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INTRODUCTION

The reactlon KI;»—aKIpn has been studied in the 8lem Saclay hydrogen
bubble chamber. The separated K beaml) from the CERN proton synchrotron had
a momentum at the centre of the chamber of 2,965 GeV/c (corresponding to a total
cm,energy of 2,60 GeV) and a dispersion of 0.015 GeV/c. The pion contamlnatlon

of the beam was less than 5 /o.
We find that in this final state the two dohinant reactions are
K+p—-)K§p,_' K*-—a. Kon+‘ o ; | (1)
and Kp WK%, M opr . (2)
An analysis of the decay angular distributions of the Kf and NE resonances pro-
duced in reactions (1) and (2) has been made. In both cases these distributions

are consistent with the assumption that the predominant production mechanism is

the exchange of a vector meson. A letter containing the main results of this

2)

analysis for reaction (1) has already been published °.

1. EXPERIMENTAL METHOD

Approx1mately 100 000 bubble chamber photographs, contalnlng fv106 beam N
tracks, were scanned twice for (among othe; thlngs) all two-prong V events,v
i.e. those intefaotiohs that had two positive outgoing tracks asﬁwell as an
associated decay of a neutral particle. A fiduciel volume was chosen to eliminate
events with large escape corrections and to reduoe the number of events with
poor resolution. All two-prong Vo events ( ~ 3,000 events) inside that volume
were measured on the CERN IEP measurlng projectors. The events were then pro-
cessed with the CERN oomputer programs : THRESH (geometry) GRIND (kinematics)

and BAKE (calculatlon of relevant dynamlcal quantltles) All events were then
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examined to see if the lonization of the tracks was consistent with the kine-
matic fits and to decide which interpretation to choose in case of ambiguity.
BEvents which failed to pass through THRESH were remeasﬁred; events for which
GRIND did not give an answer or for which the wrong interpretation was obtained
were processed with MILLSTONE, a program which allows the user to guide GRIND

in the performance of the kinematical analysis of individual events.

By means of the above procedure about 990/0 of the true two-prong v° events
were assigned an unambiguous interpretation. The kinematical and dynamical
quantities corresponding to the correct interpretations were then selected by the

program SLICE and put on a Data Summary Tape, ready to be used by‘SUMX, a pro-

gram first developed at Berkeley for the analysis of contents of Data Sum'mar"y .
Tapes.t  | | ) R .
We shall restrict our analysis .= to the 747 events which fit the

reaction K+pa—>K0pn+. Other types of events fitting KoNnn or KKY will be
treated in separate paperé. By normalizing to the number of T decays of beam
tracks found in the same fiducial volume in which the interactions were analyzed,

we find that the cross-section for the reaction K p—sKopn' is 2.1 % 0.3 mb.

2.  RESONANCE PRODUCTION

Figure 1 is a Dalitz plot for the Kopn+ events., It can be seen that both
the N*(1238) and the'Kx(890) are produced copiously. In order to estimate the
relative cross-sections for the K- and Nx‘ production, we analyzed the Dalitz - .
plot population on the assumption that there are three non-interfering contri-

butions to the K°pm' final state.

1) K+p,_9KXp, K*-g»KOn+, for which the density of events in the Dalifz plot

is taken to be3) )
CEs (M Wz, [x) =/ C ManpJ (1)
K Kn’ {K ’ K _'112 M2x + (sz- M2x)2 PK
K Kn K
PJ M=
with]“:'M—K— _3FK*
' Kn Po

where MKx;and PKx are the intrinsic mass and width of the K*, PK is the momentum

T 0 s N :
of the K in the Kn rest systenm, Po is the value of PK when MKn is equal to MKx,

and q_ is the momentum of the proton in the cm. system. This formula is based
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on the assumption that the interaction is a quasi two-particle reaction :

i.e. that the resonance is produced and decays as a free particle. The formula

cah be factored into three parts : 1) the relativistic Breit-Wigner distri-

bution, /1/11“ M x + (M # M %) _/ which has only one power of [”in the numerator

because the resonance appears in the final state but»not in the initial state of

the reaction; ii) the phasesspsde fsctor MKn/Pde; iii) the dyﬁamic factor qz,

. which is appropriate when the resonance is produced via the exchange of a vector
meson. The P; factor_in the expression for}j is a general consequence of a
p-wave decay, whereas the MK factor is appropriate for the decay of a vector

meson into two pseudo- scalar mesons. The 1ndependence of FKX upon M is a

result of a further assumptlon that the K decays isotropically.

