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ABSTRACT

After summarizing the properties of the so-called Dalitz Array‘(DA),
which is a genuine characteristics of a resonance, we determine those of
the well known w, ¢ and A, resonances produced in the K-p -+ W+H-W°A final
state at 4.2 GeV/c. A tentative measurement of the DA of the A, méson
produced backwards in the reaction K“p + W+ﬁ+w—2_ is also presented. The
data for this analysis come from the high statistics (130 events/ub)

experiment performed by the ACNO Collaboration.
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INTRODUCT ION

A large amount of work has been devoted in the past to extract
properties of three-body resonances from the analysis of the decay Dalitz
Plot (DP). The study of such distributions and the use of some simplifying
assumptions permitted to determine for instance the spin parity assignment
of the w resonance [1,2]. Among the various generalizations of the method,
that of Zemach [3] has been widely used in spin parity measurements. and
partial wave analyses., In this work, we follow a different approach based

on a "democratic" treatment of three-particle systems [4~7].

In order to describe the decay DP distribution we introduce a complete
set of orthonormal functions on the DP. The average values of these
functions (experimental moments) form an array of numbers which will be
called Dalitz Array (DA). Geometrically speaking, these functions supply
a convenient orthonormal basis for the real Hilbert space of DP distributions.
The experimental DP distribution can then be considered as a vector in this
space and its coordinates with respect to this basis are the DA, Any given
resonance decaying into three particles is characterised by its DA, which
has to be considered as another intrinsic property of the state. Therefore,
the measurement of the DA of a resonance (produced cleanly in a given
reaction) can be very useful when trying to disentangle the contribution
of such a resonance in a rather complicated final state. The DA affords
a method to detect the presence of the resonance and to measure its
production cross section. On the other hand, any dynamical model gives a .-
theoretical DA, which correponds to a well defined point in the metrical
space of DP distributions. The distance between this theorétical point and
the experimental point is independent of the orthonormal basis taken in this

Hilbert space and provides a test of the theoretical model under investigationm.

In principle, the DA consists of an infinite number of elements.
However, theoretical and phenomenological considerations [4] suggest that

only the first few terms, corresponding to small values of the so called

"togetherness" (sect. 2) will be significant.



An advantage of the approach presented here is that the constrgints
imposed by Bose statistics can be formulated in é raﬁher simple form [5~7].
When the three mesons belong to the same isospin multiplet, these constraints
are particularly strong. Such is the case of the w, b, A, and A; resonances
decaying into three pions. The measurement of the DA of these four

resonances will be discussed in this paper.

The paper is organized as follows. In sect. 2, we outline the
formalism and the method of analysis. The basic functions and formulae
are explicitly given for the cases considered in this work. Some relevant

features of the data, as well as the DA determination for the w, ¢ and

- . + + + = A ]
Az, are presented in sect. 3. The study of the A; > 7T 1m T decay is discussed

in sect. 4. A summary of the work and some final remarks are given in sect. 5.

THE BASTIC FORMALISM

The DP variables p and ¢ to be used in this analysis [6] are defined

- -in table 1(a). The mass difference between the charged and neutral pions

- has been neglected. The polar variable p is zero at the centre of the DP

and is normalized to ome at its boundary. The azimuthél variable ¢ ié such
that the element of surface pdpdd is preservéd.when chaﬁging the DP.vériables.
To describe the experimental distribution in the DP, we use the functions
Gxu(p, ) which are discussed elsewhere [7]. They satisfy the.orthonormality

conditions

12" A, * Atp! a -
;Lﬁ G e, &) G 7 (n, $)odedd = 6y, 6, (1)

where A, U are indices of the SU(3) group. The index A has to be even and
positive, and L can have the values X, A=4, ..., -)A. The complex functionms

A .o .
G u(p,.(b) satisfy the relation

)\..;1 ° ;)\U’ % '
¢ M. ) =6, 0. | (2)
A A .
The explicit.expressions of G U(p, $¢) for the specific cases considered

here are given in table 1(b).
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The DP distribution can be expressed as

