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Structure Analysis of the f;(1710) in the Radiative DecayJ /¢ — yKT K~
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The data onJ/¢y — yK*K~ from the BES experiment at the Beijing electron-positron collider
have been analyzed. We find two resonances in the 1.7 GeV region which were identified
as f,(1710): a scalar with massi781 = 871%MeV) and width 85 = 24*%3(MeV), and a tensor
with mass 1696 = 5°3,(MeV) and width 103 = 1873%(MeV). The resulting branching ratios
B(J /¢ — yf)B(f; — K"K~ )are 0.8 = 0.1707)107* for J = 0 and @.5 + 047031074 for J = 2,
respectively. [S0031-9007(96)01490-1]

PACS numbers: 14.40.Cs, 12.39.Mk, 13.25.Jx, 13.40.Hq

There has been considerable recent interest in théhnogonal to thef;(1500) is believed to be in this region.
f7(1710) and its role in glueball spectroscopy. Phe-Such a state orthogonal to th#@(1500) is expected to
nomenologically, since thg;(1710) was first discovered have a large branching ratio in its decay K&, as the
by the Crystal Ball Collaboration id/# — ynn [1], it  data [13] from the Crystal Barrel show that the branch-
has been observed in other channelg 6§ decay [2,3], ing ratio of the f((1500) decaying intoKK is smaller
the pp central production [4], andr~ p induced reac- than that expected for a glueball state. If thig1710)
tions [5,6], in which the production of glueballs is ex- proves to beJ = 0, it fits the profile of such a state and
pected to be enhanced, while there is no evidence of theecomes an important glueball candidate. Thus, the re-
f;(1710) in yy collisions [7] where glueball production actionJ/s — yKK would be a very important channel
should be suppressed. Moreover, th&€1710) has not to investigate thef,(1710), because the production of a
been observed in th& ~p reaction [8], which suggests scalar glueball with a relative largék branching ratio is
that it is unlikely to be ans state. A recent investigation assumed to be enhanced in this reaction.

[9] shows that the nature of this state depends critically on The spin of thef,;(1710) has not been well determined
whether its spin parity i®"" or 2**; a scalarf,;(1710)  experimentally [14]. The result from the MARK IlI
is likely a glueball state. The calculations on QCD lat-collaboration showed that it is dominated by the spin zero
tice predict [10,11] that the lightest glueball should bestate [15]. Thef,;(1710) produced in the central region
a scalar with mass-1.5-1.7 GeV, which is consistent of the reactionpp — p/(KK)p, [4] favors strongly spin
with the mass off,(1710). The study by Amsler and two at m = 1713 MeV, while a spin zero resonance
Close [12] suggests that thfg(1500) should be a glueball with mass 1771 MeV is claimed in another reaction
mixed with the nearby flavorless member of e, gg 7 (23 GeV/c?)p — K°K%: [5]. The recent analysis
nonet. If this is indeed to be the case, another state ofi6] of theJ/¢y — y#* 7~ =7~ data from the MARK
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Il showed the presence of both™* and2** states in J/¢ — K**K*, (2) J/yp — p~7*F, (3) J/¢p — p°n°,

this region. In this Letter, we present an analysis of thg4) J /¢ — yf,(1270), and (5)J/¢ — yn(1440). The

recent/ /s — yK* K~ data from the BES experiment at Monte Carlo simulations indicate that the efficiencies for

the Beijing electron-positron collider (BEPC). Our resultthese reactions are 3.3%, 0.7%, 0.02%, 0.2%, and 0.09%,

clearly shows the existence of both scalar and tensor statesspectively. Furthermore, most events wiki =K~

in the £;(1710) region. and p=7~ final states are distributed on a high mass
The preliminary selection of theyK*K~ events region (>2 GeV). TheK" K~ invariant mass spectrum

chooses those that have two oppositely charged tracks shown in Fig. 1, wherein the resonance structure in the

of which the momentum is smaller than the mass oflL.5 and 1.7 GeV regions is clearly seen.

