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DOUBLE PERIPIERAL MO1L ANALYSIS OF THE REACTION 
K p K+1rA 1236 AT 9 GeV/c 

Chumin Fu 

Lawrence .R adiation Laboratory 
University of California 

Berkeley, California 94720 

ABSTRACT 

Using a double Regge-pole-exchange model, we studied the low 
++ 

 ii 	 i 	 + - mass enhancement n the reaction K p K + - ii 
++ 

at 9 GeV
I
c. 1236 

'We found that P and ii double exchange dominate the präcess. In gen- 
+> eral the model agrees with the data in the region where M(K it- ) = 1.54 

GeV and _tKK < 0.5(GeV/c) 2  and -t< 0.5 (GeV/) 2 . The possibility 
of extending the model into the large t region and problems involved in 

the extrapolation of the model to the Kit threshold are investigated. 

The importance of the contribution from the double peripheral process 

in low M(K+rr) region and its implications to the analysis for the Kit 

system are discussed. 

I. INTRODUCTION 

The general features of thereaction_- 
K+p. Kit 36  at 9 GeV/c were discussed 

in an earlier communication. I In this paper 

we study the reactiOn in the high kit mass re-

gion (M(Kir) 1.54'GeV) on the basis of a 

double Regge- pole- exchange model. The ad-

vantage of this model is that it has the same 

simple form as a single Regge-pole-exehange 

model and theoretically the Regge parameters 

(except the coupling at the internal vertex) used 

here can be wholly taken.from those that were 

determined by the data from two-body or quasi-

two-body final states. As a known fact, a 

double-Regge-pole model can usually describe 

the data of the three-body or quasi-three-body 

final states at high energies fairly well. How-

ever, in applying the model, there are still 

some unsolved problems; namely, 
A)  The commonly used Regge parameters  

are known only to,their order of magnitude. 

The exact values are not well dete.rmined. 

Hence when one finds that the fits of the model 

to the data are insensitive to the variation of 

the parameters, one cannot distinguish whether 

it is due to the effect of a collective change of 

the many Begge parameters or due to an in-

complete study of the data. Poor statistics of 

the data and unclean samples could also con-

tribute to the sources of uncertainties. 

There is no evidence for Toller angular 

dependence at the internal vertex. By the 

same argument given in 1) above, it is not 

clear at all whether or not there should be a 

Toller angular dependence for the Reggeon-

Reggeon-particle coupling. 

How far in momentum transfer variables 

(t's) a peripheral model can extend is not well 

known. 

Granted that the duality is a valid concept,2 
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how would one extrapolate the model to small 

subinvariant energies (s's)? Would the extrap-

olation be insensitive to the variation of Regge 

parameters also? Answers to these questions 

are not known either. 

With an attempt to understand these prob.. 

lems we analyze our data in an exhaustive 

manner. The method and the results of the 

analysis are presented in.Secs. II and III. 

Section IV discusses the extrapolation of the 

model to small subinvariant energies. Sec-

tion Vgives oun conclusions. 

This experiment was carried out in the 

Brookhaven National Laboratory 80-inch hydro-

gen bubble chamber, which was exposed to a 

9-Qe V/c rf-separated K+ beam at the AGS. 

The details of the experiments, the measure-

ments, and the kinematical fitting procedures 

are described in Ref. 4 and the Ref. 5 therein. 

• II. THE MODEL AND THE METHOD 
OF ANALYSIS 

A. The Model 

There are many multiperipheral models and 

the phenomenological analyses of the data dis-

cussed in the literature. 3 ' 4  Here we adopt the 

one given in Ref. 3c. Consider Fig. Ia, a di-

agram for the reaction a + b— I + 2 + 3. The 

invariant amplitude is 

; 4  a 4 (t) 
A(s, S4 	

2' 
4 . t2 ) 	3 4 (t 4 ) 1 (t 4 )(----) 

S2 a2(t2) 
X i32 (t 2 ) 2 (t 2 )(—) 	(t 4 ,t2 ,), 	(1) 

where s, s, s 
2' 

 and t 4  and t2  are as indicated 

in Fig. Ia. 