(o, ¢) = g:<qku)* Mo, ). (3)
u

Using eq. (1) the DA moments are written as
A 1 ! 2T
AN
o Jo

~and for an experimental sample of N events they can be approximated by

1(r, ¢) 6" (0,0)pdpdd (4a)

N
Aw 1 Al
¢ =3 igl 6" (5 ¢.), (4b)

where pi, ¢i are the DP coordinates of the i~-th event of the sample. Since

Al . . . .
q H is a complex number, for u # 0, we will use its real and imaginary parts

properly normalized

qé“_ = (q)m + ql_u)/ V2 = VIrge q;\u , ' (5a)
q)I‘“ =@ -/ Vii=Vim v (5b)

:Basically, the moments qlu fix the shape of the DP distribution. They
are quadratic functions of the physical amplitudes describing the thfee4body
decay. As discussed elsewhere [7], for a resonance decaying strongly into three
spinless particles, these amplitudes can be labelled al“(él). Heré, the
index A can have even and odd values, according to the parity of the resonance
and Y can take the values A, A-2, A-4,... , -A. Eventually, two diacritical
indices are needed: & for distinguishing equal spin multiplets in the S0(3)
reduction of a SU(3) representation, and 1 for distinguishing equal isospin
multiplets in the decomposition of the product of the three isomultiplets.

The index A is called togetherness and, from a classical point of view [4],
gives a measurement of the proximity among the three particles when the three-
body system is produced. From theoretical and phenomenclogical reasons we
assume that in the decay of a resonance only the amplitudes with small values
of A are relevant. Thus, in taBle 2 (a) we present the first allowed

amplitudes in the three-pion decay of resonances with quantum numbers

-I(JP) = 0(1 ), such as the w and ¢. The quadratic expressions of the allowed
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moments in terms of these amplitudes are also given. In table 2(b) and
2(c)=(d) similar quantities are given for the AZ(I(JP) = 1(2+)) and
A;(I(JP) = 1(1+)) resonances.

The moments defined in eq. (4) satisfy the normalization condition
q°° = 1. 1In order to detect a resonance behaviour in-a DP distribution
and to determine the corresponding DA, it is convenient to measure the

DP distribution as a function of the three-body invariant mass M. For

this purpose, we introduce the unncrmalized experimental moments

AU Au '

where the sum extends over all events in a given mass interval, and Wi is the

experimental weight of the i-th event. The associated errors are given by

A | |
2 - {Z(GM(‘H' 8 v }5 (6b)
1 .

In the ideal situation of a resonance produced with no background, only
. Au .
certain Q M moments are expected to have non zero values. A measurement of
) . . oo : .
the DA (q H values) will be obtained by fitting the Q\M moments with the

following expression

Au

™ = M R, - (7a)

where the function R(M) is assumed to have a Breit-Wigner form

- 2p2 2_ w2y2 2m2 |
R(M) = IRMRI'R/ [(M M)+ MRFR} (7b)
with IR being the intensity at M = MR’ and MR, PR the mass and the width of

the resonance.

Unfortunately, a certain amount of background is always present and
contributes to the different QAU. This background comes either from the
reflection of other competitive channels or from other partial waves of the
three-body system under consideration. This contamination is taken into

. account by including an additicnal term in 7(a)



Moo = o ran + BN . | (7¢)

The background term BAU(M) is parametrized in terms of smooth functions of M.

The validity of expression (7c) rests on the following two assumptions:

(a) Reflections from other chamnels are not strong enough to produce

. epe !
significant structures in Q u.

(b) There is no significant non resonant contribution with the same quantum

numbers of the resonance (otherwise interference terms should appear in (7c)).

As it will be discussed in sect. 3 these two hypothesis are approximately

satisfied in the cases under study.

It is important to notice that the elements un of the DA are not
independent. Since they are quadratic functions of the significant decay
amplitudes (given explicitly in table 2 for the cases of interest) they are
constrained by the positivity and rank conditions.. From this, it follows
that the best approach to determine the DA is to use, as basic parameters in
the fit, the decay amplitudes and construct from them the normalized theoretical

moments which will automatically satisfy all these conditions.

