.54 GeV indicates that the K goes forward and the 

re backward in the Kre re st frame. Here the backvlard're is associated with the 

, ++ - * 
low-mass 6 :rc enhancement. The rapid change in asymme:try just above the KS90 

c"an be attributed to the * (i) partial interference of the KS90 with some Kre 

waves of parity opposite *' (? ~ to that of the KS90 1-) or (ii ) the process 

++-which leads tci the 6. :rc mass enhancement as ShOlVD in Sect. 2.2, or both. 

Trippe et al., in an analysis of the same four-body reaction at 7.3 GeV/c, 

deduced an S-vlave K:rc resonance at a mass of :::::: 1.1 GeV and with' a width of 

:::::: O.J+ GeV on the basis of an application of the Duerr-Pilkuhn method to an 

OPE model
l

). Also Antich et aL have claimed2 ) the e~istence of a ? = 1-

* wave:in the neighborhood of the K
1420 

'which interferes with the dominant 

wave to give the observed asymmetry in this region. In addition, several K-

nucleon experiments leading to three particles in the final state have ShO"lll 

indications of the K:rc mass peaks in this region. These indications "Jere for 

narro"l (r:::::: 0.1 GeV) peaks at M(K+:rc-) = 1.26±0.02 GeV in the reaction 

+ 0 + Kp-7 Krep at 3.9 GeV/c 3a )J at 

a 't 3 9 GeV/ 3b ) . c J 
- 0 -Kn-> Kren and at 

- < 

GeV/c and 3.9 GeV/c 3a ,c). 

~ LOS GeV in 
+ 

K P 

in the reaction 

o + 
-7 K re p at 3.5 

vie have also studied the asymmetry as a function of t I ,and within the 

limited statistics \-Je observe: (a) at smail It'I' values the variation in 

-l(- * I I asymmetry at the K1420 resembles that at the K
S90

' and (b) at large t! values 

both these rapj_d variations inasyrnmetry are reduced. 

2·5·2. Kre Mass Spectrum 

+ -Figure l7a shows the K re mass distribution for all our events; ng. l7b 

for It'l < 0.1 (GeV/c)2, and fig. l7c for It'l ~ 0.1 (GeV/c)2. The shaded 

".;, '" " .. :. .... ',: ., 
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histograms have the cut cos e <0.5, in order to reduce the contribution from 

++ -
the low-mass 6 nenhancement. We make the following observations: (a) In 

both the unshaded and the shaded hi stograms in fig. 17b [~'I < 0.1 (Ge V / c) 2 ] 

. * the background between the two well-known K 's is very large in comparison 

* with that part of the mass spectrum 'above the K
1420

• Since ans-wave Kn system 

can couple only to pion exchange and the region It'l < 0.1 (GeV/c)2 is dominated 

by pion exchange, it may be reasonable to associate at least part of this plateau 

with an s-wave. Kn system. Whether the various mass peaks reported in the KnN 

channe13 ) have any relevance to this high plateau is unclear at,present. 

(b) In the unshaded histogram in fig. 17c [~'I ~ 0.1 (GeV/c)2] the background 

.' * 
between the two K 's appears to join smoothly with the mass spectrum in the 

high Kn mass region. In addition, a small mass peak is seen at a mass of about 

1.1 GeV, where a change in the decay angular distribution is also observed, 

as mentioned in 'the preceding section. This mass peak at 1.1 GeVshows more 

prominently in the shaded histogram in fig. 17c, where the effects of the low

++ -mass 6 rr enhancement have been reduced. This could be the same enhancement 

as those in the lo80~1160"';MeV region mentioned in,Ref. 3a,c, but present 

statistics do not permit a definitive statement.SinG,~, t.h;!,s enhan't!ement 

appears only for It' I ~ 0.1 (GeV/c)2,it is pr:esumably produced by a non-pion-

exchange mechanisll1 • The shaded histogram in fig. 17c shows a gr:~ater number 

* of ev.:ents:'inthe plateau than in the region above the K1420, but the ,~ff"e.c,t 

is somewhat reduced here. Since the plateau in Fig. 17c, where pion exchange 

is very suppressed, cannot be due to s wave, and there is an indication of a 

narrow mass peak at 1.1 GeV here, possible higher spin resonances in this region 

may be the explanation. (c) All the discussions above agree with the assignment 

of the forward t' peak as due to pion exchange, and the region with lesser slope 

as due to the participation of nonpion exchanges. We note that Trippe et al. l ) 
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in their OPE analysis of this Krr mass rce;ion have used data vii th I t I as large 

as 0.5 (GeV/c)2, which, on the basis of the present vlOrk, must contain considerable 

contributions from non-pion-exchange mechanisms that cannot lead to s-wave Krr 

scattering. 

