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ABSTRACT 

Predictions of the quarkmodel of high-energy scattering 

.. --* 
are tested by using the reaction K p- K t::.. All predictions 

are satisfied when interpreted as applying in the t- channel coor-

dinate system. 

.,. 
The joint decay angular distribution in: K- p- K'" t::. is used to test 

predictions derived from the quark model of high- energy scattering by 

Bialas and Zalewski. 1 These authors have assumed the additivity of the 

quark-quark scattering amplitudes, and have classified their predictions in-

to three groups, eachprogressivelymore restrictive in additional assump-

tions concerning equalities among certain quark-quark spin-flip amplitudes. 

We find the data in excellent agreement with the predictions of the first 

two classes .. For the third class the coordinate system in which the predic-

tions are expected to hold is not specified by the model. We find the data 

in satisfactory a~reement with.these predictions in the t-channel coordi

nate system
2 

but not in the helicity coordinate system. 3 

- -* The reaction K p -+ K t::. is studied in this experiment by an analysis of 

the· t· K- -KO ° -reac lon p- p 11" 11" • Events were obtained from an exposure of the 
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Lawrence Radiation Laboratory 72-inch hydrogen bubble chamber to a sep-

arated K- beam from the Bevatron in the n:lOmentum interval' 2.1 to 2.7 

GeV / c. 4 The results reported here were obtained in the higher-mon~enlum 

part of the exp~sure--2.58,2.61, and 2.7GeV/c--Vv-ith an equivalent path

length of 12,.8 eV/J-Lb. Approximately 3300 examples of this reaction sur-

, -0 
vived cuts i~ fiducial volum,e and of sho rt-Iength K . 

I " ,* 
The joint decay angular distribution for K 6., in coordinate systems 

with spin- quan~zation axes in the pro~uction plane may be written 5, 6 

( 1) 

... 
where £1' m l' andQ 1 refer to the R'" decay and £2', m 2 , and Q2 to the 6.. 

£.. .. £1 112 ' £1£2 
Y (Q) IS a spherIcal harmOniC functlOn. The 15 R (Ref.7) and 4 I m ,m

1
m

2 
m

1
m

2 
decay parameters reflect the spin orientations of the R~< and 6., which in 

I 

turn depend upon the dynamics of the productio~ 'process. . The, most serious 

problem in measuring these decay parameters is the impossibility of obtain-

-'- -00-
ing a pure sample of K"'6. events in the pK 'TT 'TT final s tate. Most of the 

background comes fron'l other unassocia:ted resonance production. In order 
-,-

to minimize background effects, only those events for which BW(6.) Bw(R"'»o.? 

were used for the K~:<6. decay analysis. BW is a normalized 8 Breit- Wigner 

f . f tl 0 d K O - . . , ' 9 unction Ole p'TT an 'TT InVarIant masses. 

The amplitudes responsible for the production of the background 
! II I , I ; 

events may interfere with the K~:< 6. production amplitudes. Tests were made 
I 
I 

, . 
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for this effect by utilizing the rapid phase variation of the Breit- Wigner am-
-,-

-~ . 
plitude. The K /:}. events were divided into several samples with very dif-

_!l:C 
ferent phases for the K L::. amplitude. The moments of the 19 decay-angle 

functions appearing in Eq. (1) were evaluated for these samples. Any signi-

ficant interference would cause the moments evaluated for different samples 

to be quite different. Within the statistics of this experiment no difference 

was detected between co.rresponding moments evaluated for the different 

samples. 

Noninterfering background effects were taken into account by assuming 

that the final- state interactions can be described by an incoherent sum of 

resonant amplitudes and Lorentz-invariant phase space. The frequency func.;. 

tion for each event according to this model has the form 

(Z) 

where Q'. is the relative rate for the productionof the ith resonance process, 
1 -

and BW. is a Breit- Wigner function of the mass, width, and invariant mass 
1 

of the decay products. The integrals in the denominator normalize the fre-

quency function so that Q'. is the fraction of the ith process in the final state; 
1 

dpis a volume element of phase space. The first term in Eq. (Z) represents 

-~'< 
the contribution to the final state from K L::. production, which is given a joint 

decay angular distribution l(n 1nZ) described by Eq. (1). The second term is 

the contribution of all the other resonant processes in the final state, and the 

last term represents the nonresonant events. 

Taking Eq. (Z) as a probability density, one obtains for the moment of 

an angular function, Z(n
1
n

Z
)' appearing in Eq. (1): 
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(3) 

where. X = R or I depending upon which angular function 2 is chosen. Solving 
,B1£2 

for X , one has m
1
m

2 

= 

£ £ 
< BW. 2 1 2 > 

I 
1 m

1
m

2 
- Q!i 

. JBW.dp 
1 (4) . 