The number of resonance events for a given reaction is usually measured
from the distribution of the Qoo moment defined in eq.(6). An alternative

procedure is to use as estimator the distribution
—~  Au_Au T '
Q=2 q''Q )2 Pl (8
Au Ay -

TR . .
where q 1s the DA of the resonance measured in a precise previous experiment
Au L,
and @ © are unnormaiized moments defined in eq. (6). When the background can
b; neglected, both techniques give the same number of events since the vector
u
Q

the sum in eq (8) to any part of the DA (for instance, to all terms except the

. , A
is Q°° times the vector q u. On the other hand, it is possible to extend

first one, with A = ¢ = 0). Then, assuming that eq. (8) contains many significant
terms, the background contribution will be strongly suppressed, since it consists
of an arbitrary vector contained in Qku, and only its projection on un contributes
to eq. (8). Nétice that according to the definition given in eq. (6a), Q is the

experimental moment



of the function

G(p, &) = 3, qkuclu(o, ) E:lqkul
Au AU

2
) (9b)

which we call Dalitz series and which is specified by the DA of the resonance

(qku)-

DALITZ ARRAYS OF THE w, ¢ AND A,

The data for this analysis come from an exposure of the CERN 2m bubble

chamber to a K beam of average momentum 4.15 GeV/e. The'experiment has been

made by an Amsterdam—CERN-Nijmegen-Oxford Collaboration and the statistical

sensitivity of the éample is v 130 events/ubarn. In.the final state

Kfp - W+W_W0A, the 37 system produced in the forward direction has been
previously studied with a method of partial wave decomposition [8]. A more
complete description of the experimental details of the data sample can be
found elsewhere [8,9].  The sample to be used in this study is made of

60 949 unweighted events. In fig. 1 the wrr o effective.mass distribution
is presented. The W resonance is copiously produced, both in the forward
and backward hemispheres. A clear enhancement around M(W+W_ﬁ0) v 1.0 GeV
is also present, but it is mainly restricted to the most peripheral momentum
transfer region. This effect is a superposition of the ¢ meson and the

n' *'W+N_Y decay (where the Y has been wrongly interpreted as a T°). The
A, resonance is hardly visible in the mass distribution. However, the
results.from the Partial Wave Analysis [8] give a significant cross éection

(15.7 = 1.5 ub) in the region |t < 1.0 GeV?.

In order to extract the DA of the w, ¢ and A, we have performed xz
fits to the unnormalized QAU(M) moments defined in eq. (6). The theoretical
form of the moments is given in eq. (7c) and assumes no interference effects
with the underlying background. We have checked that the important production

of L(1385) states gives small and structureless contribution to the moments
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of the 3m Dalitz plot in the regions under investigation. On the other hand,
the partial wave analysis shows that no background waves with the same spin
are significantly present below the w, ¢ and A, resonances. These considerations

justify the use of eq. (7c).

The background term B%? (M) was parametrized as a low order polynomial
in the 3t mass. The other BAU(M) terms were described as products of the
B°(M) times first order polynomials.” This very flexible parametrization
appears to be more appropriate for small mass regions and for this reason it

was decided to fit the three resonances separately.

The number of parameters in the fit depends on the number of moments
to be used and on the.number of basic decay amplitudes. In the cases to
be considered we are dealing with 25 parameters: one giving the intensity’
of the resomance contribution, four describing the three normalized decay
amplitudes and twenty for the polynomial backgrounds (two per fitted moment),
In this study resolution effects were not included and the width of the resonance
was taken as the observed width. Although the resonance parameters were

initially fixed, they were fitted in a subsequent step of the analysis.

3.1 Dalitz Array of the w

The mass region of the 37T system considered for the analysis of the w was
0.73 - 0.83 Gev, divided in 20 bins of 5 MeV. It contains 5367 unweighted
events. The background level is approximately 67%. Assuming three significant

decay amplitudes (table 2(a)) there are ten non vanishing moments:

050 4450 8350 (1230 1630 626 1056 lés6 (12312 16312
Q"’%, @7, Q77, MY, Q7T Q7,7 P, A, Q .