3. Conclusions 

vie conc lude : 

1. .Pion exchange appears to dominate the reaction 
+ + - ++ 

K P -) K Jf 6. for It' I < 0.1 

(GeV/c)2, but nonpion exchanges become important for It'l ~ 0.1 (GeV/c)2. '1'h1s 

has been demonstrated in studies ·of thet' distributions, the decay angular 

distr:Lbut:i.ons of the KJr system, and the: spin-density rna trix elements. 

2. The vlell-knovn~ aSYJl:!illetry in the Krr decay angular distribution is due to 

-l(- * the interference of the dominant resonant wave s for the KS90 and K1420 vIi th 

* * background terms. vie note that the observed asymmetries in the KS90 and K1Ll20 

* region require· an even-parity background term under the KS90 (s vlave?) and an 

* odd--parity background term under the Kll~20 (p vlave?). Although vIe cannot 

ascertain whether these background terms are due to (i) hlo nevI resonances, 

or ( ) ++ -1i the 10vl-llk1.SS 6. rf enhancerilent, or both, I-ie emphasize the importance 

of accounting for the various origins of this asymmetry in any analysis of 

Krr scattering. 

3· 
-l(- -l(-

The plateau in the Krr mass sIlectruJ!l betv1eert the KS90 and K
J
)j.20 is associated 

primarily v,i th the 101-1 It' I region and thus could be due in part to s .... ,ave. 

'I'here ma.y also be contributions from the possible resonances reported in 

Ref. 3. In our .... lOrk there is some evidence for an enhancement at 1.1 GeV 

in the data with It'l £ 0.1 (GcV/c)2, but the statistics are not conclusive. 
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Table 1. Coefficients of .£~O a.£P.£ (cos e) for the K*'S 

with It f I < 0.1 (GeV/c)2~ 

(a) * 
KS90 

., a O a l a 2 a a4 3 

1.0 0·73±0.06 1.33±0.06 

1.0 0·70±0.O7 ·1.31±0.06 -0.09±0.09 

1.0 0.69±0.07 1.34±0.08 -O.OS±O.lO 0.06±0.11 

(b) * K1420 

a O a
l a 2 a

3 a4 a
5 a6 

1.0 0.63±0.09 1.90±0.09 0.20±0.11 1.23±0.13 

1.0 0.6S±0.10 2.06±0.oS 0.lS±0.14 1.35±0.12 0.41±0.13 

1.0 0.67±0.10 2.14±0.10 0.21±0.16 1.6S±0.16 0.20±0.14· 0·59±0.15 
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Table 2. Spin density matrix elements and 
± *0 a for K

S90
• 

Pm,m' 
.-

It'l 
+ 

PO,O Re Pl,O Pl,-l Pl,l a (J 

'. 
0.00-0.04 0.80±0.04 -0.02±0.03 0.03±O.03 0.10±0.04 0.06±0.02 0.04±0.02 

0.04-0.10 0.76±0.05 -0.15±0.03 -0.05±0.03 0.12±0.05 0.03±0.02 0.09±0.02 

0.10-0.20 0.67±0.05 -0.23±0.03 . -0.08±0.04 0.17±0.05 0.04±0.02 0.13±0.03 

0.20-0·35 0·39±O.09 -0.15±O.05 0.02±0.OS 0·31±0.09 0.16±o.o4 0.14±o.04 

0.35-0.60 0·30±0.10 -0.20±0.04 0.05±0.09 0·35±0.10 0.20±0.O5 0.15±0.05 

• 
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Figure Captions 

Fig. 1. + - + Triangle plot for M(K n ) vs M(pn ). 

