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ABSTRACT

Predictions of the quark model of high—_energﬁr sca‘ttering
are tested by using the reaction K-p*.ﬁ* A, All predictiohs
are satisf‘ied'.wh.en interpreted as applying in the t—channel coor;

- dinate system. |

als

The joint decay angular dis_tribution in Kup—f K A ‘.is used to test

: predictions derived from the qﬁark model ‘of hi‘gh— energy scattering by -

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

quark quark scattenng amplltudes, and have clas 51f1ed the1r pred1ct1ons 1n-"

to three groups, each progress1ve1y more restrlctlve in add1t1ona1 as sump-

tions concermng equal1t1es among certain quark- quark sp1n—fl1p ampl1tudes.
We find the data in excellent agreement with the pred1ct10ns of the first

two classes. For the third class the coord1nate system in wh1ch the predic-

tions are expected to hold is not specified by the model. We fi-nd thedata

in satisfactory ag_re‘-ement v.vith,these predictions in the t-channel coordi-

| nate syste_m2 but:not in the helicity ¢oordinate system.

The reaction Kp-~ -I-{*A is studied in this exbe_riment by an analysis of

the reaction K—p-*p-l_{owon—-. " Events were obtained from an exposure of the

}

i
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Lawrence Radiation Labdratory 72-inch hydro_'gén b'u‘bblve chamber to a sep-

_arated K~ beam from the 'vBev_atron in the nnoi’nentum interval 2.1 to 2.7

GeV/c. % The results reported here were obtained in the higher-monﬁenmrh_ '

part of the eprsure-—Z.éS, 2.61, aﬁd.2.7:GeV/c-'-\Vi'th aﬁ equix}a;lent 'path.;
lengf:h of 12.8 eV/pb. 'Appro#imé'tely 3300 examples of this re;action sur- g
vived cuts in fiducial volume a.»nd“of»sl'xov rt— lépgth RO. 7

" The joiné decay aﬁgular distribxi_tjdp for K* A in coordinate éystems

! 5,6

with Spiﬁ— quantization axes in the production plane may be written™’

S SR .Eizz SR I b |
1(Q.9) = — Z R ‘ReY ' (Q,)ReY °(2,)
12'162 m,m mii m, 27
T 4 .=0,2 m,=0 m,=0 12 '
2 =05
gle02 1 '
2 "
) (1)
2,0 g, - b ,
+ Irrfri Irnan'1 (Qi) ImY 2, (92),-
K 1 My

where £,, m,, and £, refer to the K" decay and ZZ', m,, and 2 to the A.

1 1 1 2 2
y/ ' 'gi 22 : ey 3122
Y () is a spherical harmonic function. The 15 R (Ref.7) and 4 I "
m : mm, m,m,

decay parameters reflect the spin orientations of the K" and A, which in ‘

turn depend upon the dynamics of the production 'proce's's. “The most serious

problem in measuring these decay parameters is the imposéibil_ity' of obtain-
ing a pure samiﬁle of K'A events in the p-I_(Oiroﬁ_ final state. Most of the

background comes from other unassociated resonance production.” In order

to minimize vbackground effects, only those events for which BW(&) BW('I—<>‘<)>IO.Z

at,
2

were used for the K A decay analysis. BW is a normalized 8 Breit-Wigner ‘
0

9

function of the p7w~ and Row.' invariant masses.

The amplitudes responsible for the production of the background
| i? o .

events may interfere with the -R*A production'amplitudes. Tests weremade
! . :
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for this effect by utilizing the rapid phase vai‘iation of the Bréit— Wigner am- -
plitude. The R*A‘ events were divided into several sairhples with very dif-
ferent phases for the T{*A amplitude. The moments of the 19 vdecay-angle
functions a;ppearing in Eq.. (1) were evaluatéd for th.esve sample's; ~Any signi-
ficant interférence would cause the moments evaluated for different samples |
to be quite different. W1th1n thé statistics of this experiment no difference
was. detected between co'r'reSpo_nding moments evaluated for the different
samples.

Noniﬁterferingv baqurbund effecf:s .we.:r'e taken ir;to account by as suming
that the final-state interactions can be describe‘d_._ by an incohereﬁt sum of
. resonant amplitudes and Lorentz-ir;variant phase space. The frequency func-

tion for each event according to this model has the form

o o=@,
A 1 (2)
dp ’ o

— sk - =
oo BW(R)BW(A) 4B 1oy
JBW. dp. J

KA [BW(R")BW(2)dp

10,9, +

.where a; is the relative rate for thé production of the ith resonance process,
and BWi is a Breit- Wigner function of the rﬁass, width, and invariant mé,ss
of the decay produc‘ts. The integrals in the denominafor ﬁormalizle the fre-
quenéy functim;l so that a; is Ithle fractién of the ith process in ;thé final staté;

" dp is a volume element. of phase space. The ﬁrst term in Eq. (2) reprenser_lts
the contribution to the final state from —K*A production, which is given a vj.'ovint
decay angular dis.tributioh ‘I(Q."i‘QZ) described By Eq. ('1)-; The second term is
the éontribution of all the other resoh?ﬁt processes in the final state, and the

last term represents the nonresonant events.

