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THE Kx SYSTEM IN THE CHANNEL K n# A AT 9 GeV/cT
C. Fu, A. Firestone, G. Goldhaber, and G. H. Trilling

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

December 4, 1969 -

Lo ' o + -+t ' .
Abstract: The study of the Kx system in the channel K n & is complicated

ijthe présence of the broad low-mass Af+3_ enhancement centered near
1580 MeV. A cut whiéh removes this.effect reveals a bfeak in the t'
distributién at |t'] z'O.O5v (GeV/c)g, with a very steep forward peak

of slope L& = 23.6%5.2 (GeV/c)—2 for |t'] <0.05 (GeV/c)2 and a slopé
of' a = 9.5%2.0 (GeV/c)_E for |t'| = 0.05‘(GeV/c)2. We associate this
forward peak with a single-pion—exchénge mechanism. A sméll enhancehent
at M(K+n_) ~ 1100 MeV is observed in a t' region dominated by non-pion-

exchange mechanisms.

o . .
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

* * R .

to the Kn mass spectrum in the reglon-from K89O to théo' Specifically: there

have been the suggestions of a wide s-wave Kn state near 1100 MeVl) and a p-
N .

1

, , * ' o ‘
of the two principal adjacent K 's. Furthermore, studies of the Krn mass

wave Kn state ﬁear the K h202)’ both based on interference effects witﬁ each

spectra in a number of diffefent experiments have observed some evidence for
severalvémall'mass,peéks between the tﬁo principal K%'s3). This paper.pfesents‘

‘ ﬁhe results of a stUdy of the production mechaniéms of the reaction K+p - K+ﬁ-£{;36
as a funétion 5oth of.Kn mass and of t'h); We shall use the symbol N to refer

to the 01236 resbpancee The Study-is based on a sample of T552 events of'the
reaction K+p —> K+n-n+p at 9 GeV/c from which we select 295k eveﬁts in the

++ : ’ ;
5™ band [1.12 GeV s M(prT) < 1.32 GeV] and with |t']| < 10 (Gev/c)Z.T his

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 n system, and

-tm-corresponds'to the Chew-Low boundary adjacent to the peripheral region.

latter cut eliminates a small nonpefipheral baékgrdund.

The main‘conclusioh we draw from our study is that pion exchahge is dominant
~ only in a very small forward region, |t'| < 0.05 (GeV/c)g, and that even in this
region the low-mass Af+n~ enhancement contributes to asymmetry in.the Kn decay
system. Hence ény quantitative conclusions about'a Kn s-wave state——whichrméy .
well be present--must be evaluated with due concern for ﬁhese limitatibns;
More specifically, in the study of the above sample we mgke the following
Zéxperimehtal obsérvations:

X , o : - - %
(1) The low Kn mass region [M(K+n ) < 1.54 GeV] is dominated by K89OAT+

* ' : o -
and Klu200ﬁ+mdouble resonance production. The high Kx mass region [M(K+n ) 2
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1.54 GeV] is associated with a low-mass Af+n_ enhancement with M(Af+n—) =~ 1.58
GeV, and with F(Af+n_j = 0.35 GeV. ‘Tﬁis well—known_enhancement_is strongly
correldted with forward 6 values, where 6 is the Kx scattering angle in the

K x” center-of-mass system (Jackson»angle); | -

(2) In the double resonance production region [M(Kfn_) < 1.54 Gev], the
lt'l distributipn is differehtAfor the forwafd and the.backwafd Kn,decay ahgular
regions. Specifically, for the events with cos 6 < 0.5 (a cut which tends
to eliminate the Af+n_ enhancement), there is a clear break in the slope of
the |t!] distribﬁtion near o.o§ (GeV/c)2. For evéﬁts with M(X ) > 1.54 GeV
the |t'] distribution is relatively'fiat and fits the form ¥ well:

(3) Events with |t'| < 0.1 (GeV/c)®  and yi£h lt'] 2 0.1 (GQV/C)? show
” very different distributions in Kn mass; in cos 6, and in the correlation
between cos 8 and ¢, the Treimaanang angle.