”»)

2) K p~—)N’K y N - pn , for:which the density of events in the Dalitz plot

is taken-to:beE)
. M q. .
T pr K 7 :
FN*(M o M M) = 2. » (2)
N Moz + (Mpﬁ- MNx) ‘
'Pp3 _(Mpn+ Mp)z_ - ,an Mﬁx :
’ ) . T ~ N P T

where Mn and Mp are the pion and proton masses and all other quantities are
defined analogously to those in the-K* formula. “'In this case Pé is the value

of the proton momentum P when: M : MN*

The factor in brackets in the formula for F is the result for N decay

found from flrst order perturbatlon theory.

3) K p-ng pn», forlwhich the events are distributed uniformly in: the Dalitz

plot. These will be referred to as background events.:

The combined Dalitz plot density has ths form :

2 2 A o Mo . N

fxFx fxTx |
S S N+(1'-f§-fNaE) (3)

AKi ANx K
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where fo and f * are the fractions of events in which K 's and N''s are prdduced.'

The normalization factors are

A likelihood analysis was made on the basis of this distribution to deter-
mine thé six parameters MKx, MNX, f1K¥, ijx, fo, and fo. The maximum likeli-
hood solutions for these parameters are presented in Table I. Reactions (l) and
(2) are found to proceed with ‘equal rates, each comprising 38 % 3 /o of the ' (ﬁi
events (corresponding to 0.8 * 0.1 mb). This leaves 24 % 3 /o of non-resonant - -
events. Correcting for the Kf decay branching ratio, we. find that the cross-

4)

distributions corresponding to this solution agree fairly well with the data ’,

+
section for the reaction K pff}K%+p is about 1.2 mb, The effective mass

as can be seen in Figures 2 and 3.

6)

This experiment prqvidesAaE_gégurate measurement of the mass (891 3 MeV)
and width (47 % 4 MeV) of the K*+. It should beApointed out fhat the values of
MN%, MKX,IﬂNx and PK* fépresent the ihtrinsic masses and widths of the
resonances rather than the experimental positions of the peaks and the experimental.
widths of the resonances. (These values are also presented in Table I.) WheféanJf,
the differences between the intrinsic and the e?perimental parameters are small =
for the K515 the differences are large for the n* These shifts are due prlmarlly ‘
to the fact that ["is strongly dependent upon the mass of the resonating. system
and that | appears linearly in the numerator of equations (1) and (2). “An
additional shift in the same direcfion is produced by the q- factor, but this
latter effect is only one MeV in the mass of the Nx. The intrinsic mass ;
(1232 % 6 UMeV) and width (125 * 30 MeV) of the ™ agree with the values which have
been determined from pion-proton écéf%éring data7). The.position df the péak
(1213 £ 4 lieV), as well as the value of the experimental width of the'N*(86.1121nev)
agree well with the values obtained in K+ experiments at lower energies; for
example, at 1.14 GeV/c the valuesB? are 1212 I 8 Mev and 72 % 13‘Mev and at

1.45 GeV/cg) they are found to be 1214 - * 3 MeV and 100 * 25 MeV.
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In Table II is presented a review of the cross-section measurements that
have been made for this reaction at various energies., We note that the cross-

section decreases by a factor of five between 2 and SvGeV/c.

3, ANATLYSIS OF THE RESONANCE DECAY DISTRIBUTIONS

For the analysis of the KX events the 183 events which are in the K% band
(0.86 GeV (Mo  <0.9% GeV) but not in the N> band (1.15 GeV <M - <1.33 GeV)
were chosen, This sample contains 60 /o of the K events and has an estimated
contamination of 15 baekground events. For the analysis of the NX; ”tKe.lBB events
which are in the N band (1;167Ge'V.<Mpﬁ ¢1.29 GeV) but not in the K* band
(0.84 GeV < MKn ¢ 0.96 GeV) were chosen. This sample contains 570/9,°f the v
events and has an estimated contamination of 20 background events. These samples
are both designated Sample A. They are illustrated in Figure 4.

