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[. INTRODUCTION to lie well within the acceptance of the detector and to have
a good helix fit. More than one photon per event is allowed
QCD predicts the existence of glueballs, the bound statelsecause of the possibility of fake photons coming from the
of gluons, and the observation of glueballs is, to some exteninteractions of charged tracks with the shower counter or
a direct test of QCD. Such gluonic states are expected to givRom electronic noise in the shower counter.
rise to a rich isoscalar meson spectroscopy, and lattice gauge For J/y— yK *K ~, the vertex is required to lie within 2
theory calculations predict, in particular, that the lowest-cmy of the beam axisx—y plane and within 20 cm of the
lying st%te should occur in the mass range 1.4-1.8 GeV anganter of the interaction regiofialong z). Each of the
haveJ”“=0"" [1]. For agé‘/’ radiative decay 0 two pSeu- charged particles is required to not register hits in the muon
dgicalar mesons, only™® values in the series 0,  counters in order to removew” - events. The following
27, ... are possible, so such states provide a very cleaggqciion criteria are used to remove the large backgrounds

laboratory to search for the Iqwest mass scalz_ir glueball. from Bhabha eventsi) The opening angle of the two tracks
There has been a long history of uncertainty about thesatisﬁesé’ <175°. (ii) The energy deposited by each track
properties of the j(1710), one of the earliest glueball can- op ) dy dep y

. I , : . S ; in the BSC satisfie€g-<1.0 GeV. In order to reduce the
didates. This history is reviewed in detail in the latest ISSUG. - -karound from final states with bions and electrons. each
of the Particle Data GrougPDG) [2] and will not be re- 9 P '

peated here. The latest analysis of Mark Ill data by Dun_event is required to have at least one kaon identified by the

woodie[3] favorsJ”=0" over an earlier assignment of 2 TOF. ReqU|r?m¢nt_s on two vanable&d, anq Pi,, are im-
while the latest central production data of WA76 and WAlOZpOSQed [7]. A “missing-neutral-energy” variableJ = (Episs
also favor 0" [4,5]. In this paper, we present new results on — |Prmisd) is required to satisfy-0.10<U<0.20 GeV; here
I p—yK K™ and yK2KS based on a sample of 58M ¢y EpissandPpssare the missing energy and momentum of all
events taken with the upgraded Beijing Spectrometecharged particles respectively. Also a “missipg-variable
(BES|I) located at the Beijing Electron Positron Collider pZ =4|P,,.{?sir?6,/2 is required to be<0.002 GeV,
(BEPO. where 6, is the angle between the missing momentum and
the photon direction. Thé& cut removes most background
Il. BES DETECTOR from events having multipion or other neutral particles, such
spm,ymt events;Ptzy is used to eliminate background

. . . .a
BES Il is a large solid-angle magnetic spectrometer that i) q1ons. The selection criteria for a good photon used here

described in detail in Ref6]. Charged particle momenta are are based on those applied in previous BES | analfj&esn

determined _with a  resolution  of o,/P  pyief, the good photon is required to be isolated from the two
=1.78%y1+ p*(GeV’) in a 40-layer cylindrical drift cham-  charged tracks and to come from the interaction point.
ber. Particle identification is accomplished by specific ioniza- |5 order to reduce thed/y— 7KK~ and J/y

tion (dE/dx) measurements in the drift chamber and time-_, -0+ - contamination, all events surviving the above

of-flight (TOF) measurements in a barrel-like array of 48 ¢riteria which have two or more photons are kinematically
scintillation counters. ThedE/dx resolution is o4eax  fitted to these hypotheses. Those events with a3t 50,
=8.0%; the TOF resolution isrror=180 ps for Bhabha 4nq with photon pair invariant mass within 50 Me¥/ of
events. Outside of the time-of-flight counters is a 12-the 70 mass, are rejected. Finally, the two charged tracks and
radiation-length barrel shower countBSC) comprised of  photon in the event are 4-C kinematically fitted to obtain

gas proportional tubes interleaved with lead sheets. The BSkgtter mass resolution and to suppress backgrounds further
measures the energies and directions of photons with resollﬁ—y the requirement;iK+K_<10 andXiK+K—<X2

tions of og/E=21%/E(GeV), o4=7.9 mrad, ando, 0,0 0 : A
=2.3 cm. The iron flux return of the magnet is instrumented For J/y— yKKs, theKs mesons in the event are iden

