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ABSTRACT

.y . : %*
Substantial interference has been observed between N and

*
K~ production in 1,2-BeV/c K* - p interactions.
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Many reactions invblve production of three-body final states in
which two or all three of the possible particle pairs can be decay products
of resonant states, Int‘erference effects at the crossings of bands repre-
senting these resonances in a Dalitz plot have been c0nside;ed previously,
particularly in connection with the consequences of Bose statistics, 1 as
for example in the reaction K+p-—- Y™ 7 A%+ 1r+¥ T . More re-
cently Goldhaber et al. have reported evidence of constr{*uctive inter -
ference at the crossing of K* and N* baﬁds in the reaction
Kt+n- kt+ p+m at2.3 BeV/c incident’momentum;2 é_nd Friedman
et al. have found sizeable constructive interference for the same res-
onances in the reaction K™+ p—~ K+ T+ n at 1. 45 BeV/c, 3 In the pres-
ent paper, we report evidence for very substantial interference betv.veen
the K*(891) and N*(1236) in the reactions

+

K'+p-K+p+m (2908 events) ()
and

K+ p—~ Kt p+n° (1104 events) (2)

at an incident momentum of 1.2 BeV/c, The Dalitz-plot pbpulations 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 termé, and in which the overall
phase differenc;e between the K* and N’°= amplitudes is determined by a
best fit to the data,

‘The daté. were obtained in an exposure of the Lawrence Radi-
ation Laboré.éory's 25-in, hydrogen bubble chamber to a separated k*
beam at the fﬁvfevatron. 4 The sample for reaction (1) ihcludeé events with

and without a visible K: decay. The film was measured principally with
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the Bei'keley Flying-Spot-Digitizef System,

The Dalitz plots for reactions (‘1)'anc‘lA(2). are.shdvs./n in Fig, 1,
It is particularly apparent iﬁ the K° pTr+ Daliti.pltl)t .tlilat fhe'population in
the K* - N* overlap region greatly excee‘ds the sum of the individual
N* and .K* bands, To exhibit thié inte‘rference‘;effect more clearly, we
have plotted in Fig, 2(a) the K-w invariant-mass d-ist_ributiovns for events

lying in two equally wide bands of p'rr+ mass squared (1.35 < M}z)Tr < 1,55

and 1.59 < M;

. * - .
x < 1.79 BeVZ) chosen to cross the K band at conjugate
- ) . . . . - ~ *
points, 5 The lower of these pr mass bands is centered on the actual N
peak, and the upper one is on the tail of the N . - Subtraction of one of

these distribﬁtions from the other leads to the histografn in Fig. 2(b).

. : *”
. If there were no interference effect, the K peak should havé been com-

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

metric about the midpoint of the K-m mass range, In fact, there is a
large excess of events in the- K*region, from which we conclude that
substantial constructive interference occurs at the crossing of the N*

_ and K"< bands, . We can express the magnitude of the effect and its statis-
ticé.l.significance in the following more quantitative terms, If we con-
sider the N* and Ks’< ovex_'lap region--1.35 < Mpzﬂ < 1.55, 0,73 < Mé“< 0.83
, BeVZ-_-we finfl that in reaction (1) this region contains 576 events, whereas
»in_the absenc}eA of inte:ﬂ;;ence' 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 ové;lap region contains 209 events, whereas only 145+ 14 are ex-
.pec.ted', the "eﬁhanc_ement being then 64+ 20 events, "I‘hevse m;mbers com-

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

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

u
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. perimental data. We have represented the N amplitude by the lowest .

having the form

.. ANT) ~ (gxg)- (2ptilg X p))  BWNT). (4)

Y UCRL-16967

. . . % * . . .
are indeed to be associated with N - K ‘interference, their ratios in

reactions (1) and (2) are expectec.l‘to' be 3/1, in excellent agreement with

the data,

We have attempted to interpret the Dalitz-plot populations just
' * #
discussed in terms of the superposition ‘of coherent N and K ampli-
tudes and an incoherent "phasé-space" background. Thus, the population

is assumed to be given by

. ‘ 2,
P-= IA(N*) exp(i¢°) + A(K*) ! + phase. space, (3)

‘where 4)0 is an overall phase difference determined by fitting to the ex-

partial wave of the p - exchange magnetic -dipcle amplitude', 6 a P-wave

o

Here q, %: are the incident proton and outgoing N momenta respec-

tively in the overall center of mass, p is the decay-proton momentum

o * * L . .
'in the N rest system, and BW(N } is the product of a Breit-Wigner

term by a barrier factor,

| . S -
BW(N) = — % . (5)
‘ (wz- wf) + iwol" [1+ (pR)2]172 -

where w is the pw mass, wo' the resonance value of 1,236 BeV, I" the )

mass -dependent width taken to be 0,120 BeV at résonance, and R a
7 .

