
SLAC-PUB- 823 
November 19’7 0 

1 

i 

3 

KL-p INTERACTIONS FROM l-8 GeV/c* 

A. D. Brody, ** W. B. Johnson, B. Kehoe, *** D. W.G. S. Leith, 
J.S. Loos, G. J. Luste,K. Moriyasu, B. C. Shen, t W. M. Smart, 

F. C. Winkelmann, and R. J. Yamartino 

Stanford Linear A.ccelerator Center 
Stanford University, Stanford, California 943 05 

The preliminary results of the SLAC Ki HBC experiment, as 

presented at the XVth International Conference in High Energy Physics, 

Kiev, September 1970. 

’ 

* 

Work supported by the U. S. Atomic Energy Commission. 
** 

Now at CERN, Geneva. 
*** 

On leave from University of Maryland. 
t Now at University of California, Riverside. 



In this report we give the preliminary results of the SLAC KL hydrogen 

bubble chamber experiment as presented to the XVth International High Energy 

Physics Conference at Kiev. The five separate papers presented at Kiev appear 

here as sections in the following order: 

Section I: Cross Sections for qp Interactions from 1 to 8 GeV/c. 

Section II: The Reaction cp-K,$ i”rom i tu 8 GeV/c. 

Section III: The Reaction z”p -An+ from 1 to 8.GeV/c. 

Section IV: Investigation of the K*$ and K-A* Final States in KLp Interactions. 

Section V: Study of the Kr Mass Spectrum in the Interval from 1050 to-1250 MeV. 

The authors apologize for a few cases of repetition which necessarily occur 

when the individual papers are grouped together. 

We emphasize the preliminary nature of the results contained herein; the 

experiment is in progress both with regard to higher statistics and refinement 

of analyses. 
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I. CROSS SECTIONS FOR I$p INTERACTIONS FROM 1 TO 8 GeV/c 

The data presented in this paper come from a 500,000 picture 40” SLA.C 

hydrogen bubble chamber exposure. A. special beam line was built for this exper- 

ment, and its Ki and neutron spectra have been measured and reported. ’ 

The 500 K pictures correspond to a yield of 43 events/pb for $ interactions 

and this translates to an average of about 30 incident KL1s, per picture. Figure 

1 shows the number of events/pb versus the beam momentum. 

The useful range of Kt beam momentum is approximately from 1 to 10 GeV/c 

at the bubble chamber and peaks at 4 GeV/c. A 56-meter flight path from the 

target to the chamber depletes the low end of the spectrum. The film was exposed 

under several different beam conditions. Figure 2 illustrates the relative beam 

spectrum variations over the seven different run conditions. The variations 

were in the electron energy (10, 16, and 18 GeV/c), its current, the secondary 

beam production angle (1.6, 2.0, 3.0, and 4. O’), and the photon absorbers used. 

Over 80% of the pictures were taken in the runs labeled III, VI, VII in Fig. 2, 

the three highest yield curves. 

One of the unique possibilities in an experiment of this nature is to study 

distributions as a function of lab momentum (i. e., center-of-mass energy). As 

all the data points come from the same film sample, the problem of relative 

systematic errors is not as severe as it could be when comparing different 

experiments. 

We now present our preliminary studies of the cross section variations with 

beam momentum for the following reactions: 

K;P -K;P 9'07 events (1) 

E”p -+A*+ 1026 events (2) 



and 

I$)’ -K;p n+?‘r- 329 1 events 

Z”p --427T+*- 113 0 events 

K’P -c K+pm 1090 events 

-0 K p-K-pn 172 0 events 

The above numbers of events correspond to 35% of the currently available 

data for the vee topologies and to 10% of the available data for the three pronged 

topologies. 

The absolute cross sections for reactions (1 - 4) have been normalized to the 

3 GeV/c K-n-An- point, which has a value of 300 i 32 pb as determined by the 

SABRE collaboration. 2 
Our data have been corrected for the A (or, Ki) decay 

escape factor and the losses of slow protons in reaction (1). The error bars for 

our data in the figures are only statistical and do not reflect any other uncertainties. 

It should be emphasized that the KL beam spectrum is not as well known below 

1.5 GeV/c and a.bove 7 GeV/c as inside this interval. That is, the data points 

outside this range should have less relative weight. 

In Fig. 3 we show our cross sections for reaction (2) and, for comparison, 

the isospin related cross sections2 cT (K-n -+An-) and 2 x~(K-p-An”). The 

agreement among the cross sections is good over the entire energy interval. The 

cross section fall-off of X”p -An+ agrees with the well known piiB law. The hand 

drawn line has n = 2.9 and agrees qualitatively with our data. For similar two 

body EN reaction cross sections, the power-law exponent is quoted as n= 2.5 tt 0.5. 3 

The corresponding data for Klp -Kip are shown in Fig. 4. The Kip final 
+ state appears to have nearly the same pitB dependence as An . The hand-drawn 

line in Fig. 4 has n = 2.6. However, if only the data points at 3 GeV/c and higher 
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are used, i.e., outside the s-channel resonance region, the slope is n-2.0. 

