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+ .
‘ STUDY OF w AND ¢ PRODUCTION IN K p INTERACTIONS
*
AT 4.6 AND 9.0 GeV/c

G. Alexander, A. Firestone, C. Fu, G. Goldhaber, and A. Pignotti
Department of Physics and Lawrence Radiation Laboratory
University of California, Berkeley, California
ABSTRACT
We present results on the w and ¢ production in K+p -> K+@p and
K+p - K+¢p interactions at incident momenta of 4.6 and 9.0 GeV/c. There
_ is no statistically significant evidence for Kw or K¢ resonance production.
The 437 K+wp events at 9 GeV/c are analyzed in terms of a multiperipheral

Regge model on the entire Dalitz plotQ The events have been assigned to
the various peripheral diagrams on the basis of criteria in the four—momentum
transfers. A satisfactory description of the data has been obtained on the

basis of diagrams involving Pomeranchuk and meson exchanges.
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I. INTRODUCTION

In the past, the Regge pole model, which has been relatively successful
in describing high energy two- and quasi-two-body feactions, has been extended
to multiparticle rea,ctions.l In particular, there have been some recent
applications of the multiperipheral Regge pole model to three-body final state
reactions.” Because the Regge model was originallyvintroduced as an asympto£ic
expansion, in these works the ﬁodel_was used to fit only the comparatively
small fraction of events for which all two-particle subenergies were larger
than some prescribed values. In the case of the reactions npv—> PTD, Berger5
succeeded in extending the model down to threshold in the mp subénergy, but
was forced to perform a cut in the =N maés to avoid the strong presence of
the A resonance. Here we deal with the process K%p - K+wp’ in which no
strong resonances are-observed, and we attempt a fit over the entire Dalitz
plot with a dbubie Regge model. A justification of this attémpt may be found
in the proposed extension of the Dolenvﬂbrn-Schmid duality argument,6 according
to which the multi-Regge formalism not only describes the asymptotic behavior
of the prodﬁctién amplitude, but also its behavior at lower energies, in some
average sense. If strong resonances are present, we cannot expect this average
description to_be a precise‘one; on tﬁe other hand, if no resonant effects
are observed, it ié tempting to try a detailedvfit over the entire Dalitz
plote.

In the present work we have studied the production of w and @ mesons in
K+p interactions at 4.6 and 9.0 GeV/c in the final state configurations K+wp
and K+®p. Wé attempt to describe in detail only the more abundant K#&p channel

at 9 GeV/c in terms of the multiperipheral Regge pole model.

,
&
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In Sec. II we describe the'experimental procedure and results. In Sec.
I7I we summarize the multiperipheral formalism used in this work and in Sec.

+ +
IV discuss its application to the K p = K wp data at 9 GeV/c.

II. EXPERIMENTAL

The experiment was carried out with pictures taken in the 80-inch hydrogen
bubble chamber at the Brookhaven Naﬁional Laboratory alternating gradient
synchrotron, exposed to an rf-séparated K+ beam. Some 50 OCO pictures were
taken with an incident K+ beam momentum of 4.6 GeV/c and some 90 000 pictures
with an incident momentum of 9 GeV/c. The four-prong events‘were mea sured
with the‘LRL FSD and the remeasurements were carried ou£ with a conventional
digitizing machine. Thelévents were>then spatiially reconstructed and kine-

matically fitted to the following possible final states:

+ 4+ -
Kp—= Kpnnx (1)
- K+pn+n—ﬁo ‘ (2)
+ 4+ -
- Knn nt n (3)
- Kopn+n+n- : (&)
+ 4 - v
- K pK K . (5)

For the 4.6-GeV/c events no difficulty was eﬁcountered in separating the

~ various hypotheses by kinematical fit and ionization estimates. But at 9
GeV/c some events remained ambiguous even after these steps. were taken.

