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MOMENTUM DEPENDENCE OF CROSS-SECTION'­
AND ANGULAR DISTRIBUTIONS OF REACTIONS 

K- P -+ J\1T O, K~p-~ J\1T+ NEAR THRESHOLD~:' 

. J. A. Kadyk, J. H. Chan, G. Goldhaber, and ·G. H. Trilling 

DepartITlent of Physics and Lawrence Radiation Laboratory 
University of California, Berkeley, California 

August 1968 

The suggestion of possible I = 1 resonances just above the KN 

threshold has recurred several Hrnes in the past few years, in a variety 

of different reactions. 1- 2 In our analysis of the K~p interactions at 

3 low lTIOITlenta, we also: found anoITlalies in D1.ass plots and production 

angular distributions which could be ascribed to resonance behavior in 

this region, i. e., 1450 to 1550 MeV, approxiITlately. 

We have now extended our investigation of this region to cover 

the reaction K-p _>J\0 1TO, froITl an experiITlent perforn1.ed about a year 

ago at the Bevatron, using the LRL 25-inch hydrogen bubble chaITlber. 

o 
In addition, the cOD1.plete set of data has now been collected froITl the K2 

expe.riITlent, also using the 25-inch chalTIber, which has added about 60% 

ITlore data to those already published. Direct cOITlparison of the results 

froITl these independent experiITlents, each having good statistics, should 

perrnit a strong test for possible resonances. 

The 10w-:ITloITlentuITl K~ experiITlent has been adequately described;3 

the technique enlployed in the K- eXperiDl.ent deserves SODle ITlention here . 

A significant advantage over previous low- energy K- eXperilTIents re-

sults froITl an iITlproved knowledge of the incident K- ITlOlTIentUITl; this 

results in a better resolution of the n1.issing D1.ass, and a cleaner 
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separation of the I = 1 and I = 0 reactions 

o 0 
L; -> A 'I . 

UCRL-18325 

(1) 

(2) 

This separation heretofore has been usually a difficult problem. In this 

experirnent, the K- are separated {with about 20% contarnination} at 

400 MeV/c by means of Murray's septUlu separator, 4 "vith a HlOlnentum 

bandwidth of ±1%, and after being degraded with berylliUlu, enter the 

cham.ber at (a) 310±8 MeV/c for the higher-lnolnentuln run, or {b} 

245±14 MeV/c for the lower. There is no trouble distinguishing the 

heavily ionizing K- froln the 20% minilnUlu-ionizing background. Less 

than 10% lnixing occurs between reactions {1} and (2) in the higher-

lnOlnentllln data (310 to 230 MeV/c). 

To properly correct for the mixing between reactions {1} and (2) 

that does occur, a set of Monte Carlo events has been generated for these 

5 
reactions by using the new prograln PHONY, and these events have been 

analyzed by use of the same prograln (SIOUX) as the real events. Res-

olutions have been checked for agreeluent between the real and Monte 

Carlo events, and the agreelnent is found to be satisfactory. Reactions 

(1) and (2) were separated by dividing events on the lnissing-lnass plot 

at (lnissing mass)2 = 30 000, and correcting for the lnixing. About 20% 

of the filln was rescanned, and the scanning efficiencies were found to 

be ~90% on both experin"lents. Corrections taking account of these ef-

ficiencies were included. 

Several independent distributions have been studied in the search 

for anolnalous behavior in this energy region. The quantities (a) cross 



'oj 

/" 
, J 

l) 
• 

i ) , 

- 3- UCRL-18325 

section, (b) production angular distribution, and (c) decay asyrnm.etry 

cif. the A 
0 

have been determ.ined, as functions of the total c. m. energy, 

for reaction (1) and the corresponding K~ reaction 

o 0 + 
K2 P ->- A 1T • 

A discussion of these distributions follows. 

1. Partial Cross Section for A 
0 

Production 

(3) 

The cross sections have been determined for reactions (1) and 

(3), as a function of the c. In. energy, M(Kp), in 5-MeV intervals. In 

order to make these determinations, the incident-beam. path length was 

derived by observing decays of beam particles, -
T ->-

- - + 
1T 1T 1T , for re-

action (1) and K~3 decays6 for reaction (3). These results arc shown 

in Fig. 1. 
o 

The K2 spectnun covers a broader region than that of the 

K-, but the results are in reasonable agreement in the overlap region. 