This is still higher than the usual slope in p Regge pole exchange reactions, 3 as 

illustrated by 
0 np--nn 3 - 18 GeV/c n= 1.3 * 0.2 

-i- O-H- mp-+rA 2 - 8 GeV/c n= 1.1 rt 0.2 

K-P --Zen n= 1.5 rt 0.2 

If KLp-Kip is dominated by w exchange as suggested by Gilman and if 

we approximate the intercept of the trajectory at t = 0 by a,(O) = 0.5 and estimate 

n e2 cr(0) - 2, then one would expect n = 1.0. However, the observed n fi: 2.0 

is not inconsistent with other experimental data. The reactions 

K-P -K*’ (890)n 

K p-K*- (890)p 

are assumed to be dominated by the 7~ and o trajectories, respectively, and are 

found5 to give n = 2.0 & .4 and 2.0 & .14 (for the range 2-10 GeV/c in beam 

momentum). The question of the u exchange dominance of reaction (1) will be 

discussed in Section II. 

The four-body final states are presented in Figs, 5 through 8. 

The cross section variation of Kip--Ki pn+r- is shown in Fig. 5. The low 

momentum region is dominated by the strong quasi-two-body K*N* final state. 

In particular the extremely copious S = -1 reaction E”p -K*-N** is illustrated 

as the shaded subsample in the Kin- and p?‘r+ mass histograms of Fig. 6. The 

similar reactions K-n dK*‘N*- and K+p -K*‘N* I+ are known to-consume about 

50% of the four-body final states between 2.0 and 3.0 GeV/c. 6 

Two other final states in this reaction may prove to be very interesting, 

namely the diffractive Kip-Qp (and Q -K*n) off the proton vertex and the 

nondiffractive 
FL ‘p -K;N* (N” --p~+r-) at the K” vertex. In both cases it 
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would be desirable to study the production at a lab momentum where the K*N* 

final state reflections can be suppressed. However, such a study will require 

the full statistics of the experiment. 

The fT”p -A?r+?r+n- final state cross section shows a more rapid decrease 

than Ki pr+lr-. Figure 7 has a hand drawn curve (to guide the eye) which falls 

off as pii; from 3 to 8 GeV/c. The data agree well with K-n-An-n-n+ at 

3.0 GeV/c,2 where the cross section is found to be 530 * 50 fib (and 180 & 40 pb 

for Z”r-n-8’). The Am* mass spectrum in Fig. 8 shows a strong x*(1385)-A7r* 

signal. The X*(1385) is estimated to be 50% of the AT’T”~- cross section at 

1.8 GeV/c and drops to approximately 30 rt 5% at 4.5 GeV/c. There is a definite 

enhancement in the An in the vicinity of 1610 MeV/c2. However, we cannot 

presently say whether it is a Yz (1616) resonance7 or a kinematic contamination 

of the C’r(l660) fitted as a A event. 8 

The three body final state cross sections of rea‘ctions (5) and (6) are shown 

in Fig 9. A. check of our estimate of the Ki flux at the bubble chamber is given 

by our own determination of these cross sections. We have compared absolute 

normalizations of the cross sections for (5) and (6) to the charge symmetric 

reactions 

K-n -+-X0 7r-n 

Our preliminary results are 10 f 10% lower than those for the above reactions at 

3.0 GeV/ctg) and at 4.5 GeV/c. 10 Therefore we estimate an uncertainty in our 

spectrum normalization of no more than 15%. Cross sections in Fig. 9 have 

been raised 10% to have them agree with the charged K data. 

The zap cross section is uniformly higher than K”p above 2.0 GeV/c. Below 

2.0 GeV/c, where s-channel resonances are dominant, the K”p falls off quickly 
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but E”p does not. The straight lines in Fig. 9 are drawn to guide the eye and 

have a momentum. dependence of pi:;. A. more detailed study of these two 

final states is made in Section IV. 



II. THE REACTION K;p -Kip FROM 1 TO 8 GeV/c 

We report preliminary results of a study of the reaction 

K”p -K”p L S (1) 

in the momentum range from 0.8 to 8.0 GeV/c. This reaction can proceed only 

via exchange of C = -1, natural spin-parity, charge zero mesons. The possible 

candidates for such an exchange are the members of the vector nonet - p , W, and 

4 - however, Gilman has shown that in the forward direction the w is expected 

to dominate.4 A.way from the forward direction the p exchange amplitude is 

expectedto become important. This reaction, therefore, provides a powerful 

tool in determining the properties of the o trajectory from the momentum de- 

pendent behavior of the differential cross section in the forward direction. Pre- 

vious attempts at extracting the w trajectory from 

W--pN 

and 

yN--N 

have been frustrated by lack of statistics and by the problem of other competing 

exchanges. 11,12 

The present experiment has two advantages over previous work: (i) the w 

trajectory should be better separated, and (ii) data is available over an extended 

energy range. 