These ambiguous events were treated in thé following way: (a) Events yielding
a good fit to a four-constraint hypothesis [reactions (1) or (5)] and also to
a one-constraint hypothesis [reactions (2), (3) or (4)] were considered to

belong to the four-constraint hypothesis. (b) The remaining ambiguous evénts
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were assigned to the_hypothesié with the lowest chi-squared. The second

criterion might introduce some contamination in .the final state of interest, .
K+pn+ﬁ_no, bqt fhis contamination is estimated to be small in the w mass region »
since the w is a narrow resonance which is strongly produced. The three-pion
invariant mass distributions for the K+pn+n_no final state at 4.6 and 9 GeV/c

are shown in Fig. l. Strong ® production is observed at both incident momenta'

in the mass region 760 to 820 MeV. The ® - n+n_ﬁo decay distribution has

been investigated on the Dalitz plot and found to be in agreement with the
distribution of a 1 meson decay plus the expected backgroundu For comparison

the same analysis has been repeated for adjacent n+n_no mass regions where the

% 1 n° decay distribution was found to be significantly different than in the

& region. These results are shown in Fig. 2 in terms of the parameter A

defined as
2
P+ X P

QE

where Pi are the momenta of the two charged decay pions in the @ rest frame

T

and Q is ‘the ® mass minus the sum of the three pion masses. The expected
A distribution for the decay of a 1 meson into three pions is also shown
in Fig.2b The events in the ® mass region fit the distribution well with
background included and disagree with the distribution in the neighboring
regions. No evidence for N*(l236) or K (890) is observed in the events
lying in the ® mass region. |

The invariant mass distributions of the two K+K_ combinations in the
reaction K+p - K+pK+K_ are shown in Fig. 3 for both incident momenta.
A clear production of ¢ = K+K_ is observed in the mass region 1000 to

1040 MeV.



N

Vthe events tend to accumulate in the low M

-5- , o UCRL-18321

. . .2 2, +
In Figs. 4 and 5 the Dalitz plots, M (pw) vs M (K ®), are shown for the

. . |
188 K+a@ events at 4.6 GeV/c and the 437 K wp events at 9 GeV/c. The w mass

‘ + -
region is selected as 760 MeV < M(n = °) < 820 MeV. In Figs. 6 and 7 are

shown the invariant mass histograms M(K+w), M(pw) and M(K+p) at both momenta.
There is no évidence for the pfoduction of any narrow resonances in the K+w
system. However, as seen from the Dalitz plot of the 9-GeV/c data (Fig. 4),
2(K+w) and Mg(pw) regions. The
production center—of—mass angular distributions for the K+, p and w are shown
in Figs. 8 and 9 and their four-momentum transfers squared in Figs; 10 and 11.
In the 9-GeV/c data a strong forward peak 1s observed for the K+-mesons while
the proton peak is strongly backward. This suggésts a peripheral production
mechanism. These peripheral feaﬁures are also seen in thé M.6-GeV/c data
but they are much less pronounced at this lower momentum.

In Fig. 12 the Dalitz plot Mg(pQ) vs MQ(K+@) is shown for the 48 Kopp
events at 9 GeV/c. As in the case of the Kuwp events no obvious resonance
production is seen in the K¢ system, although a general accumulation of events

is seen in the low Kp mass region. At 4.6 GeV/c only 21 events fitted the

+
hypothesis K p = Kop.

The- clear peripheral nature of the K&wp data at 9 GeV/c and the absence
of any noticeable resonance production strongly suggest the application of
the multiperipheral Regge model. Because the higher energy data satisfy the
criteria for the validity of this model better, we have attempted the analysis
first on the 9—GeV/c data, and only these results are presented here. The

applicability of the model at 4.6 GeV/c is discussed in Sec. V.
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III. THE DOUBLE-REGGE MODEL
We start the double—Regge analysis of the processes K+p - K+wp by
drawing six diag?amé of the type of Fig. 13 which differ from each other by
permutations ofjéhe three final state particles. Fach diagram defines a

complete set of variables:

2

t, = (p3 - pl)
5

ty = (25 = Pp)
2

s, = (p3 + )
2

(B, X D) (P, X Be) , -
cos o = _Nl N3 N? &? . (6)
|2y % Byl 15, x B

Here 5i denotes the three momentum of the particle labeled by i in the rest
frame of particle 4. The contribution of each diagram to the amplitude is

of the form?

