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K'· NlJCLEON I!IJ""TERACTION III: PION PRODUCTION BY K MESONS ON HYDROGEN AND DEUTERIUM·:<· 

H. F.·. Fisk, H. K. Ticho, D. H. Stork, 
Department of Physics 

University of California 
Los Angeles, California 

. ~ .... 
AND 

I I - ;:: ,/ 

W. Chinmvsky, G. Goldhaber, s. Gola.haber, and T. F. Stubbs· 
Lawrence Radiation Laboratory 

University of California 
Berkeley, California 

Investigation of the K+ nucleon reactions.has previou;ly been focussed on 

the determinati-on of the phase shifts in the T. = 1 and T = 0 states through the 

study of the elastic scattering and charge exchange processes.1 ' 2Measurements 

of total elastic and inelastic cross sections at energies greater than approxi-

rr~tely 1 BeV indicate. that a large fraction of the cross section is via inelas­

·cic chan..'1els. ·. 3 A notable feature·· of the K +_p interaction is the approximate 

independence of the total cross section with energy up to abotrc l BeV. 
. + 

The experimental arrangement of the Bev~tron separa~ed K berun and the 

L.R.L. 15" bubble chamber has been discussed in detail before. 4 '5 vlith two 

stages of electromagnetic separation, a K+ beam with·. about 0.5% · 

contamination of lighter particles (1r, ).l, e) was obtained at; 642 MeV/ c. At 
of 

810 MeV/c, the contamination was of the orde'r'/10%, of Hhicb . about 

one half were 1r mesons. The total numbers of photographs taken were 40 000. 
. .· + .. 

On the average the incident beam contained·? K mesons per pulse. ,. 
T.ne incident beam momenta were determined :from measured ranges of stopping 

+ . 
decay products of the K meson,· yielding the values P = 642. ± 5 MeV/ c and 

Hork done u.nder the auspices of the u. S. Atomic.Energy Commission. 
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810 ± 6 MeV/c. In the kinematical analysis of each event we made a weighted 

average of this 11beam average 11 momeriwn, and the measured momentum of the incident. 

track. 

Each tvo J?rong event in hydrogen was analysed for kinematical consistency 

+ with elastic K scattering, 

+ 
K + :I? 

and the inelastic pion production reactions 

~ ...... 

' 
. + + 0 

(a) K + :I? -+ K + :I? + :rc 

+ + (b) ' .K + n + 1(. 

Ko + 
(c) + :I? + :rc 

In each case, the fit' of the measured ~uantities to the kinematics of :Pion 

elastic scattering and single J?iOn production.was also examined. Visual 

estimates of bubble density of the reaction J?roaucts were made in many cases 

to distinGuish among the various reactions. Th.e classification of the events 

as ex~ples of one (or more) of the J?Ossible processes was made on the basis 

of goodness of fit to the kinematical constraints together with the ionization · 

estimates and the further re~uirement that the measured incident particle momen-

t~~ be less than three standard deviations from the average. Examples of 

reaction (c) with the subse~uent decay K0 + - :rc ·.+ :rc vlithin the bu"oble 

.ch~~ber are identifiable'Vlith complete. certainty since the incident momentum 

is· belovl threshold for the background 'reaction. :rc + + p -
·· .. I 

·: ,_;. 
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The scanning and the measuring of the deuterium events follmred the same 

general procedures as for hydrogen. Here, however, the problem of distinguishing 

.the pion production events was more difficult. Among the background were not 
. + 

only the. 'interactions of incident pions, but also the K scattering and charge 

exchange. It was not possible to uniquely classify any events yielding only 

two charged particles. Thus, of the possible inelastic. reactions, 

+. ~ . + 0 
(n) (at) K. + D - K p 1t 

+ + 
(n) (b I) .. K n 1t 

Ko P + 
(n)- (ct) . ~.': 1t 

K+ 0 
(p) (d) n 1t 

Ko + 
(p) (e) n 1t 

Ko 0 
(p) (f) p 1t 

+ - (p) (g) K p 1t 

Only (c '), (e); (f), and (g) yield unambiguously classifiable events. In 

0 ' 
fact, the K decay must also be observed in order to make an analysis of 

examples of ( e 1
), (e), and (f). + Examples of 1t production [ ( c 1

) and (e) J.. 

were distinguished from ·charge exchange · 
c· 

by requiring a fit to the kinematics of the reaction as well as ionization 

estimates of the outgoing tracks. The same requirements were imposed on the 

· .. •·. 

:- '.···· 
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~0 production although ~~ ambiguity with the kinematics of the charge exchange 

reaction is only possible if the K0 is produced backward in the lab system. 