J/¥. Each charged track should have a good helix fit For the procesd /¢ — VX(X — PP), the moment is

in order to ensure a correct corresponding error matrixiefined as

in the kinematic fit. Moreover, more than one photon

per event is allowed to consider the possible existence of 7, = f W(8y, Q)Re

the fake photons which come from the interactions of the

charged tracks with the shower counter or from electronic J I ox

noiséJ in the shower counter. The following selection X (D5, (0, 0v, 00D, "(Q)]d costy A2, (1)

criteria are used to remove the Bhabha events: (i) Th&vhere W(6y, () is the angular distributiony denotes

opening angle of the two tracks satisfi@s, < 175°.  (j,l,m), and P represents a pseudoscalar particle. The

(i) The energy deposit of each track in barrel showermeasured moment is

counter (BSC) satisfieg,. < 1.0 GeV. (iii) The angle I j Ll x

between each track and thedirection (positron beam Ny e;-ts RelDo.-m(0.0v,0) - Dy o (W] ()

direction) satlsfle_sl cosf| < 0.7. If the two charg_ed and the correlation matrix o¥. is

tracks are accollinear and the muon counter is hit, the H

event is rejected as aut u~ event. It is required that

_ J' [
the kinematic variable|U| = |Epniss — |Pmissl| < 0.1, Ouv = evezm Re[ Dy (0, 0v, 0)D " ()]
whereE ;s andP,,;, are the missing energy and missing S
momentum of all charged particles, respectively, and -Re[D‘(’),_m(O, GV,O)D,’n 0 (Q)], (3)

they are calculated by assuming two charged particles s .
as aK*K~ pair. This requirement can remove most Whereu and denote the indicet;’, /', m") and(j, 1, m),

background contributions from the events having mul_respectlvgly.

tipion or other neutral particles. Another important cut The efficiency-corrected measured can be expressed as
P, = 4_|Pmissl2 Si?(0,,,/2) < 0.0035 GeV? s ~ used N =cC'N )

to eliminate background photons, whegs,, is the

angle between the missing momentum and the photofi

direction. The 4€ kinematic fits are performed by

assuming the final state as gr*7~ or a yK K~ N, = Z C,.N,. (5)
separately for each event, and the event is excluded if v

Xymin < Xx+k-- Thus, after all these cuts, the back- The quantity C in Egs. (4) and (5) is the efficiency
ground from following reactions is greatly removed: (1) correction matrix,

1 Ny i I
S0 F Cuv =~ D Re[Dg (0, 0v,0)D},, 0" ()]
§ : JAy A Ny 5
70 F —->YK'K . )
&7 * (2 = 8mo)Re[Dy (0, 0v,0)D;, 4" ()], (6)
B 60F . . .
‘g : The covariance matrix d¥l is
S 50F
Qo v=cloc, )
where N, is the events number accepted by detector
30 F after the events selection, amd, is the events number
20 f generated in Monte Carlo simulation.
: Previous work by BES at BEPC [17] indicates that
10 | ) ) . .
: there exists a spin 0 and a spin 2 component in the
SRR BPETETEN BPErErS BT SYErEr ST TR R 1 1 1
0 T e I s e 2 mass region off,;(1710). The higher spin components
M(K'K) (GeV) are excluded as the results from perturbgtlvg quantum
chromodynamics [18] show that the contributions from
FIG. 1. Mass distribution foy /¢y — yK*K~. the high spin(>2) components are very small. The
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FIG. 2. The helicity amplitudes versus invariant massk —.

theoretical moments of radiative decayy — yX(X —

PP), T, = T(j,1,m)with 0t* and2™" components can

be written as [19]

T(000) ~ 8[(A, + AT, + A],) + Bil, (8)
4
T(200) ~ g[(A%o — 241, + AL) + Bil,  (9)

1
7(020) ~ 8[7 (243, + A3, — 2A3%,)

1
+ —AB , 10
\/5 10 107} ( )
81
T(220) ~ g[7 (Afy — AL, — 24})
1
+ —= A yB , 11
2\/5 10 107} ( )
4T 1
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FIG. 3. The separate@"* from f,(1710).
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T(040) ~ H(6A%0 — 443, + A, (14)
4

T(240) ~ R(m%o — 8A%, + A2), (15)

4
T(241) ~ E(%/EAH)AH + \/EA]lAlz), (16)

44/10
35 ApAiz, (17)

where By is the helicity amplitude fo0™" component,
A, Ar1, and A;, are those for2**, and y = 2cos¢
represents the interference betw®eén and2* ™.

The objective function is defined as

A’=N-T)V'N -1, (18)

and the standard Minuit Program in CERN LIBRARY
is used to minimizeA?. The invariant mass spectrum
KK~ (from 1.44—1.86 GeYc?) is divided into 14 bins
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FIG. 4. The separate2i"* from f,(1710).
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TABLE I. The masses, widths, and branching ratios{gf+ and X,++.

