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THE ABSORPTION MODEL WITH STRANGE-MESON EXCHANGE* 

Stanley M. Flatt€ 

Lawrence Radiation Laboratory 
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September 21, 1966 

ABSTRACT 

We have analyzed over 9000 K-p-Aw- (p'TT-) ('TT+'TT-'TT 0 ) events 

in four momentum regions between 1.2 and 2. 7 Be V /c. We have sys

tematically determined the differential cross section and the eleven 

independent decay-correlation parameters as a function of production 

angle for each of the four momentum regions. A striking forward peak 

in the differential cross section at out highest momentum, 2.6 Be VIc, 

suggests the appearance of strange-meson exchange. Using a new 

formalism for the absorption model, we show that the behavior of the 

differential cross section and the decay-correlation parameters at 

2.6 BeY I c as a function of production angle is qualitatively explained 

* by the absoq>tion model with K and K exchange. Using available data 

on K-p -Acj> at 2.6 BeVIc, we show that the absorption model also 

explains the behavior of K- p - Acj>, and that the comparison between 

the couplings of K-p - Aw and K-p-Act> is in reasonable agreement 

with SU(3) predictions. 
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I. INTRODUCTION 

A. Historical Note 

Itt quantum electrodynamics both photons and charged particles 

provide the forces of interaction; in strong interactions, therefore, it 

is thought that the forces are created by the exchange of mesons- and 

baryons, the known strongly interacting particles. 

The attempt to put this philosophy into practice has led phys-

icists down many paths; simple field theory, a direct translation frorn 
. . 1 

q. e.; S-matrix theory and bootstrap dynamics, based on the analy-

ticity requirements of amplitudes; Regge poles, 
2 

involving analytic 

continuation in angular momentum variables; a.nd lately, the absorp

tion model, 3 a more specialized approach with limited application. 

In all these approaches, exchanges may take place in either the direct 

channel (resonances) or in crossed channels (meson or baryon ex

changes). The absorption model, which is our concern in the body of 

this paper, deals most successfully with meson exchanges. 

The absorption model has its motivation in the simple Feynman 

diagram of Fig. ia. The basic contribution of the model is the addition 

of the diagrams of Fig. ib involving elastic scattering in the initial 

and final state. Although the foregoing explanation appears to put the 
. 4 

absorption model squarely under field theory, Ball and Frazer have 

used S-matrix language to justify the basic equations of the model, at 

least for pseudoscalar exchange. The model has bee·n applied with 
5 - - * reasonable success to 1T p- p p, Kp- K p, and many other reac-

tions involving pion and nonstrange vector-meson·exchange, as well - - * .>:< .· 5 
as K p- 1T Y 

1
, involving K exchange. Here we apply the absorp-

- - >l< 
tion model to K p - Aw and K p- Acf>, which involve K and K exchange. 
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B. Summary of Results 

We have analyzed over 9000 K-p- A.w- (p1T-) (1T+1T-1T0 ) events 

in four momentum regions between 1.2 and 2.7 BeY/c. We have sys

tematically determined the differential cross section and the eleven 

decay-correlation pa!ameters as a function of production angle for 

each of the four momentum regions. In this section of the Introduction, 

we will indicate our line of thinking as to the implications of our- results. 

Figure 2 shows the total cross section for K-p- A.w as a 

function of beam momentum. We note that there are no striking res

onance phenomena; the cross section rises from threshold and falls 

smoothly in the usual manner for inelastic reactions,- at least within 
>:< 

our statistics. There is a known resonance, Y
0

(21.00), with correct 

quantum numbers for decay into Aw. A laboratory K- momentum of 

1.. 7 BeV/c corresponds to a center-of-mass energy of 21.00 MeV. We 

can set an upper limit for the branching ratio into A.w: 

* Y 
0

{21.00)- A.w 

Y ~'(2100)- all 
< 0.1 . 

Now it is perfectly possible that there are other resonances in this 

region, and it is even possible that an extremely careful analysis of 

the data could give some indications of them, but the separation of the 

data into smaller energy int~rvals would reduce the accuracy of the 

measurements, because of poor statistics, to such an extent that con

clusions could be drawn only with difficulty. 

If we focus our attention on the production-angle distributions, 

Figures 3 through 6, we see that only very low partial waves are needed 

to explain the 1..5-, 1..7-, and 2.1.-BeV/c data, but a very striking for

ward peak appears at 2.6 Be V /c. This peak could be caused by the 

interference of high-partial-wave amplitudes coming from some direct

channel activity (see Fig. 7a); we prefer to interpret it as most forward 
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peaks in interactions around this energy have been interpreted- -as 

the' effect of poles in the crossed -channel (see Fig. 7b); in our case, 

strange -meson exchange .. 

A broad peak in the differential cross section also appears 

near the backward direction at 2.6 BeV/c (Fig. 6). _Fried and Taylor 

have interpreted similar data at 3 Be V /c as a manifestation of nucleon 

exchange. 6 While this explanation is possible, the_ smooth variation 

of the production-angle distribution from 1.5 through 2.1 Be V /c makes 

it seem similarly plausible that the hump at 2.6 BeV/c (and, presum

ably, the one at 3 BeY/c) is simply a continuation of low partial-wave 

behavior associated with threshold and resonance effects. 

Hence we systematically present our data at all momenta, 

believing that the data represent the effects of threshold and perhaps 

some resonance behavior, except for the striking forwardpeak at 

2.6 BeV/c, which we associate with strange-meson exchange. 

·Before we consider the absorption model, we should discuss 

why we did not apply any Regge-pole analysis to our data. Briefly, 

our data are at too low an energy. The requirement that a Regge

pole approximation be valid is usually expressed in terms of coset. 

wher~ et is the "production angle" in the crossed channel. Since et 
is an unphysical a~gle, lcosBtl is greater than 1; the validity crite-

1 . 

rion is I coset I >> L (At least, plead the advocates of Regge poles, 

have lcosBtl ~ 5.) At 1.5 BeV/c in K-p ..... Aw, we have lcosBtl 

between 1.0 and 1.5; at 2.6 BeV/c, we almost, but not quite, reach 

I coset I = 3. Hence it would have very little meaning to apply Regge 

poles at our energies. It is the absorption model that has had success 

at these energies. 

We use a new formalism for the absorption model developed 

by R. Huff, 7 in which a linear -momentum representation is used 

instead of the usual angular -momentum representation involving 

partial-wave decomposition. We show that; 

1. The absorption model has excellent success in fitting 

the differential cross section and .qualitative success in fitting the 
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decay parameters of K p _.. 1\.w at 2.6 BeV /c in the forward direction. 

2. Where it is not applicable, namely the lower momentum 

regions, the absorption model fails to give reasonable fits. 

3. The K-meson-exchange coupling determined in an uncon

strained variation of parameters· is in remarkable agreement with the 

SU( 3) prediction, and the K*-exchange couplings ·are of a reasonable 

order of magnitude. 

4. The reaction K-p-+ 1\.<f> at 2.6 BeV/c in the forward 

direction is als.o reasonably well explained by the absorption model, 

* and the comparison of the K- and K -exchange couplings determined 

fo' !·~- p -+ 1\.<f> with those determined for K-p -+ 1\.w is in agreement 

with SU( 3). 
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II. ANALYSIS OF THE DATA 

A. Introduction 

- - + - 0 Approximately 9400 events of the reaction K p ... Aw- (prr )rr rr rr 

have been identified in a K- exposure of the 72 -in. hydrogen bubble 

chamber. The momentum settings ranged from 1.2 to 2.7 BeY/c. 

Figure 8 shows the beam-momentum spectrum for 32 000 events of 
- + - 0 the type K p-+ Arr rr rr . Since the cross section for the reaction 

- + - 0 
K p - Arr rr rr is changing in this energy region, Fig. 8 does not 

reflect the relative amount of film taken at the various momenta. 

Table I summarizes the data taken at each momentum setting in terms 

of the number of events per millibarn of cross section. 

The bubble chamber was exposed in two different runs, with 

the use of two entirely different beam configurations. 8 • 9 The method 

for identifying the de sired events in the first run, designated K 72 and 

with beam momenta from 1.2 to 1.7 BeV/c, has already been given in 

a previous publication. 10 The analysis of the second run, designated 

K63 and with beam momenta from 1. 7 to 2. 7 BeV/c, is given in detail 

·here. For the reader's convenience we include the important param

eters of the first run where they are of interest. 

B. Scanning and Measuring 

The film was scanned once and the events found were me as

ured. All V + two-prong events were fit to the following hypotheses: 

- + -K p-Arr rr ( 1) 
+ -

J\ 'IT TT TT 
0 

(2) 

AK+K- (3) 
0 + -

~ TT TT ( 4) 

~°K +K- (5) 
- :-::--0 prr K ( 6) 

prr- rr ogo ( 7) 
+ -Ro nrr rr , ( 8) 



·---·' 

I 

-6- UCRL-16648 Rev. 

where the !: 0 always decays into 1\..y, 1\.. decays into pTT-, a'nd K0 decays 
. + -1nto 11' 11' • 

V + two-prongs are fitted to hypotheses ( 1) through ( 8) in two 

steps. First, the neutral V direction is taken to be the line connecting 
.. ~ 

the pr'in'lary vertex to the vertex of the V, and the Vis fit to two hypoth-
- -o + -eses, 1\.. .... pTT and K - 1T 11' • These are three-constraint fits. For 

x2(A) < 32, reaction hypotheses ( 1) through (5) are tried; for x2(R0
) < 32, 

reaction hypotheses (6) through (8) are tried. For x2(A) and x2(R 0 ) each 

less than 32, all production hypotheses are tried; in this case if an 

acceptable x2 is obtained from some production process for both inter

pretations of the V, the event is classified as ambiguous between A and 

K 0 production. The percentage of ambiguous events varied from 2.2% 

at 1. 7 BeV/c to 6. 7% at 2.6 BeV/c. (In K72 the percentage varied from 

1.2% at 1.2 BeV/c to 2.5% at 1.7 BeV/c. The two independently ana

lyzed samples at 1. 7 BeV/c thus agree.) Most of the ambiguous events 
10 are 1\.. events·. 

We must now consider how to separate type -2 events from 

those of types 1, 3, 4, 5, and 6. Events that simultaneously fit reac

tions (2) and ( 1) or (3) constitute less than zo/o of the sample which fits 

( 2). Consequently the J\..1r + 1T-1r
0 events are free from contamination by 

ATT + 11'- or 1\..K+K- events. The task of separating the other reactions 

is not so •simple. Since they ray and the 1\.. of (4) and (5) are con

strained to have the !: 0 mass, reactions (4) and (5) are two-constraint 

fits, while reaction ( Z) is a one -constraint fit. If our measurement 

crro·rs were properly estimated and were free from systematic errors, 
2 ' the mean value of X (production), for events that are truly of the type 

being fitted, would be equal to the riumber of the constraint class. 