	

1 s 1 *t -m2+- 	2 	2 	
)(m-t1-t2) tA (m -m -t 4 2 	a2 	I 	a  

and s 2  is obtained by interchanging the sub-

scripts I and 2. The Toller angle, w, is de-

fined by 

P><Pj Pb><P2 
co S 	-+ — 

IPa><PlI I
—  
Pb X P2 I  

in the rest frame of the particle 3. The a's 

are the R.egge trajectories exchanged and 

e 	
1 

-irra. 
1 

(t.) 
1±  

- sin rra 
i 
 (t.) i 

The.'s are the residue function. The s. 

	

1 	 iO 
are the energy scale constants. 

For the reaction K+p _ KT 36 , the 

allowable exchange pairs (a 4 , a 2 ) are (F, n), 

(P, A 4 ), (p. 11),  (p, A2 ), (p, A 1) and (, p). Con-

sider the (P, r) pair only and further assume 

that P is a fixed pole with an intercept 1 in the 

Chew-Frautschi plot. After squaring Eq. (1) 

and some simplifications one obtains an inten-

sity 

2 (ira') 	
2 s

2  2a(t) 

	

IN0e 	
I-cosrra' (t )(S4) (..) 	f(u,t 4 ,t 2 ), 

	

ir2 	0 

2 	 (2) 
where a = a, (t -m ) and N is a normalization 

it 	ir2 	ii 	0 
constant. This equation is the same as that 

given in Ref. 3e provided that we set f(w, t 4 , t 2 ) 

to be constant.. 

Since PomeranchuJwn is not well under-

stood at present and there are five exchange 

pairs other than (P,Tr) also allowed, for Kr mass 

between 1.54 and 2.8 GeV it is reasonable to 

replace (s1) 
2 
 by. (s4) 

2c 
 in Eq. (2),. where c is 

a constant parameter.. 

Using the notations indicated in Fig. lb, 

we rewrite Eq.. (2) as 

	

(.)2c 	
s 	2a(t) 

	

IN e 	 (s. j (—) 0 	f-cosira t ) r.ir 	s 
iTp 	 0 

>< f(w, t, tKK) , 	 (3a) 

which is to be used in this analysis. We as-

sume that f takes the form 

	

f = [I+a(t/m 2 )cosJ 2 , 	(3b) 

where a is a constant parameter. Equation 

(3b) is purely empirical. It has the property 

that f has no Toiler angular dependence at 

tp,nk = 0, which is required on a theoretical 
4 

	

basis. 	In this analysis, there are five 

10 ,  
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parameters involved, i. e. 
, y, a', c, s 0  and 

Tr 

a. Two cases are considered, namely 

I) Case I: 	a = 0, 

2) Case II: a is a free parameter. 

B. The Method of Analysis 

In comparing the data with the theoretical 

calculations we follow-the procedures below: 

Generate Monte Carlo events for the 
+ - ++ K 	final states with a variable mass 12 

for the p1236  given by a Breit-Wigner distri-

bution. 6 

Assign to each Monte Carlo event a weight 

according to Eq. (3a). 

Compare the various distributions from 

the Monte-Carlo events with those from the 

data, and vary the parameters in Eq. (3a) until 

we obtain the best fit for all those distributions 

considered. The goodness of the fit is deter-

mined by a x 2  calculation. 

In order to investigate the problems 

stated in the introduction, we choose to study 

the following three samples with M(Kr) >1.54 

Ge V: 

Sample A:tK+K+  and -t++ < LU (GeV/c) 2  
PA 

(511 events). 

Sample B: tK+K+  and -t++ < 0.5(GeV/c) 2  

- 	 (287 events). 

Sample C:tK+K+  and -t++ < 0.3 (GeV/c) 2  PA 
(115 events). 

The N0  is determined by normalizing to 

sample B the Monte Carlo events with the same 

kinematic cuts as those imposed on sample B. 

The parameters 'i', a', c, s, and a- are ob-

tained by comparing the distributions of 12 

variables from the events in sample B with 

those from the corresponding Monte Carlo 

events [three invariant masses, M(K+,r), 
++ - 	 +++ M( ir ), and M(K 	), four four-momentum 

transfers, -t 
KK  ,-t p , -tKu  , and -t prr , and 

~ 

five angular variables, cos O(K u ), j(K u ), 
cos O(+1r), 	ir), and ]. The 6 and 4 
are the Jackson angle and the Treiman-Yang 

angle for a two-particle composite. If the 

mo-del is valid and the parameters obtained 

are correct, then one should expect good agree-

ments between the various distributions from 

the Monte Carlo events and those from the data 

in a t region where the t cuts are smaller than 

what sample B has. Furthermore one can also 

test the validity of the model in a large t re-

gion by extending the t cuts imposed on the 

data and the Monte Carlo events. These are 

the motivations for studying samples C and A. 