These observations are studied and discussed in terms of contributiohs
from resonance production by pioﬁ and other meson exchange diagréms and inter-
ference effects between these procesées.

(4)_There is a very rapid change in the Kn decay asymmetry in the region
of the‘Kg;O, and a similar change in-the region of the K:EEO'

This experiment was carried out in the Brookhaven National Labordtory .
80-inch hydrogen bubble chamber, which was exposed to a 9—GeV/c rf-separated
K+ beam at the AGS. The measurements were pefformed with the Lawrence Rédiationv
.Laborétory Flying-Spot Digitizer (FSD), and the geometric reconstruction and
kiﬁematical fitting were accomplished with the pfogram SI0UX. The expériméntal

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

sample.
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2. Data Analysis

2.1. The K p K X p Reaction

Figure 1 shows the triangle plot for M(K 1 ) versus M(pn ). We observe .
clear A and K89O bands, which contain about 61% of the events in the K%K_ﬂ+p
"final state. These two bands are close to the kinematical boundery of thev
trie,ngleplotc ‘Inside the Kggo band, events with a high M(pﬁ+) valne are
associated primerily with the Q enhancement, which has been discussed previously ’6)-
TIn this paper.we study the events in the A band. In this band about 46% of
.the events are produced together with the K89O and the thEO resonanees.

e =
Figures 2a and‘2b show the ma,ss projections of the triangle plot. The A -,

K89O’ and th20 resonances -are clearly observed.

2.2. K+n_ér+ ﬁeiitz Plot

Fignre 3a'shons the Dalitz plot for the K+n_éj+ final state. From thiS'
plot we see that_the effect of the'£f+ﬂ— low-mass enhancement extends down to
the Kn thfeshdld and contributes to at least part of the well-known positive
asympetry in cos. 6 1n the K89O and thEO resonance regionsu). Figure 35 shows
the Dalitz plot with lt'] < 0.1 (Gev/c)?. There is still a substantial population
between the- K89O and thEO bands. Furthermore, although the Af+n~ low—mass
~ enhancement is considerably reduced it 1s not eliminated by this cut

To demonstrate the‘ similarity‘ between the K n-A and K89O e p channels,
we .- show thenDalitz plot for the latter in fig. 4. The Kggo is defined as
- 0.84 = M(K+n—) < 0.94 GeV. There is a strong NN band and a low-mass enhancement, the
Q, in the Kﬁ%f sysﬁem.
| T In order to determine the isospin of the £f+n' enhancement,
we compene tne £f+ﬁ.mass spectrum from both KonoAT+ and K+n-Af+ final states

: : ++
as shown in fig. 5. We note that for the reactions K P KO °A and
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K+p - K+ﬁ-éf+, the initial channel has évuniqﬁe isospin stage, namely I =1,
IZ = 1. Conservatioh of T and IZ requires' I = 3/2 for the £f+ﬂo system and
I =>3/2 or 1/2 for the Affn_ system. Since there is no exdeés of events near
1.58 GeV in the M(A x°) plot (fig. 5a) and the Clebsch-Cordan coefficients
for an I‘= 3/2 (Aﬁ) system predict & ratio of 9 fo 2 for the intensity of
the ﬁf+ﬂo and £f+n_ states, the A++n- low—m@ss enhanéement is predominantly
I= 1/2- " A simple double~-Regge-pole eXchange model, a diagram (shown in fig.
6a) with a Pomeranchuk exchange (P) at the_K+ vertex, pion exchange at the p
vertex, and the T coupled t$E§ and pion trajectories at the interior vertex,
can be shown to acéount for the dominant characteristics of this enhancement.
The defailed discussion of the low—masé Aﬁ+n_ enhancement in terms of this
doubie—Regge exchange diagram is given in a separate communicati0n7).