- ~:< 
For a pure K t:::. sample Eq. (4) reduces to 

Thus the Q! '" term in the denominator and the sum in the numerator account· 
K"'t:::. 

for noninterfering background effects . 
. ... f". 

The R."'t:::. decay parameters measured in this experiment were evaluated 
£1£2 . . 

by employing Eq. (4). The moments < 2m m > were evaluated by taking the 

£1 i i 2 • 
average value of the angular function 2 (!J

1
!J

2
) over the events in the 

. m 1m 2 .. 
sample. The Q! ," and QI. were evaluated by maximum-likelihood fitting em-

. K'" t:::. 1. 10· 11 £ 1 £2 . 
ploymg Eq. (2) as the model, . with I(!J

1
!J

2
) = 1. The < BW. 2 >/JBW.dp 

1 m
i
m

2 
1 

were calculated by Monte Carlo integration. 

Consistency checks were made on the measured parameters; the re-

quirements that the single vertex spin-density matrices have positive eigen-
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values and unit trace
12 

were satisfied in all measurements. Further con-

straints imposed by conservation of angular momentum along the incident 

beam direction for collinear scattering were satisfied by the decay param

eters measured in the most forwardproduction:-angle bins. 13 

Tests of Class A predictions. Using only the additivity assumption of 

the quark model, Bialas and Zalewski have derived relations between the de-

cay parameters in double resonance production. Expressed in terms of 

moments of decay direction cosines these relations are 

1/3, 

= 4/15 (xi z1)' 

= 1/5 (x~ - z'~), 
=1/5 (x2 z 2 ), 

2 3 
(Y1)-50' 

. ~ . 
where xi' Y l' z1 are the direction cosines for the K'- decay evaluated in its 

rest frame and x2, Y2' z'2 are direction cosines for the 6. decay. These rela

tions are expected to hold for coordinate systems in which the z axes are in 

the production plane. 

Figure 1 compares our experimental determination of the left-. and 

right-hand sides of these relations for five intervals of production angle. The 

measurements at all production angles clearly satisfy the Clas s A relations. 

Tests of Class B relations. Demanding equality of two of the four 

quark-quark spin-flip amplitudes, in addition to additivity, leads to six addi-

-* tional constraints on the K 6. decay parameters. Table I lists these Class 

B relations along with the corresponding measuren"lents in this experiment. 
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The coordinate system in which these relations are expected to hold is not 

specified by the model; howe"V,er, if they are s~tisfied in any coordinate sys

tem, they must hold in all other systems that can be reached by a common 

-* rotation of coordinates in both the K and D. ,rest frames. We have tested these 

relations in the helicityand t-channel coordinate systems. These coordinate 

systems are not connected by a common ro'tation, but the difference from a 

common rotation is small in' this reaction. All the measurements of Table I 

are in agreement with these Class B, relations in both coordinate systems. 

Tests of Class C relations. Re,quiring, in addition to the assumptions 

of Clas s B, equality of the remainlng two quark- quark spin-flip amplitudes 

-::a'< 
gives rise to nine additional constraints among the K D. decay parameters. 

Table II lists these Class C constraints together with the corresponding mea-

surements in this experiment. As for the Class B relations, the model does 

not specify the coordinate system in which these predictions should hold. 

Unlike the Class B relations, however, the Class C relations are not invari

-* ant toco:mmon rotations of coordinates in the K and D. re,st frames. The 

re'sults in Table II corresponding to measurements in the t"':<:;hannel coordinate 

system are in satisfactory agreement with the predictions, while those of the 

2 
helicity coordinate system are not. The X for 18 degrees of freedom in the 

t-channel and helicity coordinate systems' are 18 and 68 respectively. 

We acknowledge the support and cooperation of many members of Group 

A. We thank Professor Luis Alvarez for his continued encouragement and 

support. We acknowledge with thanks the efforts of the people who helped 

with the scanning and measuring, and of the 72-inch bubble chamber and Beva-

tron operating crews. 
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Figure Caption 

Fig .. 1. Experimental test of the Bialas and Zalewski "class A" quark model 

predictions (Ref. 1), which aSSUIT1e .only the additivity of the quark- quark 

scattering amplitudes .. Measurements are made in the T-channel coor

dinate system (Ref. 2) for five intervals in center-of-mass production 

cosine. 
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Table 1. Exp~~jmental test of the Ilclass .;.BII .9.l!:f::rk model predictions 
for the K /:). decay parameters in K p-+K /:). at 2.6 GeV/c .. 
Comparisons are made in bo th the t ... Channel and helicity coordi
nate sys terns for two intervals in center-of-mas s production 
cosine. 