The experimental moments are displayed in fig.2. The solid lines represent
the results of the fit using expression (7c) and the dashed lines ;he background
contribution (BAU(M)). The fit reproduces adequately the data. The w production
cross section measured is in perfect agreement with the results obtained in

ref. [9]. The normalized amplitudes and the DA obtained from the fit are given

in table 3(a).



3.2 Dalitz Array of the ¢

The mass region used for the analysis of the ¢ was 1.005- 1.045 GeVv
divided in 8 bins of 5 MeV. The contamination from the n' can be considered
negligible above 1.0 GeV. In order to enrich the ¢ content of the sample, the
peripheral selection 0.65 < cos_ep’A < 1.00 was imposed. - The final sample
contains 900 uq#eighted events and the experimental moments used were the
same ones listed in the case of the w. In spite of the large background
(v 50%) a reasonable fit was obtained, as can be seen in fig. 3. The resonance
contribution is found to be in good agreement with that obtained in the
Partial Wave Analysis of ref. [8]. The amplitudes and the DA are presented
in table 3(b).

It is interesting to remark that the w and ¢ resonances have different
DA, aithough the two resonances have the same spin-parity. For the w, tﬁe
first three amplitudes satisfy the inequality [a2’°} >> 1a®*?| >> [a%’f],
However, since the amplitude a®’® is in phase with a?’% a small asymmetry appears
in the azimuthal DP distribution. For the ¢, the as’s amplitude and the

associated asymmetry are relatively more important. These observations might

be related to the presence of p bands inside the DP.

3.3 Dalitz Array of the A;

The mass region considered for the study of the A; was 1.1 - 1.5 GeV,
divided in 10 bins of 40 MeV. After imposing the peripheral selection

0.65 < cosep < 1.00 the data sample contains 8930 unweighted events.

it
5»1 593
’

In a preliminary analysis only the first three amplitudes a¥'l, a a

were considered. They give rise to the moments

Qo,o; Quro, Qa,o, Qz;z’ stz’ QIO,Z’ Quiu’ Q" sts, Q1o,s_

The fits lead to a negligible value of the amplitude a®’? and to an under-

estimation of the experimental moment Q®’". These results and the qbservation

that the moment Q'2’° shows some structure in this mass region suggesting to

replace the amplitude a®’® by the a’?!, The new moments considered in the

analysis were now
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The study of the A; is rather difficult due to the large amount of background
and the large mass interval that has to be considered, We have checked the
stability of the results by performing various fits using different data
samples (more restrictive cuts on the production variable cosG A antiselection
of the important i (1385) and r°(1385) contributions) and dlfferent background
parametrizations. Basically, we get compatible Dalitz arrays in all the f1ts
The best fit was obtained when the 5t (1385) and I°(1385) states were removed
with the cuts 1,34 < M(Am)-< 1,44 GeV, the selection 0.75 < cosep’A < 1.00

was imposed (4076 unweighted events remain) and the background term B?°(M) was
pafametrized as the product of a parabola, vanishing at the two limits of the
phase space,times a linear form in the mass. The DA obtained in this fit is shown
in table 3(c). The experimental moments qu and the fitted values are presented

in fig. 4.

As indicated in sect. 2, the knowledge of the DA permits to measure
the resonance contribution in a given final state by using the experimental
moment of the Dalitz series (eq. (9)). Since the Az is produced with
a large background, it is interesting to test the method here. As seen in
figs 5(a,c) the A; is barely visible in the forward hemisphere and shows
no signal in the backward hemisphere at the level of the 37 mass distributions
(Qoo). However, the experimental moment of the Dalitz series (defined by the
DA previously obtained) shows significant resonance like signals in the A;
region (figs 5(b,d)). By fitting these distributions with an incoherent
superposition of a Breit-Wigner form and a smooth background term, we have

obtained the following values for the forward and backward cross sections

cF(K’p + AyA) = 19.4 +°4.0 ub,

13.5 £ 3.5 ub.