-1 *

radius of interaction taken to be equal to. (mﬂ) 1, - For the K we

have taken the ‘P-wave term for a simple choice of \}ector exchange

~arf1plitude :8

‘ A(K*) ~ (a.Xq' - p) CBW(K®), . | (6)
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“where g, g’ are the_incident K aﬁd outgoing K* momenta respectively,
p is the decay kaon momentum in the K* resf j's.ystem, and BW(K*) is
the K* Breit-Wigner term. The valﬁés of W s ,P’ and R for the K*
are taken as 0.891 BeV, 0,050 BeV, and z‘er'o,i "r‘espectively. With these
amplitudes,we have fitted thé _Dalifz -plot populations in reactions (1) and
- (2) us‘ing the magnitudes of the: N* and K# ‘ arhplitudes,' the amount of
phase-space backgrouﬁd, and the overall Phase é.ngle ¢° as variables to
~ be vqptimized' by the fit, Although the assumed form (3) is too simple to
account fbr all d‘eta.ils of the experimental distributions, it provides a

. . : ) . )
satisfactory interpretation of the observed interference effect, as can be

PR 0

seen from Fig. 2 in which the curQ'es are Bésed on the ‘fit-t'o‘ the Dalitz
\plot of reaction (1). The parameters for the indepe.ndenf fits to reactions
(1) and (2) are given in Table I, The uncertaintié-é giveh in the Table
have been as signed generously tc.a_-.ta.keuaccount of the simple nature of the
model used here. One cannot rule out the possibility that a more sophis-

ticated analysis would shift the angle ¢o and the interference and back-

- ground contributions outside the quoted limits, although it appears 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+ 1,4 and 1,3+ 0.35 reépectively,' in reasonabie agreement with the
| expected ratios of 4,5 and 2.0 based on isotopic-spin cox_xservatioﬁ. It
“ should also be noted that while the constructive interference observed in
the K*,- N*v overlap region is quite large, it is compensated in part by
destructive iriterference in other regions of the Dalitz plot, Thus the
overall enharicement in the K%p ot cros‘s section is only ~0,3%x 0.2 mb,
We have considered the possibility that the interference éffeét observed

here could be related to the peak in the K+p total cross section at 1.2

¢

&
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BeV/c recently observed by Cd_ol_ et ail.'9 We find, however, that th‘e
interferenee effect discussed here is not in itseif large epopgh to account -
for the observed rise in the cross section at 1 2 BeV/ec.

Given the substant1a1 mterference at 1.2 BeV/c described in this
paper, one may ask whether such mterference 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, becauee the overlap region becomes a sme.iler fraction of the over-
ell -Dalitz plot, and because higher paftial waves entez; into fhe N* and
K* production with resulting dilution of the expected effects. We have
tried nevertheless to fit samples of 400 events of reaction(i)at 1.36 BeV/c
and 706’ev,e-nts of reaction(4)at 1,58 BeV/c.m We fi_rlld the fits to the Dalitz-

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

ence term with the phase angle ¢o taken about equal to that measured

at 1,2 BeV/c.
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Table I. Phase angle and cross sections, 2

%o N* K* Interference  Background d(Kpn)_b
Channel (rad) (mb) (mb) {mb) (mb) (mb)
Kopn' 0.7£40.2  2.9%0.3  0.87+0.14 0.320.2 1,0£0.3  5.40.3

Kipn? 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 Oiot = 18.3+ 0.1 mb-

given by Cool et al, (reference 9).

b. For completeness, we give also o(K+mr+) = 0.56+0.40 mb,

L969V-TUON
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FIGURE LEGENDS

Fig. 1. Dalitz plqts for the reactions (a) k' + p~K°+p+ wt
and(b)K+ +p-K++p + n°,

Fig. 2. (a) Distributions of K°1rf mass squared corresponding to the

bands of pvr+ mass squared, 1.35< M2

2 2

ot < 155 BeVZ and

1.59< M prt < 1.79 BeV", for the reaction Kt + p=-K?% +p+ 1r+_.

(b) Difference of the two distributions.
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