A(s s, t,t,5) = B, (t )R (st )B (£ ,8,8 )R (s,,)8, (t) - (7)

28

Ra(sa,ta) is an expression having the Regge asymptotic behavior and phase

s o (t,) .
a ar’, 17
~ ("S——) Ga exp[— > O[a(ta)] (8) )
Sa——)oo fo) . -4
ta fixed

Ra(sa’ta)

vhere Ga is a Regge trajectory with the quantum numbers defined by the corre-
spouding diagram, and S, is a counstant introduced for dimensional reasons.

2 . . . . .
We choose S, = 1 GeV™ in the conventional way. The quantity Oa is either

/
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+1 or +i according to whether the signature of the trajectory is even or odd.

Of course, this asympfotic behavior does not define Ra uniquely. The choice.

of the optimum Regge representation for extrapolation to lower energies is

still an unsettled question, and we use that of Eq. (8) in the present analysis.
The real fesidue functions Ba(ta) and Bb(tb) are the same that appear in

two;body Regge analysis and we choose for them the standard exponential

parametrization

"B(t) ~e”7 , a = constant - .(9)

which inhibits large values of the momentum transfer. It will be shown bélow
that in one case we need a zero in an external residue at t =~ 0. A similar
introduction of zeros has been found necessary in some two-body processes.

The final element in Eq. (8) is the internal residue BI(ta,B,t We

b)°

expect this residue to decrease with increasingly negative values of ta and
tb for two reasons: (1) when ta is continued analytically to the mass squared
of a particle lying on the Regge trajectofy, this residue becomes an external

residue which decreases with increasing —tb; (2) the integral of IB|2 is

9

bounded by unitarity. Thus we also assume that B is exponentially decreasing

in —ta and —tb. The ® dependence of the internal residue is still unknown

except in some particular models,lo and we will assume it.to be negligible

in the present analysis. Therefore we use the parametrization: -

s a.(t.) s ‘ (t,)
Eé) a e (EP)O% o oaob,exp[-
o o

A=K expla(r,t, +1t.) ] Fla (5) + o ()]

(10)

g

iy

ere X is determined by normalizing to the number of events, and Ya and Yb

incorporate the dependence on ta and t. due to both the internal and the

b
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external vertices. TFor at) we choose straight lines with the following cri-
teria: 1if the trajectory is associated with a particle of mass m and spin J,
we require a(mz) = J and do/dt = l/GeVE; for the Pomeranchuk trajectory
we set «(0) = 1 and we take a small value for the slope (da/dt = 0.12).
Thus if a(t) is written as a + a't we use the values for ¢ and a' as
given in Table I for the various possible exchanged trajectories. Note that

when & is a linear function of t, the parameters Ya’ Yb and 55 in Eq. (10)

1

"are not independent. Indeed, A depends only on the combinations 5

1 o
5 Ty ab%so'

Yé —.og &zso
and
It has been remarked by various authors that thé contribution of different
multi-Regge graphs.obtained by permutation of the final particles do not over- .
lap, provided the momentum transfers are small and the subenergies are large.g’ll
In our case, however, the problem of sepérating the different contributions
is a more delicate one, because we do not perform cuts in fhe subenergies.
The general approach is to include all six possible diagrams and divide the
avalilable phase space into six different parts, retaining only the dominant
diagram in each region. After the events are fitted by separate contributions
of the dominant amplitudes, and thus the parameters in the amplitudes are
determined, the possibility‘of interferences among different diagrams should
be considered. However the problem is a circular one, Because prior to the
determination of the parameters, the relative importance of two diagrams in
a region may not bevclear. The problem may be solved by iteration and as
a first approximation we adopt the following procedure: each diagram defines

a different pair of invariant momentum transfers ta and t. and it peaks at

b

low values of ta + tb ;3 thus we classify the events into six categories,

Sevending on which of the six possible ta + t combinations is minimum.

b
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IV. APPLICATION TO THE K wp DATA AT 9 GeV/c

' +
When the above classification is applied, the 437 K wp events fall into

 different categories in the amounts shown in Fig. 13b. Note that the two

most pobulated categories do not involve baryon eichange, while the remalining
four do. Because too few events fail into all but the first twé categories,
we attempt to fit only the latter.