Actually our errors are underestimated, so that this equality does 

not hold in generaL Nevertheless, a confidence level is calculated 

for each hypothesis. Events are accepted as being a particular reac -. 

tion if the confidence level for that reaction is greater than the con,;· 

fidence levels of all other hypotheses and the confidence level is greater 

than 0.005. If all confidence levels are less thari 0.005, the event is 

classified as a failure. 

• 
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The failing rate for first measurements is not small (between 

30 and 40%) and therefore events that have failed are measured a sec

ond time, and sometimes even a third time. Both second and third 

measurements have about a 50o/o failing rate. 

C. Scanning and Measuring Biases 

We must now consider. the possibility that the loss of events 

due to scanning and measuring errors has biased the angular distribu

tions in which we are interested. 

1. Scanning Biases 

We have checked for two possible scanning biases. 

a. Opening angle of the A. The direction of the pion in the A 

rest frame makes an angle~ with respect to the direction of the A in 

the laboratory. (The A laboratory direction remains the same when 

transformed to the A rest frame.) If the scanr'iing contains no biases 

against certain opening angles, then the distribution of cos ljJ should be 

flat. ·Figure 9 illustrates the distribution of cos~ for 1. 7 BeV/c. The 

other momenta have similarly flat distributions. 

b. A length cutoff. An event in which the A has decayed 

within a few millimeters of the production vertex is difficult to dis

tinguish from a four .. prong event. The distribution of the length of 

the A, shownin Fig. 10 for 1.7 BeV/c, deviates from the expected 

approximate exponential at 2 or 3 mm and less. To check whether 

this causes a bias in angular distributions for K -p ....,. Aw we have com

pared the center-of-mass (c. m.) pr'oduction-angle distribution for 

events with 750 MeV< M( 'IT+ 'IT- '11'
0 )< 810 MeV at 2.6 BeV/c with a 

production-angle distribution obtained from the same events in the 

following way: All events whose A went less than 2 mm in the labora

tory were discarded, and each remaining event was weighted by the 

factor exp (x/rycT]. where xis the Alength cutoff (2 mm), ry is the lab

oratory momentum of the A in BeV /c divided by the mass of the A in 

BeV /c 2 and T is the mean life of the A. It should be noted tha~ at 

2.6 BeV/c and below, the A is constrained to the forward 45-deg cone 
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in the laboratory. We have chosen 2.6 BeV/c as our sample because 

two reasons indicate that the bias should be worst at the highest momen

tum; first, the A can go slowest in the laboratory, and second, the 

correction is lat;gest for A's that go backwards in the center of mass 

and the 2.6-BeV/c production-angle distribution is sharply peaked in 

the backward direction (forward direction for the three-pion system). 

Figure 11 shows the unweighted distribution with the weighted points 

shown as boxes. The corrections are within the error bars, and it 

should be remembered that when background is subtracted, the esti

mated errors will increase. Since the decay correlations will be much 

less affected by this bias than the production-angle distributions, we 

have not weighted events in any of our analyses of angular distributions. 

No scanning biases relating to the two prongs in the V + two

prong events have been discovered. 

2. Measuring Biases 

Possible measuring biases due to the large failure rates in 

first and second measurements have been investigated in the following 

way: Angular distributions for events which passed the first measure

ment are compared with those that failed the first measurement but 

passed the second. Figure 12 shows the production-angle distributions 

for two such samples. No significant differences are noted. Twice

failing events have been scanned and no obvious biases were detected. 

D. Ambiguities 

Among the 6300 events in the K63 run whic.h fit K-p-+ Arr + rr -lTo 

and have a M( lT + rr.,. 1r0 ) in the w region, there are undoubted! y a small 

number of events that are really of other reaction types. However, 

there is no reason to suppose that these events create a peak in the 

mass spectrum near the w mass, which might be confused with thew. 

Since ambiguities are known to constitute less than 10% of the Arr ~ rr- 1r 0 

sample, the contamination of other reactions in the w region is less 

than 10% of background, and therefore is negligible. (Of course, we 

believe that the contamination from other reactions is much less than 
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this 10% ambiguity percentage because we think we have estimated 

confidence levels reasonably well. The upper limit considered here 

is nevertheless satisfying.) We have further reduced the effect of 

any background by the subtraction technique outlined in Section III. 

E. Total-Cross -Section Determinations 

Total cross sections in the K 72 run have been published. 11 

The values are listed in Table I. 

In the K63 experiment total K path lengths hrve been deter

mined by Lindsey and Smith 12 at all momenta except 1. 7 BeV /c. We 

determined the path length at 1. 7 BeV / c by counting T decays of the K

in the same manner as they. 

If we divide the total number of good events in a certain fidu

cial volume that come through the system at a particular momentum 

setting by the path length at that momentum we will obtain a total cross 

section for the reaction we are studying. The number we obtain, how

ever, needs several corrections. 

1.. Scanning Inefficiency 

We obtained the scanning efficiencies by scanning the film a 

second time and comparing the list of events found with the list of good 

events whose A has a length greate.r than 5 mm. (We correct for A 

length cutoff separately, and we would not want to do it twice.) Good 

events are those that were found on the first scan and that fit the 
- + - 0 hypothesis K p-+ ATT TT TT • Then the scanning efficiency is (number of 

good events found on the second scan)/(number of good events). The 

scanning efficiencies varied from 94 to 97%. {In K72, the scanning 

efficiencies varied from 94 to 98%.) Table II lists scanning efficiencies. 

2. Measuring Inefficiency 

We calculated an effective measuring efficiency by computing 

'!: rates (number passed/number measured) for first, second, 

:u1d llti rd measurements, and using these numbers to project the fail

ing and unmeasured events through third measurement. Of 120 000 

V +two-prong events in K63, 79 000 have passing measurements, and 
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21 000 more would pass if we completed the measuring program 

through third measurements. It might appear that 20 000 events are 

unaccounted for. However, twice -failing events were scanned, and 

it was discovered that about 50% of them were not V +two-prong 

events. Projections show that 23 000 events should fail twice and 

thus we know that in our sample about 12 000 events are not V + two

prong events. We have therefore accounted for all the V +two-prong 

events to within 6%. 

Table II lists correction factors that must be used to multiply 

the number of passing events to obtain the true number of events of a 

particular reaction. 

3. A Length Cutoff 

The distribution in proper time (length/momentum) for the 

A.'s in our sample, which we expect to be an exponential with decay 

corresponding to the mean life of the A., is seen to drop in the region 

of short times. We account for the missing events at both ends of the 

time spectrum, and find corrections of 4 ± 3% at 1. 7 BeV /c, 5 ± 3o/o at 

2.1 BeV/c and 5 ± 3% at 2.6 BeY/c. 

4. Dalitz Decay of the '11'
0 

The '11'
0 from w decay will give a Dalitz pair at the production 

vertex 1.?5% of the time. The event would then be a V +four-prong 

event and hence would be lost to our V + two -prong sample. We must 

increase each cross section by 1.25% to account for this effect. 

Total cross sections are given in Table I and in Fig. 2. 

After considerable analysis we have obtained an unbiased 

group of events of the type K -p - A.w- A.rr +'IT -'ITo, and the normalization 

needed to obtain total cross sections is well understood. 

~-
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III. RESULTS OF THE ANALYSIS 

A. Introduction 

We are considering K -p- A.w events in which thew decays 
+ - 0 -into rr rr rr and the A. decays into prr . There is an extremely large 

amount of data contained in every event of this type; our problem is 

to pre sent the data in a useful and uncle rstandable Jorm. 

First we define the variables (vectors, such as the decay 

pion momentum from the A; and scalars, such as the c. m. energy) 

which characterize each event and which can vary from event to event. 

The differential cross section can then be expressed as a function of 

these variables in a simple way. The parameters of this function 

express concisely our knowledge of the reaction. (For example, one 

may express the knowledge of an angular distribution by giving only the 

coefficients of the Legendre polynomials in the expression for the angu

lar distribution.) 

B. Definition of Internal Variables 

In the c. m.. system, illustrated in Fig. 13, we use as varia

bles the c. m. energy E and the production angle e, defined by 

case=~· dl~ll~l· 

We obtain all rest-frame quantities by first transforming to 

the center -of -mass system and then to the rest frame in question. 

Unit vectors defined in thew rest frame are: 

n = normal to the 

N = normal to the 

' - + 
plane of the pions from the w decay (! X ! ). 
production plane ~ X~ (defined in the c. m. frame 

and unchanged when shifted to the wrest frame). 

X, Y, and N = an orthogonal set of axes defined by the production 

process(e.g., ~ 1 • ~x~ 1 • N). 

Unit vectors defined in the A. rest frame are: 

rr = direction of the pion from the A. decay. 

N = normal to the production plane (same as in w rest frame). 

X 1, Y 1, and N = an orthogonal set of axes defined by the produc ti~:>n 

process (e. g., 9-t• ~X ~1 ; ~). 
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C. Expressions for Cross Sections 

Byers and Yang 13 and Berman and Oakes 14 have exhibited 

the general dependence of this reaction on the angles formed in the 

decays of the final-state particles, given an unpolarized target. Huf£ 15 

has also discus sed this reaction. Ademollo and Gatto 16 treated the 

production characteristics of reactions of this type by means of a 

density-matrix formalism; such a treatment is the connecting link 

between the correlations in this section and the production amplitudes. 

Of course, the spins and parities of the wand A are taken to be 1 and 

1/2 +, t• 1 w h . d d f h respec 1ve y. e may express t e enhre epen ence o t e 

cross section on internal variables as 

5 [ 2 2 2 2 d u = F 1(~·~) + F 2(~·~) + F 3(~· ~) + F 4(~·~)(!:·~) + F 5(!:·~) (!·~) 
2 2 

+ F 6(~·~) (~:!:fl + F 7(~·!:> (!·~) + F 8(!:·~)(~·r)(!·~) + F 9(~·!:ll(!:·~)(~ ~') 

+ F 1 0(!!' !:!')( ~· X'l(!• ~ 0 ) + F 11 ( !!" !:!')( ~·~)(!·X'') + F 12( !!" !:!'l( ~·X'><':: X'')] 

· [-
3

- dO dn dcose] • 
( 4tr)2 TT !: 

Each F. is an unknown function of E and cos 8, and depends on the 
1 

dynamics, of the process. 