), 2)
10), 11), 2) that a study of the resonance decay

It has been demcnstrated
distributions in these reacfienS'can pfov1de some understanding of the product1on
mechanisms involved. It is:convenient o analyze these decay distributions. in
the rest frame of the resonance, choosing the z-axis as the direction of the
1n01dent partlole (the 1n01dent K for the K events and the target proton for
the N events), and the y-axis as the normal to the plane of productlon. In
general, the angular dlstrlbutlon of the X° from the decay of the K can be

11)

expressed in the form

W % (cos ©, ¢ )d cos 6 d ¢ =

i

2 1 . 2
Py, o ©OS 6 +3 (1 - po,o) sin”o
4 - din2e cos?2 - /2 Re sin2 © cos @ cos 9_d9° (4)
TP S S A W ?

from which one. obtains.
o 5 - ,
i x (cos 0) d cos @ = . /(1 -0 )+ (3p o 1) cos™6_/d cos @ (4a)

W% (go) de = 1 2pl + 4pl’_1 sin?(pj deo | (4v)

where 9 and ? are the po]ar and az1muthal angles (see Flgure 5) and the p value

are elements in the spln space den81ty matrix of the K
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In deriving equation (4) it is assumed that the Kx is a freely decaying
particle of spin 1.

Analogously, the angular distribution of the proton from the N* decay can

11) .

be expressed in the form
W (cos 8) & cos 0de = .
L2 1 1 - 2
p5 5 Sin e + (E'— p3’3) (5-+ cos‘@)
3 d cos 0 d¢ (5)

4n | 2 s -2
Rep3 1 sin2 © cosp ,.RepB -1 sin 9 cos 2¢

S . | @

from which one obtains
: o +1m485)
v (cos €) d cos © = E‘ZTE'(I -!'-'4p3 3)'0032Q;7 d cos © (5a)

,WNf ((P) d‘F’ ~—" Zl Repj’ 1 3 Re3p3 l81n 30_/ de . o (5b)

In this case the p parameters are elements in the spin space density matrix of

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

The parameters Po. o’ pl -1 p3 37 and Rep3 s were evaluated by a maximum
,-1
likelihood analysrs of fhe data based on equations (4) and (5). The parameters

Repl,o and RepS,l were calculated by means of the equations

-
D
Re = sin2 @ cos
pl,o 4.{'—2 < LP/
Rep - .50 {sin2 9O cos?)
3’1 8

The parameters“were first calculated using the samples previously desCribed .
(Samples A). These samples may be biased because in each case some events
(about 120/0) have been taken away from the sample because they are in the
region of the Dalitz plot where the Kx and Nx bands cross. To eliminate this
bias we have analyzed the events in the half of the Dalitz plot which does not
include this crossing region. Thus (referring to Figure 1), the K* events are
anaiyzed in the right half, and the NiE evénts are analyzed in the top half of
the plot. More pre01se1y, we have analyzed the events in the region where the

5)

cosine of the decay anﬂle of the resonance is negative. These samples are
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labelled Sample B, They are iliustrated in Figure 4. The events in these
samples should also obey'equations (4)’and (5), when the data are folded in
such a way ‘that one plots agalnst ’cos G[ rather than cos G, and agalnst
(pmod n rather than ¢ . In all cases the value obtalned for the p parameters
from this reduced sample are in agreement'with the values obtained from the
larger sample. In Figures 6 and 7, the Q'andip’angular distributions fer the
K:f and the Nf, respectively, are presented In each case the data is that of

Sample A, A8 a check, the experimental data for cos QK* and cos ONs was also
6

fitted by a polynomial of the form : y =2 ' ak cos Q, and the'l, probabllltles

compared for different values of k ( 6. The best solution was obtained when a
polynomial of the form y = ao+ a2 co.29 was used, i.e. additional terms with

odd powers of cos 6 or with k » 2 do‘not‘imnrove the‘yf probability of the fit.

_ This. confirms the validity of our a-priori method of analysis.

ThefparameterSEObtained from Samples A and B, as well asbthe finai corrected

12)

values , are shown in Table III,

4. PRODUCTION MECHANISMS

a) Simple one-meson.exchange model

We have analyzed the resonance events under the assumptlon that the pro—
duction mechanism is one-meson exchange. (hxchange diagrams are 111ustrated
-in Figure 8. ) This’ apnroach is suggested by the fact that for hoth reactlons
?(1) and‘(2) the baryon g0€s stroneg backward - relatlve to the incident K

the centre of mass Systém, as can bé seén in Figures 9 and 10.

