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Pro d_,u c t ion and -n e cay Prop .e r ties 
of the K.:.c (892} Produced in the Reaction 

K p- pR 0 rr- at 2.1, 2.45, and 2.64_BeV/c. ~:c 

Jerome H. Friedman and Ronald R. Ross 

Lawrence. Radiation Laboratory 
University of California 
.B-e,rkel~% :1. Calli:fornia 

January 14, 1966 

We have measured the total cross section:,. differential cross section and 

K~:c(892} decay'corr~lations for the reaction 

. ' 

(1) 

Experimental decay distributions are c_onsistent with the production and decay of 

. . . . - -~ 

a K'" relatively free from interference with other processes. The 4300 K., events 

in the sample allowed us to determine the decay correlations as a function of 

production angle. Comparison of these correlations with simple meson-exchange 
, I . 

· models imply that pseudoscalar-meson exchange dom~nates the extreme forward 

direction~ while vector meson exchange seems to be responsible for the decay 

' ' 
correlations at~larger angles. . i 

The data analyzed came from a sample of 100 000 events of the two-pr~ng 

+ V topology obtained in an exposure of the Lawrence Radiation Laboratory 72-in.-::h 

H 2 bubble chamber to a separated K- beam of 2~1, 2.45, 2.58, 2.62, and 2.68 

BeV /c. 1 Events of the type in reaction (1) are f~ur tim~s overconstrained by the 

requirements of energy and momentum conservation. Less than 1o/o of these 

events were ambiguous with other physical hypo,theses. In all 75.00 events ofthe 

type K-p ;..:. pKO'Ii'- _resulted from th~~ measurements, of which 7000 satisfied 

fiducial-volume, and beam-track criteria and are used in the analysis. 
I 

w'e hav~ divided the events into three beam-momentum intervals with -

rpean momenta 2.1, 2.A~. and 2.64 BeV/c. Table I gives the number of events, 



'I 

the fraction of the events i:h which!i:t K>!<(892) is produced, and the cross .sections 

for each momentum interval. More than 60o/o of the events in the two lowest beam 
. . 

momenta:, andalmost 60o/o in the up~er result fl:om K* production. Production of 
''• • ~~ '' • ..... : ..,,. • ..... I ' • ..... • o : • • ' • 

N''-.(1238), · N'"(16~8), N'''(1512), Y1(1660), and Yi(1765) are also observed, but at 

tates amounting to less than 10o/o in the most copious Gase, and of order 2 to 3o/o 

on the average; 

Iri- 'analyzing the K':< product'i'on and decay ;properties it has been customary 

to use ev,ents withi~ a given (K01T-) mass interv:ai around the K>:< mass. The mass 

interval is ch0sen as a compromise between mi:nimizing contamination from· 

non.,K>:< events and minimizing statistical errors. One is forced to include some 

''b : k . d" ·· ac groun events. The assumption bf noninterference of background amplitudes 

with the k* production and decay amplitudes is .essential for this analysis, but even 
i 

the 11 noni'nterfering background" will cause errors in the determination of the K>!< 

i 

decay parameters . 
. ' 

' i! 

We have avoided the arbitrariness of limits on the mass cut and allowed 

for the effect ~~f noninterfering background by us~ng the maximum-likelihood 

method a,nd a simple 'model of noninterfering prpdu.ction rates to simultaneously 
• • . ~J . 

.... 
determine the', amount of all known resonances produced, the K.,. decay correlation 

coefficients, and the amount of nonresonant background. Decay correlations of . 

. I 

oth1er resonances produced were not included pri~arily because of their small 

rate of p:roduction. The frequency function used for each event has the form 
i; r. · 1 - ~ r. · 

p (X' k; r /a' b ' c) = ~ r: B w ( E•; • r. ; X. ) + N i l ' 
l.i 'l l l p 

Here ri is the, relatfve r'ate ,of prod'uctidn.'of~he ith •r:e:s.onanc~; iN{~is the··totaL.phase 

space for the2:_th resonance; BW is a Breit-Wigner function of the mass Ei and 

width r. of the ith resonance and of the appropriate effective mass combinati'on 
l 

'i 
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. m-"" 
Xi of the evel\t; Np is the total 3 -body phase space for the event; Y11 (k) is a 

spherical harmonic whose argument, k, is a unit vector in the difection of the_ 

' 2 - ' >:< -
'IT-; and a, b, and car~ the decay correlation coefficients of the K and are 

'·. : I . . ' '):c . I 

related to the -K spin-density matrix elements by the formulae 

i. 