- 0 + -

with three double layers of counters that are used to identifi'rf'ei through the d%C.QKSHW o Thi :]OUT charged
muons. The average luminosity of the BEPC accelerator i acks can be groupe mto two pairs, eac having two oppo-
4.0x10°cm 2s ! at the center-of-mass energy of 3.1 sitely charged tracks with an acceptable distance of closest

GeV. approach. Signal events are required to satis&ﬁ(S

In this analysis, a&EANT3 based Monte Carlo simulation <(20 MeV/c?)?,  where &g =[M ,+,-(1)— My J?
packaggsimBes) with detailed consideration of real detector (v _, (2)~My_ ]2 andM -+, is calculated at th&
performancgsuch as dead electronic channessused. The s oL« =

. decay vertex. The main backgrounds frosK K= 7" and
consistency between data and Monte Carlo has been care- 57y g L
KeKgm® events are suppressed by requiring

fully checked in many high purity physics channels, and the” 2 , Y
agreement is quite reasonable. <0.10 GeV, P{,<0.005 GeV and the 4-C kinematic fit

X$4Tr< 10.
Figure 1 shows th& "K ~ andK 2K 2 mass spectra for the
selected events, together with the corresponding background
The first level of event selection requires two chargeddistributions. These two mass spectra agree closely below
tracks with total charge zero foyK 'K~ candidate events, 2.0 GeV. The resonant structures in the mass regions of the
and requires two positively charged and two negativelyf,(1525) and thef,(1710) are very clearly visible in both
charged tracks fon/KgKg events. These tracks are required decay modes. Averaged over the whole mass range, the de-

IIl. EVENT SELECTION
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FIG. 1. Invariant mass spectra ¢8) K'K~, (b) K22 for

I p— yKK events, where the shaded histograms correspond to t

estimated background contributions.

tection efficiency foryK *K ™ is 14.7% and foryK2K2 is

14.5%. For theyK™K™ channel, the experimental back-
ground arises mainly from the nonresonatitK =« and

two-body K* “K* events which are peaked at high K~

masses. In the entire mass range, 14587 K~ events are

s
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< (85 MeV/c?)?; this equal-area-selection provides a prop-
erly normalized background estimation. In Figb}l there
are 3169 selectegk 2K 2 events and 413 background events.

IV. ANALYSIS RESULTS

We have carried out partial wave analyses using ampli-
tudes constructed from relativistic covariant tensors for all
possible ways of adding of the KK pair with spin 1 of the
photon and., the orbital angular momentum in the produc-
tion process, to makd®=1" of the initial J/¢ [9]. Cross
sections are summed over photon polarizations. The relative
magnitudes and phases of the amplitudes are determined by a
maximum likelihood fit. The background events obtained
from Monte Carlo simulation oﬁﬁs side band are included

into the data samples, but with the opposite sign of log like-
lihood compared to data. These events cancel background
within the data samples. The analyses are confined to masses
less than 2 GeV in order to ensure that a description contain-
ing only 0" and 2" * amplitudes will be appropriate. The
KK mass distributions frond/ ¢ radiative decays t& "K ™~

andk 2K after acceptance and isospin corrections are shown
in Fig. 2. The event topologies of thik K~ and K2K2
modes are different, so that acceptance and background ef-
fects are rather different also. We fit the two sets of data
eparately to check their consistency and find that there is
good quantitative agreement between the two solutions.

A. Bin-by-bin analysis

In the bin-by-bin analysis, theK "K~ and yK2K2 data
samples are divided into mass intervals 40 MeV wide, and
the angular distribution of each mass interval is fitted with
four independent helicity amplitude parameters, oagoX

reconstructed, and the detailed Monte Carlo simulation of théor J°=0" and three &0, ay1anda, ) for 2* amplitudes
BES detector estimates a background of 3094 events. TH&]. The angular distribution for the decay sequedée

estimation of the background events in #i€2K2 sample is

obtained from thes;_  side band (28.7 Me\?)?<sy_

— yX with X—KK in terms of these amplitude parameters
is given by

15 1+cosd, 1+cosh, (3 1 sinay\/§ i i
W(Q,, Q)= 57| |00 NG ta0— ECOSZGK_E +a2,1f 5 Sin B cosoye'
2
1—cosé., \6 . 1—cosé 1—cosé, (3 1
+a2,ZTy - Siroce? %| +|agg 2 L+a, > y(zcos’-eK—E)

sin@ 3 : 1+cosh., 6 )
- azvlﬁ \[5 Sin B cosfce™ ¥+ ay,——— gsinnge— 20K

:

st dQ,d0W(Q,, Q)

wherefy , ¢k are the polar and azimuthal angles of the kaon
in the X helicity frame and@,, is the polar angle of the ra-

diative photon in the laboratory frame. Our normalization is
chosen to give =lagd?+]azd®+]az®+]azd?, (1)
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FIG. 2. TheKK mass distributions frond/ s radiative decays to