Inbthe case‘of‘a comblnatlon of pseudo scalar meson and vector meson
exchange, the parameter po o can he ﬁlven 2 s1mplc 1nteroretat10n.' Cons1dering
first reaction (1), K p->K*p, if there 1s plon exchange,'then, since the
particles incident to the K vertex are<0p1nless, ‘the orbital angular momen tum
(,@ ) at this rertex is one, the spin of the KiE Since the component of the
orbital angular momentum in the direction of the incident K (the z—ax1s) must
be zero, the angular momentum of the K rs ‘déscribed’ by the spherical harmonlc
Yi, and the angular distribution of the K° rélative to the K is proportional
to cos29. If there is vector meson exchangze (p, w or?ﬁ), conservation of

angular momentum and parity again allow only £ = 1. This orbital angular
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momentum can couple with the vector meson spin functions Si and Sll, but cannot

couple with So to produce a state of spin one. This gives rise to two terms in

the K matrix element, one proportlonal to Y1 and the other proportlonal to Yll

These terms produce an angular distribution proportlonal to sin @ As a result

the parameter Po.o CBR be interpreted as the fraction of the events which pro-
’

ceed by way of pion exchange. In the case of pion exchange the distribution in
the angle ¢ is isotropic, whereas 1t is generally nonisotropic in the case of

vector meson exchange. Indeed, SP is exactly the angle used in the well-known

13)

Treiman-Yang test for the exchange of & spinless meson. A non—zero value

of pl,—l places an upper limit upon po,o

Poo -2

pl,-ll

a relation which can be derived by imposing the condition that the distribution
function in equation (4) must not be negative. The quantity Repl,o is two
standard deviations away from zero, large enough to suggest that the one-meson
exchange model may not be adequate, but not.se large that one is fofced to

abandon the model.,

The striking feature of the Kx data is that the exchange of a single pion
does not play a dominant role : withii the framework of the simple one-meson
exchange model only 7 % 6 /o of the events can be attributed to plon exchange,
and the data are consistent with the hypothesis that all of the K events pro-
ceed via the exchange of a vector meson. It has been pointed outbby Gottfried
and Jacksonll) that this result does not necessarily indicate that a 1~ meson
is exchanged. it only indicates that the parity of‘the exchanged system is
(-l)J, (J#O), where J is the epin'of'the exchanged system. Assuming the simplest
case of a 1 meson exchange, preliminary results from K+d and K_p interactions

14)

seem to 1ndlcate that the vector meson exchanged in reaction (1) ha° T = O

The productlon_of the N events in reaction (2), K p«é]ViK N cannot
proceed by way of the exchange of a single pion because parity cannot be
conserved at a KKn vertex. It can proceed via the exchange of a vectof meson,
In the model of Stodolsky and SakurailS), which assumes that the N events are
dominated by the exchange of a p-meson in analogy with the magnetic dlpole

photoproduction of the n* the predlctlon is that the angular dlstrlbutlon of

PS/447l/mhg
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the Nx decay should be of the form 1 + 3 coszé', where @' is the angle made by
the decay proton with the normal to “the productlon plane. In general, in the
system in which the z-axis is the rormal of the productlon plane, the angular
dlstrlbutlon, integrated over the az1mutha1 angle, has ‘the same O dependence

(1n terms of a parametel ) as the 9 dependence of equation (Sa)
P55
14 .

' — ) (1 = 1 2 ; ot
W (ces e ) d cos ©&! ﬁ, ('3 (l + dp%’3) + (1 4p3’3)coe e'/d cos .

Figure 11 is the é"distribution for the N% events‘of Sample A, The pre-
dlctlons of the StodolskV-Sakural model for the N° decay parameters are llsted
in Table III

The angular distfibutdons for the N events are in satisfactory agreement
with the theory of Stodolsky and Sakural ‘as can be seen in Table III, The e
distribution is within one standard deviation of ‘the prediction 1 + 3 cos er,
and more than three standard deviations from isotropy. - The @ distribution is
in agreement with the predicted 1 + 2 sinZ? distribution and‘is-fpunfstandard
deviations away from isotropy.

