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K+p- KN'TI' at 1.2 BeV/c* 
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Sulamith Goldhaber,§ John A. Kadyk, and George H. Trilling 

Department of Physics and Lawrence Radiation Laboratory 
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ABSTRACT 

* Substantial interference has been observed between N and 

K* production in 1.2-BeV/c K+- p interactions . 
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Many reactions involve production of three- body final states in 

which two or all three of the possible particle pairs can be decay products 

of resonant states. Interference effects at the crqssings of bands repre-

senting these resonances in a Dalitz plot have been considered previously, 

particularly in connection with the consequences of Bose statistics, 
1 

as 

-*± - 0 + for example in the reaction K-+ p - Y + TT+ - A + TT + 'IT • More re-

cently Goldhaber et al. have reported evidence of constructive inter-

* * . ference at the crossing of K and N bands in the reaction 

K+ + n- K+ + p + TT- at 2. 3 BeV /c incident. momentum; 2 ~nd Friedman 

et al. have found sizeable constructive interference for the same res-

. h . . ~ - + 4 V/ 3 I h onances 1n t e reactlon K + p - K + TT + n at 1. 5 Be c. n t e pres-

ent paper, we report evidence for very substantial interference between 

* * the K ( 891) and N ( 1236) in the reactions 

+ 0 '+ K tp-+K +ptTT (2908 events) ( 1) 

and 

+ ,_/ -+ 
K + p - K + p + TT0 (1104 events) (2) 

at an incident momentum of 1.2 BeV /c. The Dalitz-plot populations for 

(1) and (2) can be well accounted for by a model in which the K* and N* 

amplitudes are assumed to have phase variations over the Dalitz plot 

given by the appropriate Breit-Wigner terms, and in which the overall 

* * phase difference between the K and N amplitudes is determined by a 

best fit to the data. 

The data were obtained in an exposure of the Lawrence Radi-

. . + 
ation Laboratory's 25-in. hydrogen bubble chamber to a separated K 

' ' 4 
beam at the Bevatron. The sample for reaction (1) includes events with 

and without a visible K 0 decay. The film was measured principally with 
1 

i. 
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the Berkeley Flying-Spot-Digitizer System. 

The Dalitz plots for reactions (1) and {2) are shown in Fig. 1. 

·It is particularly apparent in the K0 p1r + Dalitz plot that the. population in 

* * . the K - N overlap reg1on greatly exceeds the sum of the individual 

* . * N and K bands. To exhibit this interference effect more clearly, we 

have plotted in Fig. 2(a) the K-lT invariant-mass distributions for events 

lying in two equally wide bands of p1r+ mass squared (1.35 < M
2 < 1.55 
plT 

2 2 . * and 1.59 < M < 1. 79 BeV ) chosen to cross the K band at conjugate plT 

points. 5 The lower of these p1r mass bands is centered o.n the actual N* 

peak, and the upper one is on the tail of the N*. · Subtraction of one of 

these distributions from the other leads to the histogram in Fig. 2(b) • . 
If there were no interference effect, the K* peak should have been com-

pletely subtracted out in Fig. 2(b), and the distribution should be sym-

metric a-bout the midpoint of the K-lT mass range. In fact, there is a 

large excess of events in the· K* region, from which we conclude that 

subatantial constructive interference occurs at the crossing of the N* 

* and K bands •. We can express the magnitude of the effect and its statis-

tical significance in the following more quantitative terms. If we con-

* * 2 2 sider the N and K. overlap region--1.35 < MplT < 1.55, 0.73 < tv!_K1T<0.83 

BeV
2 

--we find that in reaction (1) this region contains 576 events, whereas 

' 

in the absence of interference one would expect 391 ± 24 events from the 

populations of the appropriate mass-conjugate regions of the Dalitz plot, 

. leading- to_ a net enhancement of 185 ± 34 events. Similarly in reaction (2), 

. the overlap region cont.ains 2.09 events, whereas only 145± 14 are ex~ 

pected·, the enhancement being then 64 ± 20 events. These numbers com-

pletely rule out the possibility that the observed interference effect can be 

a statistical fluctuation. It is worth noting that if these enhancements 

.. --

t 
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are indeed to be associated with N*- K* interference, their ratios in 

reactions (1) and (2) are expected to be 3/i, in excellent agreement with 

the data. 

We have attempted to interpret the Dalitz-plot populations just 

. * * 1' discussed in terms of the ~uperposition 'of coherent N and K amp 1-

tudes and an incoherent "phase-space" background. Thus, the population 

is assumed to be given by 

. * * 2. 
P = I A(N ) exp(icp ) + A(K ) I + phase. space, (3) 

0 

where 4> is an overall phase difference determined by fitting to the ex-
. 0 

perimental data. We have represented the N* amplitude by the lowest ·····• 
. • . 6 

partial wave of the p- exchange magnetic -dipole amplitude, a P-wave 

having the form 

* A(N ) - (qX.q') • (2p + i ( u X p)) 
. . .,.... . ,.,. ,. . ....... - ..... (4) 