KK~ (upped andK2K (lower) after acceptance and isospin cor-  FIG. 3. The mass dependence of the amplitude intensities for
rections. yKK data. The solid curves correspond to the coherent superposi-

tion of the Breit-Wigner resonances fitted to the acceptance-and
where N is the number of events in each bin. The masssospin-corrected data points obtained from the bin-by-bin fit. The
interval width of 40 MeV is chosen as a compromise be-dashed line histograms are the results of the global fit described in
tween the desire for high statistics in each mass interval anthe text.
the need for detailed information on the mass dependence of
each measured amplitude. The four helicity amplitude pation, are included. The mass and width of thg€1500) are
rameters are related by a trivial algebraic relation with thefixed to the PDG values; those of ttfg(1710) are to be
four corresponding independent amplitudes in the covariarfietermined. Thefy(1710) is well described by a Breit-
tensor formalisn{9]. The acceptance-and isospin-correctedWigner resonance of mass and width=NM722+17 MeV,
S-and D-wave intensity distributionag 2, |ad2 |a,42 TI'=167"3; MeV, and the branching fraction fal/ radia-
and|a, 52 for yKK data resulting from this bin-by-bin fitare tive decay to the combinedKK modes is B[J/y
shown as a function of mass in Fig. 3. — y10(1710)— yKK]=(11.1° 1 x 107%. The errors here

The KK S-wave intensity dominates the 1.7 GeV region.are statistical errors.

The solid curves in Fig. 3 correspond to fits of coherent For the spin 2 amplitudes, tHfg¢(1525) andf,(1270) are
superpositions of individual Breit-Wigner resonances to thencluded. There is also some& 2 structure above 2.0 GeV in
data points of each intensity distribution. The following KK mass, which could contribute to the present fitted range,

channels are considered: and thus the tail of a high mass 2 state is included in our
fit. We choose a resonance mass of 2250 MeV and width of
I/ h— y5(1529 350 MeV to represent the structure in the higher mass region.
L yfo(1710 The mass and width of thg,(1270) are fixed at the values
0 quoted in the PDG. For the tensor resonarf¢é1525), its
—yf5(1270 mass and width are fixed to the values=l#519 MeV, T’
=75 MeV determined by the global fit which is described
— yfp(1500 below, and the total branching fraction and ratios of ampli-
— y+broad 0" and 2"* components. tude intensities are determined to i#J/y— yf;(1525)

—yKK]=(4.02£0.51)x 10" % x*=|ay?/|a,d*=1.32
The first two are dominant. There is evidence for the exis=0.29, y°=|a,*/|a, d*=0.38+0.20. The intensity of the
tence of thef,(1270), and thd 4(1500) is included here for 2(1270) is poorly measured because of the relatively low
consistency with the global fit below. statistics and the weak coupling of this statek&. The
For the spin 0 amplitude, two interfering resonancesamount of spin 2 component in the 1.7 GeV mass region is
(fo(1500), f4(1710) and an interfering constant amplitude small, ~(16+9)%. Theerrors shown above are statistical
term, which is used to describe the broad S-wave contribuand are obtained from the Breit-Wigner fit.
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*
K ¢ I , =1.00+0.28 andy?=0.44+0.08. In this fit, we allow some
+++++ ol #ﬂﬁ* : ﬁHﬂ 0" contribution under thef;(1525) peak, while previous
L i f e 1 analyses by DM2 and Mark 1{110,11] ignored the small O
L I — 015 > contributions. The branching fractions of ti§1525) and
M(K*K) (GeV) M(KK) (GeV) the fo(1710) determined by the global fit ar8[J/y

— yf5(1525)— yKK]=(3.42+0.15)x 10" * and B[/

FIG. 4. The KK invariant mass distributions froml/yy  — yfo(1710)— yKK]=(9.62+0.29)x 104  respectively.
—yK K™ andJ/y— yK2K . The points are the data and the full The errors shown here are also statistical. An alternative fit to
histograms in the top panels show the maximum likelihood fit. His-f ;(1710) with J°=2" is worse by 258 in log likelihood
tograms on subsequent panels show the complétar@il 2" con-  relative to 0" for yK "K™~ data and by 67 forngKg. Re-
tributions including all interferences. membering that three helicity amplitudes are fitted for spin 2
but only one for spin 0, the fit witd®=0" is preferred by
>100 after considering the two data samples together.

