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Abstract

+

Based on 58 million BESIIJ= events, theK (892)°K*  channel inK * K

is studied. A clear low mass enhancement in the invariant mas spectrum ofK *

is observed. The low mass enhancement does not come from bgckund of other

J= decay channels, nor from phase space. Two independent paatiwave analyses

have been performed. Both analyses favor that the low mass éancement is the
, an isospinor scalar resonant state. The average mass and dth of the in

the two analyses are 878 23'% MeV/ c® and 499 52", MeV/ 2, respectively,

corresponding to a pole at (841 30'%%) (309 45'8) MeV/ .

Key words: , low mass scalar,J= decays,K (892)°K
PACS: 13.25.Gv, 14.40.Ev

In the eld of hadron spectroscopy, whether the low mass isscalar scalar
meson, the , exists or not had been an important but controversial prol@m
for many years. Recently, its evidence has been reported-[&] not only in
scattering, but also in various production processes. Themeson with a mass
around 600 MeV/c? and a broad width around 500 MeVE? is, now, widely
accepted [6].

The evidence for the meson suggests the possibility of a nonet, f (600),
(900), f0(980), a(980) g, either in an extended linear sigma model realizing



chiral symmetry [7][8] or in a unitarized meson model [9]. T has been ob-
served in analyses o scattering phase shifts [10] by several groups using a
unitarized meson method [9], an interfering amplitude methd [11] considering
a repulsive background suggested by chiral symmetry, and amperturbative
method [12]-[14] with an e ective chiral Lagrangian. The oferved mass and
width values are scattered in the ranges from 700 to 900 Me®# and 550 to
650 MeV/c?, respectively, depending on the model used. Recently, a hat
wider width around 800 MeV/c?> was reported [15] for the in the analysis of
K scattering phase shifts with a T-matrix method including a pescription
for zero suppression. Also recently, an analysis of LASS dain K scattering
phase shifts using a unitarization method combined with chal symmetry has
found the with a slightly lighter pole mass [16]. However, some auth®have
found no evidence for the [17]-[19]. A criticism [20] has been presented for
the existence of the based on unitarity and universality arguments, similar
to the case of the [21][22].

Here, it is to be noted that in and K scattering, e ects due to and

production are, as a result of chiral symmetry, largely camtled by those
due to non-resonant background scattering, while the carltion mechanism
does not necessarily work in the production process [23]. difefore, it is more
suitable for the investigation of = mesons to use the =K  production
process, which is parameterized independently of the soating process [24].

Evidence for the has been reported, recently, in the production process by
the E791 experiment at Fermilab in the analysisdb* ! K *  [25]. Pre-
liminary results have been reported [26] in the analysis of tHe system
produced inJ= ! K (892°K*  with BESI data. The FOCUS experi-
ment has presented [27] evidence for the existence of a cemei K S-wave
contributionto D* ! K * * | CLEO [28] has seen no evidence for the
in D! K * O Preliminary results on the have also been reported in
analyses of BESII data [29]-[31].

Here we report analyses ok (892°K* inJ= ! K*K * to study
the . Partial wave analyses (PWA analyses) have been performeuJ= !

K (892°K*  using 58 millionJ= decays obtained with BESII at the BEPC
(Beijing Electron Positron Collider) storage ring. The BES detector is de-
scribed in detail elsewhere [32].

In the event selection, four charged tracks with zero net chge are required
for each event. Every charged track should have a good helixin the Main

Drift Chamber (MDC), and the polar angle of each track in the MDC must
satisfy j cos j, < 0:8. The event must originate near the collision point; tracks
must satisfy  xZ+yZ 2 cm,jzj 20 cm, wherex, y and z are space
coordinates of the point of closest approach of tracks to theeam axis. Particle
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Fig. 1. a) Scatter plot of M+  versusMy + for BESII data. b) Scatter plot of
Mg+ versusMy -+ for Monte Carlo simulation of J= ! anything.

identi cation is performed using combined TOF and dE/dx information, and
two identi ed kaons and two identi ed pions are required.

For a neutral track, it is required that it should have hits inthe Barrel Shower
Counter (BSC), the number of layers hit should be greater tha one, the
shower starts before layer 6, and its deposited energy is raathan 50 MeV.
The angle between the photon emission direction and the shemdevelopment
direction of the track in the BSC should be less than 30An event associated
with a neutral track(s) is rejected.

