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The decays of the (2S) into vector plus tensor meson final states have been studied for the first time
using the BES detector. We determine upper limits on branching fractiong(#$) decays intow f>,
pas, K*OFQO + c.c., andg f3(1525) that are, in each case, significantly smaller than the corresponding
branching fractions for the//¢y meson, scaled according to the expectations of perturbative QCD.
[S0031-9007(98)07836-3]

PACS numbers: 13.25.Gv, 12.38.Qk

One of the most dramatic problems confronting the 0 = B(y(25) — h) = B((2S) = e'e”)
understanding of hadronic charmonium decays is the ' BU/¢y—h) B(J/p — eter) ’
strong suppression ofy(2S) — pm and K*K + c.c. — (146 + 2.2)%, (1)
decays. In perturbative QCD, the most important lowest-
order diagram forJ/ and (2S) decays to hadrons where the leptonic branching fractions are taken from
corresponds to the annihilation of the constituerand the Particle Data Group (PDG) tables [2]. It was first
¢ quarks into three gluons. In this case, the partial widthobserved by the Mark Il experiment [3] that, while this is
for the decay is proportional tp¥(0)|?, where W (0) is  true for a number of exclusive hadronic decay channels,
the wave function at the origin in the nonrelativistic quarkit is badly violated for the vector plus pseudoscalar-
model forczc. Thus, it is reasonable to expect that, for anymeson YP) final statesp7 andK*K. The preliminary
final hadronic staté, theJ /s andy(2S) decay branching BES results confirm the Mark Il measurements at higher

ratios will scale as [1] sensitivity. The present experimental limits oy, and
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Ok indicate order-of-magnitude discrepancies with thebination has an invariant mass within 50 MeV of the
expected ratio of branching fractions [2,4]. This anomaly,J/# mass. The latter is removed by eliminating events
called thep 7 puzzle, has generated considerable interestvhere anyz* 7~ pair has an invariant mass greater than
and a number of theoretical explanations have beed.9 GeV/c>. There are 939 events selectedyga@s) —
proposed [1]. However, meager experimental progress 7 77~ #° candidate events. The* 7~ #° mass
has hindered the resolution of the puzzle. Until recentlyspectrum of the selected events, shown in Fig. 1, has a
no other examples of substantial differences betwkgh clear » signal with a mass resolutior = 13.4 MeV.
and(2S) hadronic decays have been documented. Candidatew mesons are required to havem 7~ 7°

In this Letter, we report the results of a studyyf2S)  combination with an invariant mass in the rang) <
decays into vector plus tensor mesdiT'] final states m,+,-,0 < 820 MeV. Figure 2 shows the invariant mass
and present branching fraction limits fgn2S) — wf>,  spectrum forz "7~ pairs recoiling against candidate
pay, KK, + c.c.,andg f4(1525). The data were taken mesons. There is no obvious signal in the region of the
with the BES detector at the BEPE" ¢~ storage ring  f»(1270). A fit to the spectrum using a Breit-Wigner
and correspond to a total sample(8f79 + 0.31) X 10°®  function with mass and width fixed at the PDG values
producedy(2S) events. The BES detector is described(m = 1275 MeV, I' = 185 MeV) and convoluted with
in detail elsewhere [5]. A 40-layer main drift chamber a Gaussian resolution function wih = 12.3 MeV, to-
in a 0.4 T magnetic field provides tracking and energy-gether with a quadratic background shape, yi&l8s+ 9.2
loss @E/dx) information. The momentum resolution is w f, events, which imply @0% confidence level upper
op/p = 17%4/1 + p2(GeV/c), and thedE/dx resolu- limit of 23.8 events. Using the isospin ratio 2:1 fex de-
tion for hadron tracks for this data sample is ab8#t.  cays intor* 7~ to #°#° and the experimental efficiency
The tracking chamber is surrounded by an array of 4&f 0.074, we determine an upper limit on the branching
time-of-flight (TOF) counters with a resolution of about fraction of
450 ps for hadrons. Radially outside of the TOF are an
electromagnetic calorimeter with a resolutionagf/E = B(y(2S) = wfy) < 1.7 X 107* (C.L. =90%) .
0.22/{/E(GeV), o4 = 4.5 mrad, andry = 12 mrad, and
an array ofu counters that are interspersed inside the steel We use they(2S) —» 7" 7~ w* 7~ 7% sample with
plates that return the solenoid’s magnetic flux. the events that are consistent withr * 77~ removed to