In principle one should compare the model 

with the data in different noninclusive t inter-

vals. Due to the statistical limitations of our 

data, we can only choose the t criteria as we 

described earlier-. 	 - 	 - 

III. RESULTS 

Various values for the parameters in Eq. 

(3a) have been tried; the best values obtained 

are 

Case I: a = 0, y = 4 (GeV/c) 2 , a 1  =  1.2 

(GeV/c 2 	 2 	
IT 

, s 	LU (GeV), and c = 0.85 

Case II: a = 0.015, y 3.2 (GeV/c) 2 , 

(GeV/c) -2 , s 0  = LU (GeV) 2 , and 
Tr 

A. The Distributions of the Various 
Kinematic Variables 

For each variable the distributions are to 

be presented in the order of Samples A, B, and 

C. The corresponding distributions from the 

Monte Carlo events are shown in solid lines 

for case I and long dash lines for case II. 

Figure 2 shows the A++
1236  mass distribu-

tions. Here we check whether the Monte Carlo 
-  events generated for the K + 	++-1236 final state 

indeed have a p11+  mass distribution similar to 

that of the samples. Comparing the data with 

the curve shown in Fig. 2b, we obtain a - 

x2 =  16.4 and a confidence level = 12.6% with 

14 degrees of freedom. (We consider M 01  TO , 

and a as parameters in the Breit-Wigner dis-

tribution discussed in Ref. 6. The curves 
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corresponding to case I and case II are very 

close, therefore only the result of case I is 

shown in Fig. 2.) 

Figure 3a, b, and c shows the K+1T_  mass 

spectra for samples A, B, and C respectively. 

The short-dash lines are the extrapolations of 

the model calculations to the region where 

M(K+ir) < 1540 MeV. Discussions of the ex-

trapolation are given in Sec. IV. In Fig. 3b 

the two curves are close in the region where 

M(K+Tr_) Z 4700 MeV. Below 4700 MeV in the 

Kr mass two curves start to deviate. The 

deviation between the solid and the long dash 

lines become larger for sample A and smaller 

for sample B. This seems to be a general 

trend shown also in the other distributions we 

discuss later; 

Figures 4a, b, and c and Figs. 4d, e, and 

f show the 	mass distributions and the 
+++ K 	mass distributions. In Fig. 4a the data 

peak at around 4500 MeV, where there are 

three I = 1/2 baryonic resonances, P 44 , D 43 , 

and S44. 8 
 The calculated curves peak at 

about 80 MeV above 1500 MeV. However, in 

Figs. 4b and c the curves agree with the data. 

The curves from the model shift their peak by 

80 MeV in the A Tr mass from Fig. 4a to Figs. 

4b and c, yet the data do not show such an ap-

parent change. This indicates thatthe model 

may very well apply to small t regions (e. g., 

samples B and C) butdoes not apply to the 

large t regions (e.g., sample A). Similar dis-

agreements also show some of the distribu-

tions from sample A discussed in the following 

paragraphs. In Fig. 4d the dashed curve 

agrees with the data better than the solid curve, 

but it is not so obvious in Figs. 4e and f. 

Figures 5 and 6 show the distributions of 

-t KK 	p 
and -t ,. 	 prr Krr and -t 	and -t . Except 

for -t p-TI  in Fig. 6e and f, in general the model 

(for both case I and case II) agrees well with 

the data. 

Figure 7 shows the decay angular distri-

butions for the K+iT_  system in its rest frame. 

