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information, apparatus, product, or process disclosed, or represents that its use would not
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AN

O still the same Ulysses! (she rejoin'd, )

" In useful craft successfully refined!

Artful in speech, in action, and in mind!
Sufficed it not, -that, thy long labors pass'd,
Secure thou seest thy native shore at last?

- Homer - The Odyssey -
translated by Alexander Pope
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ABSTRACT

We have analyzed over 9000 K p - Aw —> (pﬁ_)('rr+n-110) events
in four momentum regions between 1.2 to 2.7 BeV/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 our highest momentum, 2.6 BeV/c,
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 BeV/c as a function of production angle is qualitatively explained
by the absorption model with K and K* exchange., Using available data
onK'p - Ad at 2.6 BeV/c, we show that the absorption model also
explains the behavior of K._p - Ad, and that the comparison between
the couplings of K p - Aw and K p - Aé is in reasonable agreement '

with SU(3) predictions.



-1-

I. INTRODUCTION

_A.. Historical Note

In presenting us with the speéial theory of relativity, Einstein
consigned to oblivion those interaction theories, that require an instan-
taneous action-at-a-distance.. Thus the theory of the interaction be-
tween radiation and matter was revised by the invention of the Lenard-
Wiechert retarded potentials.

Subsequently, | When quantum mechanics was accepted and the
photon was assigned the role of represeﬁting the properties of radia-
tion, then interaction theory took up the challenge by quantizing the
radiation field, thereby creating quantum electrodynamics (q.e.).

The beautiful success of q. e. has prompted all physicists
dealing with strong interactions to ask themselves, '"What can usefully
be generalized from q.e. ?'" In the so-called ""mainstream' of physics,
the answer has always been basically the same: '"The idea that forces
are mediated by known }Sarticles has general validity. " .In quantum
electrodynamics both photons and charged particles provide the forces
of interaction; in strong interactions, therefore, 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 from
q.e.; S-matrix theory and bootstrap dynamics, 1 based on the analy-
ticity requirements of amplitudes; Regge poles, 2 involving analytic
continuation in angular rﬁomentui’n variables; and ‘lately, the absorp-
tion model, 3 a more 'specialized approach with limited application.

In é,ll 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. 1a. The basic contribution of the model is the addition
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(a)

N

‘MU B-9389 .

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.
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of the Idiagrams of Fig. 1b involving elastic scattering in the initial

and final state. Although the foregoing explanation appears to put the
absorption model squarely under field theory, Ball and Frazer4 have
used S-matrix language to justify the basic equatio(ns of the model, at
least for pseudoscalar exchange., The model has been applied with
reasonable successSbto Tp—>p p, Kp— K*p, and many other reac-
tions binvolving pion and nonstrange vector -meson exchange, as\well

as K p - Y,1 , 1nvolv1ng K exchange. > Here we apply the absorp'—
tion model to K p — Aw and K p - Ad, which 1nvolve K and K" exchange.

B. Summary of Results

We have analyzed over 9000 K p - Aw — (pw—)(n+n-wo) events
in four momentum regions between 1.2 and 2.7 BeV/C. We have sys- )
tematically determined the differential cross section and the eleven
decay-correlation parameters as a function of production angle for
cach of the four momentum regions. In this section of the Introduction, :
we will indicate our line of thinking as to the implicatiofis of our results.

- Figure 2 shows the total cross section for K'p— Awas a
function of beam‘momentum. We nbte that there are no striking res-
onance phenomena; the cross section rises from threshold and falls
smoothly in the usual manner for inelastic reactions, atleast within
our statistics. Now it is perfectly possible that there are resonances
in this regiori, and it is even possible that an extremely careful analy-
sis of the data could give some indications of them, but the separation
of the data into smaller energy intervals would reduce the accuracy of
the measurements, because of poor statistics, to such an extent that
conclusions could be drawn only with d1ff1culty /

It we focus our attention on the productlon angle d1str1but1ons
Elgures 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 -BeV/c\. ‘This peak could be caused by the

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

channel activity (see Fig. 7a); we prefer to interpret it as most forward
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Fig. 2. Cross sections of the reactions (tog curve) K_f) - ATT+TT-TT0
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Fig, 7. 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,
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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 ba’ékward direction at 2.6 BeV/c (Fig. 6). Fried and Taylor

have interpreted similar data at 3 BeV/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 BeV/c makes
‘it seem similarly plausible that the hump at 2.6 BeV/c (and, presum-
ably, the one at 3 BeV/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 forward peak at
2.6 BeV/c, which we associate with strange-meson exchange.

Before we consider fhe absorption model, we should discuss
why we did not apply any Regge-pole analysis to our data. DBriefly,
our data are at too low an energy. The requirement that a Regge -
pole appro>/;imation be valid is usually expressed in terms of cos@t,
where Gt is the "pr'oductiorll angle' in the crossed channel, Since Qt
is an unphysical angle, |cos€t| is greater than {; the validity crite-
rion is IcosGtI # 1. (At least, plead the advocates of Regge poles,
have Icos@tl 2 5.) At 1.5 BeV/c in K p - Aw, we have |cos€t|
between 1.0 and 1.5; at 2.6 BeV/c, we almost, but not quite, reach
|cos(9t| = 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 - Aw 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 - A¢ at 2.6 BeV/c in the forward
direction is also reasonably well explalned by the absorption model
and the comparison of the K- 'and K —exchange couplings determlned

for K'p — Aq: with those determ1ned for K~ P > Aw is in.agreement -

wthUB)
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II. ANALYSIS OF THE DATA

A. Introduction

' A ‘ - - -0
Approximately 9400 events of the reaction K p - Aw = (pw )w+1r 1'r

have been »ia"éntified in a K -exposure of the 72-in. hydrogen bubble
‘chamber. The momentum settings ranged from 1.2 to 2.7 BeV/c.
Figure 8 shows the beam-momentum spectrum for 32 000 events of
the type K p = ATI'+1TT-‘ITO. Since the cross section for the reaction
K'p—> ATT'+1T_TTO 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 takén 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. 89 The method
for identifying the desired events in the first run, designated K72 and
with beam mo;’nenta from 1.2 to 1.7 BeV/c, has already been given in
a previous publication, 10 The aralysis 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 meas-

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

Kp-— A‘n+1r_ , (1)
A'rr+1r_1r° (2)
AKTK™ (3)
ZOTT+TT_ (4)
=k tK" (5)
pTr—K-O (6)
vpﬂ-wol—{o ' (7)

nw+Tr_K9, : (8)

-G

€

.
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Fig. 8. Distribution of beam momentum for 31800 events of the
type K™p - Antr~n?. Over one million pictures were ‘taken to
gather this data., : :



Table T, Total cross s

Run

Momentum

N(w)

the same r,ne"ch»od of counting taus as he did,

At 1.7 BeV/c we used

‘ Path length N a
(BeV/c) :(events/ub)' (mb '(mg)
K72 1.22 1.23+0.06 0.68 +0.05 392 C %30 0+0.05
1.32 1.44+0.07 1.53 +0.10 1965 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+0.04 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+0.20° 2.66+0.27 4691 1705 0.94 +0.09
2.1 6.04+0.302 1.98+0.20 5563 1299 0.46 % 0.05
2.6 16.5 +0.9 b 1.55+0.16 14 831 1660 0.22+0.03
a. Corrected foi‘ neutral A decay. - . B
b. "For 2.1 and 2.6 BeV/c path lengths were obtained from Lindsey. 29

«

-v‘p_
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where the Z° always decays into Ay, A decays into pr , and I—{O_decay.s
:inf(j i

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 primary vertex to the vertex of the V, and the V is fit to two hypoth-
eses, A - prm and K%~ Tr+1T_. These are three-constraint fits, For
‘xz(A) < 32, reaction hypotheses (1) through (5) are tried; for X.Z(Ko) < 32,
reaction hypotheses (6) through (8) are tried, For XZ(A) and XZ(.I_{O') each
less than 32, all production hypotheses are tried; i_n.this case if an
acceptable xz is obtained from some production process for both inter -

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

RO 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 A 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 2% of the sample which fits

(2). Consequently the ATT+1T-1T0 events are free from contamination by

Jf\1y+1r-. or AKTK ™ events. The task of separating.'the other reactions

" is not so simple. Since the y ray and the A of (4) and (5) are con-

strained to have the =° mass, reactions (4) and (5) are two-constraint
fit.s, while reac»fion (2) is a one-constraint fit, If our measurement
errors were properly estimated and were free from systematic errors,
the meén value of Xz(produ_ctio'n),. for events that are ‘truly of the type
beirig fitted, would be equal to the number of the constraint class,
Ac’tu;lly 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 hypofheées and the confidence level is greater
than 0.005. If all confidence levels are less than 0.005, the event is

classified as a failure,



-16-.