It is convenient to introduce another parameterization of the 

cross -section formula: 

with the subsidiary condition f
1 

+ f
2 

+ f
3 

= 1, which is the normalization 

condition after integration over the two solid angles involved. By this 

parameterization we have provided a convenient normalization for the 

dependence of the cross section on the decay angles of the A and w. 

Thrlt is, the dependence of the cross section on the decay angles (which 
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means the dependence on the spin alignments of the A and w) is con-· 

tained in the {f.} in the form of a probability density whose integral 
' 1 

is 1. Thus we have 

du = jnrr Jnn d5u 

= C(E, cos 8) d cos o]J~ 1(!!; !;!) 2 
+ · • •] ( 4 ~) 2 

= C(E, cos 8) d cos 0. 

dO dO. rr n 

Thus C(E, cos 0) is the differential cross section, integrated over all 

decay angles, of the reaction taking place at a given E and cos 8. 

The total cross section is given by 

<TT = fc(E, cos 0) d cos 0. 

D. General Model 

At this point we might tabulate du/d cos 8 and the set of f. as 
1 

a function of E and cos 0. However, we still face the problem of 

choosing the vectors ~·· :!_'and~· :!_ in the A and the wrest frames, 

respectively. If we could do our experiment at a unique E and a unique 

0, then, in each frame, any choice would be related to any other by a 

simple rotation around the normal. However, since we must average 

over regions of E and cos 8, it behooves us to choose our axes care

fully~ The choice is determined by the characteristics of the model 

being tested. 

Most current theories have as a basis the idea of exchanged 

particles, as expressed, for example, in Feynman diagrams or uni

tarity graphs. Figures. 7a, b, and c represent exchanges of the least

massive particles allowed in the three possible channels in Kp -+ Aw-

the s, t, and u channels. With this model the correct choice of axes 

is apparent. In the u channel the appropriate axes in the w rest frame 

are ~ 1, ~X "f 1• and ~· and in the A rest frame they are S.t• ~X g1, 
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and N. In the t channel, the two sets are g_
1

, ~X g_
1

, and ~· and 

~ 1, ~X~ 1, and~· In the s channel we have 1.:2 , ~X ~2 , and ~and 

g_z. ~X ~2 , and~· In this article we concern ourselves, in the sec

tion on the absorption model, with t-channel exchanges of pseudoscalar 

and vector mesons. We therefore tabulate our data with the {f.} 
1 

determined with axes appropriate to the t channel. We iterate that 

the {fi}, if they were obtained at a unique E and 0, would be related 

to the u and s channel {f.} by a simple rotation. 
1 

E. Experimental Calculations 

The quantities da/dcos fJ and <TT were obtained by a simple 

-counting of events in a given region of E and cos e. The only problem 

here is background subtraction, which is discussed in the next section. 

The maximum-likelihood technique was used to defermine. {f.}. 
1 

For each event we have a probability density that is a -function of the 

twelve f., 
1 

2 2 2 
p k = f {~ . ~)k + f 2 <.~ . ~ )k + f 3 (!! . .! )k + ... , 

where the vectors have been evaluated for the particular event, as the 

subscript k indicates. 

For a sample of N events, the likelihood is, 
I 

:::--r = ~ p 
~ k=1 k 

We maximize o(_by maximizing 

N 

ln o(_ = L ln Pk. 

k=1 

We vary only eleven of the parameters {f.}, since there is one con-
1 

straint. Only one extremum can exist for our likelihood, and it is a 

maximum. Both of these facts. are a consequence of the linearity of 

Pk as a function of the parameters {f). 
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F. Background 

If we look at the three -pion mass spectra in the reaction 
. + - 0 Kp - 1\. rr rr rr , we see a prominent w peak (see Figs. 14 through 17). 

Under this peak we also see a significant background, which we judged 

from the regions adjacent to the peak. By sketching a curve through 

the regions next to thew peak, we estimate the number of noh-w events 

in the region of the three-pion mass between 750 and 810 MeV. We 

assume that the remainder in this region represent events of the reac

tion Kp - 1\.w. 

Let us call the 750- to B10-MeV region thew region, and the 

two regions 690 to 750 MeV and 810 to 870 MeV, combined, the con

trol· region. Let NB be the number of background events in the w 

region, and NC the number of events in the control region. We are 

dealing with a spectrum at a given E. To find the number of w events 

Nw in a certain region of cos fJ, we·use Nw = N - ( NB/Nc) (M), where 

N is the number of events in the w region and in the region of cos() 

under discussion, and M is the number of events in the control region 

and in the region of cos() under discussion. 

Treating background in determinations of {f.} is only slightly 
1 

more complicated. The {f.} for events in the w region is determined 
1 w 

with the technique described in Sec. E, and another set {f.} is deter-
. 1 c 

·mined for the events in the control reg ion. Both sets are normalized 

to a total integral of one, so that the expression for the {f.} for the 
1 

w events is 

G. Errors 

The errors on cross sections are treated in the usual manner 

for counting experiments. The errors on the f. are more complex. 
1 

The maximum-likelihood routine we .used yields an error matrix 

(obtained from inverting the second-derivative matrix) for the eleven 
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f. that were varied in the search. Thus we have all the correlated 
1 

errors, and since the twelfth parameter is a function of the other 

eleven (f
1 

= 1 - f
2 

- £
3

), we may find its error correlations also. 

When we list the error, uf , for an f., we are listing the square root 
i 1 

of the diagonal element of the error matrix corresponding to that f. . 
. 1 

Thus the error matrix is 

lor. or.) = 1 
2 [N

2 lof. or. ) -(~ )
2 

lor. Of. )] 
'\ 1 J < N > '\ 1w Jw 1~c \: 1c JC 

w . 

and 

Because of space limitations we have provided only the error matrices 

for the forward direction at 2.6 BeVIc. 

H. Presentation of Data 

Figure 8 shows that our data lie in fou.r distinct regions of 

c. m. energy. The exposures at 1.95 and 2.41 BeV do not comprise 

enough data to meaningfully determine the many parameters of the 

angular distributions. Therefore we have separated the data into 

four sections corresponding to the beam momentum settings 1.2 to 

1. 5 Be VIc, 1. 6 to 1. 7 Be VIc, 2. 1 Be VIc, and 2.4 to 2. 7 Be VIc. Fig

ure s 3 through 6 show the distributions in production angle for each 

of the four regions. Figures 18 through 21 as well as Tables III 

through VIII give the decay correlations {f.} determined in many 
1 

intervals of production angle for each of the four regions. Thus Figs. 

3 through 6 and 18 through 21, along with the total eros s sections 

shown in Fig. 2, present the entire range of knowledge available about 

this reaction in our experiment, and in fact represent the entire extent 

of the information obtainable about the production mechanisms in this 

reaction from film of a bubble chamber with unpolarized protons. , 

,. 
!I 
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IV. THEORY OF THE ABSORPTION MODEL 

A. [ntroduc tion 

Reactions involving two particles in the initial state and two 

particles in the final state generally show a peaking at small momen

tum transfers, or equivalently, at forward production angles, at least 

at energies large enough to avoid threshold effects. The characteristic 

dominance of small production angles has been explained on the basis 

of long -range forces- -the one -particle -exchange model. 17 ( Se~ Fig. 

ta.) However, the quantitative calculation of the appropriate Feynman 

diagrams generally results in a production-angle distribution that it 

not as forward-peaked as the data and in a cross section that is larger 

by an order of magnitude than the data. One can say equivalently that 

the theoretical prediCtions with low partial waves removed would fit 

the data. 

A natural explanation for a dearth of low partial waves is 

absorption. That is, more complicated reactions go through small 

impact parameters and thus compete with the two-body final state in 

low partial waves. This competition effectively reduces the low partial

wave components of the two -body final state. The absorption model is 

a quantitative treatment of the foregoing idea. 3 

B. Formalism 

7 We use a formalism developed by Huff, which uses a linear 

momentum representation rather than the more usual impact-parameter 

(angular momentum) representation. Since Huff's results have not been 

published, we briefly outline his methods and equations. 

First we must find the amplitudes for the Feynman diagrams 

corresponding to Fig. 1a with particle e being either a K or a K* 

meson. These amplitudes are called the Born amplitudes. Let B .. 
* lJ 

be the Born amplitude taking into account both K and K exchange 

where the initial proton has helicity plus, the final w has helicity i, 

and the final A has heli"city j. The amplitudes for an irtitial proton with 
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helicity minus a~e related to the B .. by parity conservation. Then the 
lJ 

six independent Born amplitudes are given by: 

B++ = c 1 {(C_/.J2)p2 m 3 sin0} 

+ G 2 {- ( C +/ rJ2) Q 2 - tJ2 D + Q 1 - .JZD _ E c. m. p 2 p 4 sin 0 [ ( m 2 + m 4 ) /a ]} 

+ G3 {..f!D _ Ec. m. p2 p 4 sin 0 (m2 + m 4 ) -
1

} 

B -+ = c-1 { -(C _/~) p 2 m 3 sin 0} 

+ G 2 {( C +/..J2) a 2 - ,JZn + Q 1 -,.fZD _ Ec. m. p 2 p4 sin 0 [ (m2 + m 4 )/a]} 

+ G 3 {.J2D_Ec.m. p2 p4 sinO(m2 tm4 )-
1

} 

B+- = G 1 {(C+/.J2)p2 m 3 sinO} 

+ G 2 {(C_/~)0 2 -.J2D_Q 1 +.JT'D+Ec.m. p2 p4 sinO[(m2 tm4 )/a]} 

+ G 3 {-,.J"ZD+Ec.m. p 2 p 4 sinO(m2 tm4 )-
1

} 

B __ = G 1 {-(C+/.J21p2 m
3 

sinO} 

+ G2 {-(C_/...[2)a2 -.J2D_Q 1 trzD+Ec.m. p 2 p 4 sinO[(m2 tm4 )/a]} 

. -1 
+ G 3 {-,J"TD+Ec. ~. p 2 p4 sm0(m2 tm4 ) }, . 
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where: 

+ - - + 
G = G(wK K ) G(pK A) (ZA) 

1 2 ,.... 
41T(~ - t) 

G(wK+K*-) GT( pK*+ A) 

G3 = 2 13 
41T(~* - t) 

1 1 . 
0 1 = 2 [Ec.m. (E2 +E4)- Za + Zm2 m4J 

- [(m1 +m3)/a) Ec.m. (m2E4 +m4E2) 

a= 2E
2

E
4 

+ 2m
2

m
4

- 2p
2

p 4 cos8 

cos e = p • p., 
-1 -£. 