This experiment also provides a measurement of the regeneration phase on 

hydrogen. 

The events from reaction (1) were obtained from an exposure of the SLAC 

40” HBC to a % beam. The details of the beam and the 
FL momentum spectrum 

have been described in Section I. The events were found in a scan of 20,000 

l-prong + V” events, were measured on the SLAC NRI film-plane measuring 
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machines, 13 and processed using TVGP-SQUAW fitting programs. A total of 

907 events fit reaction (1); of these fewer than 1% are ambiguous with other 

hypotheses. Corrections for the loss of events due to scanning inefficiencies 

for short, steeply-dipping protons, were made as a function of G momentum. 

In addition, using the known proper lifetime distribution for Kg decay, corrections 

were made, event by event, for both the very short decay (< 0.5 cm) and for the 

long ( > 18 cm) decay losses. 

The cross section for reaction (1) as a function of Ki laboratory momentum 

is shown in Fig. 10. The details of the flux normalization are dealt with in 

Section I. The solid line in Fig. 10 shows the cross section decreasing as pi2Ai, 

We mention here that the absolute cross section for pLA,B below 1.3 GeV/c may 

be subject to systematic uncertainties as large as 50% pending a more complete 

analysis of the Kl spectrum at the lowest momentum values. The insert shows 

the cross section on a linear scale, emphasizing the dominant role of Yz(1765) 

formation in this reaction at low energies. There is also evidence of structure 

between 1.5 and 2.0 GeV/c, although detailed examination of this region will 

require the full statistics of this experiment. The cross section above 2.5 GeV/c, 

i.e., beyond the resonance region, decreases as pLiB, which is characteristic 

of a large class of meson exchange reactions. 3 

Figure 11 shows the momentum transfer distribution of reaction (1) for four 

lab momentum intervals: 0.8 - 1.3, 1.3-2.0, 2.0-4.0, and4.0- 8.OGeV/c. 

The general features of the distributions are the same in all four energy intervals. 

There is a steep forward peak, a dip in the region of 1 tl = 0.3 (GeV/c)2, and then 

a much more gentle decrease of the cross section at large t values. 

As shown in the insert of Fig. 10, the momentum interval 0.8 - 1.3 GeV/c 

appears to be dominated by YT(1765) formation. The dashed curve in Fig. 11 
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is the expected differential cross section for a pure 5/2- resonance normalized 

to the data. We observe that the curve provides a good description of the shape 

of the differential cross section. 

The solid lines in Fig. 11 show the predictions of Blackman and Goldstein 
14 

for the momentum transfer distribution at pLAB M 2.6 ‘GeV/c and N, 6.4 GeV/c. 

Their model assumes this reaction to be dominated by the exchange of w- and 

p-trajectories, plus o-pomeron and p-pomeron cuts. The parameters for these 

exchanges are determined from their fits to the reactions 

K+P -K+p 

and 

K-P --‘K-p 

With this choice of parameters, the predicted cross section falls too sharply 

as a function of t both in the forward direction and beyond the dip at 0.3 (GeV/c)2. 

The model also disagrees with the observed energy dependence of the forward 

cross section. 

The data above 1.3 GeV/c were used to extract dcr/dt tie. The differential 

cross section for 1 t 1 < 0.3 (GeV/c)2 was fitted using a maximum likelihood 

technique to the function 

* = 
P-l 

bt 
dt xoe 

in each of the energy intervals. Values for the forward cross section and the 

slope are shown in Table I, and (au//at), is shown as a function of momentum in 

Fig. 10. The slopes exhibit substantial shrinkage of the forward differential 

cross section with increasing beam momentum. 

We now evaluate from our data the real and imaginary parts of the forward 

scattering amplitude from which we can determine the intercept of the 0 trajectory 

and also the phase of the regeneration amplitude inhydrogen. The optical point, 
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tdcr/wopt~ has been calculated at each energy using the relation 15 : 

- uToTtK-n) 2 1 
and the calculated values are listed in Table I. 

From the measured forward cross section and the above calculated (dc/dt)opt 

we extract the ratio of the real to imaginary parts and the phase of the forward 

scattering amplitude: 

and 

@=tan-‘s [ 1 
The quadrant ambiguity for 4 may be removed by the optical theorem and Regge 

theory. Isospin invariance and the optical theorem give: 

Kip) = $ [ImA.( K+n- K+n) - ImA( K-n- K-n)] 

uToT(K-n) 1 
The experimental values for the total cross sections imply ImA < 0. If we assume 

that w exchange dominates the forward amplitude, then Regge theory gives the 

relation: 

ReA - = tan ImA 

where (Y w is the trajectory function. For ~~(0) between 0 and 1, this relation 

implies (ReA/Im4 > 0. To satisfy these two conditions, Cp must-lie in the third 

quadrant. The values for I ReA/ImA I, $,, and “w( 0) are given in Table I. The 

intercept ~~(0) is in good agreement with the expected value for an w trajectory 

having a slope of 1 (GeV/c)-2. 
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The regeneration phase for hydrogen, $f, is related to the angle C$ by 

Gf = arg{ i A(K-$-K;P)~ co) 

Thus we find 

$I, =(-43.4 rt 4.2)‘. 