(: 

' 

(30) 1/2 
12 

c 

In Eq.; (2) we have neglected the "illeg<l;l" decay c~rrelations of the K*, 

i.e., those prohibited by angular momentum and parity conservation. -This 

assumes ithe K* decays• as a free particle and that there is no inte!rference be-

I ~( i . \ i 
tween the K production and decay and other processes. 

; i 
To dete:rmine the production angular distribution and decay correlation 

coefficie1nts as. a function of production angle, We divided the data at each 

' ' - -0 -
momentum into intervals in the production angle: of the K 1T system. The 

... 
intervals were chosen to include approximately'100 K.,. events in each. Maximum-

likelihood sollutions were obtained for each of these intervals. Figure 1 and 

Tab].:e Il'give'the results of these solutions for 2.1, 2.45~ and 2.64 BeV/c. 

Since the maximum-likelihood solutions 'are based on a model not 

necessarily representative of the :data,· we,compare the solutions to the data in 

Figs. 2 and 3.': Events selected for these plots: were requi:r:ed'to haveoa.n,e(i:.--
. ' 

fective R0 
'IT- mass in the range 0.816 to o. 976 B~V. in addition to the K

0
1T ... pro-

duction angular interval indicated.- This mass cut has introduced an estimated 

fraction of background events amounting to 5% at the most forward cos8 intervals 

and 25o/o at the' m~st backward. The_ distributions shown refer only to the decay 

of the K~;·~ but these distributions s'hould be quite sensitive to the effects of 

. ' 
interference between the K.,, production arid decay amplitude, and other amplitudes. 
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\' 

Specifically, any asymmetries with respect to reflection about cj> = O,ahd, .; ,.· .. , ::·,,,, 
. I 

180° or; after.~averaging over cj>, about cos a = :0 are not accounted for in our 

model. · r 
'I 

. . .. ,, . 

Figure' 2 contains plots of the decay distribution of the K'' ;vith respect 
' · .. \' 

to the cotsine:~6f the polar angle a and to the azimuthal·angle cj> for the indicated 
; l 

productiG>n an.gle intervals and incident K:. beam momenta. The solid curves are 
! • • 

predictions o£ the likelihood solutions which take the form 
. I I! . ! i 

2 2 
·~(co~a) = N 3/2 [p 0 O cos a + 1/2(1 -p 0 0 ) sin a] 

and. 
, ! N 

· :I(cj>) = 
2

TT [1 -2p 1 _1 cos2,q,], 
, I 

where N normalizes to ,the number of eyents in the plot. The overall agreement 

between the solutions and the data is quite:cgood. The data at 2.64 and 2.45 BeV/ c 
i I 

show no significant asymmetries. Only the plot for -1 ~ c:os8 ~ 0.2at 2.1 BeV/c 
·:I 

shows a marked asymmetry. It is not Clear whether this asymmetry in the events 
. ' 
'' i 

is attributable• to a failure of the model or due to a symmetric K>:~ distribution 

plus an asymmetric noninterfering ,background. 
::.i 

Figure 3 contains scatter plots of cosa versus cj> for three judiciously 

. chosen samples of events. The para~eter of the model being tested here is 

primarily Re ~ 1 0 
through its cont'ribution to the' intensity of the K>:~ decay 

·3[ 2 ;· .2· I (co sa , cj>) = 4 TT p 0 0 cos a ,+ 1 2 ( 1 - p 0 0) s m a 
i . 

2 ' ' 
, , -r1. -i sin a cosZcj> -..f2 Re p1 0 sin2tl. coscj>]. 

I 

The plot~ ,of Fig. 2 are independent of this parameter, since the average values -~ 

of coscj> o..;er cj>
1 
~nd of sin 2a over a: .are both zero. Since Re pi 0 is small, the 

density of even:ts is primarily determined by the p 0 0 and pi _1 terms; however, 

the shift :of coptours of equal intens:ity as a function of cj> is apparent in all three· 

plots, an~ the events follow these shifts. Figur~ 3a contains events at all 

' I\ '.1 
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momenta and all production angles, serving as an overall check on the solutions. 

. 3 b d . h '11 . . h 2 d . 2 
Events on F1g. an c were c osen to 1 ustrate reg1ons w ere cos a. an s1n. a. 

terms were dominant, respectively. 

Therconsistency between the data and the likelihood solution based on our 
... ... 

simple model suggest that the K produced in the reaction studied here is essen-

tially free from interference, and can be used to test theoretical models of pro-

·'· 
duction and decay which assume production of a free K···. 