Surviving events are tted kinematically (4C kinematic ts) under the hy-

pothesesJ= ! K*K * | * T KK K*K ,K* * ,and
*K * .ltisrequired that 32.(K*K * ) be less than 40. The sum

of 2 of the 4C kinematic t, TOF, and dE/dx for K*K * is required

to be less than those for the * T, KK K*K |, K* T, and
K *  hypotheses.

In order to remove background fromJ= ! T, events with jMg +

1:02 < 0:02 GeV/c? are vetoed, and to removel= ! K (892)°K2 back-

ground, events withjM - 0:497 < 0:04 GeV/c® and Ry, > 0:8 cm are

vetoed, whereM¢+x and M + are the invariant masses oK *K and
T, and Ry, is the decay length oK 5 transverse to the beam axis.

Fig. 1a shows the scatter plot oM+ versusMy - after all above re-
quirements. Two bands ofK (892)° and K (892)° corresponding toJ= !

K (892°K* and J= ! K (892°K *, respectively, are clearly seen.
There is an accumulation of events in the region where the twmands cross,
which is not seen in the scatter plot of Monte CarlaJ= ! anything events
(shown in Fig. 1b) obtained with the Lund-charm generator [3], which is
described below. This accumulation comes frod= decaying toK (892)
(or K (892)°) against a low mass enhancement. The invariant mass spec-
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Fig. 2. a) Invariant mass spectrum for K * after the nal selection except the
K (892)° requirement. Events in the dark shaded area correspond to ta data set
in the present analyses. b) Recoilk * mass distribution against the low mass
enhancement M+ < 0:8 GeV/c?).

trum of K * is shown in Fig. 2a, where thek (892) peak is clearly seen.
The requirement 0.812 GeV#? < M + < 0.972 GeV/c? is imposed on the
J= 1 K*K * sampletoselect)= ! K (892°K* events, the to-
tal number of which is 24674. The PWA analyses are applied tin¢ selected
J= 1 K (892°K* sample.

After the K (892)° mass requirement, theK * invariant mass distribu-
tion, shown as the solid histogram in Fig. 3a, has a cledt (892)° peak,
a peak around 1430 MeV#, and a broad enhancement in the low mass re-
gion. The K * mass distribution of the charge conjugate channel= !

K (892K *, denoted as crosses in Fig. 3a, shows the same structures.

Fig. 3c is the Dalitz plot of J= | K (892°K* , and the insertion is that
of its charge conjugate channel. In the Dalitz plot, the two gonal bands
correspond to the low mass enhancement and the peak around3@MeV/c?
in the K*  invariant mass spectrum, and the horizontal band correspads
toJ= ! K(1400K and K1(1270K with K1(1400) andK 1(1270) decaying
to K (892 . The clear top diagonal band in the Dalitz plot indicates tha
the low mass enhancement observed in this decay does not cdnoen phase
space since phase space events would be uniformly distriéditin the Dalitz
plot.

Though this low mass enhancement overlaps with the narro (892), it can
be clearly seen due to its broad structure. The spectrum & * mass recoil-
ing against the low mass enhancemenMy - < 0:8 GeV/c?) is shown in Fig.
2b, where a cleaiK (892)° peak can be seen. This means that the low mass
enhancement is produced dominantly througli= decays associated with the
K (892).



Fig. 3. a) Invariant mass spectrum of K* . The solid histogram is the data
after the nal selection, the dark shaded histogram is theK (892)° side-band spec-
trum, and the dotted histogram is the invariant mass spectrum after side-band
subtraction. Crosses with error bars show the charge conjuate state K * from

J= | K (892°K *.b) Monte Carlo simulation compared with data. Crosses
with error bars are data, and the solid histogram is Monte Cato simulation. c)

Dalitz plot of data, and d) that of Monte Carlo simulation. Th ose of the charge
conjugate state are shown as inserts in b), ¢), and d).

K (892) signals are clearly recognized inthé *  spectrum againstk (892)°
side-band events (the dark shaded histogram) in Fig. 3a. Tisde-bands events
are taken from theK * mass ranges directly neighboring t& (892)° with
80 MeV/c?® widths. After side-band subtraction, the K (892)° peak is sup-
pressed appreciably in the invariant mass spectrum &f* , as is shown in
the same gure (the dotted histogram). This means that theK (892)° peak
mostly comes from background processes. The main part of theoad low
mass enhancement remains after side-band subtraction, whiindicates that



the broad low mass structure does not come frod+ decay processes which
do not contain K (892) in the nal states.