We note that this value agrees well with the experimental value for copper of 

Bennet et al., -- l6 (-45.2’ * 7.3’), with the value for carbon of Bott-Bodenhausen 

et al., I.7 (-37’ -I lo’), and also with the optical model calculation for copper of 

Bohm et al. , l8 (-43’ * 7’). It would be interesting to determine whether the 

phase for other regenerator materials are also the same. 

In conclusion, we find the main features of the reaction Kip -Kip, in the 

momentum range 0.8 - 8.0 GeV/c, to be the following: 

1. The cross section u 
PL OP -Kip) falls as pL2AB for the high energy data; 

2. The forward differential cross section (da/dt)o falls approximately as 

pLiB for the high energy points ; 

3. The momentum interval 0.8 - 1.3 GeV/c appears to be dominated by 

YT( 1765) formation; 

4. The magnitudes of the real and imaginary parts of the forward scattering 

amplitude are approximately equal; 

5. The average value of the w trajectory intercept for the high energy data 

is 0.48 k 0.05; 

6. The average value of the regeneration phase 4, for the high energy data 

is (-43.4 -fr 4.2)‘. 
\ 
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III. THE REACTIONx’p -An+ FROM 1 TO 8 GeV/c 

Preliminary results of a study of the reaction 

E$ --An’ (2) 

are presented, in the momentum range from 0.8 to 8.0 GeV/c. This reaction 

is of interest at low energies because of the formation of S = -1, I = 1 hyperon 

resonances in the s-channel. At high energies it is of interest for studies of 

exchange mechanisms since both the differential cross section and the polariza- 

tion of the A’provides a powerful test of the various exchange models. 

The events for reaction (2) were obtained by scanning, measuring, and.fitting 

procedures identical to those for reaction (l), as described in Section II above. 

Our present sample consists of 1026 events; of these less than 1% are ambiguous 

with other hypotheses. Using the known proper lifetime distribution for A0 decay, 

corrections were made, event by event, for both the very short decay 

(< 0.5cm) and for the long ( > 13 cm) decay losses. 

The cross section for reaction (2) as a function of c laboratory momentum 

is shown in Fig. 12. The details of the flux normalization and cross section cal- 

culations are given in Section I above. At present no attempt has been made, 

beyond kinematic fitting, to remove the Con+ contamination from the sample. 

This contamination is estimated at (? 10% ). The cross section falls as approxi- 

mately p:Ai over the whole energy range, Ehile the high energy behavior appears 

less steep. A.lthough this slope is not in good agreement with that expected 

for S = -1 meson exchange, 3 our cross sections do agree well with the other 

available data on the related reactions: 

K-p - Ano 

and 

K-n-fi?‘r- Gw 

13- 

(24 



From isospin invariance we expect 

a@op -An+) = @-n --&-) = 20-(K-p -An’). 

Also shown in Fig. 12, as a solid line, is the prediction of the K*(890), 

K*(142 0) Regge-exchange model of Sarma and Reeder. 19 The prediction is seen 

to be about a factor of three too small, and does not have the same energy de- 

pendence as the data. 

In Fig. 13 the momentum transfer distributions for reaction (2) are shown 

for three momentum intervals: 2-3, 3-5, and 5-8 GeV/c. A general feature is 

a sharp forward peak which changes slope at about 0.5 GeV2 at all energies. The 

forwardpeak, for O.l<ltl<0.4 GeV2, has an exponential slope of 3.3 ic 0.8, ’ 

4.8 * 1.0, and 7.3 * 1.4 GeVB2 for the above three momentum intervals, re- 

spectively, showing evidence for shrinkage within the present statistics of this 

experiment. The values of the slope as a function of center-of-mass energy 

squared are shown in Fig. 14, together with data from reactions (2a) and (2b), 

and from the line-reversed 20 reaction 

r-p 4 AK0 cw 

The differential cross section for these reactions, both in slope and magnitude, 

should be equal if either the weak or strong forms of K*(89 0) , K*( 142 0) exchange 

degeneracy holds. 21 Previous analysis 22 of these reactions indicated a failure 

of exchange degeneracy. However, as shown in Fig. 14, our highest energy data 

gives a slope which agrees with the exchange degeneracy predictions. Further 

evidence of exchange degeneracy is shown in Fig. 15, where the differential 

cross section for reactions (2) and (2~) are compared. The solid line represents 

a smooth fit to the data of reaction (2~) at 6 GeV,/c; the data points are from this 

experiment averaged over the momentum interval 5-8 GeV/c. The agreement in 

slope and magnitude between the two experiments is striking. However, the 
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presence of COT’ contamination in both experiments 
23 

implies an additional 

20-300/o uncertainty in the cross sections. Despite these difficulties, the data 

indicate that exchange degeneracy in reactions (2) and (2~) may be working at 

high energies (i. e. , 2 6 GeV/c). 