2 2 1/2 
E.=(p.+m.) • 

1 1 1 

UCRL-16648 Rev. 
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Here the p. with i = 1, 2, 3, or 4 correspond to the c. m. momenta for 
:...J. 

the K -, p, w, and A respectively; E is the total energy in the c. m. 
c. m. 

system, and the coupling constants G(abc) are as defined by Jackson 

and Pilkuhn. 18 

The differential cross section in terms of these Born ampli-

tudes is 

du an= 1 

4(E )2 
c. m. 

L 
q 

i, j 

where q and q' are the c. m. momenta in the initial and final states, 

respectively. 

We agree that the B .. are not the correct amplitudes for the 
~ * reaction K -p .... Aw even if this reaction takes place only by K and K 

exchange. The Born amplitudes must be modified by absorption. 

The basic formula relied upon to correctly give the amplitude 

A .. is, in matrix form, 
lJ 

( 1) 

which is the high-energy equivalent of the distorted-wave Born approx

imation. 19 The Si (Sf) is the S-matrix element for elastic scattering 

between the two particles in the initial (final) state. In other words, 

this extension of the distorted-wave Born approximation is equivalent 

to including in our calculations the Feynman diagrams represented in 

Fig. 1b. Omnes 20 has asserted that this equation is not valid in high

energy peripheral collisions involving low partial waves. However he 

admits that the general effect of the modification to the Born amplitude 

t'lat this equation implies, namely depletion of low partial waves, 

should indeed actually appear due to absorption. In the opinion of 

Ball and Frazer, 4 this equation is fairly plausible within the S-matrix 

theory when the exchanged meson has spin zero. They find it impos

sible to justify for vector-meson exchange. They also assert, along 

with Omnes, that the approximations are easier to justify for high than 

. ., 
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for low partial waves. The marked success of the equation is reason 

enough to try it here.· 

We may exhibit the matrix character of Eq. ( 1) by expanding 

the equation in either the angular- or linear -momentum representa

tions. 

(1) Angular-momentumrepresentation. Let Ia)= ji, J, M, >..
1

, >..
2

) 

and I b ) = If, J, M, >.. 
3

, >..
4
), be initial and final ~tate a, with angular 

momentum J, M, and let the helicity of particle i be >.... The remain-
1 

ing quantum numbers are contained in i, f: 

( 2) Linear -momentum representation. Expanding in a linear -momen

tum representation, we have 

where jiO\ >-) is the state vector with the c. m. momentum vector 

in direction 0. 

The two representations are, of course, equivalent. However, 

significant differences arise in their application because different 

approximations are made. In the treatment of the S i/2 matrix ele

ments, for the angular -momentum applications 3 it is assumed that 

the absorptivity is a function of the total angular momentum, whereas 

the more relevant variable is probably the orbital angular momentum . 

We do not have this problem with the linear -momentum application, 

but we must approximate the S 1/ 2 matrix elements in another way 
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(see below). The angular -momentum applications approximate the 

partial-wave decomposition of the Born terms, while the linear

momentum application uses the exact Born terms. That is, the 

angular -momentum applications have approximated partial-wave 

summations by integrals. (Jac,kson, however, is now using exact 

partial-wave sums. 21 ) This is completely avoided in the linear

momentum application. The effects of these approximations are 

discussed in Section V. 

To continue with the linear -momentum representation, we 

make the usual simplifying assumption that "'-! = "'-·; that is, the elastic 
1 1 

scattering in the initial and final states is all nonhelicity flip. Since 

the helicity -flip amplitudes must vanish in the forward direction, and 

the elastic -scattering differential cross sections extrapolate smoothly 

to near the optical-theorem point, this appears to be a reasonable 

assumption for the forward directions. 

We must evaluate the matrix elements of s 1/ 2 . We know that 

S = 1 - T, where T is the transition matrix, and the partial differential 

elastic cross sections are given by 

Hence we !have 

where~ is an unknown phase that is a function of production angle. 

If the elastic scattering is due completely to the absorption of inelas

tic scattering (i.e., elastic scattering is "shadow" scattering), then 

~is 0. However, even if the elastic cross sections extrapolate exactly 

to the optical-theorem point, ~ f 0 is still possible at 8 f 0 deg. Cal

culations up until now have assumed~ = 0; however, we shall see in 

Section V that a nonzero value of~ plays a crucial role in applying 

the absorption model to our data. 

£ 
. ~ 

,j 
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Under our assumptions, the differential elastic -scattering 

cross sections may be expressed by 

where CTT is the total cross section for interaction between the two 

particles in the initial state. An analogous formula holds for the final 

state. 

We approximate s 1f 2 by 

s 1
/

2 = 1 - T/2. 

This approxima_tion is equivalent to considering at most one elastic 

scatter in each of the blobs in Fig. ib. 

We have now given enough information to construct the ab

sorbed amplitude A. After properly taking into account the necessary 

rotations from various helicity frames to other helicity frames, Huff's 

final result is 

where 

- . '""'/2 . '/2 
r} 1 =[e-ly cos B'/2 cos B/2 + e 1

cf> sin B'/2 sin B/2)/cos B"/2, 

and 

cos 8" =cos 0 cos 0' + sin() sin()' cos cf>'. 
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We have discarded the product term containing two T-matrix 

elements because it represents the Feynman diagram where one elas

tic scatter takes place in the initial state and one takes place in the 

final state. We already neglected the diagrams, presumably of the 

same order of magnitude, where two elastic scatters take place in the 

initial (or final) state, and none take place in the other state; there

fore we must neglect the product term also. 

Given the helicity amplitudes of Eq. (2), it is straightforward 

to give the theoretical values for the {f.}, defined in Section III, and 
1 

the differential cross section. However, to give numerical values we 

need the coupling constants and the elastic cross section behavior for 

Aw scattering. We do not know the exact values for many of these 

parameters; we have therefore varied them in our application of the 

theory. 

C. Coupling Constants 

In this subsection we present what is known, either theoret

ically or experimentally, about the magnitudes of the coupling con

stants involved in the reaction K p - Aw proceeding via K and K * 
exchange. 

+ - + -( 1) G(wK K ). From the decay of <j> into K K , we can determine the 

G (q,K+K-) coupling constant by using 

= 2 G 2 (cpK +K -) 
3 41T. 

Thus we have 

1.2. 

Then from SU( 3), where 8 is the vector -meson mixing angle ( 8 = 40 deg), 

we have " i I 
i 
: 
l 
i. 
I 
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Alternatively, using the p- 'IT'IT decay, we find 

G
2(wK+K-) = G 2( ) 3 2 p1T1T (- . Ll) ,.... 0 7 

41T 41T 4 Sln "' = .. 

G ( pK A) = ~- 2a G ( p1T p), 2 - + ( 12 2 - 0 

41T .JT 41T 

where G 2(p1T 0 p)/41T = 14.6, and a, the fraction of the interaction going 

through the "d" (symmetric) coupling, is known to be !X 0. 75. 22 We 

find 
2- + 

G (~~ A): 10. 

+ *-( 3) G( wK K ). Using the cj> - p1T decay and the p1T model of the 
. + *-w- 31T decay, we may discover an approximate value for G(wK K ) 

through SU(3). Let E = G(cj>1T+p-)/G(w1T+p-). Then the allowed SU(3) 

couplings lead to 

1 3 . 2n 3 . ll n - 2 Sln o - 2 E Sln u COSo. 

Glashow and Socolow have predicted from their nonet coupling scheme 
23 that E = ~0.08. They have calculated a phase -space factor of 17 

favoring cj>- p'IT over w-+ p1T; hence the determination of 

r{cj> ... 31T) = 0.4 ± 0.3 MeV by Lindsey and Smith
24 

leads to 

+ *"" IE I = 0.05 ± 0.03. We will use € = -0.08 to find G(wK K ). Thus we 

have 

G(wK+K*-) = 
G(w'IT + p-) 

0.64. 
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An expression for G(wl/p-) in terms of the width of thew has 

been derived by Gell-Mann, Sharp, and Wagner. 25 Their expression 

leads to 

2 + -
G ~ ~rr e ) ~ 14 ; 

therefore 

5. 7. 

- *+ - *+ ( 4) G.J pK 1\) and GT( pK 1\). The couplings of the p, w, and <1> vee-

tor mesons to the baryons can be deduced from nucleon-nucleon 

forces. However, in view of the wide variations in determinations, 

[e. g., Scotti and Wong26 find G~(pwp)/4rr ~ 3; Bryan and Scott
27 

find 

GV
2

(pwp)/4'TT ~ 22.] we probably shquld restrict ourselves to saying 
2 2 . 

that Gy/4'TT and GT /4rr are ,.., 10. 

Cabibbo28 has suggested a scheme that predicts the ratio 

GT/Gy· The interaction of baryons with vector particles can be 

written 

(BIVIB) = Tr[EYv[B, B] +(;V fB, B}J 

where V, B, and B are matrices representing the vector -meson, anti

baryon, and baryon octets,~ has the form a y + b u k and f; has 
f.l f.LV V 

the form a' y +b' (] k . If we assume that the electromagnetic cur-
f.l f.LV V ' 

rent has the same transformation properties as the vector -meson octet, 

which is another way of saying that the photon and the vector mesons 

are all coupled to the same SU( 3) conserved currents, we can write the 

electromagnetic interaction of the proton and neutron as follows: 
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But we know that 

and 

(nlj In) -(JJ. /2M) cr k • e. m. n JJ.V v 

Hence we can solve for the forms of~ and ~: 

f> = -( 1/2) (J.i. /2M) cr k 
n JJ.V v 

CY = -( 1/3) 'I - ( 1/6)[(tJ. + 2tJ. )/2M] C1 k • 
tJ. n p tJ.Y v 

- * Now the p A K interaction is 

In our theory' we have used the expression 

Thus the prediction is 

D. Relationship. between K-p -+ Aw and K -p -+ Acj> 

* If the K and K excp.ange model is valid for K-p - Aw, then 

we expect the same model to hold forK- p - A<j>, with coupling constants 

related through SU(3). For example, we have 

Also Glashow has pointed out that the ratio 

R == ( G ( cp K ':ciq l' G ( wK *K.) ~- 1 

\G(<j>KK) . \G(wKK). 
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R = -tan 8 {<3/2) sin 8 cos 8 - E [1 -{ 3/2) cos
2 e)}. 