Qualitative features of the decay distributions of Fig. 2 for the 2.64-BeV /c 

data show the following: (a) In the extreme forward direction (0.95 ~coso.~ 1), 

there is a strong cos2a. polar distribution and a somewhat flat azimuth distribution. 
l 

This is characteristic of pseudoscalar exchange in the production process. (b) In 

the intermediate (0.7 ~coso.~ 0.875) and backward (-1 ~coso.~ 0.7) directions 

there are strong sin2a. polar distributions and 1 - a cos2<j> azimuth· distributions, 

characteristic of vector exchange. (c) In the plot for 0.875 ~cosO .:S; 0.95, there 

is a relatively flat polar distribution a·nd a moderate 1 -a cos<j> azimuth distri-

bution, which may result from a combination of pseudoscalar and vector exchange. 

Although somewhat most limited in statistics, the data. at 2.1 and 2.45 BeV /c exhibit 

the same general features. These qualitative features of the data have been pre­

dicted by Jackson et al. 3 using a meson-exchange model with corrections for 

initial- and final-state absorptions. 

···~ 
In. fitting the K ... ' production differential cross section in the reaction 

+ ~+ 4 . 
K p - K.,. p, Jackson et al. found two possible solutions that fit the data equally 

well. Solution I gave destructive interference in the forward direction between 

the pion and vector-exchange amplitudes and Solution II gave constructive inter­

ference. Using tl~e vector coupling constants determined from the K+ data and 
' "~ 

.· ::· . ):-: 

absorption pararh~ters appropriate to the .reaction K- p _.. K - p, they compared 

their result to K~i iproduction and decay at 3 BeV /c .. 
5 

Both solutions predicted 
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the spin-density.:.matrix elements within errors, but predicted a dO' /dn that 

. 6 
was about SOo/o too small. Jackson and Donohue have determined a new set 

of parameters in the region of their old solution n 7 
by fitting to the differential 

cross section at 2.64 BeV /c shown in Fig. 1. No acceptable values of £ and 11 

could be)f():~hd for parameters in the region of solution I. Using the ne\\' set 

' 
of parameters they have calculated all the solid curves drawn over the data 

of Fig. 1. The overall agreement is remarkably good considering the small 

number of parameters entering into the theory and the fact that the only infor-

mation fed in is the differential-scattering cross section. At 2.64 BeY/c, the 

fit to the differential cross section is very good and the predictions ·are also 

quite acceptable for Po 0 andRe p 1 0 . The theoretical curve seems to sys-

tematically overestimate p 1 _1 by a standard deviation or so. The same seems 

to be true for 2.45 BeY/ c except that the theoretical curve underestimates the 

differential cross section slightly although giving good agreement to its shape. 

;At 2.1 BeY /c the agreement of the theoretical curves with the spin-density 

matrix elements is acceptable; however, the underestimation of the differential 

cross section is much more exaggerated. This difficulty in predicting abso-
... . ,, 

lute eros s sections for K production as a function of energy, where vector 

exchange is involved, has already been found by Jackson et al. 
3 

in comparing 

+ K p data at 3 and 5 BeV /c. Reasons have been advanced to explain why the 

absorption model should not work for vector exchange, 3, 8 but as yet no sa tis-

factory model has been advanced to take its place. 

In summary, Fig. 1 and Table II contain our measurements of the 
... 

production and decay properties of the r(''- in K-p interactions at 2.1, 2.45, 

. and 2.64 BeV /c. Because of the agreement in Figs. 2 and 3 between the data 

~ * and the likelihood solutions based on a free K model, w.e believe the K 
... ... 

is 

produced and decays without significant interference with other processes. 

.-, 
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,r 

1 
. j .... . . ! The absorption model is capable of representing the qualitative features of 

I 
I 
I 

,;c . 
the decay of the K but fails, again, to predict energy dependence of the total 

• I : production eros s section. 

i 
l We acknowledg~ the support and cooperation of many members of the 
i 

. I 

l Alvarez group. We thank Professor Luis Alvarez for his continued encourage-
j 

~~ 

1 
I 

ment and support. We are indebted to J. D. Jackson and J. T. Donohue for 

useful discussions and for the theoretical curves of Fig. 1. We acknowledge 
J 
I 
I 

·1 
with thanks the efforts of the people who helped with the scanning and measuring, 

I 
l 

and of the 72-in. bubble chamber and Bevatron operating crews. 
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Conference on High Energy Physics, Dubna, August 5-15, 1964, Lawrence 

Radiation Laboratory Report UCRL-11426, July 1964 (unpublished). 