Although the events involving baryon exchange are easily separated from
the two classes of events involving only meson and possibly Pomeranchuk
exchange.(I and iI in Fig. 13b), there is still some overlap between these
kg VS by Tor these (184 + 112 =) 296 events (Fig.

14) shows a concentration of events in the reglon where both tKK and tKw are

two classes. A plot of t

small and close to each other. In view of this overlap wé adopt the following
iterative procedure: first we divide the events into the two classes of 18k
and 112 events and try to fit each diagram separately ignoring the overlap

in order to obtain initial values for the two residue parameters Ya and Tb
[see Eq. (10)]. Then we consider all 296 events together and add'the results
of both diagrams, including the effects of interference terms.

First we consider the 112 e#entsrassociated with diagram ITI in Fig. 13b.
Since strangeness exchaﬁge.is involved in this case the number ofvpossible
exchange pairs is small. Four exchange pairs seem plausible: X or K* at
the meson vertex together with P or P' (= fo)'at the nucleon vertex. The
procedure in each case is to choose values of T, and ¥ [see Eq. (10) ], which
for this diagfam are er and Ypp,and to generate phase space events by'Monpe
Carlo calculation on a computer, and weight them by the modulus square of the
matrix elementlgiven by Eq. (10). This calculational technique enables us

to perform cuts on the theoretical distribution in any kinematical quantity
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and to plot all kinematical quantities with ease. To calculate these distri-
butioné from explicit analytical expressions or by numerical methods tends
to be more difficult in general. The same cut performed on the data, i.e.,’ , g
that th + tpp be minimum is applied to the theoretical calculation. Using

the values of f&b and Tpp which best reproduce the experimental distributions

in tKw and tpp we compare thé theory with the distributions in the production
center-of-mass angle of the "interior" particle, here the K+, in the three

possible mass combinations, and oh the Dalitz plot. There is one difficulty

with this diagram before we can proceed, aﬁd that is that the experimental
distribution in t. . peaks at 0.4 (GeV/c)2 and falls rapidly towards t. = O.

In order tQ feproduce this behavior we have to put a zero into thée amplitude

at tKw = 0. Similar zeros have been introduced into Regge residues in existing
analysis of two-body data.8 vThis is done by modifying Eq. (10) slightly so

that the contribution to the amplitude from the residue function at the meson

vertex has an extra factor of —-tKw. With this change in the-ampilitude the

calculation was done according to Eq. (10) and the results are shown in Figé.

Kw

with the smooth curves showing the results of the best values of Tk = 1.0

15 through 18. Figure 15 shows the experimental distributions in t and tpp’

(GeV/c)-E, Top = k.0 (GeV/c)-2 for the exchange pair (K, P) and Y = 10
(GeV/c)g, Ypp = 2.0 (GeV/c)2 for the exchange pair (K*(890),P'). We do not
consider the exchange pair (K*, P) because of Morrison's selection rule.12 )
The exchange pair (K, P') gives results intermediate between the two cases .

presented here. Note that to fit the data a larger value Tfor Ypp is needed
if there is a Pomeranchuk at the nucleon vertex than if there is a P' at the
nucleon vertex. This 1s due to the smaller slope in t of the Pomeranchuk

trajectory (see Table I). Figure 16 shows the production center-of-mass
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+
distribution of the "interior" particle, here the K , and again the smooth
curves show thé result of the calculations for the two exchange palrs. The

*

(K", P') exchange gives a better fit than the (K, P) exchange. Figure 17

shows the three mass distributions and we note that the (K, P)vexchange pair
is especially poor in the (K+p) mass diétribution, while the (K*, P') exchange
pair fits all three mass distributions reasonably well. Figure 18 shows the
Dalitz plot Mg(Kw) vs Mg(Kp) for these events. A rough measure of the good-
ﬁess of fit on the two-dimensional Dalitz plot is given by calculating the
distribution in the quantiﬁy X = &z(sKw/st). The line x. =0 divides
thé Dalitz plot along a 45° liﬁe. The real events have 84 events with x
negative and 27 with x positive or 249 with x positive. The (K*, P') exchange
pair predicts 23% positive, while the (K, P) exchange pair predicts only 7%
positive. Thus we conclﬁde that the (K*, P') exchange pair fits the data
with tKw + tppl minimum best;_ If we adopt the point of view of trying to
fit the data using the least ﬁumber of diagrams, then we can say that there does
not appear to be any strong need for Pomeranchuk exchange for these events.