1 - { 3/2) sin2 8 - { 3/2) E sin 8 cos 8 

However, Acf> elastic scattering in general is not determinable from 

Aw elastic scattering alone; the absorption parameters used for Acf> 

in general would be different than those used for Aw. 

Lindsey has studied the reaction K-p .... Acf> in the same energy 

region as we have studied K-p .... Aw. 30 Some comments on the rela

tionship of his results to ours are made in Section V. 

,, 
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V. APPLICATION OF THE ABSORPTION MODEL 

A. Introduction 

A computer program which puts Huff's treatment of the 

absorption model to practical use has been written at Lawrence Radi-
- >!< 

ation Laboratory by J. Friedman (for the reaction K p - K p) and 
~ >:C -

modified by L. Hardy and S. Flatt~ (for n p - YK and K p - i\w). 

In this section we first compare the results of our treatment 

with previously published results that used the angular -momentum 

treatment of the absorption model: We show that the different approx

imations that are used in the two treatments lead to qualitatively sim

ilar, though quantitatively somewhat different, predictions, 

After satisfying ourselves that our method and our computer 

program are valid and useful within the context of the absorption model, 

we proceed to test the applicability of the absorption model to the 

reaction K -p - 1\w. We attempt to find confirmation of the idea, 

expressed in Section I, that t-channel exchange mechanisms do not 

become dominant until the highest momentum region, 2.6 BeV /c, the 

lower momenta being dominated by threshold and perhaps resonance 

effects. 

The product of the coupling constants for K exchange which 

is found ir\ the best solution at 2.6 BeV/c compares quite well with the 

. SU( 3) prediction derived in Section IV. It then becomes of great inter-. 

est to see if the i\w coupling constants, appropriately modified, can 

explain the characteristics of the reaction K-p - 1\.<j). We use some 

recently available data on K-p- i\<j> at 2.6 BeV /c to test the absorp

tion model further, and we compare our results with the parameters 

obtained in K-p _.. i\w. 

B. Comparison with the ,Angular -Momentum Method 

The two reactions similar to ours whose production charac

teristics have been explained by using the absorption model are 

n p _.. p- p and Kp - K * p. 5 Polarization information on the final 
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fermion in these two reactions is not available; hence the only param .. 

eters that have been determined for these reactions are f
2

, f
3

, f
4 

and the differential cross section. The parameters have usually been 
3' given in terms of a density-matrix notation for the final vector meson, 

The equations relating the two notations are 

Poo = fz 

pi _1 = 1/2 - f 3 - £2/2 
' and 

In the ·angular-momentum treatment, the absorption param

eters are expressed in terms of the parameters C and 'V where the 

absorption factor is 

exp( 2 i 6) = 1 - C exp(-y J 2
). 

The correspondence with the total cross section, uT' and the slope of 

the elastic differential cross section, A, is 

1 
'V = 2q2 A. 

If uT(i), Ai and uT(f), A£ are the parameters o£ initial- and final-state 

scattering respectively, then we have 

u T( i) 
= 4lTA. 

l 

c 

1 
'(+=- 2 

2q A. 
l 

y- = 1 

2 ~ 2 A q £ 
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Figure 22a shows the predictions of the angular -momentum 

method taken from Jackson et al. for 'IT -p- p-pat 4 BeV /c with 'ITo 

exchange. 5 The parameters they used are C + = 0. 76, -y + = 0.04, 

C _ = 1.0, and'{_ = 0.03, which translate as uT(i) = 28 mb, 
-2 . -2 

Ai=7.5(BeV) , uT(f)=56.7mb, andAf=11.~(BeV) InFig. 22a 

the squares are the results of our method; the agreement is excellent. 

This comparison checks only pseudoscalar exchange. To check vee

tor exchange, we take the predictions given by Jackson et al. for the 
5 same reaction with some vector exchange added. The curves in 

Fig. 22b are the predictions of the angular-momentum treatment 

with the parameters s and r], given by Jackson et al. as 

and 

s = G('TT+Vp-)[Gy(pVp) + GT(pVp)] 

2G('TT+'Il'op-) G(p'TT0 p) 

_set at 71 = 0 and s = ± 0.25 (lower curves) and s = ± 0.50 (upper curves). 

Here R is the ratio of the results with nonzero s to the results for 

s = 0. We have determined that s = ± 0.25 corresponds to Gy= ± 34, · 

GT = 0 and that s = ± 0.50 corresponds to Gy = ± 68, GT = 0. Our 

results are shown as squares (for positive G~;) and circles (for negative 

Gy). The agreement in p
00 

seems good, but the dif~erential cross sec

tion appears to be in disagreement, our curves being higher than those 

of Jackson et al. To check further, we look at Fig.· 23 which compares 

+ - * I our results forK p- K pat 3 GeV c with those of Jackson et al. 

Again our agreement in the decay parameters is extremely satisfactory, 

but our differential cross-section curves lie higher than those of 

Jackson et al. 

By comparing results of our program with those of Jackson21 

with no absorption, we find that the definitions of our coupling con

stants are indeed consistent. Therefore our disagreement arises 
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from our method of absorption. In Fig. 23 at cos e = 0. 7, our value 

for the differential cross section is 0.3 mb and that of reference 5 is 

0.12 mb. How much of a disagreement is this? We must remember 

that the crux of the calculation we are making is the calculation of 

how much the amplitude is absorbed. The unabsorbed cross section 

at this point is near 6 mb. Therefore we calculated the absorption 

as 95.0%, and reference 5 calculated 98.0%. In the amplitude this 

means we calculated 78%, and reference 5 used 86%. Not such a 

large disagreement when considered in this way! We have discovered 

two important facts; our calculations and those of the angular -momen

tum treatment are acceptably close considering the completely differ

ent methods used, and the small differences between our answers 

result in large changes in the differential cross -section predictions. 

We can now explain why we agree in the forward direction: it is 

because the absorption is relatively small there, and the calculated 

cross section is much less sensitive to differences in the absorption 

calculation. We can also explain why we agree on pseudoscalar ex

change results- -in fact we don't agree in the nonforward directions, 

but both our results are so small compared to the forward peak that 

a large percentage difference goes unnoticed. 

We now say the following; the two different treatments of the 

absorption model agree closely on the effect of pseudoscalar exchange, 

but disagree by large factors (in two cases, by 2 or 3) on the effect of 

vector exchange in the differential cross section. The decay correla

tions are not very sensitive to the difference in the ·two methods. The 

differences in the cross section will be buried in the variation of vee

tor coupling constants which are not known. In other words the vector 

couplings found in reference 5 would need to be reduced by a factor 

-2, if used in our treatment. We do not believe that either answer is 

inherently right; the results are too sensitive to the calculational tech

nique. However, it seems reasonable that the results of one program 

will be internally consistent, and therefore the ratios of vector cou

plings determined by one program will have an approximate meaning. 

\ 
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C. Comparison with Experiment for K-p -+ A.w 

To predict an experimental result, we must provide the 

theory with the following parameters: 

= G 2 (K-K+w) G 2 (pK+A.) 

( 41T) 

- * - * gV = G(K K w) Gy(pK A) 

= K-meson-exchange coupling 

* = K - exchange vector coupling 

= K* exchange tensor coupling 

= K-p {Aw} total cross section 

= K-p {Aw} elastic differential 
cross -section slope 
in the forward direc
tion 

= possible nonzero phase of the 
transition matrix element for 
elastic scattering. 

One of the predictions arising from these parameters is the 

differential cross section for K-p .- A.w. Since the data give cross 
. - + - 0 

sections for K p - A.w -+ Arr rr rr we have multiplied all experimental 

cross sections by 1.1 to account for other w decay modes. 

An important comment which we must make immediately is 

that if we assume ljJ is zero, then the theory will predict that f5 through 

f12 are identically zero ev~rywhere. The data at the highest energy 

are actually not too inconsistent with this prediction; however a non-

7,e ro ljJ does significantly improve the fits obtained. In all our fits we 

have assumed that the ljJ for K-p elastic scattering is the same as the 

ljJ for Aw elastiC scattering, and that ljJ is not a function of production 
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angle. These are drastic approximations, but the effect of ljJ is only 

felt significantly by f
5 

through f
12

, which are not very well determined 

anyway. We note that the values of ljJ for the best fits at 2.6 BeV/c 

are small, in keeping with our belief that~ is close to zero in the 

very forward direction. 

We have set uT(i) = 30 mb and A. = 7.5 ( BeV) - 2 everywhere. 
. 1 

This is certainly a good approximation in the case of uT( i); Lynch 
31 

has shown us preliminary data from 1.5 to 2.6 BeV /c in which A. 
. -2 -2

1 

vaned from 7.0 to 8.5 (BeV) . Any deviation from 7.5 (BeV) can 

easily be taken into account by a small variation in the final-state 

absorption parameters uT(f) and Af' 

At each momentum we have tried two different fits. First, 

we have tried K exchange only, varying g 
2

, uT( f), Af' and ljJ. Then 
* . p 

we have included K exchange, adding gV and gT as parameters. 
5 Jackson et al. have already observed that two regions of vector-

meson exchange couplings often give comparably good fits to the data; 

one corresponds to constructive and the other to destructive inter

ference between the vector exchange and the pseudoscalar exchange. 

We find similar results, and we have tabulated both fits where neces-

sary. 

The parameters and x2 for the best fits are given in Table IX, 

and the curves corresponding to the fits at 2.6 and 1.7 BeV/c are shown 

in Figs. 24 and 25. It is difficult to state errors on the parameters 

at 2.6 BeV/c, because the curves are in qualitative but clearly not 

quantitative agreement with the data. Thi·s also re'sults in x2 
which 

are certainly higher than would be acceptable for a perfect theory; 

one must judge by the curves whethe'r one agrees that "qualitative 

agreement" has been reached. We prefer to show the curves for the 

best fits and state that changes of the order of 20% in the coupling 

constants wouid definitely give much worse fits. At the lower momenta, 

errors would not be meaningful, since we wish to argue that the theory 

is not applicable. 

Some comments on the fits at each momentum are made below. 
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1. 2.6 BeVIc 

First we note that C _ =a T(£)14n A£ is 1.2. To be consistent 

with our assumption that the elastic scattering is almost entirely the 

shadow of the inelastic processes, C should be ~ 1. However, since 

so far C _ = 1 has given the best results in the absorption model, and 

since we have in no way constrained our parameters to satisfy C ~ 1, 
• 

we feel that a value of 1. 2 is quite reasonable and acceptable. In fact, 

since our formalism essentially averages the initial- and final-state 

S-matrix elements, and since we fixed our initial-state C +=a T{i)l4nAi 

at 0.8, then C_ = 1.2 corresponds to total absorption of the s wave, a 

prominent feature of other successful absorption-model fits. 