In Fig. 16 the differential cross section for reaction (2) is shown averaged 

over the momentum interval 2-8 GeV/c. The solid line represents ihe prediction 

of the Sarma-Reeder model, also averaged over this momentum region. The 

agreement with the data is poor, both in terms of the absolute cross section and 

in terms of the structure observed. 

The average polarization for the momentum interval 2-8 GeV/c is shown 

in Fig. 17 together with the Sarma-Reeder prediction. The experimental polari- 

zation is large and positive throughout most of the momentum transfer region 

considered, in agreement with previous observations in reactions (2a) and (2b), 24 

and in violent disagreement with the model predictions. 

Finally, Fig. 18 shows the center-of-mass 7rr+ angular distribution for reaction 

(2), again averaged over the momentum region 2-8 GeV/c. The data show a 

sharp forward peak, with some structure at cos 6 X. 7, and a broad dip around 

cos 8 z 0 in agreement with previous experiments. 24 However, at this preliminary 

stage of the experiment an analysis of the backward scattering region cannot be 

given. 

In conclusion, this preliminary study of the reaction Fop *An+ in the mo- 

mentum region 2-8 GeV/c has shown: 

1. The Sarma-Reeder Regge model for this reaction does not represent 

the data; 

2. The forward differential cross section displays shrinkage as the energy 

increases ; 
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IV. INVESTIGATION OF THE K*‘p AND K-A++ FINAL STATES 

IN K;p INTERACTIONS 

A. Introduction 

In this section, we present a preliminary analysis of the reactions 

K”p -K+r-p (5) 

X”p -K-r+p (6) 

with incident momenta from 2.0 to 7.0 GeV/c. We have studied the final states 

K*‘(89O)p, K*‘(89O)p and K-A-(1236) and have measured the cross sections as 

a function of beam momentum. Differential cross sections and decay density 

matrix elements, averaged over all momenta, are also presented. The cross 

sections for reactions (5) and (6) as well as the details concerning the KL beam 

spectrum are presented in Section I above. The present analysis is based on a 

sample of data equivalent to - 4 events/pb which represents only -lG% of our total 

available data. 

Reactions involving K*N and KA final states have been studied at various 

energies in Kfp and K*n interactions. However, attempts to compare the data 

with theoretical models over a wide range of energies are complicated by problems 

of relative normalization and differences in analysis techniques between the various 

experiments. When more fully analyzed, our experiment will have the advantage 

of providing data over a wide energy region, nearly free from relative normaliza 

tion problems and biases resulting from different analyses. In particular, the 

final states 

0 K p-K”‘(890)p (7) 

Z”p -~*“(890)p (8) 

can have no relative normalization uncertainty since they are produced by a q 

beam with equal contributions from both strangeness components. 
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In Section IV. B we present our results for reactions (7) and (8) and compare 

them to the Regge model predictions of Dass and Frogatt. 25 In Section IV. C, 

we present.results for the final state 

zap-K-A(l236)++ (9) 
with comparisons to the Regge model predictions of Maor and Krammer, 26 

and 

examine the question of exchange degeneracy in connection with the line-reversed 

reaction: 

B. K*(890)N Production 

K+P --K”A( 123 6)++ (10) 

Production of K*(89 0)N has- been studied over a wide range of energies in 

K-P, 
27 -I- 28 

K P, K-n, 
9,lO + 29 and K n collisions. The K*N processes can be sepa- 

rated into charge exchange reactions such as: 

K-P -z*“n (11) 

and 

K+n-K*‘p 

and neutral exchange reactions such as: 

(12) 

K*P - K**p 

and 

Et 
K n-K* 

rt 
n 

(13) 

The dominant mechanism for reactions (11) and (12) is unnatural parity exchange 

(presumably ~7) whereas the dominant mechanism for (13) and (14) is natural 

parity exchange. This difference may be understood qualitatively by noting that 

the isovector amplitudes are suppressed by a factor of 2 in reactions (13) and (14) 

relative to (11) and (12). 

30 Absorptive peripheral model calculations to K*N data employing T and w 

exchange have been successful in describing the decay angular distribution but 
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not the energy dependence of the cross sections. Recently, Regge model fits by 

31 Dass and Froggatt and also by Markytan have provided generally good energy 

dependent descriptions of existing data. In particular, the model of Dass and 

Froggatt makes detailed predictions for reactions (7) and (8) (or for the charge 

symmetric reaction (14)) based upon the parameters found in their fit to data 

from reactions (11) - (13). 

Our results for reactions (7) and (8) are given in Figs. (19 - 21) and in 

Tables II and III. The curves imposed on the figures are the Dass- 

Froggatt predictions for reactions (7) and (8). 