Though we have evidéhéé'ééhééfhiﬁg.fhe determinatien oflthemquantnm numbers
of the exchanged systems, the mass of the exchanged system is not determined.
For both K and N proauctﬁon the dlstrlbutlon in the momentum transfer 'is peaked
at much smaller values than rould be etpected from an unmodlfled one-meson

exchange calculation, For the K production via the exchange of a vector meson,

\
. . 16
the cross-section is™~/

@_QJM@% 1 ,FM%

T 2.2
a@ - 38 qa 4n Mé& (M$’+ Aa) r v

(GV+ GT)

o %7 ZMK- MKx)2_+ A?;ZZ(MK+_MKx)2+ 0% 7+ 28 o°q'% sin’e® (1)

~¢? ¢2 2 5
Z/ 4V + (4T ) : AD J{}
K T 41\1‘1; |

where q and q' are cm, momenta of the.ineidentMKi»and theioutgoing*Kg,

S is the square of the total cm. energy (2.60 GeV), and Gi is the-cm, production

angle, The parameters GV and_GT are the vector and tensor coupling constants

PS/4471/mhg
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for the nucleon vertex, f is the coupling constant for the Meson vertex,

MV is the mass of the'exchanged vector meson, and FV is a form fector (assumed
arbitrarily, to be the same for vector and tensor coupling). When FV= 1 and

MV equals the p mass (.750 GeV), this formula does not agree at all with the
data, as can be seen in Figure 9, If the mass of the vector meson is reduced,
better agreement with the data can be obtained. But the best fit of this type
(corresponding to M = 0.250 GeV) does'not agree very well with the data. Good
agreement with the shape of the distribution is obtained by us1ng MV equal to
the p mass and using a form factor of the type FV(A ) = A /t . Corresponding
to Go= 3. 7 Gy (appropriate for p exchange), a good fit was obtained to the data
for t 0. 56 GeV/c. Corresponding to GT= 0 (apprOpriate for v exchange) an
almost identical solution was obtained for t = 0.70 GeV/c. The magnitude of

2
. . . f :
the cross-section was fitted with GV = 10 and 12 for the G_ = 3.7 G_ and

GT = 0 cases, respectively. This latter fit is shown in Figure ‘9,

For the l\Tx production the cross—section‘corresponding to the Stodolsky-

16)

Sakurai model is

- JLC.L al (3_) (Gz) 1
4 4m (M + MNf) (M + A )

2

v, (2°)

dQ
(8)

- (M= M A
{}-— (4MK + A )‘L(MNx -0 )°+ & _/ MN ; i ) Sq2 q'? sinZQ%} .

MNf

Here, q' is the momentum of the Nx, g 1s the coupling constant at the meson
vertex and G 1is the coupling constant at the baryon vertex., When FV= 1 this

formula is also in poor agreement with the data as shown ig Figure lO A good
2 =A90.,72 GeV/c
) =e %V /e) d-ﬁ;.. = 19,
(4m)2

The quoted values of the squares of the coupling constants have been

fit is obtained corresponding to FV(A

determined with a precision of about 250/0 from a fit to the shape and to the

absolute value of the cross-section.

E) Modified one-meson exchange model

Up to this point the analysis has been made under the assumption that the
reactions under consideration are isolated interactions, unaffected by the other

K+p final state channels. A calculation has been made by Gottfried, Jackson
PS/4471/uhg
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and Svenssonl7);that modifies the one-meson exchange model by including absorption

effects due to competing processes. These effects are most important for small

impact parameters,(low partial waves) and produce an appreciable reduction in

the productlon cross—sectlon and a pronounced collimation of the production
fangular dlstrlbutlon._ The K p elastic scattering datala) was used to determine

the absorptlon in the initial state and from it an estlmate was made for the

absorption in the final states. This modified peripheral model thus attempts

to explain, through the absorption, the observed highly peaked production angular

distribution without the use of the ad-hoc form factors needed in the simfle

one-meson exchange model (a)).