Figure 6b shows a single exchange diagram for K' resonance production.
In addition to the pion there are four othe; allowed Reggeltrajectories,
namely Al’ B,‘p, and A2. At present there seems to be no clear understanding
about the contributions of these allowed nonpion exchanges in this reaction.
In the next section we outline a method for separating, at least in part,

thevpion and nonpion contributions. We emphasize the importance of achieving

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

2.3. |t'| Distributions

Figure Ta shows the |t'| distribution for the events with M(Kx) < 1.54
GeV. The data afe not consistent with one or even two exponential dependendes.
In order to investigate the production mechanism of the Kn system we study
the'structure of theltfldistribution as. a function of cos 6. Figure Yb.shows
the |t'| distribution for the events with M(K'x ) < 1.54 GeV and cos 6 <'o.5.

The straight lines represent the results of a least-squares fit to the data
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v ' 1 _
for two functions of the form eat-. We observe a very steep forward peak with

slope .a = 23.615,2 (qev/c)'2 for lt1] < o;os (GeV/c)E, and a flatter distri-
bution with slope a = 9.5.'“t2.0»(GeV/c)-.2 for |t*] & 0.05 (GeV/c)E.i In contrast
to this stfucture;.the t! distribution for'the events in the forward cos & region
(fig. Tc) appears quite different. The data in fig. Tc are fitted well by a
single slope, a = 13.5t1.2 (GeV/c)™® for |t'] < 0.3 (Gev/c)®. We ‘shall
associate thié sharp forward peak with'pion exchange. The lessér slope is
due to the parfiqipatiqn of nonpion exchanges (g.g., Ai, B, p; and Ag).
Evidence for this assignmeqt will bebpresented\iﬁ the last paragraph of this
section and_in the next few sections.

Figure 7d shows the [t;l distribution for the events with M(K'n ) Z 1.54
GeV. 'The relaﬁiQe:flatness of the slope, a = M.ﬁio;5 (GeV/c)?, can be.quali-
tatively understood in two ways. One is that the high Kn ma.ss région is
relativélyvfar away from the‘pion poie. The other is due to the féctor (s/so)
in thevRegge ampiifude. Here Q&(t) is tﬁe exéhanged pion_trajectory and t is
the square of the four-momentum transfer from theAtarget proton_to tﬁe outgoing
AT, For;thé-low Kn mass region where a single exchange diagram (fig. 6b)

is about (h.25)2 (GeV)g. For the high Kx mass

dominates, s =-(total énergy)2

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

. regions where the double exchange diagram (fig. 6a) dominates, s = s Gt
siope in the Itl distribution for events with M(K+ﬁ-) Z 1.54 GeV should be
smaller than that for the events with M(K+n-) < 1.54 GéV by a factor

.'rz 20; &7(h.25/1.58)2 ~ MT Here we have used the linear form for the trajectory
'.Q% = a;(t - mi), and have set Q; =1 (GeV/c)-z. The slopes in the |t']
distributions should differ by a factor of the same order. Figure Te 1s an

[enlargemeht of small |t'| region‘of fig. Tb. The same phenomena are observed

] ! *0O
when we restrict the sample to events in the K89O band, which represents about

aﬂ(t)

)
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4+ o . . ’ ..
33% of the events with M(K n ) < 1.54 GeV. Figure 8a shows the l+'| aistribution
for all the events in the K89O region. In order to demonstrate that for K89O

~

TFor comparing data at different laboratory mdmenta, an effective fbur-momentum

_squared, teff =t' + t;, is the appropriate variable to use ). Here tz is defined
" ' . S
as the mean value of tm in the mass region considered. For Kggoé s tZ_z -0.02kL

2 %0 ++ o) 2
(GeV/c)” ana fo; Kippo® » t = -0.0kk (GeV/c)“.

production £here are other cbntributing mechanisms than pion exchange, we have

. ) ‘ * O
also plotted the |t'| distribution with . cos 6 < —0.5 for the Kgo
band (fig. 8b). A break in slope near lt1] = O.O5,(GeV/c)2 is observed here

as well, in contrast.to the straight-line |t'| distribution in the other polar
region (cos © 2 0.5) tfig. 8c). TFigure 8d shows the It?l distribution for the
events in the equatorial region - 0.5 = cos 6 < 0.5. The two slopes in fig.