The main background channels fal= ! K (892P°K*  are studied through
Monte Carlo simulation. More than 20J= decay channels, includingl= !
K*K * , 7 * K (892) K ,K (892PKs, andK (892)°K s de-

cays are generated using uniform phase space generatorsl ao peak is pro-
duced in the K* mass spectrum. This means that the low mass broad
structure in the K*  mass spectrum does not come from these background
channels. From the Monte Carlo simulation, we also see thah¢ background
level inJ= ! K (892°K®* is about 1/7 of thatin J= ! K*K * .
Therefore, we thinkJ= ! K (892°K* s a good place to study the .
The background level ranges from 10 to 15 % in this analysis.

We also study 58 million Monte CarloJ= ! anything events which are gen-
erated using the Lund-charm model [33]. The generator is ddeped for sim-
ulating J= inclusive decay. In the models, charmonium decays into haurs
via quarks and gluons are simulated. Quarks and gluons shaveevelopment
and their hardronization are handled by the LUND string mode The model
reproduces the main properties of hadronic events frodx inclusive decay.
The process, J= ! K (892) is not included in the generator. Using the
same selection criteria on this Monte Carlo sample as thosw tata, the scat-
ter plot of M+ versusMy -+ (Fig. 1b), shows no accumulation of events
around the region where thek (892)° and K (892)° bands cross. There is no
corresponding broad low mass enhancement in the invariantass spectrum
of K* (or K *) recoiling againstK (892)° (or K (892)° for the charge
conjugate channel) shown as the shaded area in Fig. 3b (or inetinsertion of
Fig. 3b), and there is no diagonal band of the low mass enhamneent in the

Dalitz plot of J= ! K (892°K* (orJ= ! K (892°K ™). Because
the generator of this Monte Carlo simulation does not contai the process
J= 1 K (892) , the Monte Carlo shows di erent structures at lowerK

mass region from those of data. This di erence just means th#éhe low mass
enhancement is not due to backgrounds coming from othde= decay chan-
nels.

In the PWA of J= | K (892°K* , the K (892) is treated as a sta-
ble particle. After integrating over the K * angular information, no inter-
ference e ect is expected between the charge conjugate pessesJ= !

K (892°K* andK (892K *, if the solid angle coverage of the detec-
tor is 4 . We examined the interference e ect taking into account theletec-
tor acceptance and the width of theK (892)° using Monte Carlo simulation
and nd that the interference e ect in the cross region of thetwo K (892)°
bands in the scatter plot is negligibly small, and that the iterference between
K (892°K* and K K (or K;(1430K ) is also negligible. We ignore these
interferences in the PWA analyses.
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ate resonant states decaying intoK , K and K K, respectively. K denotes
K (892)°.

We consider theK (892)°K channel inJ= decays, with well de ned quan-
tum states recoiling against theK (892)°, is suitable to study the in the

K system. TheK (892K system simpli es the PWA, and backgrounds
can be treated easily. To simplify the analysis, one of the alge conjugate
states,K (892K * , is used, and it has enough events for this analysis. As
mentioned above, the analysis of this channel is not a ecteldy the charge
conjugate state,K (892K  *, since the interference between them is found
to be negligibly small.

Four decay mechanisms considered in our analyses are showfig. 4. These
areJ= ! K Rx (Fig.4a),J= ! KRk (Fig.4b),J= ! Rk « (Fig.
4c) andJ= ! K K (Fig. 4d), where Rk , Rk and Rk  are inter-
mediate resonant states decaying int& ( ;K ,(1430) K,(1430) K,(1920)),
K (K1(1270) K1(1400)) andK K (b (1235)), respectively. (HereK de-
notesK (892).) The independent PWA analyses by Method A and Method
B have been performed on th& (892°K*  channel. The same data set is
used in both analyses.

Method A is based on the covariant helicity amplitude analyis [34]. The
maximum likelihood method is utilized in the t. The tis per formed by using
Breit-Wigner parameterizations with ans-dependent width, (s), (See eq. (1)
below.) for the low mass enhancement and with constant widshfor the other
intermediate states. Fits are also performed using two othparameterizations
of constant width and of a width for the using a unitarization approach with
chiral symmetry [16] as follows;



BW/ 1=M2 s i"5 (): (9= ¢ ke=8s: (1)
BW/ 1=M2 s M const) : (2)

and

BW/ 1=M2 s i"s (s)): (9= ku: 3)

Eq. (1) is for Method A, eq. (2) is for Method A-1, and eq. (3) igor Method
A-2.