In Fig. 19 we show the cross sections for (7) and (8) as a function of beam 

momentum, pLAB. The errors shown are-purely statistical; weestimate that syste- 

matic uncertainties of our preliminary analysis are less than 15% across the 

momentum region from 2 to 7 GeV/c. The cross section falls approximately 

as <2AB ingood agreement with data from reactions (11) and (12). 32 For compari- 

son, cross section values for the charge symmetric reactions (14) are included 

and agree ‘well with our results. Note that X*“p production is slightly larger 

than K*‘p production in contradiction to the model predictions. The experimental 

ratio of the integrated cross section from 2 to 7 GeV/c is: 

R = Jc(K*op)dp = 0 88 f 0 10 
&(z*‘p)dp ’ ’ 

The model prediction for R is 1.27, which is four standard deviations away from 

the present experimental ratio. 

Figure 20 shows the differential cross sections averaged over the momentum 

region from 2 GeV/c to 7 GeV/c. The model predictions, also averaged over 

momentum provide a good description at the present level of statistics. 
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The density matrix elements for K* decay, evaluated in the Jackson reference 

frame, 
33 

are shown in Fig. 21. Because Regge models predict very slow changes 

of the elements with energy, we have used all events from 2 to 7 GeV/c in deter- 

mining the density matrix elements. A moment calculation was used and statistical 

errors only are shown. In agreement with other K*N data, and with the Dass- 

Froggatt model, unnatural parity exchange (p,, large) is found to be important 

only for the smallest 1 t 1 region. Our values appear to be fairly well described 

by the model. 

C. K-A* Production 

In Fig. 22 we show the cross section for reaction (9) as a function of beam 

momentum pLA,B. For comparison, we also show the data 34 from reaction (10) and 

from the reaction” lo 

which is equivalent to reaction (9) by charge independence. We see from Fig. 22 

that the K-n cross sections at 3 and 4.5 GeV/c are consistent with our results for 

reaction (9). We note further that all thre’e reactions show essentially the same 

energy dependence p,“AB, where n N 1.8. 

The curves shown in Fig. 22 are the predictions of the Regge model calculation 

of Maor and Krammer for reactions (9) and (i0). A comparison of these two 

reactions provides an important test of the model since the same Regge trajectories, 

the p and A2, are exchanged in the two reactions, We see that the predicted cross 

sections correctly fit the data at low energy but do not fall with energy as fast as 

experiment. The calculation does predict, however, that the K+p cross sections 

are larger than the ?p cross sections at all energies, in agreement with the data. 

In Figs. 23 and 24 we show the differential cross section dcr/dt and the A* 

density matrix elements. Both the model predictions and the experimental 
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distributions were observed to change very little with energy so we have averaged 

the data over all incident momenta from 2 to 7 GeV/c in order to increase the 

statistical accuracy. The general shape of the differential cross section agrees 

well with the Regge prediction. The density matrix elements are consistent with 

the predicted values although Rep3 -1 may be systematically lower then the pre- 
, 

dieted curve. 

The interesting question of exchange degeneracy of the.p and A2 trajectories 

can also be tested by direct comparison of the two reactions (9) and (10) indepen- 

dently of any model. The hypothesis of “weak” exchange degeneracy predicts that 

the differential cross sections and therefore, also the total cross sections, should 

be the same for the two reactions. 21,22 The systematic difference between the 

cross sections of reactions (9) and (lo), seen in Fig. 22 indicates a violation of 

the “weak” form of exchange degeneracy. As a further investigation of this vio- 

lation, we show in Table IV a comparison of slopes of the forward differential 

cross sections for (9) and (10). Within statistical accuracy, there are no obvious 

differences between the slopes for the two reactions. 



V. STUDY OF THE K?‘f MASS SPECTRUM IN THE INTERVAL 

FROM 1050 MeV TO 1250 MeV 

We present a preliminary analysis of the Kr mass spectra from the reactions: 

K’P -K+r p (5) 

K”P --K+p (6) 

with incident momenta from 3 to 8 GeV/c. The present analysis is based on a 

data sample equivalent to -4 events/pb, 

In addition to the weI.I known K*(890) and X*(1420) resonances, K?‘r mass 

enhancements have been reported at -1080 MeV, 
35 -1160 MeV,36 and -1260 

37 
MeV . The resonance interpretation of any of these peaks is open to question, 

although Crennel et al, ,36 report a 5 standard deviation peak at 1160 * 10 MeV 

with a width of 90 f 30 MeV in the reaction 

K-n -Z”7r-n (15) 

at 3 0 9 GeV/c. The observed peak is unusual in that most of the events appear to 

arise through constructive interference with the A-(1238) band. 