8b ére a = Sl.QilE.M (GeV/c)_2 én& a = 7.1%3.1 (GeV/c)-g. The slope in

fig. 8c is a = 1h4.4*1.8 (GeV/c)’g. The values of these slopes are about the
same as those for the events in the angulér regions cQs 8 < 0.5 ‘and cos 0 Z 0.5
with M(K+nf) < 1.54 Gev. This supports‘the assumpfibn that the‘brqduction
mechanisms for the events with ’M(K+n-)‘< 1.54 GeV/c are the same as those

for theveﬁents in the Kggoéf+ double resonance region. For pure single resonance
productidn the lt'l distributions for two symmetrical polar regions should be

the same if there are gﬁ;y single exchange dlagrams coptributing, such as those
shown in fig. 6b. The different structures of It'lrdistributions in figs. 8b

and 8c indicate that, even in the Kg;d resonance region, there are nonnegligible -
contributions from oﬁher procesées, e.g., the double peripheral exchange process
shown in fig. 6a, or perhaps a Kn s wave. The change bf the slope in fig. 8b

is due to nonplon exchange. More evidence and discussion of these points is

given in the study of Kn 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 regioh,by fitting the distributioﬁs to a Legendre polynomial in
cos 6 to detefmine'thé various ahguiar momentum components of the scattefing
' amplitude. Tn addition, as an alternative procedure we assume a unique spin
for the events in a”K* reéonance region and study the deéay distribution
W(cos G,@) in terms of the spin density matrix elements. .-

Figurésv9a and 9b show the cos 0 vva(K+n_) scatter plots for |tf|< 0.1

(GeV/c)Efahd [tz 0.1 (GeV/c)e'réspectively. The projections of the cos 8
‘ %0
1420

Fig. 10a-d. weVObserve that the difference between the cos 6 distributions

distributions in the Kggo and K bands with the same t! cuts.aré shown in

in the Kggo band wifh different k']cﬁts is.striking. For It'{ < 0.1 (GeV/c)g,
it is véry much like cosgveg vhereas for |t'| z 0.1 (GeV/c)E, it is conéistent
withvbeing flaf.' The curves in fig. 10a and c are the results of é least-squares
fit to a sum évaegendre polynomialé, Zib asz(cos ). The cogfficiehts

L L. *0 *0 . . .
of the polynomial fits in the K89O and thQO regions are given in table 1.
From the values of these coefficients we obtain the well-known spin—parity
assignment‘of “JP =1 for Kggb, and find that the result agrees with the

+ *
assignment of JP = 2 for K

_ 1420°

Figure 1l shows the results from the fits of the second-order polynomial
‘in cos 6 for Kggo to our data excluding the'vefy forward polar region (cos 6 2 0.5).
‘ As méntiohed earlier, this cut eliminates mosgt of the contribution from thé
‘dbuble periphéfal proceéses. The fit is normalized to the number of events
in each lt'! interval. If we éséume pure pseudoscalar exchange, then an and
ao.indicate the contributions from Kx p~- and s-wave intensities respectively,