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 50% failing rate,

| C. _Sc;anning 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 weé are interested.

1. Scanning Biases
We have checked for two possible scahni'ng biases.

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

rest frame rmakes an anglé ¢ 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 scanmng contains no biases
against certain opening angles, then the distribution of cos y should be
flat,” Figure 9 illustrates the distribution of cosy 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, shown in Fig, 10 for 1.7 BéV/c deviates from the expected
'approx1mate exponential at 2 or 3 mm and less. To check whethe_r
this causes a bias in angilar distributions for K p - Aw we have com-
pared the center-of-mass (c.m.) production-angle' distribution for
events with 750 MeV < M(n n n°) < 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-
tor:y were discarded, and each remaining event was weighted::by the
factor exp [x/nc'r where x is the A length cutoff (2 mm), 7 is the lab-
oratory momentum of the A in BeV/c d1v1ded by the mass of the A in.
BeV/c and 7 is the mean life of the A. Itv should be noted that at

2.6 BeV/c and below, the A is constrained to the forward 45 -deg cone

£
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Fig. 9. Distribution of cosy = A - 7 in the A rest frame, where
N A is the direction of the A in"the Taboratory. This graph, for
R p - Antn n® events at 1.7 BeV/c in the w region, exhibits
no bias against any opening angle for the A.
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Fig. 10. Distribution of length of the A path for K p — ATT+TT—TT
events at 1,7 BeV/c in the  region, showing a loss of events
at small lengths due to scanning bias,
the expected exponential if all A's had a laboratory momentum
of 1 BeV/c, which is about the average in this sample.
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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 largest 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 foliowing :
way: Angular distributions for events which passed the first fneasure-
ment are compared with those that failed the first measuremenﬁ 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 which fit K'p — AnTnnO
and have a M(TT+TI'_TI'0>) in the w region, there are undoubtedly 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 fnight-be confused with the .
Since ambiguities are known to constitute less than 10% of the An'nn®
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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Fig. 11. Production-angle distributions for K'p— Aﬁ+Tr_Tr°
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The boxes indicate points we obtained by imposing a 2-mm
cutoff on the A laboratory length and appropriately weighting
the remaining events,
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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-
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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 bac‘k"g'round by the subtraction technique outlined in Section III,

E. Total-Cross-Section Determinations

Total cross sections in the K72 run have been published. 11

The values are listed in Table L.

In the K63 exper1ment total K path lengths hfave been deter -
mined by Lindsey and Smlth at all momenta except 1.7 BeV/c. We
determined the path length at 1.7 BeV/c by counting 7 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 scdnning efficiencies by scanning the film a
second time and comparing the list of events found with the list bf good
events whose A has a length greater 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
hypothesis K p — A‘TT+‘IT-TI'O., 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 measunng efficiency by computing

passing rates (number passed/number measured) for first, second,
and third measurements, and using these numbers to project the fail -
ing and unmeasured events through third measurement, Of 120000

V + two-prong events in K63, 79 000 have passing measurements, and

~



Table II. Scanning and measuring correction factors for total-cross-section determinations

of V + two-prong events.

Events on first scan

Scanning efficiency (%)
Scanning correction factor™

Events not measured

Events measured at least once

Events passing first measurement
First-measurement passing fraction (%)
Events measured'at' least twice

Events passing second measurement
Second-measurement passing fractionl(%r)
Events measured at least thrice.

Events passing third measurement

Third-measurement passing fraction

Total passing events

Projected passing events

Measuring correction factor

Momentum (BeV/c)

17 _ 2.1
17988 28326
94 +3 97+3

1.10+0.04 1.08 + 0.04
1682 1064
16 306 27262
10 652 19 266
65 71
3745 0
1720 , 0
46 a7?®
0o _ 0
0 o 0
5P - 50"
12372 19266
15 500 7 25300
1.26+£0.04 4.31+0,04

2.6

71722
94 + 3

1.14 £ 0,04

5848
65 874
38420

58
14 877

7040
47

2896

1448

50 .
46908
159800

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.

|

—€2_
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21 000 more would pass if we completed the measuring program

through third me,asuremehts; It might appear that 20 000 events are

unacéount_ed for. However, twice-failin_g events were scanned, é,nd

it was discoveréd 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%. ' v ' ‘
Table II lists correction factors that mustibe 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 ti_fne (length/momentum) for the

A's in our sample, which we expect to be an exponential with decay
cOrr_espohding- to the mean life of the A, is seen to drop in the region
" of short times. We account for the miséing events at both ends of the
- time spéctrum, and find corrections of 4+3% at 1.7 BeV/c, 5+3% at
2.1 BeV/c and 5+ 3% at 2.6 BeV/c.

4. Dalitz Decay of the 7°
o The w° from ¢ decay will give a Dalitz pair at the production

vertex 1.25% 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
increaée each cross section by 1.25% to account for this effect.
| Total cross sections are given in Table [ and in Fig. 2.

_ . After considerable analysis we have obtained an unbiased
group of events of the type K p - Aw = Aﬁ+n_n°, 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 - Aw events in which the « decays
into TT+‘IT—TT0 ‘and the A decays into pr . There is an extremely large
amount of data contained in every event of this type; our problem is
to present the déta in a useful and understandable form.,

First we define the variables (vectors, such as the decay
pion momentum from the A; and sc;alars, such as the c. m. energy)
which characterize each event and which can vary from event to event.
The differentia;l 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 reacFion. (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 6, defined by

cosf =K . w/|l§| |fﬁil .

.
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 the ¢ rest frame are:

= normal to the plane of the pions from the o decay (m X 'rrf).

1Z 35
H

normal to the production plane K X  (defined in the c. m. frame
and unchanged when shifted to t;le wmr-est frame).
X, Y, and N = an orthogonal set of axes defined by the production
| process (e. g., 5’1, §><§1, }:T). :
Unit vectors defined in the A rest frame are:

direction of the pion from the A decay.

H

‘normal to the production plane (same as in ¢ rest frame).

i 2 3a
It

';» Y', and N = an orthogonal set of axes defined by the production

process (e. g., 9, ,,I\EXSM’ ,,1\,1)’
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MU -37232

Fig. 13. Schematic drawing of a K p - Aw reaction indicating
momentum vectors and the production angle 6 in the ¢, m.
system. '
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: C, Expressions for Cross Sections

Byers and Yang13 and Berman and Oakes'14v have exhibited
the general dependence of this reaction on the anglés formed in the
decays of the final-state particles, given an unpolarized target. Hu.ff15
has also discussed this reaction. Ademollo and Gat’coﬂ16 treated the
production characteristics of reactions of this type by means of a
densitY—matrix'form.al’ism; such é treatment is the connecting link
between the correlations in this section and the production amplitudes.

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

'1/2+, respectively. We may express the entire dependence of the

cross section on internal variables as

r

g - EFi(n-lg)‘ +F2(n-X)Z +F3(n-Y)Z +F,(n-X)(n-Y) +F5(n-N)2(q'§)

P R R

+ Fio(nJ'IE)(n-Y)(noxv) +F11(n-N)(neX)‘(n-Y~') +F12(E-N)(n=Y)(n~X')]
[ > do_ do_dcos6 | .