The total cross section for A.w scattering of "" 80 mb may be 

compared with estimates of- 80 mb for a T{pN) made by Drell and 

Trefil. 
32 

Next we note that the K-exchange coupling, 
2 2 - + 2- + I 2 g = G (K K w) G {p K A) (4n) , for the best fit is 7 .4, in remarkable 

a~reement with the SU(3) prediction derived in Section IV, g
2 ~ 7 to 8 •. . * . p . 

. The K -exchange couplings are certainly of a reasonable magnitude. 

The curves show a qualitative agreement with the data; the 

differential-cross-section fit is excellent. The worst quantitative 

discrepancies occur in f 3 and f 12 , but even in £3 the shape is similar. 

On the whole, the absorption model appears to give a reasonable quali

tative picture at 2.6 BeVIc. 

2. 2.1 BeV I c 

We find X 
2 = 177 if we use the parameters determined at 2.6 

Be VI c. If the final-state absorption parameters are allowed to vary 

freely, A£ goes negative and a T(f) becomes small (<5mb), a reflec

tion of the lack of forward peaking in the differential eros s section. 

We therefore set aT(f) = 0 for our final fits. We then find that g
2 

is 
. p 

at least an order of magnitude bel~w what we expect. (The two fits 

* with K exchange really correspond to more or less the same region. 

One may think of it as positive gV and gT with small g ; in one case 
~ p 

is negative and small, in the other positive and small.) 

Thus at 2.1 Be VIc, we find two very unpleasant facts, if we 

want to believe the absorption model.· First, the A.w total cross section 

is extremely small, in contradiction to estimates of the pN total crc;>ss 

sections (""80mb at 4 BeVIc p laboratory momentum) made by Drell 

and Trefil, 32 and to other absorption model fits such as p p- and pK,~. 
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Second, the K-exchange coupling is an order of magnitude smaller 

than one expects. 

3. 1. 7 BeV/c 

The fits at 1. 7 BeY /c are quite reasonable in all respects. 

For the final state, we have C = 0.6 for the best fit and g 2 = 1.2. 
p 

Since we do not expect the absorption model to apply here, the only 

comment to make, obviously, is that a theory is not required to fail 

where it is inapplicable, only to succeed where it is applicable. We 

find x2 = 1.96 if we use the parameters determined at 2.6 BeY/c. 

4. 1.5 BeY /c 

Here the model again has trouble. The best-fit value of C is 

5.2, which is clearly unacceptable. Essentially Af tends to be much 

too small. Also 4J is becoming rather large. Of course when Cis 

this large, our approximation that ( 1 - T) 1./2 :: 1. - } T is no longer 

even approximately good. We can say that the 1.5 -BeY /c data are not 

well explained when treated by our method for the absorption model. 

We find x2 = 326 if we use the parameters determined at 2.6 BeY /c. 

D. Comparison with Experiment forK p-+ A<j> 

The fact that g 2, the K -exchange coupling, came out quite 
- p 

reasonable forK p-+ Aw at 2.6 BeY /c is gratifying. It then becomes 

of great interest whether the characteristics of K-p- Aq, are consist

ent with these couplings also. We have translated the results of 

Lindsey 30 on K-p-+ Aq, at 2.6 BeY /c into our nota~ion and plotted the 

results in Fig. 26. The solid curve is calculated from the parameters 

determined at 2.6 BeV/c for K-p-+ Aw, appropriately modified. The 

modifications, given in Section IV, are 

g {Aq,) = g (Aw) cot 0 = 1.19 gp(Aw) 
p p m 

and 
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The x2 for the solid curve is 552 for 28 data points, where we have 

assumed that the error matrix for the decay parameters is diagonal. 

This is not a bad assumption. 30 

We then allowed all parameters to vary and found as the best 

fit the dashed curve in Fig. 26. The x2 is 77.8. The parameters of 
-2 the dashed curve are uT(f) =81.6mb, Af = 13.1 (BeV) , ~ = 0.07, 

2 
gp = 6.9, gV = 32.0, and gT = 20.3. Hence we have 

where we expect 1.2, 

G(K-K+4>) -:(6.9·)1
/Z = i.O 

G(K-K+w) TI 

- * G (K K 4>) 
v 

- * G (K K w) 
v 

32 .. 0 
-28.9 = -1.1 

where we expect -1.7, and 

.. 

20.3 
-8:8 = -2.3 

where we expect -1. 7. Of course we have chosen the fit to Aw which 

best meets the predictions (it is also the best fit). 

Glashow29 has pointed out that the test that is least sensitive 

to kinematical effects is the ratio R. We find using GV that 

R =132.0 ll...r=IA l = -1.1 .J"6:9 -28.9 

where we expect -1.4, and using GT we find 

R=l20.3li.J7.4) = -2.4 ...n;-:9 -8.8 . 

where we expect -1.4. 

Cabibbo's prediction (see Section IV) that GT/Gy = 1. 79 is not 

verified since GT in our best fits is about a factor of two smaller than 
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Gy. Cabibbo's scheme also predicts GT/Gy for the p pp0 vertex as. 

lip - lin = 4. 7. Using the reaction K + p .... K * p, Jack son et al. 5 found 

GT/Gy ( p p p0) ~ 1, again not i~ agreement with the prediction. 

Since the vector -me son exchange formalism is in much 

doubt, the vector-coupling comparisons may be academic; however, 

we have avoided the main problem of vector exchange- -its energy 

dependence--by working always at the same energy (although not at 

the same distance from threshold). 

"" The orders of magnitude seem to be clearly in order, and 

even the signs seem of some significance. (The signs are relative 

ones between g and either g or gT.) 
p v 

E. Conclusions 

We have shown that the characteristics of the reactions 

K-p .... Aw and K-p .... Act> at 2.6 BeY/cat forward production angles are 

* explained reasonably well by the absorption model with K and K ex-

change. The couplings obtained from best fits to the data are in re

markable qualitative agreement with the predictions of SU( 3 ). 

The qualitative features of the reaction K-p .... Aw at lower 

momenta (namely the lack of a strong forward peak) indicate that 

t-channel .exchanges are not dominant; therefore we would not expect 

the absorption model to work. If it did work we could not fault the 

model, but a theory which works everywhere, regardless of whether 

it is applicable or not, is not a very testable theory. We find that at 

1.5 and 2.1 BeY /c the absorption model does fail to explain the data, 

while at 1. 7 BeY /c it works. 
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FIGURE LEGENDS 

Fig. 1. (a) Diagram for K-p-Aw representing one:-particle exchange. 

We consider particle e as 'being a K or K* meson. 

(b) Diagram used in the absorption-model calculations. The 

shaded blobs represent elastic scattering. 

Fig. 2. Cros~ sections of the reactions (top curve) K- p -Arr+1T-1T0 and 

(bottom curve) K-p -A+ (w - 1T+1T-1T0
) from threshold to 

3 BeV/c incident-K- momentum. The connecting lines are only 

to eliminate confusion. 
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Fig. 3. Production-angle distribution forK-p-Aw at 1.5 BeV/c; 

background has been subtracted, leaving 3570 events. 

Fig. 4. Production-angle distribution forK-p-Aw at 1.7 BeV/c; 

background has been subtracted, leaving :1570 events. 



Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 
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Production-angle distribution forK-p-Aw at 2.1 BeV/c; 

background has been subtracted, leaving 1021 events. 

Production-angle distribution for K-p-Aw at 2.6 BeY /c; 

background has been subtracted leaving 1300 events. 

Feynman diagrams representing exchanges in the three 

channels that affect K- p-Aw. Exchanges of the least massive 

particles are shown. (a) s channel, (b) t channel, (c) u channel. 

Distribution of beam momentum for 31800 events of the type 
- + - 0 K p- ATT TT TT • Over one million pictures were taken to 

gather this data. 

Distribution of cos ljJ = A • TT in the A rest frame, where A - - -is the direction of the A in the laboratory. This graph, for 
- + - 0 K p- ATT TT TT events at 1. 7 BeV/c in the w region, exhibits 

no bias against any opening angle for the A. 

Fig. 10. Distribution of length of the A path for K-p-A TT + TT- TT 0 

events at 1. 7 BeY /c in the w region, showing a loss of events 

at small lengths due to scanning bias. The dashed curve is 

the expected exponential if all A's had a laboratory momentum 

of 1 Be V / c, which is about the average in this sample. 

Fig. 11. Production-angle distributions for K-p-ATT+TT-TT 0 events at 2.6 

BeV/c with 750 MeV< M(TT+TT-TT 0 ) < 810 MeV. The boxes indicate 

points we obtained by imposing a 2-mm cutoff on the A 

laboratory length and appropriately weighting the remaining 

events. 

Fig. 12. Production-angle distributions for K- p-Aw events at 

2.6 BeV/c in the w region which (a) passed first measurement, 

and (b) failed first measurement but passed second measure-

ment. 

Fig. 13. Schematic drawing of a K- p - Aw reaction indicating mo

mentum vectors and the production angle () in the c. m. 

system. 

Fig. 14. Three-pionmass distributions for 7720 K-p-.ATT+TT-TT0 

events at 1.5 BeY/c. The curves in this and the next three 

plots are hand-drawn estimates of bac.kground under the w peak. 

. ' 
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Fig. 15. Three -pion mass distributions for 4900 - + - 0 K p-An 11' 11' events 

at 1.7 BeV/c. 

Fig. 16. Three-pion m.ass distributions for 5560 - + - 0 K p- A 11' 'IT 11' events 

at 2.1 BeV/c. 

Fig. 17. Three-pion mass distributions for 11830 K-p -ATI'+TI'-11' 0 

events at 2.6 BeV /c. The statistically significant peaks at 
+ -960 and 1020 MeV are the 11' 11' y decays of the 1')(959) and the 

311' decay of the <j>, respectively. 

Fig. 18. Distributions of the number of events and the decay corre

lations {fi} as a function of production-angle cosine 

for K-p-Aw events at 1.5 BeV/c. Dotted lines are used 

to eliminate possible confusion. 

Fig. 19. Distributions of the number of events and the decay corre

lations {fi} as a function of production-angle cosine for 

K-p-Aw events at 1.7 BeV/c. Dotted lines are used to 

eliminate possible confusion. 

Fig. 20. Distributions of the number of events and the decay corre

lations { fi} as a function of production-angle cosine for 

K- p-Aw events at 2.1 BeV /c. Dotted lines are used to 

eliminate possible confusion. 