We next consider the 184 events associated with diagram I of Fig. 13b.
In this éase there 1s neither strangeness exchange nor baryon exchange and
so - the number of plaﬁsible_exchange vairs is larger. We consider only two
cases: (1) (w, P) and (2) (@, P').‘ Note that in considering the (w, P')
exchange pair,. for example, there is a'priori no reason to put the w at the
meson vertéxvand the P! af the nucleon vertex; the reverse is just as plausible.
In fact, both diagrams must be considered along with the interference term
between them. In average the subenergy associated with Pomeranchuk exchange

is larger than that with meson exchange, and therefore the diagrams with (P, )

and (w, P) exchange pairs tend to populate different regions of the Délitz
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plot. The ratio of the two amplitudes was estimated by normalizing each ampli-
tude in the region of the Dalitz plot where it dominates, to the observed number
of events in that region. This rdatio is
K;Q’ﬂ - 0.79, (1)

K (P,w)
where the K's are definéd in Eq. (lO). On the other hand, since the ® and
P' have similar trajectories, addition of the (P', w) exchange pair to the
(w, P') exchange pair does not modify the results. Thus,fﬁr these 184 events
we consider two cases. Case I involves (w, P) and (P, ®) exchange pairs,
and Case II involves (w, P') exchange. The results are shown in Figs. 19
through 22. Figure 19 shows the experimental distributions in tKK and tpp,
with the smooth curves referring to Cases I and II above. The best fit values
of Y's used are ‘YKK = Tpp = 2.0 (GeV/c)_g‘ for Case I and Yy = Ypp = 0.0
(GeV/c)_2 for Caée IT. Figure 20 shows the production center-of-mass angular
distribution for the "interior” particlé, here the ® meson. Neither exchange
pair adequately explains the forward @ peak: +this will be discussed in detail
in the next secfion which deals with the combined (112 + 184) non-baryon-
exchange sample. Figure 21 shows the three mass distributions for these
events and no discrimination between the two exchange pairs (w, P) and (w, P')
can be made. TFigure 22 shows the Dalitz plot for these events; The distribu-

tion in the quantity x _ = (

- ) has been calculated and the agreement

Sk %Qp
with the data has been found to be satisfactory.

We next consider the combined sample of 296 events with either tKK + tpp

e . . . +
or tKw + tpp minimum. The calculation of the diagram with the K as the
"interior” particle (112 events) and with (K', P') exchange pair using the

best values of YKw and Tpp shows that 45% of the intensity of this diagram

’
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is lost by the regquirement that |t + t <lt, + t |. For the events
is v q i Kao- PPI | KK oD
with the ® as the "interior" particle and with the two diagrams with (w, P)

exchange pair the loss due to the cut |t is 6%. The

—_— tppl < ItKw + tpp|
sharp forward peak in the angular distribution of the @ for the 184 events
is due partially to.contamination from events which should have been classed
with the 112 events with the K as the "interior" particle, as discussed
earlier. Accoraing to our sﬁated proceaure we now use the parameters deter-
mined for the separate fits to the 112 and 184 events to fit the 296-event
combined sample.

The amplitude for each diagram is given by Eq. (10), and the three diagrams
we use are: (1) the @ is the "3 nterior” particle and the exchange pair is ®
at the meson vertex and Pomeranchuk at the baryon vertex; (2) the w.is the
"interior" particle and the exchange pair is Pomeranchuk at the meson vertex
and w at the baryon vertex; and (3) the K" meson is the "interior" particle
ahd the exchange pair is K*(890) at the meson vertex and P' at the baryon

vertex. The relative strengths of the three diagrams are determined by Eq.