The broad low mass enhancement is t by alOresonance. The possibility that
its spin-parity is 1 , 2*, is excluded by at least 10. If the kappa is re-
moved from the t, the log-likelihood becomes worse by 294 0Sits statistical
signi cance is above 20. This iso-spinor scalar resonance is considered to be
the particle. The above parameterizations are tried for the. Though these
parameterizations have di erent behavior, the quality of he ts given by them

is almost the same. This is because there are many resonanaéh interfer-
ences between them, and changes in one can be compensatedhlapges in
the others while keeping the total contribution unchangedThough mass and
width parameters given by these parameterizations are somleat di erent,
the shapes of the obtained by these parameterizations are similar, and the
pole positions are close to each other.

The biggest peak at about 1430 MeW£ in the K*  spectrum is relatively
complex, containing 0, 1 , and 2" components. The 0 and 2* components
are identi ed to be K,(1430) andK ,(1430), respectively, and their masses and
widths determined from the t are consistent with PDG values[6]. A 1 is
included in the tin this region. Changes by removing it are onsidered in the
systematic uncertainties. In the highel/K *  mass region, a broad resonance
is needed. It is found that di erent treatments of it have little in uence on
the mass and width of the .

K1(1270) and K1(1400) are used to t the enhancement near threshold of
the K (892)°  spectrum, andb;(1235) is used to improve the t in the
K (892°K* spectrum. Because the mass df(1235) is belowK (892)°K
threshold, only the tail of b, (1235) a ects the t of the K (892)°K spectrum.
Changes caused by removing thie (1235) are included in the systematic un-
certainties.

In the PWA, the backgrounds from the charge conjugate chanhg= !

K (892°K * and fromJ= ! K (892°Ks andKs! * where *
is misidentied with K* are tted by non-interfering amplitudes, and the
background from otherJ= decay channels, includingl= ! K K are tted

by non-interfering phase space. The uncertainty of the bagkound level is
considered, and its in uence on the mass and width of the is estimated and



Table 1

Masses, widths and pole positions of the obtained by Methods A (eq. (1)), B
(eq. (4)), A-1 (eq. (2)), and A-2 (eq. (3)). The mass and width values averaged for
A and B are given. The rst term errors are statistical ones and the second show
systematic uncertainties estimated in the analyses.

Mass (MeV/c?) | Width (MeV/ ¢?) | Pole position (MeV/ ¢?)
Method A 874 25" 518 654 (836 38"%) (329 66'%
Method B 896 545, 463 88" (865 70'%) (271 67%Y)
Average 878 23'% 499 52°% (841 30 (309 45™%)
Method A-1 745 26'%; 622 77°%, (799 37%%) (290 33%)
Method A-2 1140 39", | 1370 156™%% | (811 74%%) i(285 20"

is put into the systematic errors.

Since there exist broadK *  resonances around 1430 MeV and those broad
resonances and other background proces3€s(892), Ks, and PS contribute

in the region , and because of the complicated interferences betwe and
other resonances, di erent solutions are obtained in the 4. These solutions
give almost the same t quality and almost the same pole posdn of . Un-
certainties coming from the multi-solutions on the parameters are included
in the systematic errors.

The t obtained in the analysis is shown by the solid histogren in Fig. 5a for
the K* invariant mass spectrum. The data are shown by crosses withrer
bars. The contribution of the is shown by the dark shaded histogram. The t
of the K (892)° invariant mass spectrum is shown by the solid histogram in
Fig. 5¢. The t for the angular distribution of the whole K*  mass region is
shown by the solid histogram in Fig. 5e, and that for the angal distribution
of the K*  mass below 1.0 GeM# is shown by the histogram in Fig. 5g.

The values for Breit-Wigner parameters of mass and width anthose for the
pole position for the obtained in Method A are given in Table 1. Systematic
uncertainties in the mass and width of the include the changes from 1 vari-
ations of the masses and widths of the other resonances, deat treatments
of background, and uncertainties from the tting.

Mass and width parameters of intermediate resonances and thibse back-
ground processes in the t of Method A are tabulated in Table 2Errors
shown in the table are only statistical.