Each Fi' is an uhknown function of E and cos 6, and depends on the
dynamics of the process. _
' It is convenient to introduce another parameterization of the

2ross-section formula:

d%0 = C(E, cos8) | £(nN)Z +6,(0-X)7 +1,(n-Y)? +£,(0-X)(n-Y)

FE(n N) 2 (. N) + - - 3 40 49 dcosd],
5 ! e Co 2 ™ n
' {(4m) -
with the .subsidiary condition f1 + fz' + f3 = 41, -which is the normalization
condition after integration over.the two solid angles involved. . By this
parameterization we have: pfovided a convenient normalization for the:
dependence of the cross section on the decay angles of the A and . »

That is, the depen‘dghce of the cross section on the decay angles (which
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means the dependence on the spin alignments of the A and ) is con-
tained in the {fi} in the form of a probability density whose integral

is 1. Thus we have

_ 5
do —/Q' _[Q d o

= C(E,cos 8)dcos 6]]'[f1(nb-N)2 +o . J 3 dQ ao

C(E, cos f)dcos 6.

Thus C(E, cos 8) is the differential cross section, infegrated over all
decay angles, of the reaction taking place at a given E and cos 6.

The total cross section is given by
O :fC(E, cos B)dcos 6.

D. General Model

At this point we might tabulate do/d cos 6 and the set of fi as
a function of E and cos 6. However, we still face the problem of
choosing the vectors §', X',‘and z{, ,,Y: in the A and the w rest frames,
respectively, If we could do our experiment at a unique E and a unique
8, 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 diagrarn/s 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 Pi’ NX P,, and N, .anAd in the A rest frame they are Q4 N X 94>

1’ -
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and ,,1\,1 In the t channel, the two sets are qy NI\} X qy and 71’\’1, and

Ei’ B X 51, and N. In the s channel we have 122, N X EZ’ and N and
95 ,,1\,1 X 95> and ,.I\,I " 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 datawith the {fi}
determined with axes appropriate to the t channel. We iterate that

the {fi} , if they were obtained at a unique E and 6, would be related

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

E. Experimental Calculations

The quantities do/dcos g and ., were obtained by a simple

counting of events in a given region of ETand cos 6. The only problem
here is back'g.round subtraction, which is discussed in the next section.
. The maximum-likelihood technique was used:to determine {f, }.
For each event we have a probability density that is a function of the
twelve £, ' o

2

+f3(2'.¥) Tt ey,

. 22
Py 7 f(n- T + £ (n - X) k

k
where the vectors have beeln.eva;lua‘,ted for the particular event, as the

subscript k indicates.

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

=1 P
i k=1 k

We maximize O\be.maximizing .
N :
In % = Z 1In Pk'
k=1

We vary only eleven of the parameters {fi}’ since there is one con-
straint, Only one extremum can exist for our likelihood, and itis a =
maximum. Both of these facts are a consequence of the linearity of

P asa function of the parameters {fi}'
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F. Background

If we look at the three-pion mass spectra in the reaction
Kp - Aﬁfn-w , 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 the w peak, we estimate thé number of non-w events

in the region of the three-pion mass between 750 and 8410 MeV., We

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

tion Kp - Aw.

Let us call the 750- to 810-MeV region the w region, and the
two regions 690 to 750 MeV and 810 to 870.MeV, _combined, the con-
trol region Let N be the number of background events in the w
reglon and chthe number of events in the control region. We are
deallng with a spectrum at a given E. To find the number of  events
Nw ih a certain region of cos 8, we use N =N - (NB/NC) (M) where
N is the number of events in the o region and in the region of cos 6
under discussion, and M is the number of events in the control region
and in the region of cos 6 under discussion,

Treating background in determinations of {f } is only sll\ghtly
" more complicated. The {fi}w for events in the w region is determined
with the technique described in Sec. E, and another set {fi}c is deter-
mined for the events in the control region. Both sets are normalized -
to a total integral of one, so that the expression for the {fi} for the

w events is
1 . , :
£, = N;_ {N fiw - (NB/NC)(M) fic} .
G. Errors

The errors on cross sections are treated in the usual manner
for counting experiments. The errors on the £, are more complex,
The maximum-likelihood routine we used yields an error matrix

‘obtained from inverting the second-derivative matrix) for the eleven
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Fig. 14. Three-pion mass distributions for 7720 K p - A'rr+'rr—1'ro
| events at 1.5 BeV/c., The curves in this and the next three
plots are hand-drawn estimates of background under the « peak.
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- Fig., 15, Three-pion mass distributions for 6670 Kp~- ATI’+TT-TT
events at 1.7 BeV/c.
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Fig. 16. Three-pion mass distributions for 5560 K p - An ' x =°
events at 2.1 BeV/c. ‘
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Fig. 17. Three-pion mass distributions for 11830 K p - An+-rr_1r
events at 2.6 BeV/c, The statlstmally significant peaks at -
960 and 1020 MeV are the ntn~y decays of the n(959) and the
3w decay of the ¢, respectively.
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fi that were varied in the search. Thus we have all the correlated
errors, and since the twelfth parameter is a function of the other
1 =15 -5

When we list the error, O s for an fi’ we are listing the square root
i

eleven (f we may find its error correlations also.

of the diagonal element of the error matrix corresponding to that fi'

Thus the error matrix is

| N_M |2
<6f. 5 = . [NZ <6f. 5¢. > _NB__ '<5f. of. ]
177 ,(Nm) | lo Tjw Neo ic 77j

op = <(6fi-)2>1/2.

1

and

Because of space limitations we have provided only the error matrices

for the forward direction at 2.6 BeV/c.

H. Presentation of Data

Figure 8 shows that our data lie in four 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 distribufions, Therefore we have lseparated the data into
four sections corresponding to the beam momentum settings 1.2 to
1.5 BeV/c, 1.6 to 1.7 BeV/c, 2.1 BeV/c, and 2.4 to 2.7 BeV/c. Fig-
ures 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 '{fi} determined in many
intervals of production angle for each of the four regions. Thus Figs.
3 through 6 and 18 through-21, along with t‘he‘ total cross sections
shown in Fig. 2, present the entire range of knOWIedge available about
this reaction in our experiment, and in fact represent the entire extent
of the information obtainable about the production meéchanisms in this

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

)



0.5 —— 0.5 '
AL : .
o ERY Ty % 1 fo Tipq)
200+ 2 dN ) L[J—I—!_}| 1 0 Tl [ il
T ] L EEERES I I AR
b tEHE K : /
O ' I L //
0.5%%%?}**&_ 0.5 fe | 0.5+ 1o
2 /
o 1 | 1 O ’_{_—L{_‘ | :_1_‘ O l + [ 1
S T
+ e ST -
f f ’
3
0.5} | osp fl 0.5:]_+ +“
IR - . :
o R 0 '4’1—1—;_1_!—1—*"1—11 1 o ’—L‘ T
+ , I 1'—1—*I
0.5 " 0.5 f | 0.5 e
n 5k 8 .5
A 11 iy
O . b_l—‘l 1 L O T 1 1 1 T O 1 ._I_'I )
- Eis s '
FE
1 1 1L ! | 1 i | 1
-1.0 0 1.0 -I1.0 0 1.0 -1.0 0] 1.0
p=Keow '

MU 37241

Fig. 18. Distributions of the number of events and the decay
correlations {f;} as a function of production-angle cosine
for K p - Aw events at 1.5 BeV/c. Dotted lines are used
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Correlation parameters for incident K~ laboratory momentum = 1.5 BeV/c. The c.m. energy is = 2.02 BeV, Thé total~

Tabte T cross section for K™p > Aw > Antn-n® near 1.5 BeV/c is 0.96 £0,05 mb, The total number of  events at all cos § is 3568.