(11) and by the normalization

2
[lay + 8" g,
- J
J1a;] Cap He

(12)

. ) v
in which fIAi] dp means the integral over phase space of a particular matrix

element with the proper cut in Ita + t. |+ The values of K used in the fit

b

are K. = 0.04, K

1 = 0.07, and K

= 1.0 where the modulus squared of the

2 3

2 2
matrix element used is IAI = IAl + A2 + ABI . We have considered the
possibility of a ratio of the K's to be negative and have found the results

to be less satisfactory. The results are shown in Figs. 23 through 26.
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Figure 23 shows the three t-distributions t_, tpp and t,, ; Fig. 24 shows the

KX Kw

three production center-of-mass angular distributions; Fig. 25 shows the three B

invariant mass distributions; and-Fig. 26 shows the Dalitz plot. In all instances
agreement between theory and experimentkis good. We emphasize that the separate

fits to the 112 and 184 event subsamples with ltKw + tpp] and ltKK L,
minimum, respectively, are not to be taken too seriously, due to the large overlap
between these two diagrams. We have used them as an intermediate step to
obtain approximate parameters and ratios for the wvarious diagrams. We further
emphasize that we have succeeded in fitting the entire Dalitz plot for the

K+¢p events with no cuts in the subenergies and a cut in the four—momentum

transfers which essentially only eliminates baryon exehange. For summary of

the parameters used in this fit, see Table IT.

V. DISCUSSION AND CONCLUSIONS
In the present work we are primarily interested in studying the extent

to which the multi-Regge model is able to successfully describe reaction
processes; To this end we selected the reaction K+p - K+wp at 9 GeV/c
where no strong resonances are observed, since the Regge model is not expected
to reproduce resonance effects in detail. In addition, we show that in this
case we do not need to introduce any cuts in the subenergies,and.have the
possibility of fitting the entire sample of events on the complete Dalitz
plot. Our approachvis thus consistent with previous analyses where low mass

2-5

resonances were excluded by cuts on the Dalitz plot. B Furthermore, we
expect that the background events in the w mass region (~ 35%) modify very

1ivtie, if at all, the characteristics of the various mass and angular distri-

butions. Thiz concliusion was deduced from the experimental obscrvation Lhat



-15- o UCRL-18321

the various mass and angular distributions for the neighboring M(ﬂ+ﬂ_ﬁo) regions
(640 < M(r 1 1°) < 760 MeV and 820 < M(x x 7°) < 940 MeV) are very similar

to the corresponding ones in the ® region apart from the expected difference

in the h-distributions.

We adopted in this work the criterion of ta + tb = minimum for the
classification of ﬁhe events into the six double-Regge diagrams where we
encountered difficulties due to the overlapping of the various double—Regge-
matrix-element contributions in the Dalitz plot. Previous analyges have
adopted classification ﬁethods based on the hierarchy of the longitudinal

momenta of the three final-state particles (P. 3>PL23>PL ). We have also

L1 3
applied this last method to our data with the result.that the total number
df events assigned to the diagrams I and II of Fig. 16b remained essentially
the same, but the internal division Between these two diagrams was somewhat
differént from the one obtaiﬁed by the ta + tbl minimﬁm criterion. The
iongitudinal momentum griteria was found to suffer from the matrix elements
overlapping problem as well,and no obvious advantage has been found in using
one or the other>method in this experiment.

In the double-Regge model analysis one can consider in principle all the
six diagrams at the same time. This ieads,\howeVer, to numerous possible
variations of the exchange trajectories, residue functions and coupling
constants. Consequently, to obtain a more meaningful analysis, we have
restricted ourselves to the events assigned to the two mqst populated doubie—
Regge diagrams (diagrams I and II of ‘Fig. 13b). In this way we are able to
describe successfully about 2/3.Of the events with 1/3 of the possible diagrams.
The:e is no reason to doubt th@t the remaining 1/3 of the data may equally well

be titted by the four diagrams III to VI of Fig. 13b. In addition, our fit
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successfully describes the distributions in derived kinematical quantities
such as the Treiman-Yang angles; At this point, it should be stressed that
the choice of Regge trajectories used inbthis work is by no means the only
possible one to fit the data.

Due to the overlapping of the matrix elements, we expect some contamina-
tion in the fitted events from the diagrams that we have neglected (III to VI).
Such a contamination is likely to be responsible for the broadening of the t-
distributions (see Fig. 23) and for this reason in the fitting of the residue

parameters ¥ we have neglected the tail of the t-distribution.