In the case of reaction (1), K+p-9.K$p, a fit to the absolute cross-section
and its angular dependence was attempted by Gottfried, Jackson and Svensson 7).
For this a mixture of pion exchange and vector-meson exchange was taken. Purely
vector-meson exchange gives much too broad a production angular distribution.
The ‘pion exchange amplitude is fixed in absolute magnitude by the K* width
‘and the known nN coupling constant. A solution Was obtained by varying the amount
“of Vector-meSOn (p-or w) exchange, the relative 81gn of the pion and vector
exchange amplitudes, and the ratio of tensor to vector coupllngs in the vector—

meson exchange,

The best solution obtained so far by Gottfried, Jackson and Svenssonl7)

is shown in Figure 9. It predicts a productlon angular dlstrlbutlon that 1s'uw
. much more in ‘agre‘ement with the data than is the predlctlon glvep by_ the s:.mple
one-meson exchange model without any additional form factor, The‘éOIdtionvaiso
glves the decay correlations and, in particular, predlcts the variations of the
K dens1ty matrlx elements as a function of the productlon angle, These: .
variations are represented by the curves on‘Figure 12a. The density matrix
elements reflect the mixture of pion.and‘veotor exchange; for e'xaunpl’e,'po,o
has a sizeable value at zero angle where pion exchange is most important, and

falls towards zero at large angles, as is appropriate for vector exchange.

‘The experimental density matrix elements show the same trends; this can
be seen ‘on Figure 12a; where the events in Samole A have been divided into three

momentum transfer intervals with the following limits (in units of (GeV/c)Z)

1) OOZ(A £0.16

2) 0.16 (A \036
PS/4471/mhg 3) 0.36 < 4% € 0.9
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Table IV shows the values of the p parameters for the events in these three

momentum transfer intervals,

The values for p y P , and Re p , given in Table III, are averages
0,0 1,-1 1,0
over the production angles. They are in reasonable agreement with the theoretical

averages of <p0,0)= 0.13 <pl,—l> = 0,31 and <Repl,o> ='-0.,07.

From the results shown on Figuree 9 énd 12a we sece that for reaction
(l), K+P—6'K¥p, the model of Gottfried Jackson end Svenssonl7) can give a
reasonable account of the absolute cross-sectlon, the angular distribution of
production, and the decay correlations.

+

For the reaction (2), Kp—o
17), using thelr modlfled peripheral model and assuming that the
5)

mechanism is the o exchange model of Stodolsky and Sakural The resultant

N*KO, a similar calculation was done by the

same authors

prediction for the production angular distribution is shown on Figure 10. The
experimental values and the theoretical predictions for the parameters p3 37
| 14
Rep3 1 and Rep3 , &8s a function of production angle are represented on Figure 12b,
[ : I o
& =0, =0, = -0,10.
The preylcted average values of <p3,3) 0.27, <Rep3 l) 0.21 and.(Rep3 1)
agree well with the experimental values. However, the agreement on the varlatlon

of the p prarameters with the production angle is only fair.

CONCLUSION

The K+p—->Kopn+ events for 3 GeV/c K+ are composed of 38 i3 30/0 I\I*K0 events .
and 38 * 30/0 K*p events,

Wi Eoncernlng the production mechanisms of the K and N we found that
a)/in the framework of the simple one-meson exchange model, the angular distributions
of decay for the KEE events are consistent with the assumption that these eévents

are predominantly produced by the exchange of a vector meson, with only 7 = 6 /o

of the events being produced by the exchange of a pion. This vector-meson exchange
nature has also been observed at lower energies. At 2 GeV/c some vector-meson
exchange was notedl9), and for 1.45 GeV/c K it was reportedg) that the ratio of
vector to pseudo—scalar—meson exchange is 1.51 ¥ 0.26. This behaviour ~of the

K p events is in sharp contrast with that of the K p-é)K?N* gvents, which seem

to be dominated by pion exchange2o)’ 21).

PS/4471/mhg
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The N§ decay angular distributions agree with the predictions of the model
of Stodolsky and Sakurai. This was also shown to be the case at lower K+

8), 9).

momenta

For both K§E and N* production, using the simple one-meson exchange model,
one is unable to fit the very sharply peaked momentum transfer distribution
without the use of a form factor of rhe type e—A2/t2, with t equal to about
0.6 GeV/c. The need for a form factor to obtain agreement with the data is by
no means a peculiarity of these reac+1ons or of vector-meson exchange. For

example, such a form factor is also needed in the reaction K p—K N* 20) 21)

b) A comparison between theory and experiment fcr the reactions K+pw9»K*p
end K+p—e.N*KO shows that a peripheral model modified to include absorptlon
effects due to competlng processes, as done by Gottfried, Jackson and Svenssonl7),
can give a reasonable account of the absolute value of the cross-section, the

production angular distribution and the decay correlations.