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

if in addition there is a vector exchange, then its sin2 6-decay distribution
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added - to thé c652 O-decay distributibn from the pseudoscalar exchange can Tfake

an ao term. We observe that ao arops ﬁore slowly than al or ag. For Tt'lé 0;15
(GeV/c)g, (ao/ag) and (ao/al)_gradually incréase, and presumably the nonpion
exchanges become more importaﬁt in this region. This indicates that in analyzing
Kn- scattering data the sample must be restricted to véry smalllt‘l#alues——at

this momentum less than ~ 0.05 (GéV/c)g,

| As é reSulﬁ of a fit to the decay_angular distribution, we find Poo = 0.79%£0.03

for |4'] < OQl_(Gev/é)2 and 0o = o.uétoQos, for |t'] 2 0.1 (Gev/c)®. This |

is in agreement with our assignment of pion exchange for the sharp forward t!
" distribution inwFié.’7b. We emphasize that the presencé of a distinct Kggo

) . *0
band in both t' regions indicates the dominance of K8

90

over background (fig.
9a,b).
Figure 12 shows the spin density matrix elements poo’ pl,—l and Re P02

’ + . %0
and fig. 13 shows o 5-%( for the K89O as a function of t',

P11 * Py, 1)
the values of which afe given in table 2. The values of Poo in fig. 12a indicate
the unnatural parity contribution in the t' channel; o and o in fig. 13 indicate
the natural and unnatural périty contributions in the t—channei'helicity state
1. in this reaction the unnatural parity éxchanges are the n and Al and the

'natural parity exchanges are the‘p énd AQ. With Qur'statistical uncertainties

-and the baékground problem we can only make some quaiitative statements:

.(a) Poo is large in the forward direction and decreases to a small value as
It'l ihcreases. This again indicates that the Kggo is produced in the m.= O
state in the forward direction for which only pion exéhange cpntributes.

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

to Kg;o production in the m =* 1 states. The contributions are of the
same prder 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 ¢ 1in the forward direction.
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(¢) Re °1,0 is always négative and not negligible.

Figﬁre 14 shows the cos §-¢ decay angular correlation plots for events
in the two K' resonance regions with _It'l < O;l (GeV/c)2 and ]t'! 2 0.1
(GeV/c)2, The sharb change in the character of the correlation with t' for
each resonance ihdicates either the presence of‘at least two production
mechanisms for each resonance, orbthe interferencerof the dominant wave in
each resonance (l—.for Kgéo and 2" for Kihéo) with a background term of opposite
parity and with a:markedly»different t! dependence. from the resonance itself.
This may alsé,be seen in the nongero.values for pl,_l,and Re P10 shown in
table 2. Figure 15 shows the decéy angular distr;butiéns; cos 6, for the Af+
in the final state Kggéaf+ for |t'] < 0.1 (Gev/c)® ana |t']| 2 0.1 (GeV/c)®.
The Striking difference in distributions is additionsl evidence for the presehce

of different production mechanisms dominating the high It'( and low lt'l regions.Jr

TThe curves shown in fig. 15 are results of the least~square fits to the decay

’angular distributions with spin density matrix elements = 0.05%0.03,

P33

- 0.45£0.03, I = -0.08+0.03, & = - 0.06%0. - ' .

pyy = 0-45£0.03, Re p; _;=-0.08£0.03, and Re P3,1 o_oé 0.03 for |t'| <o0.1
2  0.17%0.0 _ £0.02. Re 0. . =-0.07%

(GeV/c)<, and P33 = 0.17£0.03, p,; = 0.330.03, Re p; ;= 0.070.04, and

Re py ) = - 0.08%0.0k for [t'] 2 0.1 (GeV/c)Z.

2.5. The Asymmetry and' the Mass Spectrum of the Kﬁ System

2.5.1. K Asymmetry

Figure 16 shows a forward-backward asymmetry plot for the K systeﬁ as
a function of K méss. The asymmetry is defined as (F-B)/(F+B), where F and
B refer to the forward and backward events in 8. We observe that just above
the K§9O the asymmetry goes to zero very rapidly from a positive value, and

then increases rather smoothly to positive values again for higher Kx masses
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’
A

except for a small pcrturbatlon on passing the K The large positive

lh20 .
asymmetry for M(K ) 2 1.54'GeV ‘indicqtes_that the K goes forward and the

. backward in the Kx rest frame. Here the backward x is associated with the
low-@ass £t+ﬁ_ enhancement.. The fapid chaﬂgé in.asymmetry Just above the K§9O A
ﬂcan be attribufed to the interference of ﬁhe K§9O ﬁith (i) some'Kﬁ partial
waves of parity opp031te to that of the K89O (JP =1 ) or (ii) the process
which leads to the A n mass enhancement as shown in Sect;2 2, or both