The probleln of the hvofold ambiguity fo r the K~ momentunl. was treated 

by using an unfolding t echni,que based upon Monte-Carlo- generated events. 

Tests indicate that the spectrum is reliably deterrnined in this way. As 

can be seen; there is no evidence from this plot for any deviation frorn 

a srnooth behavior dominated by the 1/(K velocity) behavior close to 

threshold. From these cros s sections, one can inake a fit for the irnag-

inary part of scattering length A = a fib; the result is quite insensitive 

to the real part, which is rnuch sm.aller in rnagnitude. Fitting to data 

corresponding to P
lab 

(K) < 300 MeV/c, we obtain b == 0.56±0.12. 

Limits of error include the uncertainty in E as directly detennined from 

. 0 
the K2 data. 
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2. Production Angular Distributions 

In Fig. 2 are shown the angular distributions for A 
0 

production 

corresponding to reactions (1) and (3). These are given in five energy 

intervals, w-ith K- data denoted by solid lines and circled points, and 

K~ data by dashed lines and small triangles. The agreenlent between 

the two experiments is good, in general, and \vithin uncertainty from 

statistics. No K- data are available in the highest energy interval shown. 

One sees indications of events lost from the bin corresponding to the 

lnost backward A 
0 

direction, or displaced in the fitting process because 

they are too near the limit. For this reason, the K~ data were fitted 

omitting this bin. The K- data were fitted to all 10 bins, ho\vever. The 

results of fitting these distributions to second-order Legendre polyno-

tnials is given in Table I and in Fig. 3, where the coefficients are plotted 

vs M(Kp). Again, there are no abrupt changes in these coefficients in 

this energy region. In all fits, the first Legendre coefficient, A
O

' is set 

equal to unity. The fits to these distributions are good, in general, the 

ave.rage confidence level being 64%. The need for P wave as well as S 

wave is quite evident, and is believed to arise froln the nearby L: (1385) 

resonance. No significant asynunetry is present in L: production, and these 

data arc Olnitted. Coefficients for K~p production are shown in Table 1. 

3. o 
A Decay~m.metry 

There is aln~ost no asynunetry observed in the A 
0 

decay from the 

K~ reaction, and no significant evidence frOln the K- data. For this rea-

son the distributions themselves are not shov;rn in Fig. 2 but only the linear 

coefficient, A
1

, of the first-order Legendre expansion (Fig. 3). Again, 

there is no significant evidence of an abrupt change vs energy. We have 
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also looked for an asym.rnetry ternl. that changes sign with cos 8 (A), and 

find none. 

4. Discussion and ConclusioIls 

o -From the enlarged amount of K
Z 

data and the new K data, a more 

detailed investigation has been made of possible resonances in the I = 1, 

Y = 0 channel. No significant evidence has been found for such behavior. 

The difficulty experienced in fitting the K~ interaction data previously 

in one maSs region seems to be due partly to a "loss" of events in the 

backward bin for cos8(A); by eliminating this bin satisfactory fits are 

obtained. The angular distributions and cross sections all seeni to have 

snlooth behavior vs energy, and are reasonably consistent between the 

- 0 0 
K and K

Z 
data. A small excursion in the A

Z 
coefficient for K1 produc-

tion (Fig. 3) is found, but is not judged to be compelling evidence for 

deviation fronl nonresonant Sand P waves. 