GB(K-p > Anh)

In the previous study of the 3T system [8] with a technique of Partial
“ave Analysis, the cross section for A; production was calculated to be

o = 15.7 + 1.5 pb in the momentum transfer region |t| < 1.0 Gev?. Using the
+ 2.5 ub was obtained

value of the moment of the Dalitz series, the value 0 = 14

in very good agreement with the previous determination.
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It is important to notice that the amplitudes and DA of the
+ -
A have being obtained for the 7™ 7 m° decay mode. The amplitudes are isospin
invariant, but the coefficients in table 2(b) giving the DA in terms of the

amplitudes depend of the particle charges. However, in the case of the
a7l

.A+ +-ﬂ+ﬁ+n— d f : 3al 551 .
2 T decay and for the amplitudes 2°’", a”’", a’’", these coefficients

are the same. Thus, amplitudes and DA aré in this case identical to those
. + - . . .
obtained for the A » 7 7 7% decay. This DA will be used below in the study

+
of the A; region.

DALITZ ARRAY OF THE A,

For the study of‘the DA of the A;, the reaction
Kp~ AL AE u

wil} be considered. This final state has been ﬁreviously studied by the
Amsterdam-CERN-Nijmegen—-Oxford Collaboration in a search for backward
production of meson resonances [l10]. The data sample is made of
13 151 unweighted events. The effective mass distribution of the three-pion
system produced in the backward region (cosep,z_ < =0.75) is shown in fig. 6.
Two enhancements are clearly seen in the mass spectrum. One corresponds to
the A, resonance and the other signal is centred around 1.1 GeV, where the
diffractive A, effect has been observed. These bumps cannot be explained by
the reflections of known hyperon resconances and are enhanced when the ﬂ+ﬂfﬂ
system is constrained to be in the p mass region (0.62 < H(ﬂ+ﬁ-) < 0.88 GeV).
An analyéis of the m'm'm decay DP using the Zemach formalism has shown that

‘ + + ]
these effects are associated to the waves 2 (pm) and 1 S{p7) respectively. The

parameters of the A, effect obtained in ref. [10] are

M= 1.041 + 0.013 GeV I = 0.230 + 0.050 GeV

-+ + + +
and the total backward production cross section for I A;(1040), A; » T W 7
is (3.6 * 0.5) ub, which after correcting for unseen AT decay modes becomes"

g= (7.2 £ 1.0) pb.
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In order to determine the DA of the AT we have selected events with
the 37 effective mass in the region 0.41 - 1.45 GeV and in the backward
prdduction interval -1.0 < cos® 5= < -0.75. This mass région includes
some AZ production which has to ée taken into account in order to fix the
amount of background. The data sample contains 1411 unweightedxevents and was

r__ ’ - . . . + .
divided in 13 mass bins of 80 MeV. Six non-vanishing A; moments are expected

Qos{), Q4,0, Q2!2, QSsZ’ thh’ QB:G,

when only three decay amplitudes are considered (table 2(c)). The:
experimental moments are shown in fig. 7. With the exception of Q%2

. . + .
which shows a clear structure in the A; region, all the moments are small

and compatible with zero within the large experimental errors.

The moments were fitted with expression (7¢), where now the background

term has the form

BHan = @)™ rTan + My, o

(q')ku and R'(M) being the DA and Breit-Wigner form of the AZ state. The
number of parameters to be fitted in this case is 20: four for the three
normalized amplitudes of the AT, two for its mass and width, two for the
intensities of the AT and A;, and twelve for the background terms. DA and
decay amplitudes for the AT are presented in table 3(d). We also give in
table 3{e) the DA for the A] -+ i nl decay, obtained using the coefficients
in table 2(d). The measured A, cross section is compatible with that

found in ref. [10].

We complete this section with a final remark concerning AZ production
in thié reaction and which has to be considered as a further check of the
validity of the method. In the backward hemisphere, the A; cross section
obtained using the Dalitz series was measured to be (8.1 * 1.5)yb. This
value has to be compared with the values (11 + 3)ub and (8 £ 2)pb, obtained
in a multichannel analysis of the Kp -~ minin % final state in a fit of the
3T mass distribution. These results are in fairly good agreement. On the
other hand, the experimental moment of the Dalitz series obtained using the

very forward produced events (cos@ - > 0.7) shows no signal in the A,

PsZ _
region indicating that A, forward production is strongly suppressed. This
is expected, since it would require the exchange of a double charged strange