The cos 0 distribution (Figs. 7a, b, and. c) are 

plotted from 0 to 1.0 since there are no events 

from the data and the model in the backward re-

gion. As the t cuts decrease, the events are 

populated even in a smaller forward region 

[e. g., cosO.(K+,r_) 0.7 for both tKK  and -t PA 

less than 0.3 (GeV/c) 2}. The Treiman- Yang 

angular distribution (Figs. 72, f, and g) be-

comes flatter as t 
pA  decreases. This indicates 

that the Treiman_Yang angular distribution 

tends to agree with the well-known prediction of 

single-pion particle exchange in the limit of very 

small -t pA . 9 The solid curve and the dashed 

curve show considerable discrepancy. in Fig. 7d 

(sample A). Otherwise, for both case I and 

case II the model agrees with the data rather 

well. 

Figure 8 shows the distributions of the cosO 
- and 4) for the ++ A ii system. Again a large dis-

crepancy between the curves is observed in 

large t regions (Figs. 8a and d). Figure 9 

shows the Toller angular distributions. The 

model agrees with the data fairly well for 

Sample B, but does not agree with the data in 

both the large t region (sample A) and the small 

t region (sample Q. The dash-dot lines in Fig. 

9 represent the phase space which is normal-

ized to each sample. It strongly peaks near 

= 480 deg. At w = 180 deg, the two particles 

in the initial state and the three particles in the 

final state lie in the same plane. As t cuts de-

crease, the phase space curve is getting closer 

tothe. results of the model and the data points. 

The X values of the various distributions 

for sample B are 'given in Table I. Table I 

indicates: 

1) Over all the kinematical variables studied 

the confidence level of case II is more uniform 

than that of case I. Consider the latter if one 

happens to choose to fit the distributions of 
M(K+1r ) ,  M(K+A), -t, and tK  one may 

claim very good agreement between the model 

and the data. On the other hand if one chooses 

the variables M(Air), -t,  -t, and the 
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Toiler angle, u, one may consider that the 

model is a failure. The results could be even 

worse if only some of the distribution from 

sample A were considered. 

2) The agreement between the model and the 

data is poor for the distributions of _tKK 

and c. 

B. A Quantitative Analysis 

Comparison of the number of events from 

the model and the phase space with the data 

under different kinematical criteria is shown in 

Table II. The normalization was described in 

Sec. IIB. 

We observe the following: 

Comparing the numbers from the data and 

those from the phase space, one can easily see 

the peripheral nature of the data. 

For M(K+ir)1540  MeV, the number of 

events from the data agrees with the result of 

UCRL- 49807 

The extrapolation of the model to the small Kr 

mass region as shown by the dashed curves in 

Fig. 40 does not describe the data in the K 90  

resonance region, not in a crude average sense. 

This seems to be in favor of Harari postulate 1°  

that Pomeranchukon exchange is responsible for 

the background only. The double peripheral pro-. 

•cess would contribute at least 30 to 60% of the 

background in the low KiT mass regior 
- 	 KK ' 

	

[M(K
+ 
 iv ) < 1540 MeV]. Due to the e 	factor 

in Eq. (3a), the model yields a large intensity 

in the forward e(Kr) region even in the low Kr 

mass region (except near the Kr threshold). 

This contributes to part of the well-known 

forward-backward asymmetry in the Kr system 4  

Ignoring the isospin structures, calculations 

involving a p-wave K 90  and a d-wave K 420  

with a coherent and an incoherent double periph-

eral process with (P,ir) exchange have been 

tried. They do not produce some of the impor- 

the model for both case I and case II. The mod- 	tant features in Kr asymmetry as a function of 

el completely disagrees with the data in the low 

K+r mass region [M(K+1r) < 1540 MeV] as we 

expect (because of the strong K resonance 

productions). One important point to note is 

that the predictions of case I and case II dis-

agree in this K+r  mass region also. 

IV. EXTRAPOLATION OF THE MODEL 
TO SMALL SUBENERGIES 

In this section we discuss: (a) the impor-

tance of the contribution from the extrapolation, 

the reliability of the extrapolation with the 

present knowledge of Begge parameters, and 

the isospin structure of the Kr system on 

the basis of ()P, iv) exchange in the model. 

(a) In order to demonstrate the contribu-

tion from the double peripheral process by ex-

trapolation, in Figs. IOa, b, and c we plot the 

complete K+ir_  mass spectra under the t cuts, 

tKK and ..tless than 1.0 (GeV/c) 2 , 0.5 
PA 

(GcV/c) 2 , and 0.3 (GeV/c) 2  respectively. The 

curves shown in Figs. lOa, b, and c are the 

same as those shown in Figs. 3a, b, and c. 