In fact, no such cases occurred. Thus the sample of pion production is 

essentially free of any contamination of charge exchange events which might . 

simulate inelastic processes. For reaction (g) the principal difficulty in 

analysis results from the pion contamination in the incident beam. It proved 

possible to separate events of the type + + 
~ + p ~· rr rr p from the K 

interactions in all but one case. As evidence of this we point out that with 

the observed number of pion events, 75, and the cross section for the process 

(assumed equal to that for rr+ '+ n -.. rr+ ~- p) 6, 16mb., a pion contamination 

of 4.3% vras calculated. This is in good agreement with other, independent, 
1 

estimates discussed by Stubbs et al. · 

In all analysis we presume the validity of impulse approximation, in the 

+ sense that the second nucleon is a spectator to the interaction of K with 

· the neutron or proton. He thus consider all events to be· equivalent to 

examples of interactions vlith free nucleons.: 

He list in Table I the observed number of events of each type. The total 

numoer of hydrogen events is 96. In.deuterium there were 92 events, 69 of 

· vrhich "i-Tere interactions with neutrons. 

Tne cross sections, for the proton reactions listed in Table I, are 

obtained directly from the numbers of events. Tne errors quoted included 

the statistical uncertainty and an estimate of the errors due to ambiguities 

in identification. To obtain the cross sections for the neutron interactions, 

corrections.must be made for the unobserved examples of the reactions yielding 

.... :' 
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neutral K mesons which do not decay within the bubble chamber. We correct 

for the fraction of K0 's decaying into neutrals. (0.30 ± 0.04), and via the 

lcng-11 ved modes, ( 0. 5 ) . 0 Geometrical corrections for K decays outside the 

cha~ber are negligible. 

For the hydrogen interactions we obtain an inelastic cross section, 

at.810 MeV/c 

= 0.95 ± 0.16 !Yv\b 

and at 642 MeV/c 

= 0.06 ± 0~03 I'M b 

' The inelastic deuterium cross section, for the observed modes only is 

cr' + = 1.8 ± 0.2 mb KD 

1-rhich is, of course, a. lower limit to the total inelastic cross section. 

+ The cross section forK -n,-obtained from the number. of event in the identified 

modes.is 

cr' + = 1.0 ± 0.2 mb. 
Kn 

+ i·Thich again is only a lower limit for the K -n interaction .cross section . 

. : .. ·.:.:·· , .. 
. / ' .. .. .. . ~ 
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Table I 

Inelastic Pion Production Events and Cross Section 

Reaction Number of Events 

(a) K+ +· +:p-K +:p + rc 0 22 

(b) 
..).. + ..., K' +n + rc . ll"X· 

0 + 24 (~ -+ K
1 

+ :p + rc -, 
·. 
i 

(c) 
\ 

~ + ~--.-
{ rc + 1r / 

! 
I 

( 0 + ) i ..., K + p + rc 39*-X· \· ..__. 

(c t )K+ 0 + 
(n) 23 + d-+ K1 + p +.tr + 

(e) 

(f) 

(g) 

* 

.... K0 + n + ·rc+ + (p) ... 7 1 
0 

-~Kl + p + rc 0 + (p) 6 
+ . ~ (p) 55-1:·*-X· -+ K + p + 1{ + 

+ + Included are two events consistent v~th rc rc n 

Included are two events consistent with (b) or (c) 

Included is one event . consistent with rc + rt p 

'·· .· 

.··· •' 

·• <· .• • 

...... ·., ..... 

Cross Section 

0.22 ± 0.05-

0.11 ± 0.04 

0.64 ± 0.08 

0.77 ± 0.20 

0.27 ± 0.14 

0.23 ± 0.14 

0.51 ± 0.09 

(mb) 
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In Table I we present branching ratios for the various pion production 

+ + modes for the K -p and K -n interactions. The branching ratios observed are 

not thooc expected from purely otutisticul considerations but arc determined 

by the dynamics of the reaction and presumably are affected also by final state 

interactions. 

In the K+-p interaction the final state K0 p ~+ is the dominant mode. 

+ + 
In the K -n interaction the K p ~ state is the dominant mode. In order to 

gain some insight into these phenomena we have evaluated the branching ratios 

on the simplified .assumption that :the final state interaction is dominated·. 

by a specific two-particle state. In Table II -vre present the relevant two-

particle states we have considered here. Column two gives the expected 

relative intensities if a T = 3/2 r.N state were to dominate the final state. 

+ Whereas the production cross sections for the K -p channels are consistent with 

+ this assumption) the K N cross sections do not agree vrith it. 

The eA~ected relative intensities for a dominant KN interaction in the 

T = 0 state is given in Column three. Tne experimental data cannot be repre-
) 

.sented by purely such a state. Finally in Column four we give the relative 

intensities for a dominant K~ interaction in the T = 1/2 state. To this final 

state interaction both initial isotopic spin state T = 0 and T = 1 contribute. 