Trippe et al., in an analysis of the same four-body reaction at 7.3 GeV/e,
‘deduéédvan é—wave Kx resénance at a mass of =~ 1.1 GeV and with-a width éf

o= O.h GeV ohlﬁhe basis of an application of the Duerr-Pilkuhn method to an

OPE modell). Also Antich et al. have claimedg)'the existence of a JP =1

wave in the nelghborhood of the. K ‘which interferes with the dominant JP =

1420
vave to give the observed,aéymmgtry in this region. In addition, several_K—
nucleon.experiments leading to threé particles in the final state have shown
indicétiong of:the Kn mass peaks in this region. These indications were for
narrow (I~ 0.1 GeV) peaks at M(K x ) = 1.26+0.02 GeV in the reaction
K'p = %D at 3.9 6ev/c3®), at MK') = 1. 16£0.01 GeV in the reaction
Kn o K n at 3.9 Gev/c3 ), and at ~ 1.08 GeV in Kp - Xx'p at 3.5
GeV/e and 3.9 Gev/e%"c |

We have also studied the asymmetry as a fqnétion'of t', and within the
limited statistics we observe: (é) at small ‘t'l‘values the variation in
asymmetry at the KihEO resembles that at the K§9O, and (b) at large |t'| values

both these rapid variations in.asymmetry are.reducede

2.5.2. Xx Mass Spectrum

. : + -
Figure 17a shows the K n mass distribution for all our events; fig. 17b

for || < 0.1 (Ge/c)?, ana fig. 17c for |t'| 2 0.1 (CeV/c)®. The shaded
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histograms have the cut cos 6 < 0.5, in order to reduce the contribution from
++ - : '

the low-mass & x -enhancement.. We make the following observations: (a) In

both the unshaded and the shaded histograms in fig. 17b [|t!] < 0.1 (GeV/c)g]

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

*
1420°

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

Wiﬁh that part.of the mass spectrum-abové the K Siﬁée an_s—wavé Kn Systemb
by pion exchangé; it may be réasonable tQ associate ét leést part‘of this plateau
with an‘s-wave;Kﬁ:system. Whether the various mass peaks reportédiin thevKnN

v channelS) have any>relevance to this high plateau 1s unclear atwpfeSenﬁ.

(b) In the unshaded histogram in fig. 17c [jtY 2 0.1 (Gev/c)zi‘the background
between the twb K*'s appears to join smoothly with_the mass spectrum in ﬁhe
high Kn mass région. In addition, a small mass peak is séen at a maéé of about
_ 1.1 GeV, where a changé in the decay angular distributioﬁ is also obsefved,
as'mehtioned in %he preceding section. This mass péak aﬁ 1.1 GeV Shpws more
promihenﬁiy iﬁ fhe shaded.histogram_in fig. 17c, where the effects of the low-
mass Af+n" enhancement have been reduced. This could be the same enhancement
as those in the 1080;411604MeV»region-mentioned in-Ref. 3a,c, but fresent
statistics do‘néﬁ”permit'a definitive statement. 'Sinqgmﬁp;s ehhaﬁ%emént
appears only fpr It’l £ 0.1 (CéV/c)E,:it is presumably produced by a non-pion-
exchange méchanism. The shaded histogram in fig. 17c shows a gngater nﬁmber

of gyentsﬁinﬁthe plateau than in thg region above the K;REO’ but the-?fﬁgﬁt

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

v is very suppressed, cannot be due fo s wave, and’there is an indicatioﬁ of a
narrow mass peak at 1.1 GeV here, possible higher spin resonances in this fegion»
‘may be the explanatioh. (c) All the discussions above agrée with the assignment
of the forward t' peak as due to pion exchange, and the region with‘leséer slope

as due to theuparticipaﬁion of nonpion exchanges. We note that Trippe et al.l)_
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in their OFE analysis of this Kn mass rcgion have used data with ltl as large

2 ’ . . :
~as 0.5 (GeV/c) ; which, on the basis of the present work, must contain considerable

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

scattering.