Taking Eq (2) as a probability dehsity, one obtains for 'fhenioment of

an angular function, 2(9-192)’ appearing in Eq. (1):
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2,40 2,2
(z ' 2 y= S‘z 12 fdp/Sfdp
172 1772

. L, 0 '
, - 172 (3)

ﬂiﬂz' 3152 2 - <Bwizmirnz>

T X m S‘(Zm m,! indQ2+2ai _f—_—d_ ’

Ka 12 , BW; 9P

‘where . X = Ror I dependlng upon which angular function Z is chosen Solving |

f’if’z
for Xm . one has _ : v
172 o e .2 E
9. (Blem - >
172 172
<va m > - -qi , _
£,0. 172 [BW.dp , '
12 . i (4)
- ‘ . 404 : :
mm, = o, S'(Zi_ 2 )2 an, @, e

For a pure 7N “sample Eq. (4) reduces to

| RN

| (z |

Ml (Zm m 2>
g(zﬂ1 2 )stz ag,

Thus the « % term in the denomlnator and the sum in the numerator account -
R A - . v
for noninterfering background effects.

The K" A decay pa’rametei'e measured in this experiment' were evaluated
. , Y
by'employing Eq. (4). The moments (Z 172

1212

average value of the angular function Z m 9192) over the events in the
‘ ¥ '
sample. The oa_ “and a; were evaluated by maximum-likelihood. fitting em-
Ra 10 11 bty |
ploying Eq. (2) as the model - with (@ ,@,) = 1. The (BW z_ )/fBW dp
: K m.m

) were evaluated by taking’ the

were calculated by I\/_Ionte 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 l:race'12 were satisfied in all measurements. Further con-
straints imposed by conservation of angular moméntum along the_ incident
beam direction for collinear scatterivng were satisfied by the decay param-
eters measured in the moét forward'prodlicti_onr-'angle bins}.v13

- 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

iy =2(y2) - 1/3,
| (ve (% - };i) 4/15 (x"?i - 22,
vy (kg zy)) =415 (g 2y ) :
(Vg = =) /5 (- mp
<Vi'(xzfz2.)> = 1/5 (x5 z,)

2 2, _51 ,2, 3
(v 522 = 355 (V1) - 350~

e L —_k .
where Xy» Yy» 2y are the direction cosines for the K decay evaluated in its

rest frame and x'z, Yo Z, are direction césineé fo:t_' the Afi_ecay.. These rela-
tions are vexpected to hold for coordinate systems in which thé z aXes are in-
the prociu;:tion plane. |

' Figuré 1 qomp_éres our éx_perimental détermina’tion of the left-. a‘m_dv_v

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

‘measurements at all production angles cleariy satisfy the Class A relations.

Tests of Class B relatiohs. Derﬁanding equality of two of the four
quark-quark spin-flip amplitudes, in addition to additivity, leads to six addi-
tional constraints on the 4N decay parameters. Table I lists these Class

B relations along with the corresponding measurements in this experiment.

!
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The coordinate system in which these 'r,el_ations are expected to hold is not

.speéified by the model;'hoWeVer, if they are Satis‘fie'd in any coordir_iaté sys-

tem, they must hold in all other ‘s’ys_te_i,ns that can be reached by a cvommo;n.v '

rotation of coordinates in both the K and A rest frames. We have tested these

relations in the helicity.and t-channel coordindtle systems. These coordinate
systefns- are not connected by a ._commdn rotation, but the ‘diffevr'encé 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. Requiring, in addition to the asrsumption’s

of Class B, equality of the remaining two quark-quark spin-flip amplitudes

‘

- gives rise to nine additional constraints among the K A decay parameters.

Table II lists these Class C constraints together with' the corresponding mea-
surements in this experiment; As for the Ciasls‘ B i'elations,f_tli'le- model does
not s?ecify the coordinate system in which ‘thes'e predictions should hold.