Class·B 
t-Channel CosO . Helicity 

relation LHS RHS interval LHS RHS 

20 02 o .41±0.07 0.44±0.16 1 to 0.9 0.20±0 .07 0.24±0.14 
ROO = 2 ROO o .28±O.08 0.30±O.16 0.9 to 0.6 -0.17±0.08 -0.36±0.16 

R
20 = 2R

02 - 0 .13±0.08 -0.02±0.20 1 to 0.9 .0.03±0 .09 0.12±0 .20 
20 02 -0.06±O.10 -0.22±0.22 . 0.9 to 0.6 0.26±0.11 ·0.30±0.24 

R 20 ;; 2 R02 -0.16±0.11 -0 .02±0. 20 1 to 0.9 -0.44±0.10 -0 .46±0 .20 
10 ·01 o .16±0.12 -0.24±0.22 0.9 to 0.6 -0.37±0.11 -0.10±0.22 

22 22 0.O1±O.10 -0.16±0.10 1 to· 0.9 0.02±O.11 0.23±O.10 
R02 = R 20 0.06±O.10 -O.04±0.11 0.9 to 0.6 O.10±0.12 0.13±0.10 

R22 ::: R22 0.00±0.11 -0.12±0.12 1 to 0.9 -0.02±0.11 -0.14±0 .11 
01 10 -0.10±0.11 -0.11±0.14 0.9 to 0.6 0.18±0.11 0.13±0.11 

·22 22 0.13±0.11 -0.12±0.15 1 to 0.9 0.21±O.14 ~ 0.12±0.13 
R21 = R12 -0.01±O.13 0.09±0.18 0.9 to 0.6 -0.10±0.15 -0.30±0.18 
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Table II. Experimentalle,&t of the "class C" quark model 
predictions for the K'" 6. decay parameters. 

t-Channel Helicity 
Decay cose interval cos e interval 

parameter 1 to 0.9 0.9 to 0.6 1 to 0.9 0.9 to 0.6 -_._--- --
Decay parameteruredicted to be zero 

R
20 
10 

-O.15±0.11 O.i6±0.12 - 0 .44±0 .10 -0.37±0.11 

02 
ROi - 0.0 i±O .10 - 0.12±0.11 - 0.23±O.10 -0.O5±0.1.1 

R22 
10 

-0.12±0.12 - 0.11±0.14 . -0.14±0.11 o .13±0.11 

22 
R01 0.00±0.11 - 0.10±0.11 -0.02±0.11 0.18±0.11 

. 22 
R12 -0 .12±0 .15 0.09±0 .18 -0.12±0 .13 -0.30±0.18 

R22 . 0.13±0.11 - 0.0 1±0.13 0.21±0.14 -0.10±0.15 
21 

122 
12 

-0.10±0.14 0.12±0.16 -0.24±O.14 -0.43±0.16 

122 
21 

-0.14±0.13 0.i6±0.i4 - 0 . 3 7 J:O . 14 -0 .25±0 .16 

R22 = _1_ (2) 1/2 _ 1 R22 
22 10 2 2 22 

) 
22 

R22 0.26±0.11 0.20±0.15 0.13±0.10 0.i2±0.17 

...L(1)1/2_ .! R22 
10· 2 2 00 

0.Oi±0.04 0.07±0.O5 0.17±0.04 0.i0±0.04 . 

" 
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K-P - K*Ll (2.6 GeV/c) 

n R*= (xI YI zl)' ni)= (x2.Y2 z2) 

I 0 
• 0 

I 0 I iJ ! 0 

(c) <Y~ XI zl) = 4/15 <xI zl) 

f- ! 0 , + 15 ! 0 f Q 
l- t 0 

-

-

-

-

0.1 

o 
(b) <y~(x~-zf »=4/15 <xf-z~) 

l-

I f 
f- t f t ~ If 
I-

f-(a) <y~)= 2<y~) - 1/3 

If 
, 

-

-

-

-

o 
-0.1 

o 
-0.1 

Fig~ 1 

• Left - hand side 

o Right - hand side 

f-- ! Q t Q ! g ! Q 

If) <:;2 2) 51 < 2) 3 I Y2 =90 YI -50 

- I 0 1 0 I 0 • 0 

(e) <Y~ X2Z2) = 1/5 <x2 z2> 

- ! 0 ! 0 
t 0 t 0 

! ~ 

! 0 

t Q 

-(d) (y2(x2_z2»= 1/5 <x2-z2) I 22 2 2 
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