Fig. 21. Distributions of the number of events and the decay corre

lations { fJ as a function of production-angle cosine for 

K-p -Aw events at 2.6 BeV/c~ Dotted lines are used to 

eliminate possible confusion. 

Fig. 22. Parameters predicted by the absorption model for the 

reaction 11'- p + p- p at 4 Ge V /c. The curves are taken from 

Jackson et al; 5 and the points are from our method. (a) Pion 

exchange only; (b) some vector exchange added in the form of 

s = ± 0.25 (lower solid and dotted curves and lower squares 

and circles) and ; = ± 0.50 (upper solid and dotted curves and 

upper squares and circles). 
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Fig. 23. Parameters predicted by the absorption model for the 
+ *+ reaction K p- K p at 3 GeVIc. The curves are taken from 

Jackson et al., 5 and the points are from our method. The 

squares correspond to the solid lines and the circles to the 

dotted lines. See text for absorption parameters and coupling 

constants. 

Fig. 24. Data at forward production angles for 2.6 BeVIc 

K-p- A.w events. The solid curves correspond to the best fits 

for K exchange only, the dashed curves to KK*(i) best fit, 

the dash-dot curve to KK,:c(2) best fit, and the dotted curve to 

K exchange only with no absorption and a K coupling equal 

to that used in the solid curves. 

Fig. 25. Data at forward production angles for 1. 7 Be VIc 
K- p-Aw events. The solid curves correspond to the best 

>',c 
~fits for K exchange only, the dashed curves to KK (1) best 

>:C 
fit, the dash-dot curve to KK (2) best fit, and the dotted curve 

to K exchange only with no absorption and a K coupling equal 

to that used in the solid curves. 

Fig. 26. Data taken from Lindsey29 for the reaction K- p -A<j> at 

2.6 Be VI c. The solid curves are the predictions of the ab

sorption model with absorption parameters identical to those 

determined by the KK':'(1) solution to A.w at 2.6 BeVIc and 

with coupling constants obtained from the Aw fit by invoking 

exact SU(3). The dashed curves correspond. to the best fit with 

a free variation of parameters. See text for a comparison of 

couplings determined in the best fits. 



Table I. - + - 0 Total cross sections forK p ...... l\.:..:. ...... l\..;r -:r ;r • 

Run Mon1entum Path length CTl\.3~ 
a N( 3rr) N(w) 

(~~) 
a 

(BeY/c) (events/p.b) (mb -- --
K72 1.22 1.23 ± 0.06 0.68±0.05 392 0 * 30 0 ± 0 .. 05 

1.32 1.44 ± 0.07 1.53±0.10 965 502 0.80 ± 0.06 

1.42 0.83 ± 0.04 2.10 ± 0.06 1093 505 0.97 ± 0.08 

1.51 5.09±0.20 2.26±0.08 5847 2475, 0.96 ± 0.05 

1.60 0. 72 ± 0.01 2.14±0.15 1006 366 0. 78 ± 0.05 

1. 70 1.10±0.06 2.82±0.17 1000 357 1.01 ± 0.06 

K63 1.7 3. 86 ± 0.20b 1.66 ± o. 25 2923 . 1060 0.58±0.10 

2.1 6.04 ± 0. 30 
b 

1.98 ± 0.20 5563 1299 0.46 ± 0.05 

2.6 16.5 ± Q.9 
b 

1.55±0.16 1 i 831 1660 0.22±0.03 

a. Corrected for neutral A decay. 

b. For 2.1 and 2.6 BeV/c pathlengths were obtained from Lindsey. 29 At 1. 7 BeY /c we used 

the same method of counting taus as he did. 
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Table II. Scanning and measuring correction factors for total-cross -section determinations 
of V + two-prong events. 

Momentum (Be V /c) 

1.7 2.1 2.6 --
Events on first scan 17 988 28 326 71722 

Scanning efficiency (o/o) 94 ± 3 97± 3 94 ± 3 

Scanning correction factor 
a 

1.10 ± 0.04 1.08 ± 0.04 1.14 ± 0.04 

Events not measured 1682 1064 5848 

Events measured at least once 16 306 27 262 65 874 

Events passing first measurement 10 652 19 266 38420 

First-measurement passing fraction(%) 65 71 58 

Events measured at least twice 3745 0 14 877 

Events passing second measurement 1720 0 7040 

Second-measurement passing fraction(%) 46 47b 47 

Events measured at least thrice 0 0 2896 

Events passing third measurement 0 0 1448 

Third -measurement pas sing fraction sob sob 50 

Total passing events 12 372 19 266 46908 

Projected passing events 15 500 25 300 59 800 

Measuring correction factor 1.26 ± 0.04 1.31 ± 0.04 1.28 ± 0.04 

a. Includes corrections for short A and escaping A. 

b. Where no information is available, the passing fraction of 2.6 BeV /c is used. 
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Table IH. Correla~ion p"'lrarnc-ters for .;:c.drnt K labo·ratory mon1entum::: 1.5 BeY/c. The c. m. energy is::: 2.02 BeY. The total 
cross sr:•ctioh forK-?-.\·~- .\-~':7- .... o :1.ear 1.5 BeV/c is 0.96 ±0.05 mb. The total number of co events at all cos 9 is 3568. 

Cos IJ max 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 
-· 

Cos B 
min 

o. 75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00 

N(E, co,; fl)a 704 770 818 694 550 414 310 237 

C(-E, cos fl)b 262 244 253 245 207 261 252 248 

ft 0.279 ±0.034 0.260 ± 0.031 0.222 ± 0.029 0.188±0.031 0.302 ± 0.039 0.426 * 0,053 o. 359 ± 0.070 0.489 ± 0. tOO 

!2 0.392 ± 0.034 0.500±0.033 0.599 ± 0.032 0.5 71 ± 0.035 0.551 ± 0.039 0.420 ± 0.054 0.479±0.072 0.336 ±0.091 

!3 o. 329 ± 0.03 3 0.240 ± 0.031 0.179 ± 0.028 0.241 * 0.032 0.14 7 * 0.034 0.154 ± 0.048 0.162 ±0,066 0.175±0.092 

!4 0.288 ± 0.059 0.313 * 0.053 0.369 ±0.048 0.385 ± 0.057 0.350±0.064 0.376 ± 0.087 0.148 ± 0.116 -0.162 ± o. 179 

f5 -0.05 3 ± 0,064 -0.099 ± 0,05 3 -0.101 ± 0.050 -0,007 ±0.055 0.059 ± 0.017 0.011±0.106 0.118±0.133 0,414 ± 0. 17-t 

£6 -0·.299 ± 0. 062 -0.066 ± 0.065 -0.13 7 ± 0.066 -0.240 ± 0.070 -0.250±0.079 -0.032 ± o. 107 0.138 ± 0.136 -0.219 ± 0.166 

L 0.02 7 ± 0. 059 0.021 ± 0.057 O.OR-l±O.OSZ 0.101±0.0:>5 -0.013 ± 0.062 0.051 ±0.082 0.106±0.133 -0.249 ± 0.161 

fa -0.540 ± 0.101 -0.118 ± 0.091 -0.259 ± 0.085 -0.130±0.098 -0.192 ±0.110 -0.332 ± 0.154 -0.405 ± 0.189 -0.147 ± 0.29-1 

!9 0.204 ± 0.101 0.244 ± 0.102 0.318±0.091 0.005 ± 0.104 -0.26 7 ± 0.120 0.139 ± 0.161 -0.143±0.228 -0.743 ± 0.307 

!10 -0.077 ± 0.110 -0.091 ± 0,092 -0.087 ± 0.080 -0 .. 074 ± 0.090 -0.244 ± o. 105 0.160 ± 0.156 0.4 71 ± 0.208 0.118±0.284 

fit -0.197 ± 0.091 -0.179 ± 0.094 -0.014 ± 0.093 0,016 ± 0.105 
I . 

0.289±0'.119 o.on * 0.164 0.4 39 ± 0.225 0.298 ± 0.288 

!12 0.191 ±0.096 0.139 ± 0.083 0.210 ±.0.083 0.333±0.088 0.127±0.103 0.407 ± 0.148 0. 396 ± 0.186 0.178±0.300 

a. N is the number of events in the w region. 

b. C is the number of events in the control region. 

I 
~ 

...0 
I 

c:: 
(') 

::0 
t" 
I 

...... 
"' "' ~ 
00 

::0 
('1) 

< . 

"- ' 



Table IV. Correlation parameters for wc1dent K-laboratory momentum=: 1.7 BeY/c. ,The c.m, energy is=: l.IO BeV. The total 
cross section (or K-p- :\w- ,\rr+rr-,. 0 near 1.7 BeV/c is 0.80±0.15 mb, The total number o( w events at all cosr. is !566. 
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Table Y, Correlation parameters for incident K- laboratory momentum::: 2;1 BeY/c. The c. m. energy is ==·2.27 BeY. The total 
cross section forK-p-Aw- .1\rr+,-,.o near 2.1 BeV/c is 0.48±0,05 mb. The total number of w events at all cos A is 1021. 