Cos gmax 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75

Cos emin 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00

ME, cos 8)® 704 770 818 694 550 414 310 237

C(E, cos 6)P 262 244 253 245 207 264 252 248
f'1 0.279 +0,034 0.260+0,031 0.222+£ 0,029 0,188+ 0,031 0.302+0.039 0.426+ 0,053 0.359+0.070 0.489 +0,100
fz 0.392+0,034 0.500+0,033 0.599 £ 0.032 0.574+£0.035 0.551+0.039 0.420+0.054 0.479+£0.072 0.336+0,091
f3 0.329+0.033 0.240+0,031 0.179+0.028 0.241+0,032 0.147+0;034 0.154 + 0,048 0.162+0.066 0.175 +0,092
f4 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+0.179
f5 -0.05310.064 -0.099+ 0,053 -0.101+£0.050 -0.007 + 0,055 0.059+0.077 0.011+0,106 0.148 0,133 0.414+0.174
f6 -0.299 +£0.062 -0.066 + 0,065 -0.137+0.066 -0.240+0.070 -0.250+0,079 -0,032+0.107 0.138 £ 0,136 -0.249+£0.166
f7 0.027+0.059 0.021+£0.057 0.084 £0.052 0.101+ 0,055 -0.013+0,062 0.051+0.082 0.106 £0,133 -0,249 +0,163
f8 -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+0.294
f9 0.204+0,101 0.244 +£0,102 0.318 £ 0,091 0.0QS +0.104 -0.267+0.120 0.139+0.161 -0,143+0.228 -0.743+£0,307
fio -0.077+0.110 -0,091+0.092 -0.087+0.080 -0.074:!:9.090 -0.244 +0.105 0.160+0.156 0.471+0.208 0.118+0.284
f.11 -0.197+0.091 -0.179 +0.094 -0,014 £ 0.093 0.016 £ 0,105 0.289+£0.119 0.072+ 0,164 0.439:*:‘0.225 0.298+0,288
fiZ 0.491%0.096 0.139x0,083 0.210+0.083 0.333+0,088 0.4127+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,

- Ov-
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Table IV. Correlation parameters for incident K~ laboratory momentum = 1,7 BeV/c. The c. m, energy is = 2,10 BeV. The total
cross section for K'p > Aw > Antr"n® near 1.7 BeV/c is 1.00+0.06 mb. The total number of « events at all cos 0 is 2211,
Cos 8 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75
max
Cos@__. 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00
min i
N(E, cos 6)2 389 425 394 366 330 335 306 . 266
C(E,cos 0)® 218 174 163 194 161 163 238 232
f1 0.350+0.053 0.178 +£0.041 0.280+ 0,045 0.206+ 0,047 0,442 £ 0.048 0.333+0.051 0.256 + 0,065 0.245+0.070
fZ 0.418 +£0.050 0.664 +0.046 0.587+0.048 0.539 +£0.053 0.477+0.052. 0.411+0.051 0.589+£0.067 0.411+0.073
f3 0.232:+0.049 0,158 £ 0.039 0.133+£0.042 0.255+0.050 0.380+0.054 0.255 +£0.050 0.154 +£0.060 0.304+0.074
f4 * 0.253+0.086 0.227+0.076 0.312+0.076  -0.109+0.091 0.189+0.098 0.419 0,087 0.244+0.117 -0.241+0.121
f5 -0,092+0,100 0.100+ 0,076 -0,133+0.074 -0.124+0.081 -0.137+0.086 -0.006+0.098 0.068+0,107 0.370+£0.137
f6 -0.042 +0.097 0.002 £0.099 0.087+0.103 0.095+0.415  -0.490+0.113 0.136 +£0.103 0.070+0.4146  -0,040+0.155
f7 -0.048+0.086 -0.162+0.074 0.057+0.070 -0.008+0.090 0.149 +£0.106 0.058+0,082 0.087+0.117 0.124 +0.139
f8 -0.603+0,133  -0.009+0.128 -0.089%+0.432 -0.002+0.451 -0.040+0.181 0.120+£0.455 -0.259+0.495  -0.374+0.198
f9 0.307+0.165 0.261+0,139 0.094 +£0.155 0.269+0.461  -0.081£0.173 0.033+0,165 -0.281+0.201 -0.040+0.251
in -0.205+0.139  -0.199+0.131  -0.056+0.430 -0.20540.141 -0.277+0.132 -0.276+0.153  -0.274+0.488 0.351+0.211
f11 -0.033+0.148 0.179+0,131 0.189+0.147 -0.156+0.146 0.014+0.156 0.175 0,162 0.676 +£0.183 0.762+0.243
f12 -0.069+0.153 0.145+0.121 0.041+0.113 0.091 +0.144 0.4190+0.433 0.351+0.141 0.370+£0.174 0.462+0.194

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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Table V. Correlation parameters for incident K~ laboratory momentum
cross section for K™p — Aw ~ Antr x° near 2.1 BeV/c is 0.48%0.05 mb.

= 2.4 BeV/c. The c.m. energy is ® 2,27 BeV. The ‘tot:éiv L
The total number of w events at all cos 8 is £024,

Cos emax

Cos 6_ .
min

N(E, cos 8)%

C(E, cos G)b

1,00

0.75

122

84
0.572+0.090
0.105 + 0,071
0.3230,085
0.013+0,145
-0.039 +0.186
-0.031%0.425
0.005 + 0,147
-0.313+0.235
0.257%0.255
-0.455 % 0.280
0.515 +0.245

-0.181+0.284

0,433 0,
0.

0.

0.

0.75
0.50
123

87

2370,
330+ 0.
.334 0,
.002 0,
.313%0.,
L2220,
L2520,
114+ 0,
L1230,
.263+0,

3650,

097
090
089
135
195
172
152
262
245
272
229

287

(=

(=]

-0.

73

L3700,
.249 0.
.381+0,
274+0,
.245+0
.000+0,
.022+0,
.153 %0,
.083+0,
.292 %0,
.187+0,

173+ 0.

072

069

119
.126
122
147
213
207
231

199

0.25
0.00
143
60
0.331+40.070

0.299 +£0.066

(=}

.370+£0.073

[=]

.547+0.113

0.033+0.128

(=]

.253+0.111
-0,006+0,145
0.512+0.224
0.472£0.205
-0.021+0.216
0.371+0.214

-0.017+0.210

[=)

75

.181+£0.059
521 0,066
.298+ 0.059
514 +0,127
.009+0,123
.146 £0.138
062 0,125
.507+£0.237 .
.024+£0.194
.281+0.212
.308+0.194

.082+0.208

[=]

-0.25
-0.50
188

94

.190 0,
624 =0,
.186 +0,
L1693 £ 0.
.124 0,
.209+0,
173+0,
.039+0,
2650,
.210+0,
L7600,

1920,

056
061
055
118
120
128
093
186
182

141

191

-0.50
-0.75
161

99

2630,
.366 0.
.371+0.
.088+0.
.143 £ 0.
.003+0,
.129 0.
076 0.
L3560,
.062 £0.
.300+0.

1070,

075
071
141
136
148
136
240

201

185

244

j==3

0.

-0.75
-1.00
152

101

2610,
.302+0,
4370,
.092=+0
1930,
.080+0,
.248+0,
.144 £ 0,
.158 0,
.019£0,
.095 +0.

.241£0.

072
075
079
.136
150
138
152

228

224

207

a. N is the
b. C is the

N
number of events in the w region.

number of events in the control region.

e



Correlation parameters for incident K~ laboratory momentum = 2.6 BeV/c. The c. m, energy is

-

Table VI. ~ 2.49 BeV. The total
cross section for K'p > Aw ~ An w n° near 2.6 BeV/c is 0.30+0.03 mb, The total number of « events at all cos 8 is 1867.