Method B uses the VMW (Variant Mass and Width) method, a covaiant eld
theoretical approach consistent with generalized unitati [24]. In this method,
the total amplitude is expressed as a coherent sum of respgetamplitudes,
corresponding to the relevant processes of strong interamts among all color-

10
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Fig. 5. Analysis results by Method A. a) The K * invariant mass spectrum. c)
The K (892)° invariant mass spectrum. e) TheK * angular distribution in the
K* center of mass system for the wholeK * mass region, and g) that for
the K* mass region below 1.0 GeVi?. Crosses with error bars are data. Solid
histograms show t results, and the dark shaded histogram ina) is the contribution
from the . Analysis results by Method B. b) The K* invariant mass spectrum.
d)The K (892)° invariant mass spectrum. f) The K * angular distribution in the
K* center of mass system for the whole& * mass region with that for above
1.0 GeV/c? in the insertion, and h) that for the K* mass region below 1.0
GeV/ c2. Crosses with error bars are data. Solid histograms are t, ad dark shaded
histograms are contributions from the
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Table 2

Mass and Width values of intermediate resonance states andhbse of background
processes in the ts of Method A and Method B. BG and PS denoteshackground
and phase space, respectively.

Method A Method B

Resonances mass (MeV/c?) | (MeV/ ¢?) | mass (MeV/c?) | (MeV/ ¢?)

I K 874 25 518 65 896 54 463 88
K o(1430) ! 1436 46 348 55 1448 37 200V
K,(1430)! 1434 7 101 15 1443 48 97 16
X(1430) 1 )! K 1426 6 152 16 not included?
K,(1920)! K 1914 36 590 110 1911 24 244 95
K1(1270)! K (892) 1279 10 131 21 1271 12 104 33
K1(1400)! K (892) 1418 8 152 16 1429 31 200°)
b1(1235)! K (892)K xed ¥ xed ¥ xed ¥ xed ¥
Direct K (892)°K not included? included®
K (892) BG! K xed ¥ xed ¥ xed ¥ xed ¥
K (1410) BG! K not included? xed %) xed
Ks BG 715 46°) 715 46°)
K (892)K PS BG included® included®

1) Bound for the lower limit which is set to be consistent with that of the PDG

tables.

2) The process is not included in the t.
3) Bound for the upper limit which is set to be consistent with that of the PDG

tables.

4) The value is xed to that of the PDG tables.
5) The process is included in the t.
6) The value is parameterized by the Monte Carlo simulation and xed in the t.

singlet hadrons. As the bases of th&-matrix for the strong interaction, a
residual interaction of QCD, all unstable (or resonant) as &ll as stable hadrons
which are to be color-singlet bound states of quarks, antbarks and gluons

are to be included. The propagator of a resonant particl
conventional Feynman propagator with substitution of i by i

For the scalar K -resonant particles,Rx 's are the

isiven by

s(s).

and K (1430).

the

The

Lagrangian of strong interaction,L s, describing the process in Fig. 4a is taken
to be the most simple form. This form and the corresponding day amplitude

Fs are given by

12




Lg= (R K R+gRRK ),
R= K ,
X .
Fs=Sh n, rr€ ® r(sk );
R= K ,
_ MR R .
(s ) m& sk ing r(sk )’ )

where r(sx ) is the Breit-Wigner formula with g(sk ) = p&=(8s« ),
describing the decay oR = and K,(1430), and S, , is the helicity

amplitude S, n, (h )_~(hK ). Sh n, rr€ R describes theS-matrix element
wuthRK jJ= 1i,, where € ®r parametrizes the rescattering phase gf;hRK j.
This form of Fs is consistent with the generalized unitarity of theS-matrix.

The decay amplitudes through the tensoRyx , Rk , and Rk «, denoted as
Fo, Fk,, and Fy,, respectively, are obtained in a similar manner. The direct
K production amplitude is taken to beF g, = Sy n, rk € « , which is from
L gir K K K . The total amplitude F is given by the sum of all these
amplitudes,

F=Fs+ Fp+Fg, + Fp + Fa! )

We also consider the background processes coming frdfh=1 K (892) and
K (1410) (decaying intoK * ), from K, and from phase spac& (892K
which are described by the amplitudes incoherent with the alve F. The
details are described elsewhere [30]. The treatments ofarances and back-
ground processes in this method are the same as those in Math®d, except
for the K (1410K (892) andK (892)K processes, as explained below.