We now turn to the global fit to thé/¢— yK* K~ and Thg separation between spin 0 and 2 is illustrated in Fig.
Ilp— yK2K2 data. Each sample is analyzed independently5. taking theJ/y— yK"K™ data as the_example. Let us
and the fit results shown below are for their averaged valueglenote the polar angle of the kaon in K& rest frame by
This fit has the merit of constraining phase variations as #x, and the polar angle of the photon in thay rest frame
function of mass to simple Breit-Wigner forms. It also per-by ¢,. The data are fitted simultaneously including impor-
forms the optimum averaging of helicity amplitudes andtant correlations betweeé and 6,. The left panels show
their phases over resonances. Partial waves are fitted to th@sulting fits to cog for J=0 and 2. There is no significant
data for the same components described in the bin-by-bin fidifference between the two fits. The dlstr!butlons should be
The broad 0* component improves the fit significantly: flat for 0", but the m'gerference with the tail §65(1525) has
removing it causes the log likelihood value to become worsé large effect. The right panels show the fits to épsthe
by 221. For thef,(1270) andf,(1500), we use PDG values optimum fitis V|S|bly bgtter_ fon].=.0 than for\]=2.. (If one
of masses and widths, but allow the amplitudes to vary in thditS only the cosp, distribution, it is possible to fit equally

well with J=0 or 2, but then the fit to ca8& gets much

fit. For thef,(1525), relative phases are consistent with zerg
worse)

‘r’é'ltzt'i':/eexﬁzgre":r;ﬂu%r%rj'V';r's siﬁgﬁﬁff Ot:‘ deeot';;f'ifl'g’;hat If the f,(1500) is removed from the fit, the log likelihood
P y : is worse by 1.653.58 for K"K~ (K2K2), corresponding to

for the electromagnetic transitiodéy— y+2*. In view of ahout 1.3 (2.20). If the f,(1270) is removed, the likeli-
the agreement with expectation, these relative phases are %eq ' o 2 0

; e — 01,0
to zero in the final fit, so as to constrain intensities further. soggdilz V\tlgr:,g b{sz.)fﬁl?:.@ for KTK™ (KsKyg), corre-
Afree fit to f5(1525) gives a fitted mass of 1532 MeV P g 7 13507
and a width of 734 MeV. The fitted mass and width of the
fo(1710) are M=1740+4 MeV and 1“=166f§ MeV, re-
spectively. The fitted intensities are illustrated in Fig. 4. For The systematic error for the global fit is estimated by
the f5(1525), we find the ratios of helicity amplitude€  adding or removing small components used in the fit, replac-

B. Global fit analysis

V. SYSTEMATIC ERROR

052003-5
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TABLE I. Estimation of systematic errdf6) in the global fit.Bfé(ms) and Bfo(mo) are the branching
fractions forf;(1525) andfy(1710), respectively.

Mias2s)  Dijaszsy X y? Bijaszs)  Mrjarag  Tijaroe  Bryario

removef ,(1500) ISR *0 °
usefo(1429) S o2 i
removef,(1270) Y % 0
use theo +0.66 +20  frt9, tE —1.44 +9 i
incoherent 0 * +0.99 S iy +3 g8
M, T of f5(1525) R o ‘e
M, T of fo(1710) AET I +3 3
M, T of high 2" * ey 3 i
background ey -9 %
Sy, +4.7 4.7
wire resolution +15 +15

ing the fo(1500) with the fo(1429), I'=169 MeV, de- the errors are statistical ones only, and for the global fit, the

scribed in Ref[3], varying the mass and width of the large first error listed is the statistical error, the second error is the
£4(1525) within the PDG errors, varying the mass and widthSystematic error, and the third one for the branching fractions

of the f,(1710) based on the difference between Khek - is for the model-dependence of the broad components.