No serious.attempt has been made to apply the double-Regge modei to the
K+p - K+wp data at 4.6 GeV/c since it seemed to us to be less meaningful
than at 9 GeV/c for the following reasons:
a) The validity of the Régge model ié expected to decrease at lowér incident
momenta .
b) The problem of the overlapping of the various matrix elements is more severe
at lowér energies.
¢) The number of events is relatively small; i.e., 188 at 4.6 GeV/c in comparison
with 437 at 9 GeV/c. |
Finally, it is interesting to observe that ¢ production in the reaction
Kfp - K+@p is smaller by a factor of 0.26%0.05 than w production in the
reaction K+p - K+&p. Since the ¢ and the w are particle mixtures in the
SU(3) classification it is of considerable interest to compare a double-Regge
analysis of the ¢ produétion with that of the w production. Unfortunately
the small number of ¢ events even at the 9—GeV/c data prohibits any meaningful

analysis at this time.
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Trajectory

Pomeranchuk
K

K*(89o)

w

P!

1.0

- 0.25
0.2
0.387
0.k

0.12
1.0
1.0
1.0

1.0
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Table IT. Summary of parameters.
Criterion Events v, v Ota(O) ab(O) Fig. Nos.
(a) lt, + t__| minimum 112 1.0 2.0 0.2 0.4k 18-21
Kw 9)8) .
b t, + t minimum 184 2.0 2.0 0.38 1.0 22-2
(0) e + 5| _ 387 5
2.0 2.0 1.0 0.387
(a) or (b) 296 1.0 2.0 0.2 0.4 26-29
2.0 2.0 0.387 1.0
2.0 2.0 1.0

0.387
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Fig. 1. Tuvariant mass distribution M(n n no) for the reaction K p = Kprn =« no

at (a) 4.6 GeV/c and (b) 9.0 GeV/c.
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Fig: 2. Distributions of the A parameter for the x x"n° system at the ® mass
and neighboring regions in tﬁe_reaction IKfp - K+n+n-n°p at 4.6 and 9.0
“GeV/e. The dashed lines represent the expecfed distribution of a 1~ me son.

_decdy plus background.
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Fig. 3. K K dinvariant mass distribution in the reaction K+p~—> K+K Kp
where each event is plotted twice; (a) at incident momentum of 4.6 ceV/c,

and (b) at incident momentum of 9.0 cev/e.
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Fig. 4. The Dalitz plot of Mg(p, w) vs M2(K+, ®) for the reaction K p — K wp

"_ at 4.6 Gév/c.'
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Fig. 5. The Dalitz plot of M2-(p, ®) vs M2(K , w) for the reaction K'p = K wp

at 9.0 GeV/c.




-26- ‘UCRL-18321

T T
KO)K‘* wp,4.6GeVv/c

188 events

M(Kw)

Events/ 0.04 GeV

2 Opl(c) -

GeV

XBLEB7-337I
+ +
Fig. ©. Invariant mass distributions in the reaction K p = K wp at 4.6

GeV/e; (a) gi_g_;(_f__, ®), (b) M(p, w), and <c)¢M(K+, p) -
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Fig. 7. Invariant mass distributions in the reaction K p = Kwp at 9.0

GeV/e; () MK, w), (b) M(p, ®), ana (c) M(X , p).
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Fig. 8. Angular distribution in the production center of mass of the final
' + +
state particles in the reaction K p = K wp at 4.6 GeV/c; (a) cos ep,

(b) cos 6, and (c) cos 9K+.
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Fig. 9. Angular distribution in the-production center of mass for the final
+ + '
state particles in the reaction K p » K wp at 9.0 GeV/c; (a) cos Gp,

(b) cos Gw, and (c) cos 8K+,
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Fig. 10. Four momentum transfer distributions in the reaction K+p - K+<Dp
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Fig. 11l. Tour momentum transfer distributions in the reaction K p = K wp
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The Dalitz plot of M7 (p, ¢) vs M (K, @) for the reaction K+p - K+rpp
at 9.0 GeV/c.
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' XBL687-3367