Cos Gmax 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75

Cos Gmin 0.75 i 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00

N(E, cos 6)% 435 180 132 123 118 180 210 201

C(E, cos G)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 0.142+0.057 0.374£0.075
f2 0.397+0,041 0.349+0.072 0.348+0.083 - 0.149£0.072 0.465+0.101- 0.35916.071 0.320+0.067 0.251+0.074
£, 0.099 £0.030 0.065.+0.062 0.134 £0.070 0.580+0.090 0.248+0.089 0.516  0.069 0.568+0.070 0,375 £0.078
f4 0.132+ 0,062 0.226+0,098 0.200+0.133 0.242 +0.167 0.31710.150V 0.376+0.128 0.361+0.109 0.032+0.132
f5 -0.185 + 0,085 -0.474+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
f6 0.059+ 0,079 0.293+0.,152 0.032+0.176 0.231+0.113 0.490+0.204 0.028+0.142 0.188+0.142 -0.039+0.134
f7 -0.045+0.062 -0.140+0.102 0.300+0.170 0.379+£0.187 0.076+0,148 -0.003 0,141 0.039+0.143 0.077+0,142
£8 -0,248+0.103 -0.094+0,173 0.067+0.246 0.354+0,284 0.404 +0.239 -0.089+£0.224 —0.08{? +0.187 -0.025+0.237
f9 -0.001+£0.138 -0.509+0.235 -0.526 £0.267 0.32110.241 0.278+0.245 0.031+0.183 0.029+£0.476 -0.211+0.231
f10 -0.043+0,419 -0.265+0.212 0.213+0.289 -0.052£0.258 0.092%0.293 -0.351+0,218 -0.273+0,191 .-0,086+£0.221
f11 -0.033+0.126 0;22410.246 -0.226+0.222 0.436+0.252 -0.171+0.281 -0.286+£0.185 -0.234+£0.148 0.262+£0.209
f12 0.218+0.110 0.405+0.184 0.311+0.206 0.201+0.,259 0.342 0,312 -0.489+0.229 0.370+0.143 0.523+0.223

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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Table VII, 2.6-BeV/c correlation parameters
for forward production angles,

Cosf 1.00 0.875 0.75
Cosf .. 0.875 0.75 0.625
N(E, cos )2 252 : 183 118
C(E, cos )P 83 - o 62 66
£, 0.464 0,054 0;546:&0.060 0.667 £ 0,080
£, O.,4’14:I:O,O537‘ 0.378 0,062 0.325 0,090
£, 0.124+0,041 0.076 £ 0,039 0.008+0.067
£, 0.197 £0.086 0.077+0.090 0.098 £0.119
g -0.166 0,107 -0.297+0.137 -0.418+0.177
£, 0.091+0.096 " -0,022+0.127 0.148+0.1814
£, 0.085+0.099 -0.085 £ 0.086 -0.029£0.119
fq -0.3870.156 -0.186 + 0.166 0.014+0.218
fq 0.433 0,180 -0.174 £ 0,212 -0.163 +0.298
f10 20,032 40.153 ~0.101%0.190 -0.508 £ 0.306 ’
£4 0.068+0.166 10215 40.192 0.332+0.312
£,5 0.065+0,138" 0.588 +0.200 0.486 +0.246

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

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




L]

Table VI_IL_ Error matrices for 2.6 BeV/c data in the forward direction; <6fi'6fj> X 40

-45_

6

0.875 < cos § < 1.00

fy £ f £y i fe £ fs £y £10 11 Y12

£, 2956 -2031  -925  -601" -572 4 37 857 C227 -ab6 597 254
£, 2777 7 745 171 442 234 -199 973 - -243 170, -650 -386
£ 1671 430 130 -235 236 116 17 296 53 132
£, 7380 82 -1271 -65 428 418 178 379 111
£ 11435  -2224  -2923 -567 108 -737 -448 -504
£ 9305  -2478 2342 320 -1008 1302 787
£ 9847 -926. 1106 . 3108 . 679 647
fg. 24396 -796 1432 945 2712
1y 32538 2368 -223 501
f10 23460 240 -984
£ 27419 4294
12 19 155

0.75 < cos § < 0,875

— . 3607  -2998 609 . -982 -1500 353. 645 934 1824 380 70 ‘668
£, 3877 879 84 1072 -429 23 Z1025 -1888  -199 -62 2368
s 1488 898 428 77 674 91 64 -181 -7 1700

£, 8021 354 -1496 166 -1234 -378 -2319. 2154 -1203
£ 18774  -4705  -2270 -3509 2390 -2654 537 -1034
£, 16069  -3106 -80 1668 1054 -297 -386
£ 7460 5651 -11 148 -12 2360
fg 27665 305 1964 -249 3794
£ 45092 -2460 3443 3848
£10 ) 36 189 1898 9895:
£44 36992 -2490
£, 40038
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IV. THEORY OF THE ABSORPTION MODEL

A. Introduction

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—rangé forces--the one -particle -exchange model. 17 (See Fig.
la.) 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,
B. Formalism

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™ v
meson, These amplitudes are called the Born amplitug]:es. Let Bij -
be the Born amplitude taking into account both K and K~ exchange -
where the initial proton has helicify plus, the final @ has helicity i,

and the final A has helicity j. The: arnplit'ud'es'fér ‘an initial proton with:

v
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helicity minus are related to the Bij by parity conservation, Then the

six independent Born amplitudes are given by:

B

o+

1]

{(C_/'\/_Z)'p2 m, sin 6}

+ Gy -(C N2)Q, -N2ZD, 0, _WD—EC,rﬁ. P, Py sin 0 [(m) +m,)/al}

' LA -1
+ Cr3 {ﬁD-Ec.m,_ P, Py sin 6 (m2 +;m4) }

G, {-C_Q,} +q2 {.-c+p2m

13 sin 6}

G {-(C /\/_‘ , My sin @}

+ G, {(c,/ND)q, -N/TDJFQ1 -NZD_E_  p,p,sin6[(m,+m,)/a]}

. -1
+ G3 {'\/?D—Ec,m. P, Py s1n~6A(m2+m4) }

{(C,/NZ)p, m, sin6}

+ GZ {(C__/*\/?)Q2 -WD—Q1+WD+Ec,m.<P2_p4 sin 6 [(m2+m4)/a]}

+ G3 {—\/_Z'DJFEC’

G1 {—C+QZ} +G2 {C_pzm

| . -1
m, Pp Py sinf0(m, +m ) 7}

N sin 0}

G {-(C /r\/—-)pzm s1n6}

+GZ{ C/«/'_)Q -N2D_Q,+NZD_ E

+G{\/’§'DE

+ c.m,

c. m. p2p4s1n6[(m +m )/a
P, P sin@(m +m )-‘1}
274 2 4 !
/



where: .

cos 6

1

G(oKK)G(BKTA)
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> (2p)
4'n'(mK - t) w
GlaK K ) [Gy (B ™) + G (KA
B
4Tr(mK?§ - t)

G(oK K™ ) G (FK ™" A)

LS B
4‘n'(rnK* - t)

—1a+2m'

1
7 [Ec m (E,+Ey) -5 2 ™y ]

c.

-lmytm)/al B, AmyE 4my E))

E -E cos B

1Py 3P,

2E2E4 + Zrnzlrn4 - 2p2p4cose

(1 7 cos g)1/2 {lpy/(m, +E,)] % [p,/(m, +E;)]}

(15 cos®? {12 [p,p,/tm, +E,)m, + E,)])

1/2

(E4+m4)(E2+m
anZ

3 .

5)

2 2 . :
m, +m, -2E E3+Zp1p3c056

1 3 1
s,
P12 |
|2
2 2,1/2
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" Here the. P; with i =1, 2, 3, or 4 correspond to the c.m., momenta for

the K, p, w, and A respectively; EC m is the total energy in the c.m,
system, and the coupling constants G(abc) are as defined by Jackson

. 18
and Pilkuhn.

The differential cross section in terms of these Born ampli-

tudes is
do 1 Cq" 8. |2,
_— = — 4 : B,.| ,
T Z 2
c,m, . . : :
. 1]

where q and q' are the c.m. momenta in the initial and final state S,
respectively.