2. The coordinate system in the rest frame of the K':' for its decay is chosen 

so that the polar axis is in the direction of the incident K-:, and the y axis 

is the normal to the production plane definedby n = (.p' X K -')/I p' X I< -I. Here 

~. ~ 
p is a unit vector in the direction of the final-state proton, and K- is a unit 

vector in the direction of the K-. The X-axis is then chosen so as to make 

a right':"handed coordinate system. · 

3. J. D. Jackson, J. T. Donohue, K. Gottfried, R. Keyser, and B. E. Y • 

Svensson, Phys. Rev. 139, B428 (1965). 

4. G. R. Lynch, M. Ferre-Luzzi, R. George, Y. Goldschmidt-Clermont, V. P. 

Henri, B. Jongejans, D. W. G. Leith, F. Muller, and J. M. Perreau, Phys. 

Letters 9, 359 (1964). 

5. R. Barloutaud, A. Leveque, C. Louedec, J. Meyer, P. Schlein, A. Ver gla s, 

J. Badier, M. Demoulin, J. Goldberg, B. P. Gregory, P. Krejbich, C. 

Pelletier, M. Ville, E. S. Gelsema, J. Hoogland, J. C. Kluyver, and A. G. 

Tenner, Phys. Letters g,· 352 {1964). 

6. J. D. Jackson and J. T. Donohue, University o£ Illinois, Urbana, I:>rivato 

communication. \ These calculations differ from those of Ref. 3 in that exact. 

partial-wave s~.ufis are used instead of the Bessel-fu.nction approximations. 

~I 

·-
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7. In the notation of Ref. 3, the values of the parameters that were used to 

construct the distribution in Fig. 1 are s = -1.8::, and,.,= '-1.1. Choosing 

. values of.€, and,., along the line 2.2 s -,., = -2.9 _. changes the fit to dO' /ds:-2 

very little but does change the curves for p
0 0 , etc. The values chosen 

are those giving the best representation of the spin-density-matrix elements. 

8. J. S. Ball and W. R. Fraser, Phys. Rev. Letters 14, 746 (1965) •. 
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Table' I. Number of events and cross sections as a function of 
t·· 

momentum. Cross -section determinations include corrections· 

applied to the observed numbers of events for neutral decay 

.·. ' -0 
modes of K (3.0) as well as the fiducial-volume escape and short 

length :Ko ( 1. 06 ). 

... Total cross section 
Number o/o K.,. (892) 

(mb) 
Momentum of in _

0 -0 - ... 
(BeV /c) K - .K - K - -K 

,, .. -
eyentRo, p - pK rr p - pK rr p p 

K~p~~p .. iT-

2.1 2340 65.3 ± 1.8 2. 05 ±. 10 1.34± .oa; 

2.45 926 61.2±2 .• 6 1.79±.10 1.10±.08 
I 

2.64 3727 57.6±1.2 1.45±.09 0.83±.05 

i <> 

. .... 
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Table II. Number of events, differential eros s ~ection and spin-density matrix elements of 
K':'(892) as a function of production angle. 

Cos$ Number da/dr.l Po o p 1 -1 Re p-1 O 
interval of K':'(892) (mb/ sterad) 

A. 2.1 BeVLc 

0.975to1 96±13 0.53±.07 0.53 ±,10 0.03±.08 -0.11±.05 
0.95 to 0.975 84±12 0.46±.07 0.37 ±.10 0.11±.08 -0.04±.05 
0.9 to 0. 95 203±16 0.56±.04 0.42 ±.06 0.06±.05 0.00±.03 
0,85 to 0.9 172±15 0.47±.04 0.29 ±.06 0.20±,05 -0.04±.04 
0.8 to 0.85 121±13 0.34±.04 0.35 ±.08 0.17±.06 -0.14±.04 
0.7 to 0.8 214±17 0.30±.03 0.34 ±.05 0.29±.04 -0.01±.03 
0.6 to 0. 7 142±14 0.20±.03 0.17 ±.06 0.24±,05 -0.03±.03 
0.4 to 0.6 172±15 0.12±.02 0.15 ±.05 0.30±,;05 0.06±.03 
0.2 to 0.4 91±12 0.06±.01 0.18 ±.08 0.20±,09 -0.0 1±.06 

-0.2 to 0.2 124±15 0.04±.01 0.00 ±.06 0.00±.08 0.02±.05 
-1 to-0.2 124±16 0.03±.01 0.20 ±.09 0.11±,08 -0.14±.05 
-1 to 1 1528±53a 0.1<X:.±. 006 0.255±.020 0.155±.018 -0.034±,011 