In Fig. 25 we show our Kr mass spectrum for reaction (6) summed over the 

incident momentum interval from 3 to 8 GeV/c. Since reactions (6) and (15) are 

charge symmetric, and, therefore, may be compared directly, we would expect 

on the basis of the data of Crennel et al. , to observe a peak of about 25 events 

above background. However, we find no evidence for K?r enhancement in reaction 

(6) in the vicinity of ,116O MeV, either inside or outside the A’+(1238) band. The 

solid curve of Fig. 25 is the result of a fit composed of a hand-drawn background 

(dotted curve) and resonances at 890 and 1420 MeV. A X2 value of 18.5 was 

found for 32 degrees of freedom. 

The K?r mass spectrum for reaction (5), shown in Fig. 26, does exhibit a 

rather narrow peak at a mass of 1195 f 15 MeV with a width of 50 & 25 MeV. 

- 22 - 



However, at the present time our data do not justify a claim for structure in this 

mass region. The solid curve represents a fit to the histogram assuming three 

resonances plus a hand-drawn background (dotted curve) and gives an excellent 

X2 value of 16.1 for 25 degrees of freedom. On the other hand, a fit assuming 

two resonances (dashed curve) dlso gives a good X2 value of 24.5 for 27 degrees 

of freedom. Thus, there is a good chance that the observed peak near 1195 MeV 

may be a statistical fluctuation. 

In conclusion, we see no evidence in reaction (6) to support the observation 

by Crennel et al,, of a K?r enhancement at 1160 ‘MeV. We do see a small peak 

at - 1195 MeV in the Kr spectrum of reaction (5), but the present data are also 

compatible with a statistical fluctuation. 

- 23 - 
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TABLE II 

CROSS SECTIONS 

A. Reaction K”p -K*‘(890)p 

I K+7T- 

P Interval Events Fraction (%) ~(K’P --+K*‘P)~ 

GeV/c mb 

2-3. I.71 52 i 6 0.98 It 0.10 

3-4 89 t 33 f 5 0.38 k 0.06 

4-6 62 40-17 0.26 * 0.05 

5-7 63 40*7 0.19* 0.04 

B. Reaction E”p --‘iT*‘(89O)p 
I 

P Interval Events Fraction (%) -0 a a(?f’p- K* p) 

mb 

2-3 216 41zt 4 1.18 zt 0.12 

3-4 113 28 zk 4 0.47 zk 0.06 

4-5 ,306 5 0.32 rt 0.05 

5-7 50 26zt 5 0.16 -13 0.03 

C. Reaction x”p -K-A *(1236) 

P Interval Events Fraction (%) a(X;Op -K-A*) 

mb 

l-2 179 60*7 1.68 rt 0.19 

2-3 0.84 A 0.08 

3-4 162 40*4 0.44 f 0.05 

4-5 75 31rt 5 0.21& 0.03 

5-7 61 32 f 6 0.13 rt 0.03 

’ a. Adjusted to include neutral decay mode. 
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TABLEIII 

DENSITYMATRIXELEMENTS 

(Averagedover 2 I p (7 GeV/c) 

A. ReactionK'p-K*'(890); 
l- K+f- 

Events PO,0 p1,-1 ReP1,0 

0.00 - 0.10 73 0.5ozt 0.10 0.09 rt 0.07 -0.07 * 0.05 

0.10 - 0.25 82 0.24&,0.08 . 0.26zk 0.07 -0.02 -f 0.05 

0.25 - 0.45 76 0.12 f 0.07 0.33 rt 0.08 -0.06 3. 0.04 

0.45 - 1.00 54 0.03 et 0.07 0.41% 0.08 -0.07 zt 0.05 

B. ReactionE"p-??*0(8gO)p 
I-K-77 

-t(GeV/cj2 Events PO, 0 

0.00 - 0.10 86 0.4Orc 0.08 

O.lO- 0.25 114 0.07 k 0.06 

0.25 - 0.45 82 0.13 rt 0.07 

0.45 - 1.00 64 0.03 * 0.07 

C. Reactionx'p-K-A(1236)+' 

p1,-1 RePl,O 

0.22 rt 0.07 -0.14 f 0.04 

0.24 * 0.06 -0.06 ZE 0.04 

0.35 i 0.07 -0.03 i 0.04 

0.11* 0.09 -0.04* 0.05 

-t(GeV/c)2 

0.00 - 0.10 

O.lO- 0.20 

0.20- 0.40 

0.40 - 1.00 

Events 
p3,3 Rep3 2 -1 ReP3,1 

76 0.19 rt 0.07 0.12zt 0.06 -0.14zk 0.06 

98 0.28 zf: 0.06 0.08 k 0.06 -0.07 f 0.05 

106 0.27 f 0.05 0.14 * 0.05 -0.06 f 0.05 

102 0.34 zt 0.05 0.10 * 0.06 -0.07 It 0.05 
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TABLE IV . 