We agree that the Bij are not the correct amplitudes for thf
reaction K p - Aw even if this reaction takes place only by K and K i
exchange, The Born amplitudes must be modified by absorption.

The basic formula relied upon to correctly give the amplitude
Aij is, in matrix form, '

Aizsfi/ZBsi1/2 (1)

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

19

imation. The Si (Sf) is the S-mlatrix element for glastic scattering
betwe_en the two particles in the initial (final) state. In rother words,
this extension of the distorted-wave Born approximation is equivalent
to including in our calculations-the Feynman diagrams represented in
Fig. 1b, Omneszo 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

that 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) V’A”"r;"gular -momentum representation. Let |a> = |i, J, M, >\1, ‘)\2>

and |b) = [f, J, M, )

;» \,) be initial and final states, with angular

momentum J, M, and let the helicity of particle i be A, The remain-

ing quantum numbers are contained in i, f:

(FITMN N AL TMY Ay = - )y (£ M)\3)\4|Sf1/2|fJ M, A"
ey
1 B

. <£JM>\3')\4'[B]iJ'Mxi')\Z*)(iJM)\ Ry |s1/2| T M, N

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

tum representation,: we have

1/2
(F@N N, [AJION XY [dQ aQ, Z (F@N N S/ T [EQNN 'Y
'

R BRI (10 'x2'|si1/2|io>\1>\2>‘

where liQ)‘i )\i) is the state vector with the ¢, m, momentum vector

in direction €2,

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

s1gn1f1cant differences arise in their application because different

approximations are made, In the treatment of the Si/2 matrix ele -

ments, for the angular-momentum a.pplications3 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 Si/ matrix elements in another way

ff‘
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(see ‘belo.w;)". The angular-momentum applications approximate the
partial -wave bd_ecomposition of the Born terms, while the linear-
momentum application uses the exact Born terms. That is, the
angular -momentum applications have approximated partial-wave '
summ_a,tions by integrals. (Jackson, hbWever, is now using exact
partial -wa.fze sums, 2,1) This is completely avoided in .the 1in_e,a,r-
" momentum apﬁlica’cion. The effects vof these approximations are
discussed in Section V, v |

To cothinue with the linear-momentum re{aresentatién, we -
make the usual simplifying as surpption that )\i'.: )\i,; that is, the elastic
scattering in the initial and final states is all nonhelicity flip. Since
the hélicity -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 fo be a reasonable
assumption fovrvt_he forward directions.

We must evaluate the matrix elements of 51/2_ We know that

S=1-T, whe.re T is the transition matrix, and the partial differential

elastic cross sections are given by

doy /a9 = [(zn/a) v;<19>\1>\2 Tliox, %)%
Hence we have

GA N [T[0N A,y = eiq’(q/zn)(dow\z/ds_zﬁ/z;

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

If the elastic scattering is due comp.letely to the‘absorption of inelas -
“tic scattering (i.e. ,‘ elastic scattering is ''shadow' scattering), then
Uis 0., However, even if the elastic cross>sections extrapolate exactly
to the optical-theorem p(')int,*lkp # 0is still possbible at 8 # 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.



Under our assumptions, the differential elastic-scattering

cross sections may be expressed by

(d-o)i/z _ 19 _-at/2

as ™

where O 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 Si/‘Z by

st/2 .y _ 1y

" This approximation is equivalent to considering at most one elastic
‘scatter in éach of the blobs in Fig. 1b. '

We have now given enough information to construct the ab-
sorbed amplitude A./ After properly taking into account the necessary
‘rotations from various Helici-ty frames to other helicity frames, Huff's

final result is

(F@x N [A]iON, ) =<fm3>\4|13|io‘>\1>\2>
+ eV dQ'n [(£Q AN, [BILON, M) (AQN, N, [TiON, A,y (2)

+(FQ G, [ T]E0N, >\4><f§zxg>\4 |B|iox1xz§],

where

n = (7’)')2“\'3—)\4) ei(’\1'>\z)¢"
n' =[e -ip!/2 cos 6'/2 cos 8/2 +.,éi¢'/2 sin 8'/2 sin 8/2]/cos 8'/2,
and

cos A'" = cos § cosB' + sinf sin6' cos'.
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We ha:VQ discarded the product term containing two T-matrix
elements because it represents the Feynman diagra'm*-vW}'ie?i‘e one elas-
tic scatter takes place in the initial, state and one takes place in the
final state. We already neglected the diagrams,t 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: othe'r state; there-
fore we must neglect the product term also. '

Given the helicity ampl.itudesbof Eq. (2), it is straightforward

to give the theoretical values for the {fi}” defined in Section III, and

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 Sub_section we present what is known, either theoret-
ically or experimentally, about the magnitudes of the coxi_pling con-
stants involved in the reaction K_p -+ Aw proceéding via K and K"
exchange.

(1) G(wK+K-). "From the decay of '¢ into K.+K-, we can determine the
G(6KTK ™) coupling constant by using '
c*(er*K) p°
4 m 2*
$

o ~KHK-

:'vg_
3

Thus we have

GIeK'RT) |y

ypm 2.

Then from SU.(3), where 6 is the vector-meson mixing angle (6 =40 deg),

we have
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2

~2f et Ty :
GlK K )_ianlg —_———(¢KK ) = 0.s.
47 ’ o 4
Alternatively, usihg the p - wrw decay, we find
2, ot -
G (oK 'K ) _ (pTr'rT) 3 ~
e = I ( s1n ) ~0.7..

(2) G(5K+A). Again we may use SU(3) to relate G(5K+A) to G{pn°p):

G2 §K+A (3 - 2a --;GZ(En°p)

41 ’

where GZ(—};‘ITOP)/41T = 14.6, -and a, the fracti‘oh of tHe‘interaction going

through the "d" (symmetric) coupling, is Known to be = 0,75. We
find -
G (pK A) ~ 10 /
47 )

(3) & wK+K*_), ' Using the ¢ — pm decay and the pr model of the

© > 3mdecay, we may discover an approximate value for G(wK+K*»')

through SU(3). Let € = G(¢m p )/Glwn'p’). Then the alléwed SU(3)

couplings lead to ' .
GleK™®™) ., 3 .2

— -—1-Zsm 6-%€sin'6co‘s6.
Glwm p )

Glashow and Socolow have predicted from their nonet coupling scheme
that €.= -0.08. 23 They have calculated a phase-space factor of 17
favoring ¢ - pm over w — pmw; hence the détermination of

(¢ — 37) = 0.4+0.3 MeV by Lindsey and Smith®? leads to

le| = 0.05+0.03. We will use’e = -0.08 to find G(wK K™ 7). Thus we

Lhave
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An expression for G(wﬁ+p_) in terms of the width of the «w has

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

leads to
2 4 -
G (‘9‘”- P )_g 14
1 -
therefore ) .
s .
M_K__) - 5.7

4

{4) GV(EK=‘<+A) and GT(§K>:<+A). The couplings of the p, w, and ¢ vec-

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 Won’g26 find Gé(ﬁ@p)/élw ~ 3; Bryan and Scott® find
G (pwp)/4w * 22. ] we probably should restrict ourselves to saying
that G, /411' and G, /4'rr are ~ 10,

Cablbbo28 has suggested a scheme that predicts the ratio
G/ Gy

written

The interaction of baryons with vector particles :can be

(B|V|B) = Tr[efv[B, B] +&V {B, B}]

where V, B, and B are matrices.representing the vector-meson, anti-
baryon, and baryonvoctets, & has the form a YM' + bopvkv and § has

the form a' y +b'c vkv' If we assume that the electromagnetic cur-
rent has the same transformation properties as the vector-meson octet,
. Wthh is another way of saylng that the photon and the vector mesons
are all coupled to the same SU(3) conserved currents we can write the

electromagnetlc 1nteract10n of the proton and neutron as. follows
Pl m 197 £ 30

(lic, . 2~ 26
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But we know that

<5|jé_;m. |p>MYH + (Hp/ZM) GHV k
and

(Flie, m, D ~lay/2M 0 K.
Hence we can solve for the forms of \g and ®’

b = «1/2)(n_/2M) @

lJ,V

&= -(1/3) v, - (/6 Uny +2u)/2M] 0 k.