3. Conclusiqns

We conclude:
1. .Pion exchange appears to dominate the reaction K+p'~> K ot for lt'] < 0.1
(GeV/c)g, but nonpion exchanges become important for k1] 2 0.1 (GeV/c)e- This
has been demonstrated in studies of the t' distributions, the decay angular
distributiong of the Kx system, and the spin-density matrix elements.
2. The well—known asymmetry in the Kx decay angvlar distribution is due fo
the interference of the domihant resonant ﬁaves for the_K§9o and KihQO with
backgroﬁnd terms. Ve nOte'that the observed asymmétries in the Kggo.and K§M2O
region requirelan even-parity background term under the K§90 (é vave?) and an
*

odd-parit ¢ : . :
parity background term under the KlMEO

ascertain whetheér these background terms are due to (i) two new resonances,

(p wave?). Although we cannot

. ..' ) . I . E . . . B
or (ii) the low-mass A x enhancement, or both, we emphasize the importance
of accounting for the various origins of this asymmetry in any analysis of
Kn scattering.

_ o - | N -
3. The plateau in the Kn mass spectrun betweer the K89O and K1M2O

is assoclated
primarily with fhe low [t'[ region and thus could be due in part to s wave.
There may also be contributions from the poésible resonances reported in

Ref. 3. 1In our work there is some eVidence for an enhancement at 1.1 GeV

2 e s .
', but the statistics are not conclusive.

in the data with [t'| % 0.1 (GeV/c)
We thank R. Shutt and the sfaff of the 80-inch bubble chamber and H. Foeléche

and the AGS staff at Brookhaven for heiping with the exposure; We acknowledge

the valﬁable support glven by H.thite and the FSﬁ staff and by our programming

and scanning staff, in particular Emmett R. Burns.
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Table 1. Coefficients of % a,P, (cos 8) for the K 's

220 %074

with |t'| <o0.1 (GeV/c)gi

¥

*
(a-) K89O
6..0 al a.2 -a3 au
1.0 0.73:0.06 1.33%0.06 .
1.0 0.70+0.07 . 1.31%0.06 =-0.09t0.09
1.0 0.69+0.07 1.34£0.08 -0.08£0.10 0.06+0.11
x
(v) 7th20
ao. a.l a2 a.3 8.)4_ 8.5 a6
1.0 0.63%0.09 °© 1.90%0.09  0.20%0.11  1.23%0.13
1.0, 0.684£0.10 2.060.08  0.18#0.1%  1.35%¥0.12 0.41%0.13
1.0 0.67£0.10 2.14*0.10 0.21%0.16 1.68£0.16 0.20£0.1%  0.59%0.15
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Table 2. Spin density matrix elements and ¢ for Kggo.

P
e Po,0 Re 010 P1,-1 Py,1 o" o

0.00-0.0k  0.80%0.0k -0.02£0.03 . o.o3io.o3 0.10£0.04 0.06+0.02 o.ou£o.02

_0.0M—O.lO. o.76td.05 -0.15%0.03 -0.05%0.03 0.12+0.05 o.o3£o.02 o.o9io.oé

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 0.3916;09 -0.15*0.05 0.0210;08 0.3115.09 o.l6£o.ou o;luio.ou

0.35-0.60 0.30£0.10 -0.20%0.04  0.05%0.09 0.35%0.10 0.20%0.05 0.15%0.05
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Figure Captibns

Fig. 1. Triangle plot for M(K+n_) Vs M(pn+).