Cos 9 max 1.00 o. 75 0,50 0.25 0.00 -0.25 -0.50 -0.75 
-· 

Cos e 
min 

0,75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00 

!"(E, cos Ala 1~" 123 156 143 165 188 161 152 

C( E, cos 6)b 84 87 73 60 75 94 99 101 

£1 0.572 ± 0.090 0.433 ± 0.097 0.370 ± 0,072 0.331 ± 0,070 0.181 ± 0.059 0.190 ± 0.056 0._263 ± 0,073 0.261 ± 0.072 

{2 0.105 ± 0.071 0,237±0,090 0. 249 ± 0. 069 0.299 ± 0.066 0.521 ± 0.066 
I 

0.624 ±0,061 0.366 ± 0,075 0. 302 ± 0.075 

£3 0.323 ± 0.085 P.330± 0.089 0.381±0.071 0.370±0.073 0.298± o;o59 0.186 ± 0.055 0.371 ±0.071 0.437±0.079 

£4 . 0.013 ± 0.145 0.334 ±0.135 0,271 ±0.119 0.54 7 ± 0.113 0.514 ±0.127 0.169 ± 0.118 o;o88±0.141 -0.092 ± 0.136 

£5 -0.039 ± 0.186 -0.002 ± 0.195 -0.245 ± 0.126 0.033 ± 0.128 -0.009 ±0.123 -0.124 ± 0.120 -0.143 ± 0.136 0.193±0.150 

£6 -0.031 ± 0.125 0.313±0.172 -0.000 ± 0.122 0.253 ± 0.111 0.146±0.138 0.209 ± 0.128 0.003 ± 0.148 -0.080 ± 0.138 

£7 0,005 ± 0.14 7 -0.222 ± 0.152 0.022±0.147 -0.006 ± 0.145 -0.062 ± 0.12'; 0,173 ± 0.093 -0.129 ± 0.136 0.248 ± 0.152 

£8 -0.313 ± 0.235 -0.252 ± 0.262 0.153±0.213 0.512 ± 0,224 0.507±0.237 -0.039 ± 0.186 -0.076 ± 0.240 -0.144 ± 0.228 

£9 0.257±0.255 0.114 ± 0.245 0.083 ± 0.207 0.4 72 ± 0.205 0,021 ± 0.194 0.265 ± 0.182 -0.356 ± 0,201 -0.158 ± 0.235 

£10 -0.455 ± 0.280 -0.123 ± 0.2 72 0.292 ± 0.2.31 -0.021 ± 0.216, -0.281 ±0.212 -0.210±0.141 0.062 ± 0.229 -0.019 ± 0.262 

. ru 0.515 ± 0.245 0.263 ± 0.229 0.187 ± 0.199 0.371 ± 0.214. -0.308 ±0,194 -0.760 ± 0.205 -0.300 ± 0.185 -0,095 ± 0.224 

£12 -0.181 ± 0.284 0.365 ± 0.287 -0.173 ± 0.2.02 -0.017 ± 0.210 -0.082 ± 0.208 -0.11~ ±0.191 0.107 ± 0.244 0.241 ± 0.207 

a. N is the number of events in the w region. 

b. Cis the number of events in the control. region. 
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Table Vl. Correlation parameters for incident K- laboratory momentum:: 2.6 BeY/c. The c.m. energy is:: 2.49 BeY. The total 
cross section forK -p- i\w- ·"-".,. ~-,o near 2.6 BeY/cis 0.22 ±0.03 mb. The total number of w events at all cos A is 1300. 

Cos II max 1.00 0. 75 0.50 0.25 o.oo -0.25 -0.50 -0.75 

Cos II 
min 

0. 75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00 

N(E, cos ll)a 435 180 132 123 118 180 210 201 

C(E, cos ll)b 145 115 74 79 84 111 122 168 

f1 0.504 ± 0.041 0.586 ± 0.069 0.517±0.082 0.271 ± 0.092 0.317±0.094 0.125 ±0.058 0.112±0.057 0.374 ±0.07; 

!l 0.397±0.041 0.349 ± 0.072 0.348 ± 0.083 0.149 ± 0.072 0.465 ± 0.101 0. 359 ± 0.071 0.320 ± 0.067 0.251 ± 0.074 

£3 0.099 ± 0.030 0.065 ± 0.062 0.134 ±0.070 0.580± 0.090 0.218 ± 0.089 0.516 ± 0.069 0.568 ±0.070 0.375 ±0.078 

£4 0.132 ± 0.062 0.226 ± 0.098 0.200±0.133 0.242 ± 0.167 0.3!7±0.150 o. 376 ± 0.128 0.361 ±0.109 0.032 ± 0.132 

r5 -0.185 ± 0.085 -0.4 74 ± 0.143 -0.436 ± 0.178 0.210±0.163 0.150 ± 0.202 -0.006 ± 0.104 0.014 ± 0.098 0.384±0.111 

£6 0.059 ± 0.079 0.293 ± 0.152 0.032 ± 0.176 0.2 3! ± 0. I !3 0.490 ± 0.204 0.028 ± 0.142 0.188 ± 0.142 -0.039 ± 0.1H 

{7 -0.045 ± 0.062 -0.140 ± 0.102 0. 300 ± 0.170 0.379±0.187 0. 076 ± 0.148 -0.003 ± 0. HI 0.039 ±0.143 0.077±0.1H 

{8 -0.248 ± 0.103 -0.094 ± 0.173 0.067± 0.246 0.354±0.284 0.404 ± 0.2 39 -0.089 ± 0.224 -0.085 ± 0.187 -0.02; ±0.237 

!9 -0.001± 0.138 -0.509 ± 0.235 -0.526 ±0.267 0.321 ±0. 241 0.2 78 ± 0.245 0.031 ± 0.183 0.029 ± 0.176 -0.211 ± 0.231 

f10 -0.043 ±0.119 -0.265 ± 0.212 0.213 ± 0.289 -o.o5! ± 0.258 0.092 ± 0.293 -0.351±0.218 -0.273 ±0.191 -0.086 ± 0.221 

{1.1 -0.033 ± 0.126 0.224 ± 0.246 -0.226 ± 0.222 0.4 36 ± 0. 252 -0.171 ±0.281 -0.286 ± 0.185 -0.2 34 ± 0.148 0.262 ± 0.209 

{12 0.218±0.110 0.405 ±0.184 0.311 ± 0.206 0.20! ±0.259 O.H2±0.31Z -0.189 ± 0.229 0.370 ± 0.143 0.523 ±0.2!3 

a. N is the number of events in the w region. 

b. C is the number of events in the control region. 

MUB12733 

(-

,.•. 

I 
IJ1 
N 

c:: 
() 

?:J 
l' 
I .... 
0' 
0' 
~ 
00 

;:;:; 
ro 
<: . 

;. 
'--~~ .. ~· 



Cos 8 max 

CosB min 

N(E, cos B)a 

C(E, cos B)b 

f1 

f2 

f3 

f4 

f5 

f6 

f7 

f8 

f9 

f10 

£11 

£12 

-?3- UCRL-16648 Rev. 

Table VII. 2.6 -BeY /c correlation parameters 
for for~ard production angles. 

1.00 0.875 0.75 

0.875 0.75 0.625 

252 183 118 

83 62 66 

0.464 ± 0.054 0.546 ± 0.060 0.667 ± 0.080 

0.414±0.053 0.378±0.062 0.325±0.090 

0.121 ± 0.041 o. 076 ± o. 039 0.008 ± 0.067 

0.197 ± 0.086 0.077 ± 0.090 0.098 ± 0.119 

-0.166 ± 0.107 -0.29 7 ±-0.13 7 -0.418±0.177 

0.091±0.096 -0.022±0.127 0.148±0.181 

0. 085 ± 0. 099 -0.085 ± 0.086 -0.029 ± 0.119 

-0.387±0.156 -0.186 ± 0.166 0.014 ± 0.218 

0.133 ± 0.180 -0.174±0.212 -0.163 ± 0.298 

-0.032±0.153 0.101±0.190 -0.5 08 ± 0. 306 

0. 068 ± 0.166 -0.215 ±0.192 0.332±0.312 

0.065±0.138 0.588 ± 0.200 0.4 86 ± 0. 246 

a. N is the number of events in the w region. 

b. C is the number of events in the control region. 
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Tahle VIII. l!:rror ,.,alrleeo tor l.b lleV/c d41A In lhtt (f>rwar<l dlnctlon: (6f1 hi) x to6 , 

0.875 < coo 0 < t.OO .. 
C I r2 f3 (4 f5 r~, r 7 'a f'l flO ell r1z 

f 1 Z956 -2031 -'IZS -601 -sn -37 85 7 227 -466 597 254 

f 2 2777 -745 171 442 234 -199 -973 -243 170 -650 -386 

13 1671 430 130 -2 35 236 116 17 296 53 112 

(4 1380 82 -tz11 -65 428 418 178 179 Ill 

's H43S -2221 ·29ll -567 108 -737 -448 -504 

f(, •nos -Z478 2342 320 -1008 1302 787 

f 7 9817 -926 1106 3108 679 -64 7 

fA 24 396 -7'16 14 32 945 2712 

f'l 32 538 2368 -223 -sot 
,_ 

f 10 23460 -210 -981-

ftl 21419 4294 

f 12 19 155 

0. 75 < cos II< 0.875 

fl 3607 -2998 -60'1 -982 -1500 353 645 934 1824 380 70 668 

f2 3877 879 84 1072 -429 21 -1025 -1888 -1'19 -62 -2368 

( 1 1488 898 428 77 -611 91 64 -181 -1 1700 

f 4 8021 354 -1496 t66 -1234 -378 -2319 2154 -1201 

rs 18774 -4705 -2270 -3509 2390 -2654 -537 -1034 

r6 16 069 -3106 -80 1668 1054 -297 -386 

{7 7460 565 t -tt 148 -12 2360 

r8_ 27 665 305 1964 -249 3794 

!9 45 09Z -2460 3443 3848 

f tO 36 189 1898 9895 

1
11 36 992 -2490 

f I l 40 038 

.. 
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Table IX. Best-fit pa ra~te rs for K-p --'> Aw. 

Moment urn Theorya No. of x2 uT(f) Af -~ g2 gv gT (BeV/c) data 
(BeV)-2 p 

.e_oints 
· (mb) 

1.5 K 26 144 45.0 4.7 0.47 10.4 0 0 

1.5 KK*( 1) 26 140 9.1 -6.0 -0.54 3.0 -24.6 -6.2 

1.5 KK*( 2) 26 54 41.9 1.7 0.36 16.6 36.7 22.1 

1.7 K 26 71 61.9 9.8 0.51 12.7 0 0 

1.7 KK*( 1) 26 70 5 7.0 19.5 0.02 12.2 -28.2 -5.8 

1.7. KK*(2) 26 49 60.8 10.5 0.43 14.9 20.5 10.1 

2.1 K .26 302 0 0 -0.14 2.9 0 0 

2.1 KK*( 1) 26 66 0 0 -0.06 0.5 -11.8 -9.9 I 
lJ1 

KK*(2) 26 76 0 0 -0.20 0.7 10.9 10.1 
lJl' 

2.1 I 

2.6 K 36 167 83.1 13.8 0.16 16.2 0 0 

2.6 KK*( 1) 36 68 83.0 14.2 -0.10 7.4 -28.9 -8.8 . 

2.6 KK*( 2) 36 83 83.2 13.7 0.12 11.8 25.6 3.4 

2.6 * -KK (K p- i\4>) 28 78 81.6 13.1 0.07 6.9 32.0 20.3 

a. K means K exchange only. KK*( 1) means K and K* exchange with the relative sign between the 

K* and K couplings negative; KK*(2} means the sign is positive. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
m1ss1on, 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 information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor

mation, apparatus, method, or process disclosed in 
this 'report. 

As used in the above, "person acting on beha1 f of the 
Commission" include·~ any employee or contractor of the Com

mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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