In Fig. 3 are shown the predicted values of Ai and A
Z 

for A 
0 

production based upon the hypothesis that: the P-wave contribution arises 

fronl the presence of the 2: (1385). The strength of the S-wave contribu-

tion was based upon our own determination of the cross section (b=0.56 F), 

while the 2:(1385) is based purely on the Breit··Wigner distribution for 

P-wave resonance, using the barrier-penetration factor to give the cor-

rect widths. A phase difference between Sand P waves of about 150 deg 

was taken to give a good fit to the A 
0 

decay asymmetry, but no other ad-

justment or nOrl11alization was made to obtain the curves shO\vn in Fig. 3 

for Ai and A Z: they are predicted independently of any experinl.ental data 

on Ai and A Z' The data agree reasonably well with the predictions, giving 

support to the hypothesis that the reactions in this energy region can be 

explained by a nonre sonant S wave, plus a P "vave arising mainly fro111 the 
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. ~(1385) reson{}ce tail. 

o . 
The cross seclion for A production has been determined, and 

has been used to deterrnine the irnaginary part of the scattering length 

for this channel. For cOlnpleteness, _ the param.eters 

E = 
all hype rons all hype rons 

defined for K~ interactions in previous papers have also been included 

in Table 1. 
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Table 1. R. E, and coefficients in Legendre-polynomial expansion to fit 

production and decay angular distributions. a 

<;,ptt 
-...., 

... .-;; 

--_. -- - ------_._---- -------------

Mass (Rp), MeV 1450-1460 1460-1470 1470-1480 1480-1490 1490-1506 
0 486 890 310 376 422 No. K2 events 

N(K~p) 
0.24±.04 0.31 ± .03 0.36±.06 0.26±.03 0.44±.07 R -

- N(All hyperons) 

. N(J\Orr+) 
E = N(All hyperons) 0.38 ± .04 0.37±.03 0.32 ± .05 0.28 ± .04 0.37 ± .04 

----------- ------------r------~----- ----------- ----------- ------------ ----------
Fit to Ai -0.53±.14 -0.93 ± .10 -0.99±.17 -1.17±.15 -1.16 ±.14 

K O A 0 + A2 0.09±.18 0.35±.12 0.61±.25 0.45 ± .20 0.70±.20 2P - 1T 
production Confidence 91% 62% 90% 15% 96% 

level 
----------- ------------
Fit to Ai -0.74±.20 -0.77±.12 -0.86±.07 -0.90±.08 No 

- 0 0 Kp-Arr A2 0.75±.25 -0.O1±.16 0.29±.09 0.31±.11 data 

production Confidence 58% 13% 48% 98% --
level 

------------ ------------
Fit to Ai -0.11 ± .26 -0.30 ± .21 -0.26±.17 -0.37±.19 -0.49 ± .16 

o 0 
K 2P - KiP A2 0.06± .30 0.02±.25 -0.54±.26 -0.41 ± .26 -0.05±.24 

production Confidence 40% 51% 66% 1.3% 92% 
level 

----------- ------------
Fit to A 0 

Ai 0.13±.10 0.14±.08 0.4l±.19 0.013 ±.14 0.19±.14 

decayasym- A2 - -- -- - --- --- ---
metry Confidence 47% 67% 71% 6.1% 86% 

KOo_A01T+ level 
2' o -A-rrp 

a. Compiled Aug. 20, 1968; 2nd Revision of Table I in Phys. Rev. Letters i2., 599 (1968). 
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FIGURE CAPTIONS 

Fig. 1. Cross section for A
O 

production from the K- and K~ data. 

Statistical errors are indicated. The curve indicates the best fit 

for b, the irnaginary part of the I:: 1, Y:: 0 scattering length. 

o 
The K- data are represented by the solid lines, and K2 data by 

dashed lines. 

Fig. 2. Center-of-mas s angular dis tributions fo l' A 
0 

production. K­

and K~ data are signified as in Fig. 1. The number of events of 

each experiment is indicated on the graphs in each energy interval. 

The direction of the A 
0 

is taken relative to incident K- direction. 

Fig. 3. Coefficients in Legendre polynom.ial, ~A.P. (cos 0) expansion 
1 1 

for c. m. production angle of A 
0 

and K~, and for A 
0 

decay. K- and 

K~ data are signified as in Fig. 1. The direction of A 
0 

or K~ is 

taken relative to the incident R production for production, while for 

o 
A decay the Tr - direction is taken relative to the direction of 

o 0 
KXTr , where K and Tr are the K d Od' . an Tr lrecbons. The curves 
1M 

indicated for A production are predictions based on the assmnption 

that P wave arises solely from the presence of ~(1385). 
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