* · .. ,.~ 
Here !l• -~ are the incident proton and outgoing N momenta respec-

tively in the overall center of mass, p is the decay-proton momentum -* . * . in the N rest system, and BW("N p is the product of a· Breit- WigJ?.er 

term by a barrier factor, 

BW(N*)~ Z : . 
(w - w ) + iw r 

. ; 0 0 

(5) 

where w is the prr mass, w 
0 

the resonance value of 1.236 BeV, r the 

mass -4epend.ent width taken to be 0. 1.20 BeV at resonance, and R a 

1. 7 * radius of interaction taken to be equal to (m ) - • ·.. For. the K we 
1T' 

have taken the P-wave term for a simple choice of vector exchange 

' . 8 
amplitude: 

* A(K )..., (q.Xq1 • p) - - - (6) 
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where q, q' are the incident K and outgoing K* momenta respectively, --
p is the decay kaon momentum in the K* rest system, and BW(K*) is 
~ . . 
the K* Breit-Wigner term. The values of w , r, and R for the K* 

.o ·. 

are taken as 0.891. BeV, 0.050 BeV, and zero, respectively. With these 

amplitudes, we have fitted the Dalitz-plot populations in reactions (1.) and 

(2) using the magnitudes of the. N* and K~ amplitudes, the amount of 

phase-space background, and the overall phase angle ct> as variables to 
0 

be optimized by the fit. Although the assumed forrri (3) is too simple to 

account for all details of the experimental distributions, it provides a 
! 

satisfactory interpretation of the observed interference effect, as can be 

seen from Fig. 2 in which the curves are based on the fit to the Dalitz 

plot of reaction ( 1 ). The parameters for the independent fits to reactions 
/ 

(1) and (2) are given in Table I~ The uncertainties given in the Table 

have been assigned generously to .take.·account of the simple nature of the 

model used here. .One cannot rule out the possibility that a more sophia-

ticated analysis would shift the angle ct> 
0 

and the interference and back-

. ground contributions outside the quoted limits, although it Cl:ppears im

probable that the N* and K* intensities would change significantly. It is 

of interest to note that the ratios of N* and of K* in the two channels are 

4.3 ± 1.1 and 1.3 ± 0.35 respectively, in reasonable agreement with the 

expected ratios of 4.5 and 2.0 based on isotopic-spin conservation. It 

should also.be noted that while the constructive interference observed in 

* * ~.· the K .... N overlap region is quite large, it is compensated in part by 1 

destructive interference in other regions of the Dalitz plot. Thus the 

over<,1.ll enharlceinent in the K0 p1r+ cross section is only -0.3±0.2 mb. 

I 
I" 

We have considered the possibility that the interference effect observed It· 

here could be related to ~e peak in the K+ p total cross section at 1. 2 
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BeV /c recently observ~d by Cool et al. 9 We find, however, that the 

interference effect discussed here is not in itself large e~10ugh to account 

for the observed rise in the cross section at 1.2 BeV /c. 

Given the substantial interference at 1.2 BeV /c described in this 

paper, one may ask whether such interference in the same channels oc-

curs at higher momenta. Unfortunately, as the primary momentum in-

creases, one can expect increasing difficulty in observing the interfer-

ence, because the overlap region becomes a smaller fraction of the over

all Dalitz plot, and because higher partial waves enter into the N* and 

~ . 

K' production with resul~ing dilution of the expected effects. We have 

tried nevertheless to fit samples of 400 events of reaction {1) at 1.36 BeV /c 

and 706,events of reaction(1)at 1.58 BeV/c.
10

we fi~d the fits to the Dalitz-

plot populations to be substantially improved by inclusion of an interfer-

ence term with the phase angle 4> taken about equal to that measured 
0 

at 1.2 BeV /c. 
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Table I. Phase angle and cross sections. 
a 

cf>o . * N K* Interference Background 
. b 
o{Kplf) 

Channel (rad) (mb) (mb) (mb) (mb) (mb) -
K 0 p1T + 0.7±0.2 2.9±0.3 0.87±0.14 0.3±0.2 1.0 ± 0.3 5.1.±0.3 

K+p1T0 1.0±0.3 0.67 ± 0.15 0.66 ± 0.12 -0.06 ± 0.15 0.7±0.15 2.0±0.2 

a. The absolute cross sections were normalized to the value O'tot = 18.3 ± 0.1 mb 

given by Cool et al. (reference 9). 

b.. For completeness, we give also u(K+ nlf +) = 0.56 ± 0.10 mb. 

J ~.- •• ......-, 
.-; ... -;> 
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FIGURE LEGENDS 

Fig. 1. Dalitz plots for the reactions (a) K+ + p - K 0 

and (b) K+ + p- K+ + p + w0 • 

UCRL-16967 

+ +p+w 

Fig. 2. (a) Distributions of K 0 w +mass squared corresponding to the 

bands of pw + mass squared, 1.35 < M2 + < 1.55 BeV2 and 
pw 

1.59 < M2 + < 1. 79 BeV2, for the reaction K+ + p- K 0 + p + w +. pw 

(b) Difference of the two distributions. 
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