Spin Mass (MeV) Width (MeV) B(J/y — yX)(X — KTK™) (107
0+t 1781 + Sfé? 85 * 24tj330 0.8 + 0.1t§;3
2+ 1696 * 573, 103 + 187} 2.5 * 04702

F5(1525) 1516 = 5175 60 += 2313 1.6 + 0.259%

with a 30 MeV bin width in order to ensure both high  This work was supported partly by the National Science
statistics in each bin and a small enough mass interval fdfFoundation of China under Contract No. 19290401. We
performing a moment analysis. The helicity parametershank the staff of the BEPC accelerator and the IHEP
are obtained for each bin, respectively, by minimizing theComputing Center. We are grateful to L. S. Kisslinger
A%, in which v = 2cos¢ ranges from—2 to 2. The and Z.P. Li of Carnegie Mellon University, and K.T.
helicity amplitudesB;g, A9, . .. from above fits are shown Chao of Peking University for many useful discussions.
in Fig. 2. There are multisolution problem for some bins,

and we resolve this by finding all possible solutions for

the bin and choosing the one that has the smalésand

small errors of helicity amplitudes.

The contributions to th#K* K~ mass spectrum from [1] C. Edwardset al., Phys. Rev. Lett48, 458 (1982).

0"" and 2++ components are Sh(_)W” in Figs. 3 and [] J.E. Augustinet al., Phys. Rev. Lett60, 2238 (1988).

4, respectively, which are renormalized to the observed[3] R. M. Baltrusaitiset al., Phys. Rev. D35, 2077 (1987);
mass spectrum. The3(1525) is well reproduced in T. Bolton, Ph.D thesis, MIT, 1988.

Fig. 4, and a second** resonanceX,-- appears in the [4] T.A. Armstrong et al., Phys. Lett. 167B, 133 (1986);
lower part of thef,;(1710) mass region. Figure 3 shows Phys. Lett. B227, 186 (1989).

the presence of &** resonanceX,: in the higher  [5] A. Etkin etal.,Phys. Rev. 25 1786 (1982).

part of f,(1710) mass region, and it accounts for 30% [6] B. Bolonkin et al., Nucl. Phys.B309, 426 (1988).

of £,(1710) with nearly 10% uncertainty. The masses, L/ H. Aiharaetal., Phys. Rev. Lett57, 404 (1986).
widths, and branching ratios & and2** are given L8] D- Astonetal, Nucl. Phys.B301, 525 (1988).

. ’ . . . [9] F.E. Close, G.R. Farrar, and Z.P. Li, Report No. RAL-
in Table I, in which the errors come from the Breit-

. . o 96-052, Ru-96-35.
Wigner fit and the uncertainties of the background Shapﬁo] G. Bali et al., Phys. Lett. B309, 378 (1993).

and the bin widths, respectively. The branching ratiog;1] p. weingarten, Nucl. Phys. B (Proc. Sup@4, 29 (1994);

are estimated by using the acceptance efficiency from 3. sextoret al., Phys. Rev. Lett75, 4563 (1995).

Monte Carlo simulation and the fit of the spectra of thesg12] C. Amsler and F.E. Close, Phys. Rev.53, 295 (1996).

resonances. [13] A. Abele et al.(to be published); C. Amsleet al., Phys.
The hadronic decay /¢ — wK*K~ is also useful Lett. B 355 425 (1995).

to study the identification of the;(1710) because the [14] Particle Data Group, Phys. Rev. 33, 379 (1996).

fﬁ(1525) in this channel is below the threshold. It is [15] L.P. Chen, Ph.D thesis, Stanford pmversny [Report

expected that this can be carried out with the upgradefi No. SLAC-REPORT-386 1991 (unpublished)].

BES and moré/ /¢ events in the near future. 16] D. V. Bugget al,, Phys. Lett. B353 378 (1995).

In summary, a scalar and a tensor are separated from tl[11e7] Z.P. Zheng, inLepton and Photon Interactionsgited by
Y; P Persis Drell and David Rubin, AIP Conf. Proc. No. 302

broad resonance around 1.7 GeV. The scHlar (1780) (AIP, New York, 1994), p. 530; Z. D. Cheng, M.S. thesis,
in the £,;(1710) mass region is clearly established in our IHEP Beijing, 1992.

analysis. Further investigation on the other channels, sugiig] A. Billoire et al., Phys. Lett.80B, 381 (1979).

asJ/y — y4m and theJ /iy — yma will be helpful to  [19] H. Yu, Q.X. Shen, Y.C. Zhu, Z.P. Zheng, and Z.D.
understand the nature of the scalar and tensor. Cheng, High Energy Phys. Nucl. Phyi&Z, 143 (1993).

3962