SLOPES OF FORWARD PEAK FOR KN-KA 

-0 K p-A *K- K+p -A-K” 

P(GeV/c) A(GeV/c)-’ P(GeV/c) A( GeV/c) -2 

2-3 2.7 zk 0.5 3.0 3.2 f 0.6 

3-4 4.4* 0.7 3.5 3.5-10.5 

4-7 2.7 zt 0.7 5.0 4.1* 0.7 

9.0 4.2 zt 0.5 



FIGURE CAPTIONS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

I$ beam pb equivalent as a function of momentum for 500 K pictures. The 

integrated total is 42.5 events/pb. 

Relative G beam spectra for different beam conditions. Curves III and VI 

apply to more than 75% of our present event sample. 

Cross sections versus laboratory momentum for pp--Ar?. The sources 

for the K-~-AT’ and K-n- An- are listed in Ref. 2. The SLAC cross sections 

are normalized to 300 pb at 3.0 GeV/c as observed by SABRE in K-n-An-. 

The straight line represents p -2.9 and is, drawn to guide the eye. All the SLAC 

data error bars only represent statistical uncertainty. 

Cross sections versus laboratory momentum for I$p-Kgp. The cross 

section is normalized to the An+ events. The straight line is meant to guide 

the eye only and corresponds to p -2.6 . 

Cross sections versus laboratory momentum for Kip ---Ki pn+?r-. The cross 

section is normalized to the An’ final state events. 

Mass histograms for K2- and p7r+ combinations. The shaded events represent 

840 (Kg??- 5 940 MeV and 1150 5 p?~+< 1340 MeV. About 30% of the events fall 

in the narrow ‘IT* (890), A*(1238) overlap band. 

Cross sections versus laboratory momentum for pp-+Ax+~-*+ and for 

X”p ---c*( 1385) n%+. 

Mass histogram of An* in the reaction ??‘p- A7?-~-7f f0 Each event is plotted 

three times. 

Cross sections versus laboratory momentum for ??p -Kmn+p and K”~--.-K+T-~. 

The SLAC data has been normalized to the charge symmetric reactions 

K-n-K”n-n and K+n -K’?r’n at 3.0 and4.5 GeV/c. 

Cross sections and da;/dt (t=O) vs KL momentum for KLp-K$. 
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11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20; 

21. 

22. 

Momentum transfer distributions for xllp -K$ for the q momentum inter- 

vals .8 - 1,3, 1.3 - 2, 2 - 4, and 4 - 8 GeV/c. Solid lines are the predictions 

of Blackman and Goldstein at 2.6 GeV/c (upper curve) and 6.4 GeV/c (lower 

curve). The dashed line is the prediction for a 5/2- YT(1765) resonance. 

Cross sections versus if0 momentum for z’pbAr+. The curve is the pre- 

diction of the Sarma-Reeder model. ’ 

dcr/dt (‘i?p --ha+) for ?? momentum intervals 2 - 3, 3 - 5, and 5 - 8 GeV/c. 

Exponential slopes of the forward differential cross sections for two sets of 

hypercharge-exchange reactions related by n-K line reversal. 

dcr/dt (Fop-- An+) averaged over the ?? momentum interval 5 - 8 GeV/c. The 

curve is a smooth fit to the n-p --K’(A/Z’) momentum transfer distribution 

at 6 GeV/c (Ref. 20). 

do/dt (z”p -AT’) averaged over the fro momentum interval 2 - 8 GeV/c. The 

curve isthe prediction of the Sarma-Reeder model. 

h polarization in Pp --A X+ averaged over the x0 momentum interval 2 - 8 GeV/c. 

The curve is the prediction of the Sarma-Reeder model. 

r+ center-of-mass production angle for ii’p-An+ averaged over the ?) 

momentum interval 2 - 8 GeV/c. 

Cross sections for K*N production versus laboratory momentum. The solid 

(dashed) curve is the prediction of the Dass-Froggatt model for K*‘p(z*‘p) 

production in this and the next two figures. 

Differential cross section for K*‘p and x*“p production averaged over the 

laboratory momentum interval from 2 GeV/c to 7 GeV/c. 

Density matrix elements for K* averaged over the laboratory momentum interval 

from 2 GeV/c to 7 GeV/c. 

Cross sections for KA production versus laboratory momentum. The solid 

(dashed) curve is the prediction of the Krammer-Maor model for K-A*(K’A*) 

production in this and the next two figures. 
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23. Differential cross sections for K-A* production averaged over the laboratory 

momentum interval from 2 GeV/c to 7 GeV/c. 

24. Density matrix elements for A* averaged over the laboratory momentum 

interval from 2 GeV/c to 7 GeV/c. 

25. The Kn mass spectrum for i?“p -cK-n+p over the incident momentum interval 

from 3 to 8 GeV/c. The shaded events are from the A*(1238) region. The 

solid curve is a fit to two resonances plus a hand-drawn background (dotted 

curve). 

26. The K71 mass spectrum for K’p’ --Kk-p. over the incident momentum interval 

from 3 to 8 GeV/c. The solid curve is a fit to three resonances plus a hand- 

drawn background (dotted curve). The dashed curve is a similar fit to two 

resonances only. 
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