; The two fit methods, bin-by-bin and global, are based on
and KgKg decay modes, and varying the background com- . : ' b 1d-global, &
ponent within reasonable limits in both the global fit angdifferent analysis concepts. In the bin-by-bin fit, the S-and

bin-by-bin fit. It also includes the uncertainty in the numberD'WaVe intensities are fairly well determined and nearly

of J/y events analyzed and the difference from two dif'ferentbmogfEI ;_r;deijr(]andent. Thtg Or,lh/ :nodlelsdep(cajn[c)ience N thedbgn-
choices of MDC wire resolution simulation. y-bin Tt 1S the assumprion tat only S-and L-waves need be

The uncertainty about the shape of broad*0back- considered,; this is reasonable, since one would not expect

S n .
ground is included in the systematic error also. An incoher-s'gn'ﬂcam 4" amplitudes below 2 GeV. However, due to

ent fit with this broad component and a fit with alternative I(':r(;]\'/fri Seteg]',sttr']ces dfeotrecii(r:hthtgnre?;t(ijv;hehgg;egf Sglrlgaﬁ\r/]vgl\?es
forms for thes-dependence using the parametrization of Zou 9 ’ P P

and Bugg[12] for the f,(400— 1200) have been performed cannot be wgll determined. Thls_ causes larger uncertainties

. : : : when extracting the mass and width of resonances by fitting
o estimate the systematic error from this source. This UNCEIShly the partial wave intensities without the constraints of
tainty affects the results significantly, especially the branch;[ eyrelativ% hases between them. In the alobal fit. the phase
ing fractions, because of the interference between the broag P ' 9 ' P

structure and the other components. Therefore, the error fror\éigsf@?gsnsrs(gv\;gj?gmg ?rfh;ngf;biﬂij ;‘Otusetrrilirr]l?ril}r% zlrr)rjple

this mo_del-dependence for the b_ranchlng fraction measur(?i_mizing procedure and statistical errors are better than those
ments is separated from the statistical and other systematl% the bin-by-bin fit. However, if some non-BW resonance is

errors in our final results. The systematic errors for the globagssumed to be a BW-form amplitude, this will give a model-

fit are summarized in Table I. For the mass and width, only X ; . .
the contributions from the model-dependence, which aréjependent biased result. The model independent bin-by-bin

large compared to the other errors, are shown in the table.resu“ for _the partial wave intensities can prowde gwdance
for choosing components for the global fit. The final full

amplitudes from the global fit definitely give a better fit to
the whole set of data than the amplitudes obtained from fit-

The results of the bin-by-bin and global fits are summa-

rized in Tables Il and 1l respectively. For the bin-by-bin fit, ~ TABLE lll. Measurements of thé;(1525) andfo(1710) for the
global fit. The first error is statistical, the second is systematic, and

TABLE Il. Measurements of thé;(1525) andf,(1710) for the the third is that corresponding to model-dependence of the broad

VI. RESULTS AND DISCUSSION

bin-by-bin fit. Errors shown are statistical only. components.
f,(1525) fo(1710) f,(1525) f4(1710)
M (MeV) 1519 (fixed) 1722+ 17 M (MeV) 1519+271° 1740+4112
I'(MeV) 75 (fixed) 16773} ' (MeV) 75+ 471 166'3" 15
B(I hp— yX, B p— X,
X—KK)(X 104 4.02+0.51 111727 X—KK)(x107%) ~ 3.42+0.15°522558  9.62+0.29 T55 50
x2=|ay4|%l|a,d? 1.32+0.29 amp. ratiosx® 1.00+0.28' 398
y2:|a2'2|2/|a2'0|2 0.38+0.20 y? 0-44i0.08f8j%g
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ting the partial wave intensities without constraints of rela-For the f;(1525), the helicity amplitude ratios are deter-
tive phases between them. mined to be 1.080.28" 3¢ and 0.44-0.08' 022, respec-

Fortunately from Tables Il and Il and the comparisontively. They are consistent with theoretical predictions.
shown in Fig. 3, we see that the results obtained from the

bin-by-bin fit and the global fit for thef}(1525) and
fo(1710) agree with each other well within the errors. The
ratios of the helicity amplitudes of th&,(1525) from the The BES Collaboration acknowledges the strong efforts
present analysis are in reasonable agreement with Kranof the BEPC staff and the helpful assistance we received
mer’s predictiong13]. These ratios provide useful informa- from the members of the IHEP computing center. We also
tion for testing models of the resonance production and dewish to thank William Dunwoodie and Walter Toki for useful
cay mechanisms. Most importantly, the analysisdiscussions and suggestions. This work is supported in part
demonstrates that the mass region around 1.7 GeV is préy the National Natural Science Foundation of China under
dominantly 0" * from the f,(1710) [14]; this conclusion is  contracts Nos. 19991480, 10225524, 10225525, the Chinese
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