The absorption of low partial waves provide the collimation of the pro-
duction angular distribution without need of the ad-hoc form factors 1ntroducedﬁw

in the s1mple one-meson exchange model,

To aceount for the production of K in X p_e>K§p, a mixture of pion
exchange and vector-meson exchange was used 7). The pion exchange is fixed in
absolute scale and our results show that a sizeable admixture of vector-meson

exchange is needed to fit the ooserﬁed'production distribution.
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FIGURE CAPTIONS

Figure 1

Figure 2

Pigure .3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9
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A Dalitz plot for the K p—>K°pn' events.

The projection of the Dalitz plot in Figure 1 onto the M2pn axis.

The top curve represents the best fit to the data (corresponding to

the parameters given in Table I). The bottom curve is the contribution
of the general background. The middle curve represents all events

other than the N° events.

The projection of the Dalitz plot in Figure 1 onto the Mén axis,
The curves are as defined in Figure 2, except that the middle curve

excludeé the KiE events.

An illustration of the samples used. The A samples include all
darkened areas and the B samples are the black areas., The cosine
of the decay angle5 is zero along the curved lines_inside the
Dalitz plot.

An illustration of the coordinate system in which the angles @,

@' and ¢ are defined for the Nf(K*) events, The symbols pi and

Py refer to the initial and final state protons. The notation

3 denotes a vector in the direction of the momentum of particle A

A,B
measured in the B rest frame.

Histograms of the distribution in cos © and % for the decay of the
pr events of Sample A. The curves represent the best fit to the

data, namely 1 - 0.76 0032 6 and 1 + 4.3 sinzgp .

Histograms of the distributions in cos @ and in y>for the decay of the
Nx in:tﬁe N*KO events of Sample A. The solid curves represent the
best fits to the data, namely‘l - 0.22 0082 6 and 1 + 1.9 sin2y9.

The dashed curve represents 1 - 0.6 0082 0, the prediction of the
Stodolsky-Sakurai model, For the §¥ distribution the experimental

fit and the predicted curve are almost identical.

Feynman diagrams illustrating the exchange mechanisms which may

characterize a) the K*p events and b) the NfKO events.
A histogram of the cm. angular distribution for the reaction

k- +
K'psKp, Ko Kn.
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Pigure 9 The eurves are according to equation (7) The dashed curve

(contd.) ‘represents no form factor . = 750 MeV, G = 0); the solid
o ¥o GeV/c)2 ¢ 22 T
curve represents (F = vV = 12, MV= 750 MeV,
v Tim)?

GT= O). In addition to the statistical errors there is an
uncertainty of about 100/0 when the values are interpreted as
differential cross-section measurements. The other curve (represented
by X's) is a fit according to the model of Gottfried, Jackson and

Svensson,

Figure 10 A histogram of the cm. angular distribution for the reaction K+p~9NfKo,
. - N#-—) pn+. The curves are according to equation (8) The dashed

curve represents no form factor (sz»l); the solid curve represents

2/0n 2
_ e-A /(0.72 GeV/C) ). As in Figure 9, there is an

estimated systematic error of - about 100/0.4 The other curve
(represented by X's) is a fit aceording to the model of Gottfried,

Jackson and Svensson.

Figure 11 A histogram of the distribution in cos ©' for the decay of the N
in the N*Ko events of Sample A, The solid curve represents the best
fit to the data (1 + 2.4 oos Q'), and the dashed curve represents
the prediction of the Stodolsky-Sakural model (1 + 3 cos 9')

' Figure 12 A graph of the values of the p parumeters as a function of productlon
angle obtalned from the data in bample A for (a) the reaction K D,
and b) the reactlon N K The curves represent the prediction of

the model of Gottfrled Jackson and Svensson.
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TABIE = I~