B. 2.45 BeVLc 

0.9 to 1 199±16 0.60±.05 0.48±.06 0. 22±, 04 -0.06±.03 
0.8 to 0.9 120±13 0.36±.03 0.25±.08 0.22±.06 -0.04±.04 
0.6 to 0.8 103±12 0.16±.02 0;32±.08 0.15±.07 0.00±.05 
0.2 to 0.6 86±11 0.06±.01 0.14±.09 0.19±.08 -0.03±.04 

-0.2 to 0.2 45±9 0.01±.01 0.04±.12 0.26±,11 0.06±.06 
-1 to-0.2 28±9 0.005±.01 O.OO±.:l7 0.09±. 20 -0.22±.10 
-:1 to 1 596±32b 0.087±.006 O.ZID±.033 0.230±.029 -0.039±. 018 

~ 2.64~eVLc 

0.9875to 1 113±14 0.55±.06 0. 74±,08 0.09±.05 -0.05±.05 
0. 975 to 0. 9875 117±13 0.57±.06 0.68±.08 0.09±.05 -0.09±.04 
0.95 to 0.975 214±17 0.52±.04" 0.55±.06 0.16±.04 -0.06±.03 
0.925 to 0. 95 179±15 0.43±.03 0.38±.06 0.18±.05 -0.08±.03 
0.9 to 0. 925 166±15 0.40±.03 0.34±.07 0.27±.05 0.00±.03 
0.875 to 0.9 150±14 0.36±.03 0.26±.06 0.28±.05 -0.04±.03 
0.85 to 0.875 148±14 0.36±.03 0.25±.06 0.30±.05 -0.01±.04 
0.825 to 0. 85 119±12 0.28±.03 0.25±.07 0.33±,05 -0.03±.04 
0.8 to 0.825 88±11 0.21±.03 0.23±.08 0.29±.09 -0.03±.05 
0. 75 to 0.8 144±14 0.17±.02 0.18±.06 0.30±.05 -0.03±.04 
0.7 to 0. 7 5 124±12 0.15±.02 0.26±.07 0.25±.06 -0.05±.04 
0.6 to 0.7 161±15 0.11±.01 0.16±.05 0.24±.06 0.00±.03 
0.5 to 0,6 108±12 0.06±.01- 0.14±.07 0.20±.09 -0.03±.04 
0.2 to 0.5 183±16 0.03±.01 0.08±.05 0.35±.05 0.01±.03 

-0.2 to 0.2 121±13 0.02±,01 0.00±.05 0.31±.07 -0.03±.02 
-1 to -0.2 61±12 0.01±.01 0.00±.15 0.31±.13 -0.0 1±. 07 
-1 to 1 2147±57c O.ai:d:,003 0.259±.017 0.252±.014 -0.035±.009 

a 
bSum of column 2 = 1543 

Sum of column 2 = 581 
cSum of column 2 = 2196 
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I; 

j. FIGURE LEGENDS 

, I 

Fig~ ·1. Differential cross section_and spin-density matrix .element~ as .a 

furi<:;tion.. of production angle for the three momentum intervals. The 

solid curves are. predictions of the absorption .model based on a fit to 
. . . 

the differential scattering cr~ss section at 2.64 BeV/c.6 ; 7 

Fig. 2. 
. . ' . * 

Polar cosine and azimuth decay-angle distributions of the K · (892) 

I 

at' 2.1, 2.45, and 2.64 BeV / c for various intervals in production angle. 

The coordinate system is defined in the text? The events plotted have 

0 I ·. . ' 
a K Tr- effective mass between 0.81.6 and 0.976 BeV. The solid curves 

ar(;l the distributions predicted b-y: the maximum-likelihood solution 

e~ploying only "legal" moments. 

Fig. 3. Scatter plots of polar cosine vs azimuth angle (a) for all events 

summed over all production angles and heam momenta, {b) for 2.64 

BeV /c, with 0.95.:::; cosfJ.:::; 1.0, illustrating a region most dominated 

2 
by a large cos a term, and (c) for 2.64 BeV / c, with 0. 7 .:::; cosfJ .:::; 0. 875, 

illustrating a regi~n dominated by a large sin
2

a term. The s·olid lines 

are lines of equal relative intensity predicted by the solutions given in 
I I 

Table II for (b) and (c). Fo~ (a) the parameters are the appropriate 

av~rage of the parameters i:r{ the last row of Table II • 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, 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 Com­
mission, or employee o.f such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or prbvides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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