Kr mass. Since the contribution from the ex-

trapolation to the background is large and yet it 

cannot account for all the background beside the 

two well-established Ks, one may ask whether 

the double peripheral process or the K res-

onance productions can be isolated from the 

data in order to obtain a relatively clean sample. 

The answer to this question is no, because both 

processes are dominated by pion exchange and 

in favor of small -t pA 
(b) In Table II the numbers of events in the 

low Kr mass region from the extrapolation of 

the model differ by about 30% between case I 

and II. This is a typical fluctuation, introduced 

to a certain extent by the uncertainties of the 

parameters used in Eq. (3a). With the present 

knowledge about Regge parameters and the sta-

tistical level of the data, one cannot determine 

how much each exchange pair (discussed in 

Sec. hA) contributes, or whether one should 

try to find a better new model. Hence at the 

present stage the extrapolation of the model can 
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only offer a qualitative description for the data. 

(c) Based on an isospin argument in Ref. 

I it was concluded that the low A it mass en.-

hancement is predominately of I = 4/2. This 

iso spin assignment is in favor of an I = 0 object 

exchanged at the K in 
K 

 out  + vertex. Among all 

the allowed exchange pairs (see Sec. hA) the 

P is the only candidate with I = 0. 

In fact we obtain C = 0.85, which is close 

to unity, in this analysis. This agrees with the 

assumption that P is the dominant object ex- 
++ changed at the K K.  vertex. Comparing (P, it) 

and (P,A 4 ), if one assuming ci and a 
Al  have

Tr 
the same slope, then A 4  would be a lower tra-

jectory and its pole is farther away from the 

physical region than the pion pole. Hence the 

contribution of A 4  is less important than that of 

ii. If one assumes it and A 4  degeneracy then 

there should be no essential difference whether 

(P,A 4 ) is included or not in addition to (P.,rn). 

The comparison of the model and the data also 

indicates that our (P, it) assumption is rather 

good at least in the region where -t 	and -t 

are small. These arguments justify the as-

sumption that the (P, it) exchange pair dominates 

the double peripheral process. Then one can 

further study the upper part of the diagram in 
+ Fig. lb as a Kin  scattered by a virtual pion 

producing the K+1r final state with P ex-

changed in the t channel. By iso spin cr05 sing 
- for the reaction K + it - 

 -s'K+ 
 it via anl=0 object 

exchanged in the t channel, the I = 3/2 and 

I = t/z parts of the amplitude are in 4:2 ratio. 

The implications of this is that we cannot ne-

glect the I = 3/2 component in doing analysis 

for the Kit system in low Kit mass region. 

Whether the Kit asymmetry can be explained by 

including the I = 3/2 component is completely 

unclear. 

V. CONCLUSIONS 

1. (P, iv) exchange dominates the reaction 

K + p - K+it36 at 9 GeV/c for M(K+1r) 1540 12 

MeV. In general the model agrees with the 

data fairly well for tKK < 0.5 (GeV/c) 2  and 

-t< 0.5 (GeV/c) 2 . The validity of the model 

above these t cuts is definitely in doubt. 

The introduction of an empirical Toiler 

angular dependence at the internal vertex helps 

to improve the condifence level to be more uni-

form over the distribution of all the variables 

considered except that the fit to the Toiler an-

gular distributions itself has not been improved 

much. In the small t region, the Toiler angu-

lar distribution (as shown in Fig. 9c) indicates 

a large discrepancy between the model and the 

data. Further investigation on Toiler angular 

dependence is necessary. 

With the present knowledge of the Regge 

parameters determined by the data from two-

body final states, the many possibilities of the 

exchange pairs, and the statistical limitation 

of our data, the values of the Regge param-

eters we used are subject to considerably large 

uncertainties. However, this should not affect 

the conclusion that the contribution from the ex-

trapolation is large. By comparing the data 

with the result from the extrapolation to small 

Kit mass region, we find that the latter agrees 

with Hararits  postulate that Pomeran exchange 

is responsible for the background only. 
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• Table I. 	x 2  values for sample B. a 

• Distribution 2 b d. f. 
Confidence Confidence 

level ( °fo) d. f. level( %) 