+ - | . + ”w
.Fig. 2. (a) The K = mass projection of Fig. 1. (b) The pr mass projection

of Fig. 1.
R ' (a)
Fig. 3. Dalitz plots for the K « & final state witheno [t'| cut and (b) a
cut, |t'] < 0.1 (cev/c)Z.

Fig. 4. The Dalitz plot for the_Kggo % p final state.

. : Lot ‘ o ++
Fig. 5. (a) The A& #7° mass spectrum for the final state k°x°A . (b) The

++ - ‘ ' + -
A n mass spectrum for the final state K n A .

Fig; 6. (a) A double-Regge-pole-exchange diagram'assoéiated with the low A& x”
mass enhancément (for the K+n—Af+ channel). (b) A single exchange ‘diagram
for K. resonance productions (for the K A chaﬁnel).
Fig. 7. (a) The [t'l distribution for the events with M(K n ) < 1.54 GeV.
() Thé |t'| aistribution for the events with M(K 1 ) < 1.5k GeV and
cos 8 < 0.5. (c) The |t'| distribution for the events with M(K x ) < 1.54
GeV and cos 6 2 0.5. (d) The |t'| distribution for the events with
M(K+n') > 1.54 GeV and cos 6 2 0.5, Actually'mbst of the events with
M(K%nf) >'ia54 GeV are in the forwérd cos 6 region. (é) The same |t']
diétribution as Fig. Ta with a large scale. For showing the change of
the slope only the forwardvregion [lt'l < 0;2 (GeV/c)E] is plotted.
Fig. 8. (a) lt'l distribution for all the events in the Kg90 region, (b) cos 6
< -0.5, (g) cos 6 2 0.5, and (d) -0.5 = cos 6 < 0.5.
Fig. 9. cos 6 vva(K+n-) scatter plots for events with (a) [t'] < 0.1 (GeV/c)2
and (b) £' 2 0.1 (Gev/c)Z.
Fig. 10. cos 6 distributioﬂs for the e&ents in the_K§9O region with (a) |tf’ < 0.1
(GeV/c)2 and (b) [t'] z 0.1 (GeV/c)2 and cos 0 distributions for the events
*
in the thQO

(1.34-1.50 GeV) region with (c) [t'] < 0.1 (Gev/c)2 and (d)
lt'] 2 0.1 (Gev/c)>. |
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Fig. 11. The‘coefficients of thevexpansion 2 a, cos® '@ for the events in-

the K89O reglon with cos 6 < O. 5. (a) a v (b) a, and (¢) v "é

-Flg. 12. Spin density matrlx elements (a) pOO’ (b) pl .1 and (c) Re plO for
K89O as functlons of t'.

Fig. 13. (a) o and (b) ¢  for K89O as functions of t'. | | v

Fig. 14. cos 9 @ decay angular correlation plots for the events in the K89O
region w1th a) |t'] < 0.1 GeV/c) and (b) |tv| z 0.1 GeV/c and cos 6-@

decay angular correlation plots for the events in the K reglon w1th

lhEO
) |er] < 0.1 Gev/c and (d) |t I z 0.1 GeV/c)

Fig; 15. Thevdeeay'angular distribution;bcos 6(px+), for the A ' resonance
with (a) It3|_< 0.1 (GeV/c)® ana (b) |t'| 2 0.1 (GeV/c)®. Here cos 8(pr')
is the Jackson angle for the pﬂf,systen. |

Fig. 16.. The forward-backward asymmetry ( ) plot fof the K e srsten as a
function of K_n . MASS. _ v

Fig. 17. The K'n mass distributions with the cuts (a) mo t' cut, (b) |t'| < 0.1
(GeV/o)2 and (c) |t'] 2 b.l.(GeV/c)e. The shaded portion of the histograms

correspond to the events in the region with cos 8 < 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 usefulriess 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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