. ' Parameters that characterize the
Fitted Parameters L . . 1
‘ o o ...}... . experimental distrilujions =
f % : 38 * 3 /o
K
L 0.
£ x 38 = 3°/0
L
M * | 1232 + 6 MeV Pesk of N7 ; 1213 * 4 MeV
5 ; - mass spectrum’ ’ ' :
i e . 891 %3 MeV Pesk of K* | 889 + 3 MeV
: : S mdss spectrum B '
FN* 125 30 Mev Width &t half-height | 86 * 12 MeV
' : : of Nx,mass spectrum :
ﬁK%‘~” |47 £ 4 MV - | “Width at half—height”wl“'“46“i 4 MeV
of K% mass spectrum

Maximum likelihood solutions and defifed)pafameferé from

the” analysis of the Déiité'ploi pbpﬁiéﬁioﬂ'oflthe>Kobﬁ+'efents.

.« e s feoaiu . .
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TABLE 1II
P cn Kon+p K*p, Kx—QKOn+ NEKO, Ni—e pn+ . | Ref,
(gev/c) | (GeV) (mb) (mb) (mb)

910 | 1.745 | 1.98 % .2 - 1.9t .2 a
1.14 1.849 | 4.6 £ .3 | 0.9% .3 3.6 1.5 b
1.45 2,00 | 4.9 £.2 |2.1%.,2 2.8 1 c

©1.96 2.225 | 4.6 f .6 ~1.,5 ~3 d
2.97 2.60 2.1 .3 0.8 % .1 0.8+ 1 e
3.45 2,718 | 2.2 £ .3 |o0.8%.1 0.8 .1 f
4,97 3.24 | 1.0 ¥ .2 [03% .1 0.3 = .1 §
a)" B, Kelioe, Phys.Rev.Letters 11, 95 (1963).
b) B. Boldt, J. Duboc, N,H. Duong, P. Eberhard, R. George, V,P., Henri,
F. Levy, J. Poyen, M, Pripstein, J. Crussard and A, Tran,
Phys. Rev. 133B, 220 (1964).
¢) G,B. Chadwick, D.J. Cremncll, W.T. Davies, M, Derrick, J.H. Mulvey,
P.B. Jones, D,.Radojicic, C.A. Wilkinson, A. Bettini, M. Cresti,
S. Limentani, L. Peruzzo and R. Santangelo, Phys, Letters 6, 309 (1963),
and private communication from D.H. Locke,.
d) S. Goldhaber, Report presented at the Athens Topical Conference on
Recently Discovered Resonant Particles (1963).
e) Present paper =
f) Present authors' preliminary results and paper presented at the 1964
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International Conference on High-Energy Physics at Dubna.
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TABLE III
Parameter | Range Sample A Sample B Cdrrected Stodolsky-
value Sakurai
prediction
- 0, 1 0.11 * .05 0.11 = ,06 0.07 £ .06 -
A ) : S .
oy 1 S -1/2, 1/2 | .0.34 .04 | 0.31.% .06 | 0.32 % .06 -
’
Re py -1/2 V2, |-0.05 % ,04 | -0.09 % ,05 |-0.10 * .05 -
1/2 /2
T 0, 1/2 | 0,29 % ,05 | 0.27% ,06 | 0.28 % .06 0.375
2
d i - i- . » i . .
Re P51 |67 ,/374 0.21 £ ,04 | 0.21%£ .05 | 0.21 % .05 0.216
Re o5 | | ~B/4./3/4| 0.01% .04 | 0.04% .05 | 0.04% .05 0
’
Pl 0, 1/2| 0,03 * .04 | 0.05 % .06 | 0.05 % .06 0
’

PS/4471/mhg
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TABLE IV
A2 intervals K+p~—) Kfp K+p —-—)NiKO |
2
(Gev/e) 0,0 b1,o1 | Reep g |less [ Rees R
0.02 - 0.16 |0.15%0.11 ! 0.23+0.09 |—0.06i0.06 0.200.08 | o.zsio.OBl 0.12%0.08
0.16 - 0.36 o.14io.o9,, 0.40%0.07 |-0.035%0.06 || 0.4120.04 | 0.12%0.07|-0.0240.07
0,00%0,06 | 0.4120.07 | 0.00%.08 .o.22io.o7: 0.28%0,07|-0,05%0.07
| )

0.36 - 0.9

@

PS/4471/mhg
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