Now the pAK ™ interaction is
lJ,,V . v

<5|jK* 'A> ~3@ - }g &YH' +-(Hp/2M) c

In our theory we have used the expression

<§|jK* pYV oV

A) ~GVY|_L + [GT/(m2+m4)\] c k.

Thus the prediction is

GT/GV = Hp = '1.79._

D. Relationship between K p - Awand K p > Ad

If the K and K © exchange model is valid for K'p > Aw, then
we expect the same model to hold for K p - Ad, with coupling constants
related through SU(3). For example, we have
GleK K
———'.——-+—_— = tan 6.
G (6K K ") |

Also Glashow has pointed.out that the ratio

R =

G(¢K K) (G(QK*K)) i
G(¢KK) G (wKK)
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29

can be expressed as

R - tang {(3/2) sinf cos @ - €[1-(3/2) cos’ e-]}_
11 -(3/2) sin® 6 -(3/2) € sin@ cos 6
However, A¢ elastic scattering in general is not determinable from
Aw elastic scattering alone; thé absorption parameters used for Ao
in general would be different'than those used for Aw.
Liﬁds¢y has Studied the reaction K p - Aé in the same energy
regionva,s we have studied K_-p - A@. 30 Some éomments 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 ‘c‘om}')uter ‘prééramvwh‘ich 'p.u':ts Huff's treatment of the
absorption model to practical use has been written at Lawrence Radi-
" ation La.borétory by J. F"ri‘edm'lah (for the reaction K p — K*p) and
‘modified by L. Hardy and S, Flatté (for 7 p - YK and K p - Ad).

In this sectic;n we first compare the results of our treatment
with prev'i.ously'publi:shed results that used the angulaf -momentum
treatment of the absorption model: We show that the different approx-
imations that are used in the two tréatments lead to qualita.tiveljr sim -
ilar, though quantitatively somewhat different, predictibns.

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 - Aw. 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 in 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-
2st to see if the Aw coupling constants, appropriately modified, can
explain the characteristics of the reaction K p - Ad. We use some
recently available data on K'p - Ad at 2.6 BeV/c to test the absorp-

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

obtained in K p - Aw.

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

mp—ppand 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 fZ’ : f3,_ f4

and the differential cross section. - The parameters have usually been
given in terms of a densi'ty -matrix nota’cion_3 Ffor the final Vector meson,

The equations relating the two notations are

=f

P00 ~ 2
Py, g = /2 -5 - 1,/2
and ‘ '
Rep, = -f,/2NZ .

In the angular -momentum treatment, the absorption param-
eters are expressed in terms of-the parameters C and y where the

absorption factor is
. 2
exp(2_16) =1 - C exp(-yJ~).

The correspondence with the total cross section, O and the slope of
the elastic differential cross section, A, is '

e

C =:

If aT(i); Ai and GT(f”‘;', 'Af are the parameters of initial- and final -state

' SCattering respectively, then we have

+ 47 Ai . + | 2qZ Ai _
- 4nA Yo Z s

f . 29
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‘Figure 22a shows the predictions of the angular -momentum
method taken from Jackson et'al. for m p — p p at 4 BeV/c with 7°
e'xchamge.5 '{The' parameters they used are C = 0.76, Y+‘ = 0.04,
C_=1.0,andy_=0. 03, which translate as @ (1) 28 ’mb _

A =75 (BeV)' , op(f) =56.7 mb, and A =11.6 (BeV) . In Fig. 22a
the squares are the results of our method; the agreement is excellent,
This comparison checks only pseudoscalar exchange. To check vec-
tor exchange, we take the predictions given by Jackson et al. for the .
sa'rnve reaction with some vector exchange addéd. > The curves in

Fig. 22b are the predict-.ions of the angular-momentum treatment

with the parameters £ and n, given by Jackson et al. as

G(r Ve ) [Gy(BVR) + Gp(BVp)]

2G(n 7%") G(p ° p)

and .
G(x"Vp7) Gp(PVp)

+ - — s
G(n 7% ) G(pn°p)

set at n = 0 and £ = +0,25 (lower curves) and £ = +£0.50 (upper curves),
Here R is the ratio of the results with nonzero £ to the results for

€ = 0. We have determined that £ = £0.25 corresponds to GV: + 34,

GT = 0 and that £ = £0.50 corresponds to GV = +68, GT =0, Our
results are shown as squares (for positive GV) and circles {for negative
Gy

tion appears to be in disagreement, our curves be1ng h1gher than those
of Jackson et al. To check further, we look at Fig., 23 which compares

our results for K+p - K%p at 3 GeV/c with those of Jackson et al.

‘The agreement in Poo Seems good but the differential cross sec-

Again our agreerhent 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 Jackson
with no a.'bsorption,' we find that the definitions of our coupling con-

stants are indeed consistent, Therefore our disagreement arises
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(a) o (b)
1 . 1

0 i
1.0 0.9 0.8 0.7 06 1.0 098 096 0.94 092
*Cos 6

MUB-9990

t
\

Fig. 22.. Parameters predicted by the absorption model for the
reaction v p + p-p at 4 GeV/c. The curves are taken from
-Jackson et al, 5 and the points are from our method. " (a) Pion
"exchange only (b) sonne‘vector exchange added in the form of

. £ =%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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a 0,8 —
£ T .

~ 202 o g 7
b|C} 0'46 TS B
heline] _ == .

1 1
1.0 0.9 0.8 0.7
Cos 6

MUB-9991

Fig. 23, Parameters predicted by the absorption model for the
reaction Ktp - K**p at 3 GeV/c 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 U)the
dotted lines. See text for absorptlon pararneters and coupling
constants.
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from our method of absorption, In Fig.-» 2‘3 at cos 6 = 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 rémember
that the crux of the calculation we are making is the caleulation 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 lai/'ge 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)von 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 vec-
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-
:.iique, 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 - Aw

To predict an experimental result, we miust provide the

theory with the following parameters:

VAP e N e
2_GKKOG (pK A) = K-meson-exchange coupling

g

gy = G(K_K>'<w) GV(EK>'<A) =K - exchange vector coupling

g = G(K-_K*w) GT(EK*A) =K exchange tensor coupling

O'T(i) {UT(f)} =K' p wa"} total cross section

A {ap =K p {Aw) elastic differential
cross-section slope
in the forward direc-
tion:

U] = possible n‘onzer'o 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 - Aw. Since the data give cross
~sections for K p - Aw —>Arr+7r_1r° 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 y is zero, then the theory will predict that f; through

112 are identically zero gy_g_lf_yyvh.e_r'_ew,' The data at the highest energy

-

are actually not too inconsistent with this prediction; however a non- g
zero y does significantly improve the fits obtained. In all our fits we
have assumed that the ¢ for K p elastic scattering is the same as the S

yr for Aw elastic scattering, and that  is not a function of production
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angle, These are drastic approxirnation;s, but the effect of ¢ is".only

felt significantly by f5 through { which are not very well determined

anyway. We note that the valuei,zof y 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 O'T(i) =30 mb and Ai = 7.5 (BeV')_2 everywhere.
This is certainly a good approximation in the case of oT(')' Lynch31
has shown us preliminary data from 1.5 to 2.6 BeV/c in which A
varied from 7.0 to 8.5 (BeV) . Any deviation from 7.5 (BeV) -2} can
easily be taken into account by a small variation in the final -state
absorption parameters oT(f) and Af,