The least 2 method is used for the tting of the mass distribution ofK *
that of K (892)° , and the K* angular distribution in the K*  system.
The results obtained in this analysis are shown by the solidisgtograms for
the K*  invariant mass spectrum in Fig. 5b and for thek (892 mass
spectrum in Fig. 5d. The data for the analysis are shown by csees with error
bars. The contributions of the are shown by the dark shaded histograms
superimposed on Figs. 5b and 5d. The results for the* angular distributions
in the wholeK*  mass region and below 1.0 Ge\¥ are shown by the solid
histograms in Figs. 5f and 5h, respectively, and that for thenass region above
1.0 GeV/c is inserted in Fig. 5f. The contributions of the are also shown
by the dark shaded histograms in the gures.

The values for Breit-Wigner parameters of mass and width anplole position
for the obtained in the analysis of Method B are given in Table 1. Unce
tainties are estimated on the same items as in Method A. MetloB takes
the direct K (892°K*  process to be coherent and phase space background
contribution to be incoherent. The contribution of the latter is estimated us-
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ing the results obtained in Method A. The uncertainties of itare included
in the systematic errors of the parameters. TheK (892K (1410) ampli-
tude is taken as an incoherent background process. The (892)° events are
considered to be associated witK * and/or  which are in the K (892)°
region. No interference is expected between charge conjigyatates. A co-
herent K (892)°K (1410) amplitude is also examined, and the dierence is
also included in the uncertainty for the parameters. Uncertainties for the

parameters contain also the change from lvariations of the masses and
widths of the other resonances and uncertainties of the t. ldss and width
parameters of intermediate resonances and of backgroundpesses in the t
by Method B are also tabulated in Table 2. Errors shown in theable are only
statistical.

The 2=d.o.f value is 1.10. We examined also the t without the resonance
and obtained the value to be 2.83. In the latter, the paramets for the K¢
background are xed.

The results obtained in the two analyses reproduce the dataell and are in
good agreement with each other. Both ts favor strongly thatthe low mass
enhancement of theK *  system is a resonance. The scalar resonance is con-
sidered to be the which is necessary in both ts. The average values for
Breit-Wigner parameters of masses and widths for the (given in the third

row in Table 1) are obtained from Methods A and B,

M =878 23% MeVv=C¢, =499 523 MeV=¢;

where the rst term errors are statistical ones. The secondnes show total un-
certainties, taking the largest values between systematimcertainties of Meth-
ods A and B. The average values are in good agreement with tleasbtained in
the analysis ofK scattering phase shifts [11]. The parameters obtained are
also consistent with those obtained in the analysis @* ! K * * inthe
E791 experiment [25] withM =797 19 43 MeV/c2and =410 43 87
MeV/ 2. The relative contribution for the kappa normalized for thetotal event
number ranges between 0.08 and 0.25 taking the e ects comifigm the multi-
solutions and systematic uncertainties in the analyses mtaccount.

Recent analyses [35] af= ! 1 0 decays and 00 decays show the large
amount of strong phases between relevant amplitudes. Thiadt suggests that,

inthe relevantJ= ! K (892)K decay, theK system is not isolated out of
the nal three-body system, and accordingly in the decay anljpude the phase

of the pureK -scattering amplitude is not directly observed experimeatly.

In Methods A and B, the phase of the totalJ= ! K (892K amplitude
comes from a sum of respective contributions of th®-matrix elements with
the nal systems,K (892) ,K (892)K,(1430),K (892K , etc. We obtained
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the resonance with width, ' 500MeV/c? in the Breit-Wigner parame-
terization, which is consistent with the generalized unitaty of S-matrix. This
behavior is also consistent with the result of analysis @*! K * * pro-
cess in the E791 experiment [25].

In conclusion, we have shown that the low mass enhancementtlre invariant
mass spectrum oK* intheJ= | K (892P°K*  decays comes neither
from phase space, nor from othe¥= decay processes. The angular distribu-
tion of K in the K rest frame in the low mass region shows S-wave decay.
Two independent analyses for the process, by the covariantlicity amplitude
method and by the VMW method, have been performed, providin@ cross
check with each other. They reproduce the data well, and theesults are in
good agreement. The low mass enhancement is well describgdthe scalar
resonance , which is highly required in the analyses. Parameter valuésr BW
mass and width of the , averaged from those obtained by these two methods,
are 878 23'% MeV/c and 499 523 MeV/ ¢, respectively. They are in
good agreement with those obtained in the analysis on thke scattering phase
shifts. The pole position is determined to be (841 308%) (309 45
MeV/ ¢ from the average values.
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