Fig. 13. (a) Double peripheral diagram; (b) the six possible peripheral
. : .
diagrams for the reactions K+p - K+c0p and K+p - K ¢p. The numbers
on the side represent the number of K+p - Kwp events at 9.0 GeV/c

assigned to each diagram through the ta + tb minimum criterion.
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Fig. 14. Scatter plot of tyx VS by fOT the 296 K+p - K+mp events at

9.0 GeV/c assigned to diagrams I and IT of Fig. 13b.
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Fig. 15. TFour momentum transfer distributions for Phe 112 K+p - K+mp events
at 9.0 GeV/c‘assigned to diagram II of Fig. l3b. The solid and dashed
lines represent the expected distribution from the double peripheral model‘

with exchange trajectory pairs (K*, P') and (K, P) respectively. (a) to

and (b) t
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Fig. 16. Angular distributions in the production center-of-mass system for
the 112 K+p = K+mp events at 9.0 GeV/c assigned to diagram II of Fig.
ljb. (a) cos Gp; (b) cos*9K+, the solid and dashed‘lineg are ﬁhe expected
distributions from.the'double peripheralvmodel with the exchange trajectory

pairs (K, P') and (K, P) respectively; (c) cos 6,
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Invariant mass distributions of the 112 K+p = K wp events at 9.0

Fig. 1i7.
GeV/c assigned to diagram II of Fig. 13b. The solid and dashed curves

represent the expected distributions from the double peripheral model with

2

exchange trajectory pairs (K*, P') and (K, P) respectively. (a) M(p, w)

(v) M(K", w), and (c) M(k", p).
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Fig. 18. The Dalitz plot of M“(K , p) vs M2(K , ®) for the 112 K+p - K op

events at 9.0 GeV/c assigned to diagram II of Fig. 13b.
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Fig. 19. Four momentum transfer distributions for the i18% K p » K wp events
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Fig. 20. - Angular distribution in thé production center-of-mass sysﬁemvar the
184 K+p - K+wp events.at 9.0 GeV/cvass%gned to diagram I in Eig«'l3b-
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pairs (w, P) and (w, P') respectively; (c) cos 8 +e




-42 - "UCRL-18321

T lK*w > T | I
K+____ K+ —_— ((U,P)
— W 184 Events - (w, P)
iop P ——F (a)M (K, w) .

—— —
— —
—

Events /7 0.04 GeV

2.4
GeV

X BLEBT7-3385
' + +
Fig. 21. Invariant mass distributions of the 184 Kp—= Kwp events at 9.0
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Fig. 22. The Dalitz plot of M%(p, w) vs M2(K » @) for the 184 K'p - K+(Dp

events at 2.0 GeV/c assigned to diagram I of Fig. 13b.
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Fig. 23. Four momentum transfer plots for the 296.K+p =d K+(Dp events assigned
to either diagram I or diagram II of Fig. 13b. The solid curves are the ‘
expected distributions from the double peripheral model adding together
d'ia.grams I and II using the exchange trajectory pairs (w, P) for diagram I

* . ‘
and (K, P') for diagram II. (a) tpp, (b) by and (c) by
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Fig. 24. Angular distributions in the production center-of-mass system for .
the 296 K+p = K+mp events at 9 GeV/c assigned to either diagram I or
diagram II shown in Fig. 13b. The solid curves represent the expected
digtribution from the double peripheral model adding together diagrams I
and II using the exchange trajectory pairs (w, P) for diagram I and (K*, P')

for diagram II. (a) cos 6 , (b) cos 6 +s and (c) cos 6 .
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Fig. 25. Invariant mass distributions of the 296 K+p - K+wp events assigned

either to diagram I or II of Fig. 13b. The solid lines represent the
expected distributions from the double peripheral model adding together
diagrams I and II and usiﬁg the exchange trajectory pairs (w, P) for
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Fig. 26. (a) Mz(p, w) vs M2(K+, w) for the 296 K+p - K+wp events at 9.0
GeV/c assigned to eithér diagram I or II of Fig. 13b. (b) Comparison
between the experimental Dalitz plot distributipn and the one calculated

from the double peripheral Regge model using the parameters given in Table II.
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