The computed relative intensity for_,the K-p system as well as for the K-n 

system are consistent vrith the experimental data. The latter also allows 

the determination of JL and A . . -~ 0 

If final state interactions are L~portant in the~ production reactions, 

one might expect· correlations among the energies or angles of the outgoing 



Reaction 

+ + 0 K p ~ K :pn 

K
o + pn 

"+ 0 + K n ~ K n:n: 

Ko o 
p:n: 

,.!.. -

K':pn· 

v+ o ... nn 

-8-

Table II 

r---
1 r.N ~ KN J Kn -~-
I(T = 5/2) ~ (T=O) ~ (T - 1/2) . 

u 
exp 

(mb) 

Table II - Relative intensities-for the various KNn systems on the simplified 

I assumption of a dominant two particle state in the final state interaction. 
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particles. To this end we plot Figures 1~ 2, and 3 the distribution of 

invariant mass of the two-body systems produced in the K+-p reactions.7 In 

Fig. 4 are similar plots f'or the neutron reaction. Comparing the observed 

distributions with the Lorentz-invariant.phase space indicated on the figures, 

ve see a particularly strong deviation in Fig. l for the KN (T=O) mass distri-

bution, and a somewhat weaker deviation from phase space in Fig. 2, for the 

K:rr(T = 1/2) mass distribution. All other mass distributions are consistent 

vQth those predicted from phase space. A Dalitz plot of pion versus nucleon 

kinetic energy is shm.u in Fig. 5. Again we see a clear concentration of 

0 + ;. + 
K p :rr events in the region of high :rr energy. The plot does not indicate a 

strong concentration along lines parallel to either axis nor.along a diagonal 

line of constant K0 energy (constant :rr-p effective mass). It is interesting 

.to note that there does not seem to be any .effect of the (3>3) :rr+-p resonance 

(M (;rp)=l238 ± 45 MeV). 
" + The boundary of the phase space region for M"l\"(:rr p ) 

effective mass is at a value of 1207 MeV, indicated on the diagonal line of 

·Fig. 5. No variation of density of 

In conclusion then, as we have 

events near the boundary is observed. 

1~8.; 
stated earlier,·· we observe branching 

) 

ratios consistent vrith a K-:rr interaction in the T = l/2 state. This intensity 

distribution together with the suggestion of a pea.k around M(K:rr) == 720 MeV 

vhich we observe, would be consistent vith a recently suggested9 · K:rr resonance 

at this same energy. The prominence in the effective mass distribution 

M*(KN) = 1480 MeV would as far as this distribution alone is concerned be 

most readily explained by a K-nucleon resonance in the T = 0 state. 
• I 

·,,··· . 
. . . :( '' 
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Here it should be noted that the reflection of a Kn state on the M* 

(KN) mass distribution contributes to the low mass side and cannot in itself 

explain the M·x (:trn) = l480 prominance. It thus seems to us that additional 

dynamic effects must bft responsible for the observed deviation from phase 

space. The interpretation of the prominance as a KN resonance suffers, 

however, from a number of difficulties. Firstly, the intensity distribution 

in the various modes shown in Table II do not follow a distribution ~th the 

KN state as a major mode. That could be due to interference-between-the 

various amplitudes. The more serious difficulty is that the presence of 

such a resonance w~uld require a corresponding increase in the- K+n 
~ 2,5 

cross section at PK ~ 280 MeV/c. Actually measurements are only available 

at 230 ± 40 MeV/c and-330 ± 20 MeV/c. A resonance in the usual sense would 

. + 
lead to appreciably higher cross sections in the K d charge exchange reaction 

than' observed at the above mentioned momenta.·-· Only the assumption for a 

rather narrow resonance which has been missed by the available K+n 
J 

charge exchange data could possibly be reconciled ~th this interpretation~ 

,.·.:_· .. 
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Fig. 1 

Fig. 2 

Fig. 3 · 

Fig. 4 

Fig. 5 

Figu:re Captions 

The effective mass distribution for M-X· (KN)'. Included here are 

also events from'the reaction K+ + P ~ K + n + n+, for which 

the KN state.with T = 0 is also possible. Here, as well as in 

the following figu:res, it should be noted that due to the motion 

of the nucleons in the deuteron, the phase space for the events 

coming from the K+d interaction is broader. The phase space curves 

shown refer to the K H interaction in all cases. · 

The effective mass distribution forM* (Kn). Included here are 

also, events from the reaction K+ + p ~ K+ +_ n° + p for which the 

Kn state in T = 1/2 is also possible. 

The effective mass distribution forM* (pn+). 

The effective mass distributions for the three final state two­

body combinations in the r~action K+ + d ~ K+ + n- + p + (n). 

A Dalitz plot for the + 0 +. K + p ~ K + p + n events from hydrogen and 
-1-

deuterium •. Plotted is the total energy in the em for the n' meson 

versus the proton. Also shown are the mass scales for M* (K0 n+) 

and M* (K0p). Along the diagonal we indicate theM* (np) values. The 

dotted diagonal line corresponds t·o the half value point of the 

n'p 3/2 3/2 resonance. 
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