meson.
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5. CONCLUSIONS

In this paper we have presented a symmetrical three-body formalism to
obtain the DA of several 37 states, The DA is a set of moments of orthonormal
functions of the DP variables, characterizing the DP decay distribution of a
given resonance. The Dalitz series, constructed from the DA, provides a powerful
tool to detect known resonances produced in complicated final states and to
measure the corresponding cross sections. The method has been applied success-
fully to the resonances w, ¢ and A, observed in the K_p > ﬂ+ﬂ-ﬂoﬂ reaction.
A tentative determination of the DA for the backwardly produced A; in the process
Kp~> W+W+ﬂ-z— is also given. We believe that an analysis in terms of the DA
for the 37 system diffractively produced and for the one observed in T decays
will probably clarify our present knowledge on the A;. The application of

this formalism to other final states might prove to be rewarding.
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TABLE CAPTIONS

Table 1 Definitions of the DP variables p and ¢ and the DP functions

Glu(p, 9) used in this paper (we assume that the three pions

have equal mass m).

Table 2 First allowed amplitudes axu(dl) and coefficients giving the

AU , . .
moments q Y oas quadratical functions of these amplitudes, for

the different cases treated in the text.

Table 3 DA's and decay amplitudes for w, ¢, Ay and A; (by convention,
the first amplitude is real and positive and the imaginary

part of the second one is positive).
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TABLE 1

(a) DP variables p and $ as functions of the triangular variables
Si» S2, s3 (effective mass squared of the three two-body subsystems) and of
the invariant mass M of the three~body s'y'stem. We use the polar coordinates

of the DP r and 9 and the value of the radius rB(B)'corresponding to

the boundary:

rcosf = (—383 + M® o+ 31112)/2M(M-3m),
rsind =\/§(sl - 52 - 3m%)/2M(M-3m),
£, (0) = (1 + 3m) /20 + 3m2)* cos(x/3),
tgX = [+ 3m?2)3 /M2 (M2 - 9m?)2 - cosz(ae)]l’z/cos(se),
-0 gx<m,
0= x/r (),

¢ = 2n.£9 r, (8") dB'/.£2ﬂrB(9') a8’

(b) DP functions Glu(p, ¢)

G070 = 1, chrh =\E ezifbpz,
g0 =\/;(1—Zp?‘), G®Y =\/;e2i¢p2(3—4pz),
PLEL =‘\/;(1~6p2+6p“), G676 =\’4-esi¢pa,
Gl22?0 =\[7-(1—12p2+30p“—20p5), gloe =\/6-eai¢p3(4-'5p?),

G].E’U =v;(1_2002_,_9001;_14006_'_7098)’ Glh’s =J8-e31¢03 (10_30p2+21p4)’

c272 =\E eifb, | gl2s12 ,__Wesif.bpe,
6% = el%(2-307), 616712 =y 8105 (7gp7),

Gl°% = Vs e1¢p(3-12p2+1oo“),
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TABLE 2
(a)
P . . - + -
wy, $(I, I =0,1 ) »m 7w 7° 20, 80, 86 _ .86
Iazolz IaBUI'Z IaSGIZ Re ;2_0860 Re aZOaBG Re a80a8§
q°° 1 1 2 0 0 0
q~’? ,\}1/3 \11/75_ -\34/3 8/3 0 0
4879 0 Vi/s 20749 \e/s 0 0
q!2°° 0 V81/175 \}4/7 0 0 0
qté*? 0 0 -4/21 0 0 0
q;’- 0 0 0 0 \’16/5 —\/32/5
qi* 0 0 0 0 V32/15 | A256/735
qé"“” 0 0 0 0 0 \}80/49
qylgz’lz 0 0 \}25/14 0 0 0
’q;{" 12 0 0 \)25/18 0 0 0
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s21/vzp 0 </8) 0 SN | o o | o 0 0 o eob