For they(2S) — w f> andpa, decay channels, we use search forg(2S) — pa, — ppw. Here we select the
the reactiony(2S) — 7 7wt 7 % forthey(2S) - 7 7~ and #°7* combination that has the minimum
K™K + c.c. andgfs decays, we user*7 K*K~  value of the quantity [6]
andK K~ K"K~ final states, respectively. Each analysis J — 5 — 5
requires events to have four charged tracks with total (Mg = mp0)" + (o= — mye)
charge zero and, in the case of the"7# 7"# #°  and require this minimum value to be less than 200 MeV.
final state, at least two photons. Tracks consistent witiThe combinedp®7= and p*#~ invariant mass plot,
being electrons in the electromagnetic calorimeter oshown in Fig. 3, has no indication of an(1320) meson
being muons in the muon detector are discarded. Thsignal. A fit to this spectrum with the, represented by
dE/dx and TOF measurements are used to setedr a resolution-broadened Breit-Wigner line shape with mass
K tracks with a confidence level larger than 0.003 forand width fixed at PDG valuesn(= 1318.1 MeV, I' =
each track and 0.01 for four tracks combined. Events ar@¢07 MeV) and a quadratic background function gives
kinematically fit to four energy-momentum constraints,39 + 157 a, events, which correspond to less than
and those with a fit probability greater than 0.01 are29.6 events at th@0% confidence level. Using isospin
accepted. Photon pairs that haveyg invariant mass
within 2.5¢ (o = 14 MeV) of the 7° mass are assigned
as candidater’s. The detection efficiency is determined
using1 X 10* or 2 X 10* Monte Carlo (MC)-simulated ,
events that are generated with a uniform phase space> < -
distribution. Ther or K decays in the detector according :
to the PDG [2] lifetimes and branching fractions. The
relative uncertainty of efficiency obtained in this way is
estimated to b@0%. Efficiencies given in this paper refer
to the specifid/T final states. i

Inthe 7 "7~ 7" 7~ =° sample, the major background ok U R S
contributions are fromy(2S) — « "~ J /4 followed by e
J/ — =7~ 7% and fromy(2S) — nJ /¢, wheren — M(reree) (GeVie)
77~ " and theJ /¢ decays to leptons. The formeris FiG. 1. The #*# #° invariant mass distribution for
rejected by removing events where amy 7~ 7° com- ¢ (2S) — w7 77~ x° events (four entrigevent).
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FIG. 2. The invariant mass distribution of* 7~ pairs re- FIG. 4. Thew*K* invariant mass distribution fog(25) —
coiling against candidates mesons for events of the type #*# K*K~ events (four entrigevent).
¥ (2S) — wm*7~. The curve shows a fit to quadratic back-
ground plus af, resonance (see text).
Breit-Wigner functions with masses and widths fixed at

the PDG values for theK*® (m = 896.1 MeV, T =
05MeV) and K (m=14324MeV, T =
09 MeV), together with a quadratic background.
The MC-determined experimental mass reso-
(C.L. = 90%). Iution§ are 4.9 MeV for thek* and 6.7 MeV for
the K;°. The fit yields1.4 + 8.6 K*°K;° events, which
, B L imply a 90% confidence level upper limit of 17.2 events.
In the selection ofr* 7~ KT K~ final states, each event Using the isospin ratik = *:K970 = 2:1 for both the
has four possibler™, 7=, K™, andK ™ track assignments. x«0 anq k20 decays and the MC-determined efficiency of
For each assignment that satisfies the four-constraint kln%—_]_?l’ we determine the limit
matic fit with a probability greater than 0.01, the TOF
and dE/dx measurements and the kinematic fit quality
are combined to determine a global>. The track
assignment with the smallest globgF is selected as a (C.L. = 90%) .
candidatewr "7~ K"K~ event. The main background
which remains fromy(2S) — 7 7~ J /¢ is eliminated
by requiring the mass recoiling against thé 7~ to differ
from m,,, by more than 50 MeV. There are 614 events
after the above selections. Tho&e 7 pairs with an
invariant mass in the rang®0 < mg-:,= < 1000 MeV
are considered to b&*’ candidates. The contamination
from ¢(2S) — ¢t 7w~ with ¢ — K*K~ is found to
be negligible. TheK*7* mass spectrum, shown in
Fig. 4, has a pronounced peak at the mass of Kfi&
The invariant mass distribution & =7 tracks recoiling
against thek* candidates, shown in Fig. 5, is fit with two

invariance to correct for the unsean — p7 decay
channels and the MC-determined experimental efficienc
of 0.074, we determine