At each momentum we have tried two different fits. First,
we have tried K exchange only, varying g (f), A o and Y. Then
we have included Kd‘ exchange, adding gy and gr 2s parameters
Jackson et al, > have already observed that two regions of vector-
meson exchange couplings often give compa’rablyvgood fits to the data;
one corre spo‘nds.-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 XZ 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 thebpa.rameters
at 2.6 BeV/c, because the curves are in qualitative but clearly not
quantltatlve agreement with the data. This also results in X which
are certainly higher than would be acceptable for a perfect theory;
one must judge by the curves whether one agrees that "qualitative
agreement' has been reached. We prefer to show the curves for the
bestl fits and state that changes of the order of 20% in the coupling
constants would 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, 7

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



Table IX, Rest-fit parameters for K p = A,

Theorya 2 f § | : g e
M(Zgl:\r/l;tr)n A Nc?eit: b T A -2 ' ®p v g
; (mb) ~ (BeV) : L
points _
1.5 K 26 144" 45,0 4.7 0.47 104. 0 - O
1.5 KK™*(1) 26 140 9.1 -6.0 -0.54 3.0 -24.6 -6,
1.5 KK (2) 26 54 41.9 1.7 0.36  16.6 36.7 22
1.7 K . 26 74 61.9 9.8 0.54.  12.7 0 0
1.7 KK (1) 26 70 57.0 19.5 0.02 412.2  -28.2  -5.
1.7 KK (2) 26 49 60.8 10.5 0.43  14.9  20.5 10
2.1 K 26 302 0 . 0 -0.14 2.9 o o
2.1 KK (1) 26 66 0 0 -0.06 0.5 -11.8  -9.
2.1 KK*(2) 26 76 0. 0 -0.20 0.7 10.9  10.
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 0.2  11.8 25.6 3.4
2.6 KK* (K p - Ad) 28 78 81.6 13.1 0.07 6.9 32.0 20,

- 99_

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*(Z) means the sign is positive.
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- Fig. 24. Data at forward production angles for 2.6 BeV/c

' K7p'—> Aw events. The solid curves correspond to the best
fits for K exchange only, the dashed curves to KK~ *(1) best
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,
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Fig. 25.. Data at forward production angles for 1.7 BeV/c
K-p - Aw events, The solid curves correspond to the best
fits for K exchange only, the dashed curves to KK*(1) best
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.
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‘ We therefore set o
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1. 2.6 BeV/c , : e R ‘
First we note that C = ()',I,(f)/ll:*rrAf is 1.2. To be consistent
with our assumption that the elast’ic scattering is almost entirely the
shadow of the.inelastic processes, C should be < 1; Idowever, 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.. ‘The
total cross section for Aw scattering of ~80 mb may be compared with
estimates of ~80 mb for GT‘(pN) made by Drell and Trefil. 32

Next we note that the K-exchange coupling,

E gp -G (K_K+m) G2(§K+A)/( ')2 for the best fit is 7.4, in remarkable
agreement with the SU(3) prediction derived in Section IV, g ~ 7 to 8.

The K - -exchange coupllngs are certainly of a reasonable magmtude
The curves show a qualitative agreement with the data; the

differential-cross-se‘ction fit is excellent,. The worst-quantitative

discrepancies occur in f3 and f12, but even in f3 the shape is similar.

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

tative picture at 2.6 BeV/c.

2. 2 1 BeV/c

We find X = 177 if we.use the parameters deternnned at 2.6

. BeV/c. lf the flnal state absorption. parameters are allowed to vary

Ereely, ¢ goes negat1ve and o (f) becomes small (< 5 mb), a reflec-

 tion of the lack of forward peak1ng in the dlfferentlal Cross sectlon

T(f) 0 for our final f1ts We then find that g

) at least an order of magn1tude below what we expect, (The two f1ts
w1th K exchange really correspond to more or less the same region.

One may think of it as pos1t1ve gy and g with small g ; in one case g

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

Thus at 2.1 BeV/c; we find two very unpleasant facts, if we
‘want to believe the absorption model, First, the Aw total cross section
is extremely small, in contradiction to estimates of the pN total cross
sections (~80 mb at 4 BeV/c p laboratory momentum) made by Drell

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

"than one-expects,

3,717 BeV/e - S o
‘The fits at 1.7 BeV/c are quite reasonable in all respects.

For the final state, we have C = 0.6 for the best fit and g = 12, ' .

" 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 inai:pl-icable', only to succeed where it is appl’icable.' " We

find xZ = 196 if we use the parameters determined at 2.6 BeV/e-.~

4. 1.5 BeV/c -
-Here the model again has trouble. The best-fit value of C is

©7 5.2, which is-clearly unacceptable. Essentially A, tends to be much

T tooTsimally - Also U is becoming rather large. Of course when C is

"thig'large, our approximation that (1 - T)‘i/z 21 - % T is no longer

"'e"i'feriia;f')'pr'o'ximately good. We can say that the 1.5-BeV/c data are not

" siwjell explained when treated by our method for the absorption model,

7 We find )(2«':' 326 if we use the parameters determined at 2.6 BeV/c.

D. Comparison with Experiment for K p - Ad

‘ The fact that g , the K-exchange coupllng, came out qu1te
reasonable for K~ P~ Awat 2.6 BeV/c is grat1fy1ng It then becomes
of great 1n’cerest whether the characteristics of K~ p - NA¢ are consist-
, ent with these coupllngs also., We have translated the results of
’ L1ndsey3"0 on K p - Ad at 2.6 BeV/c into our notation and plotted the
results in f‘ig '26 ' The solid curve is calculated from the parameters
deternnned at 2. 6 BeV/c for K p - Aw, appropr1ate1y mod1f1ed The

mod1f1cat10ns given in Section IV, are

gp(~Af1>)‘= gp(Aw) cot Gm = 1.19 gp(Aw) -
and

-8V or T(A¢) “8vor T(Aw) [-Recot em']-'_ -1.7 &V or T(Aw) "
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Fig. 26. Data taken from Lindsey29 for the reaction K p - Ad
at 2.6 BeV/c. The solid curves are the predictions of the
absorption model with absorption parameters identical to
those determined by the KK*(1) solution to Aw at 2.6 BeV/c
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,
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The XZ for the solid curve is 552 for 28 glata. points, where we have
assumed that the error matrix for the decay parameters is diagonal. s
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 XZ is 77.8. The parameters of
the dashed curve are O’T(f) = 841.6 mb, A, = 13.1 (BeV)_Z, ¢ =0.07,

f
AN — a5 _
gp = 6.9, gy = 32.0, and gp = 20.3. Hence we have

G(K'K ¢) ~(6 9)1/2

= 1.0
G(KK w)
where we eXpect 1.2,
G KK'9) 3 g
——— = -2§9 = -1.1
G (K K ) ‘
v
where we expect -1.7, and
GpEE S 203 .
Gp(KK'w) %P

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).

Glash0w29‘ has pointed out that the test that is least sensitive
to kinematical effects is the ratio R, We find using G V that

(320} {NTZ ) |
R "(Nlm) 6“289} "o

where we expect -1.4, and usiﬁg G,i, we find

74 } - o

-8.8

o,

_{20.3
R _('\/_6.'9)

where we expect -1.4.

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

¢«

verified since G in our best fits is about a factor of two smaller than
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GV' ‘Cabibbo's scheme also predlcts GT/G for the ppp vertex as
o "My T = 4,7, Using the reaction Kt p > K'p, Jackson et al, 5 found
T/G (ppp )< 1, agaln not in agreement with the prediction,

Since the vector -meson exchange formalism is in much

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

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

dependence—iby 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 gp and elt?her g, or »gT.,)

E. Conclusions

>

We have shown that the characteristics of the reactions
Kp > Awand K p - Ad at 2.6 BeV/c at 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 vtom{_;_vork.w If it did work we cvc;uldvnot fault the

model, but a th/eory\ 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 BeV/c the absorption model d:oes fail to explain the data,
while at 1.7 BeV/c it works.
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