0 0 0 0 0 0 cE/vz~ 0 0 0 centb

- ~ ¢ d

STT/80TA 1 | mmﬂ\o&? ST/TeN o 0 961/SIN 0 ocﬂ\hmv. 0 z 01D

STT/TEN 0 sce/eeN | sz/eN ST/9TN | e/ 0 0 fkez/eziN| 6/gh L eob

sip SN 0 E S/Teh |ot/e- | o 9/1 ¢/z- Legb

0 SL1/zE0N 0 0 ' 0 o N o | o 0 .

0 S/ZIN 0 $/%2 0 s/8\ | S/IN 1 ST/9IN- | S/TN- 0 2egb

0 S/e- |0 m\' 0 E8N | sTep 0 €/IN T\ oend

0 0 M 0 0 o 0 4 c/Y 4 4 pegP
10%66% PN Bro® P ¥ oB 9 | B B A v B AW B BN | ,E zles®l | zl1g®I zl1e®!

(10) 1-.5~ = (1=0) 1% fe_gB = ¢ F mmZvT.mmn = (1¢0)15® m?owﬂlmmu = (1-0)1e®
o=tk « (ZT = £ ‘D)% ()

(P,3u0)) 7 79VL




TABLE 2 (Cont'd) -

..19_

(e) P oL+ + +
MO,J =L,l)>7m1TR
altr(o-1) _ al—'l(OIj; a1(0-1) o g3-1(01), 33 _ -3
latty? lad1)? la33|? Re a’'a®! [Re a'la%? | Re 2774%?
q°?° 2 2 16/5 0 0 0
q*?? 0 0 —\’256/75 \56/3 0 0
1z’ 1 -1/3 0 -2 N64/5 Vo4/45
" 0 A\B/9 0 0 0 128745
g™ 0 0 0 0 Ah2s/15 | Vi2s/1s
qf{" 0 0 \}123/25 0 0 0
(d)
A (I, 3 = 1,1h > ptrro
a“.‘(o_l). A a’i-l(“); aai(o_i) - aa-—l(ﬂl); a%? = 223
lall)? tadly? 2332 Re alla’! Re alla?? Re PREPLE
q?*? 2 2 4/5 0 0 0
q"’° 0 0 -\ﬁﬁ/?S \/]-.6/3 0 0
q;,z 1 -1/3 0 -2 Vi6/5 —416/45
qf{’z 0 -\}3/9 0 0 0 \}32/45
gl 0 0 0 0 Vaz/1s | AB2/15
0" 0 0 Vs/25 0 0 0
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FIGURE CAPTIONS

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 6

Fig. 7

. . . + - . .
Mass distribution of the (7T 7 WD) system in the reaction

K_p - (W+W_W°)A. The shaded events have coseP A > 0.7.
»

Experimental moments Q}\u as functions of T m 7° mass in the w
region 0.73 < M(37) < 0.83 GeV. The solid lines are the results
of the fit (see text) and the dashed ones describe the background
contribution Bku. The DA can be estimated by the height of the

different Breit Wigner's.

Experimental moments qu as functions of W+w-ﬂ° mass in the ¢ region
1.005 < M(37) < 1.045 GeV. The extra cut 0.65 < cos8 , < 1.0

b
has been imposed.
Experimental moments QMJ as functions of ﬂ+ﬂ-ﬂ° mass in the A, region
1.1 < M(37) < 1.5 GeV. Events with 1.34 < M(AT ) < 1.44 GeV and

cosep A < 0.75 have been removed.
’

(a) Mass distribution of the 3T system for events with cosep A > 0.
»

(b) Experimental moments of the A, Dalitz series as a function
of 3m mass for events in fig. 5(a). The solid line is the
result of a fit to an A; Breit-Wigner shape (mass and width
fixed) plus a smooth polynomial background (dashed line in

the plot).

(c) aﬁd (d) Same as figs 5(a) and (b) for events with cosep A < 0.

- + - . .
Mass distribution of the (m S ) system in the reaction
Kp - (w+w+n—)2_ for events with cosBp 5~ < —=0.75. The shaded
b

+ = . . .
events have at least a (T 7™ ) combination with

0.62 < M(T'm ) < 0.88 GeV.

Experimental moments Q}‘Ll as functions of the m m 1 mass in the
region 0.41 < M(3m) < 1.45 GeV. The solid lines are the results
of the fit described in the text. The dashed lines describe the

background under the A, and A; resonances.
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