M(K+lr_) 8.1 14 88.3 46.1 13 17.4 
M(++Tr_) 18.3 11 7.3 15.2 10 12.5 
M(K+A++) 8.7 9 46.4 10.8 8 21.5 

_tKK 20.8 6 0.2 44.4' 5 4.4 

3.8 .3 27.9 3.5 2 17.7 

_tK 5.9 5 31.5 6.1 4 19.1 
-t 20.3 7 0.5 12.9 6 4.5 piT 	

+ 

	

Co's 0 (K 	TI ) 22.2 12 3.5 12.9 11 29.4 
Kir) 23.3 47 14.4 19.6 46 23.9 

Cos 0 (r) 32.3 15 	• 0.6 19.3 14 15.3 
++1r_) 28.2 12 0.8 18.0 44 14.5 

Tollerangleu 29.1 10 1.2 15.8 9 70 

a See Ref. 6. 

bDegrees of freedom. 

Table II. Comparison of the number of events from the model and the phase space with 
the data under different kinematical criteria. 

M(K+v) 	1540 MeV M(Kn) < 1540 MeV 

tKK and -t PA tKK and -t -tand -t 
Sample A Sample B Sample C 

< 1.0 (GeV/c) 2  < 0.5 (GeV/c) 2  < 0.3 (GeV/c) 2  

Data 	• 514 	• 	 287 	415 4804 1375 953 

Case I 536 	• 287 	427 327 307 251 

Case II 500 	287 	432 • 	 464 404 318 

Phase space 4805 	287 	54 • 	 2565 824 • 330 
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FIGURE CAPTIONS 

Fig. 1. A double-Regge-pole-exchange diagram for (a) a reaction 

a + b-* I + 2 + 3 and (b) the reactions K+p  KT(A36. 

Fig. 2. Mass distributions for A 	(1120 to 1320 MeV) for 1236 
samples (a) A, (b) B, and (c) C. The solid curves show the diktribu-

tions for Monte Carlo events. 
- 

Fig. 3. K + ir mass distributions for samples (a) A, (b) B, and (c) C. 

The solid and the long-dash curves correspond to cases I and II re-

spectively. The short-dash curves are the xtrapolation of the cases 

landli; 
++- 

Fig. 4. A ir mass distributions for samples (a) A, (b) B, and (c) C, 

and 	mass distributions for samples (d) A, (e) B, and (f) C. 

The solid and the long-dash curves, the results from the model, bear 

the saniei neannig) as those -' EOWI in3Fig. 3. 

Fig. 5. 	tK+K+  distributions for samples (a) A, (b) B, and (c) C, 

and -t 	distributions for samples (d) A, (e) B, and (f) C. The 

curves bear the same meaning as those shown in Fig. 4. 

Fig. 6. -t 
Kr 	

distributions for samples (d) A, (e) B, and (f) C. 
•  

The curves bear the same meaning as those shown in Fig. 4. 

Fig. 7. Cos 0 (K*i) distH1itions for samples (a) A, (b) B, and (c) 

C and (K+1)  distributions for samples (d) A, (e) B, and (c) C. 
+- 	 +- 

O(K i ) and 4(K ii ) are the Jackson angle and the Treiman- Yang 

angle for the Ki system. The curves bear the same meaning as 

those shown in Fig. 4. 

Fig. 8. Cos O(Lt+l)  distributions for samples (a) A, (b) B, and (c) C 

and 4 (Lt+1T) distributions for samples (d) A, (e) B, and (f) C. 
++- 	 ++ 

0 (á ii . ) and 4(L ir ) are the Jackson angle and the Treiman-Yang 

angle for the A 7T system. The curves bear the same meaning as 

those shown in Fig. 4. 
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Fig. 9. Toiler angular distributions for samples (a) A, (b) B, and 

(c) C. The solid and the long-dash curves bear the same meaning as 	
S 

those shown in Fig. 4. The dash-dot curve indicates the phase space 

normalized to each sample. 

Fig. 10. Kr mass distt.tibutions with t(KlK+)  and -t(pz.) iess 
than (a) 1.0 GeV/c) 2 , (b) 0.5 (GeV/c) 2 , and (c) 0.3 (GeV/c) 2 . The 

solid and the dashed curves bear the same meaning as those shown in 

Fig. 3.. 	 . 
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This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any in formation, 
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or 
Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee  of such con tractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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