. Fig. 2. (a) The K+n- mass projection of Fig. 1. + (b) The pn mass projection 

of Fig. 1. 

Fig. 3. 
+_++ (a) 

Dalitz plots for the K n ~ final state withAno It'l cut and (b) a 

cut, It'l < 0.1 (GeV/c)2. 

Fig. 4. *0 + The Dalitz plot for the K890 n p final state. 

Fig. 5. ++ 0 0 0 ++ 
(a) The 6 rt mass spectrum for the final state K n 6 . (b) The 

++ - +- ++ . 
6 n mass spectrum for the final state K n 6 . 

Fig. 6. ++ -
(a) A double-Regge-pole-exchange diagram associated with the low 6 n 

+ - ++ mass enhancement (for the K n 6 channel). (b) A single exchange diagram 

* + - ++ for K resonance productions (for the K n 6 channel). 

Fig. 7. (a) The It'l distribution for the events with M(K+n-) < 1.54 GeV. 

(b) The It'l distribution for the events with M(K+n-) < 1.54 GeV and 

cos e < 0.5. (c) The It'.1 distribution for the events with M(K+n-) < 1.54 

GeV and cos e ~ 0.5. (d) The It'l distribution for the events with 

M(K+n-) > 1.54 GeV and cos e ~ 0.5. Actually most of the events with 

M(K+n-) > 1.54 GeV are in the forward cos e region. (e) The same It'l 

distribution as Fig. 7a with a largescale. For showing the change of 

the slope only the forward region [It' I < 0.2 (GeV/c)2] is plotted. 

Fig. 8. (a) It' I distribution for all the events in the K;90 region, (b) cos e 

< -0.5, (c) cos e ~ 0.5, and (d) -0.5 ~ cos e < 0.5. 

Fig. 9. cos e vs M(K+n-) scatter plots for events with (a) It'l < 0.1 (GeV/c)2 

and (b) t' ~ 0.1 (GeV/c)2. 

Fig. 10. cos e distributions for the events in the K~90 region with (a) It'l < 0.1 

(GeV/c)2 and (b) It'l ~ 0.1 (GeV/c)2 and cos e distributions for the events 

in the K~420 (1·34-1.50 GeV) region with (c) It'l < 0.1 (GeV/c)2 and (d) 

It' I ~ 0.1 (GeV/c)2. 



-lS- UCRL-19427 

Fig. 11. The coefficients of the expansion La n 
n 

cos e for the events in 

* the KS90 region with cos e < 0.5. (a) ad' (b) a l and (c) b2 • 

Fig. 12. Spin density matrix elements (a) POO ' (b) Pl,-l and Cc) Re P10 for 

*0 KS90 as functions of tl. 

Fig. 13. (a) 0+ and (b) 0- for K~~O as functions of t' • 

*0 
Fig. 14. cos e~cp decay angular correlation plots for the events in the KS90 

region with (a) It'l < 0.1 (Gev/c)2 and (b) It'l ~ 0.1 (GeV/c)2 and cos e-cp 

d la 1 t " 1 t h K*o " "th ecay angu r corre a ~on pots for the even s in t e 1420 reg~on w~ 

( c ) I t I I < 0.1 (Ge vic) 2 and (d) It' I ~ 0.1 (Ge vic) 2. 

Fig. 15. 
+ ++ 

The decay angular distribution, cos e(pn ), for the 6 resonance 

wi th (a) It' I < 0.1 (Ge vic) 2 and (b) It' I ~ 0.1 (Ge vic) 2 
• 

is the Jackson angle for the pn+. system. 

+ Here cos e(pn ) 

(F-B) + -Fig. 16.. The forward-backward asymmetry F+B plot for the K n system as a 

+ -function of K n mass. 

Fig. 17. The K+n- mass distributions with the cuts (a) no t' cut, (b) It'l < 0.1 

. 2 . 2 
(Gevl c) and (c) It' I ~ 0.1 (Gev/c). The shaded portion of the histograms 

correspond to the events- in the region with cos e < 0.5. 

•• 
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or ·usefulness of the informa
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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