Unlike the Class B relations, hdwévér, the C‘la‘s.'s C relafions are not invari-

o . . . =% )
ant to common rotations of coordinates in the K and A rest frames. The

results in Table Il corresponding to measurements in the t-channel coordinate

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

' helicity coordinate system are not. The XZ 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'Gr.oup' -

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

support. We acknowledge with tha_nks. the efforts of the people who help_éd

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

tron operating crews.
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J. Friedman, MURTLEBERT,‘ A (?}.evnei'va.l‘ Pf‘ogra?n for Fitting Data byv _
the Methéd of Maxin‘iurn‘»Likﬁelihood, Lawiénbe _R‘adi_ation’.vLa’_bo rato_ry_
Group A programming Note N'p; P—'_15.6; 1‘?67. R

The values of the maximum—liké_]{i}vlo»od éoiutibn for the r‘elz;tiv.e fractions
éf the _fesonance proces"ses vlze‘re féﬁnd tcl)"_b_e‘insgansitive' to the decay
angular distribution assumed fc‘>r’thve proceés.‘ -

P. Minnaert, Phys. Rev. 15.1,.‘ '1306:(.19.66)"." B

_J. T. Donohue, CERN Preprint -Ref. Th. 884, Oct. 1967.

»Figu’re Capfion B
1. Experimental test of thé Bialas and Zalewski 'class A'f quark model
predictions (Ref.‘ 1), which assﬁme»only the additivity of ,the quark-quark »
scattering amplitudes. . Measureménts'aré made in the T-channel cooff
dinate s_&rstem ’(Ref. 2) for five intervavls in ce‘al.'ltér'-o.f—mass productioﬁ_

cosine.
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Table I. Experimental-test of the 'class B" quark model predictions

' for the K" A decay parameters in K-p»K'-A at 2.6 GeV/c.
Comparisons are made in both the t<Channel and helicity coordi-
nate systems for two intervals in center-of-mass production

cosine.
Class B - _.t-Channel : Cos 0 - Helicity
relation . LHS RHS interval LHS RHS
RZO _ 2ROZ | 0.41+0.07 0.44%£0.16 1 to 0.9 0.20+0.07 0.24%0.14"
00 00 0.28+0.08 0.30+£0.16 0.9 to 0.6 -0.17+0.08 -0.36+0.16
RZO - 2ROZ ‘. -0.13%0.08 -0.02+0.20 "1 to 0.9 .0.03+0.09 0.412+0.20
20 02 -0.06+0.10 -0.22+0.22 0.9 to 0.6 0.26+0.11 ~0.30+0.24
RZO =2 ROZ -0.16+0.11 -0.02%0.20 1t00.9. -0.44%0.10 ~0.4620.20
10 04 0.16+0.12 -0.24+£0.22 0.9 to 0.6 -0.37+0.41 -0.10%0.22
R22 - g22 0.0440.10  -0.16£0.40 4 t6 0.9  0.0240.41 0.23:0.10
02 20 » 0.06+0.10 -0.04+£0.11 0.9 to 0.6 0.4040.42 0.43%0.10
RZZ = RZZ' ‘ 0.00+0.41 -0.42+0.12 1 to 0.9 -0.02%0.41 -0.14+0.41
01 10 ~-0.410+0.14 ~ -0.14%£0.414 0.9 to 0.6 0.18+0.44 0.43+0.14
RZZE R22 ‘ ‘ 0.43+0.44 -0.42+0.15 {1 to 0.9 OI.21:!:0.14 20.12+0.13
21 12 - -0.04+0.13 0.09+0.48 0.9 to 0.6 -0.40%£0.415 -0.30+0.48
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Table II. Experimental test of the "class C'" quark model
predictions for the K" A decay parameters.

t-Channel e o Helicity

Decay cosf interval : cos 0 interval
parameter

1 to 0.9  0.9t0 0.6 1to 0.9 0.9 to 0.6

Decay parameters predicted to.be zero

20

R2O L0.4550.41  0.1620.12 | -0.4420.40 ~0.370. 11
Rgz1 ©-0.04#0.40  -0.12#0.14 ~0.2320.10  -0.05%0.41
‘Rig” C -0.42%0.12 0142044 ~0.4420. 11 0.1320.14
B‘gi 0.00%0.41  -0.4040.44  -0.02#0.41  0.180.41

CREZ .0.1240.45  0.0940.48  -0.1220.43  -0.3020.18
Rii 0.4330.41  -0.01£0.43  0.2440.44 --o.1o¢o.1_.5.
1z -0.40%0.14  0.1220.16  -0.2420.14 -0.43%0.16
Igi  0.1420.13  0.16£0.44  -0.37:0.14  -0.25%0.16

22 _ 4 3)1/2_ 1 .22

Ro2 770 9 2 Rzzv
)

Rgg 0.26£0.41  0.20%0.45 0.13£0.10  0.4240.17
1,342 1,22 : in : .
— P . +0.04 . +0. . +0. R +0.
1531~ 3 Ry 0:0120.0¢  0.0720.05 0.1740.04  0.1040.04
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K™ p —K*A (256 GeV/c)

| QR*=(X, yizp), QA? (x2¥225)

ig ®8p &0 #¥0O ¢ o

(o) yEx zp = 4715 &z |

B ;c,',;jiﬁ_}g_

- 3O
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