B((2S) — pay) <23 x 1074

B(y(2S) —» KK, + c.c) <12 x 107*

In the selection oK™ K~ K™K~ final states, the TOF
anddE/dx measurements are used to select kaon tracks.
Events are kinematically fit to four energy-momentum
constraints, and those with a fit probability greater than
0.01 are accepted. Backgrounds from oti€2S) decays
are negligible. Figure 6 shows tl&" K~ mass spectrum
for the 41 selecte& ™K~ K"K~ candidate events; there
is a strong¢ (1020) signal. Here the experimental mass
resolution is o = 4.1 MeV. We identify all K"K~
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0.8 1.0 1.2 1.4 16 18 2.0 M(TK) (GeV/e)

M GeV/e _
(Pmy ( ) FIG. 5. The invariant mass distribution fofr*K* tracks

FIG. 3. Thepw invariant mass distribution for events of the recoiling against & for ¢(25) — w*7~K*K~ events. The
type (25) — p°p*7*. The curve shows a fit to quadratic curve shows a fit to quadratic background pki& and K3’
background plus an, resonance (see text). resonances (see text).
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10 TABLE |. Branching fractions measured fgr(2S) — vector
H plus tensor meson final states. Results for the corresponding
© 8r J /¢ branching fractions [7] are also given as well as the ratios
2 0, = B(#(2S))/B(J/¢). All limits are at the90% confidence
g 6 - level.
% oL Final state B((25)) (X107%)  B(J /) (X1073) o)
R wf> <1.7 43 * 0.6 <0.040
w2 H ﬂH %H%H Hﬂ pay <23 10.9 = 2.2 <0.021
L 0"
R 1 e M KK, <12 6.7+ 26 <0.018
10 12 14 16 18 of <0.45 1.23 £ 0.06 £ 0.20 <0.037

M(K'K) (GeV/e)

FIG. 6. TheK*™K~ invariant mass distribution fog(2S) —
K*K" K"K events (four entrigeevent). by hadron helicity conservation (HHC) [8], whered®

decays are HHC allowed [9].
pairs with mg-x- < 1040 MeV as candidates mesons. In conclusion, we have presented first measurements of

#0770 /
Figure 7 shows the invariant mass distribution for the?(2S) decays taw f2, pa>, K™'Ky", and¢ f5(1525). The
KK~ pairs that are recoiling against candidage UPPer limits established for the branching fractions for

mesons. No evidence for an enhancement at the ma§&ch of these decay modes are well below the level ob-

of the f} resonance is apparent. There are three event@ined by scaling the corresponditigys branching frac-
in the Fig. 7 distribution within=80 MeV of the f5 mass tion according to expectations based on perturbative QCD.

(m = 1525 MeV, T = 76 MeV). The 90% confidence The puzzle of the hadronic decays of thay and (25)

level upper limit on this number of events is 6.68. Using€Xt€nds from the&/P decay to theVT' decays.

the MC-determined efficiency of 0.181, we determine an W€ gratefully acknowledge the efforts of the staffs
upper limit for the branching fraction of of the BEPC accelerator and the computing center at

the Institute of High Energy Physics (Beijing). The
authors also thank G.D. Zhao, S.J. Brodsky, and S.F.
Tuan for enlightening discussions. This work was
supported in part by the National Natural Science
Table | summarizes the results of branching fractionFoundation of China under Contract No. 19290400;
measurements for thg(2S) — VT decay modes reported the Chinese Academy of Sciences under Contract
here. For comparison, the table includes the data for thblo. KJ85 (IHEP); and by the Department of Energy
corresponding/ /« decays [7] as well as the ratios of the under Contracts No. DE-FG03-92ER40701 (Caltech),
¥ (28) to J /¢ branching fractions. All fours(2S) — VI No. DE-FG03-93ER40788 (Colorado State University),
decay modes are suppressed by a factor of at least I8o. DE-AC03-76SF00515 (SLAC), No. DE-FGO03-
compared to the expectations of Eq. (1). An even higheB1ER40679 (UC Irvine), No. DE-FG03-94ER40833 (U
statistics study would be required to determine whether oHawaii), and No. DE-FG03-95ER40925 (UT Dallas).
not the suppression of théT" decays is as severe as that
of the p7 andK*K decay channels. It is noted that, in a
perturbative QCD quark scheméP decays are forbidden

B(y(28) — ¢ f5(1525)) < 4.5 X 107> (C.L. = 90%).
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