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The so-calledow puzzle ofJ/¢ and (2S) decays is examined using the experimental data available to
date. Two different approaches were taken to estimate the rafib/ofnd (2S) hadronic decay rates. While
one of the estimates could not yield the exact rati@/(2S) to J/¢ inclusive hadronic decay rates, the other,
based on a computation of the inclusiygg decay rate for)(2S)(J/¢) by subtracting other decay rates from
the total decay rate, differs by two standard deviations from the naive prediction of perturbative QCD, even
though its central value is nearly twice as large as what was naively expected. A comparison between this ratio,
upon making corrections for specific exclusive two-body decay modes, and the corresponding experimental
data confirms the puzzles iy and #(2S) decays. We find from our analysis that the exclusively recon-
structed hadronic decays of thg2S) account for only a small fraction of its total decays, and a ratio
exceeding the above estimate should be expected to occur for a considerable number of the remaining decay
channels. We also show that the recent new results from the BES experiment provide crucial tests of various
theoretical models proposed to explain the puzzle.
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One of the outstanding problems in heavy quarkoniumcal models are discussed in order to offer a greater under-
physics is the strong suppression of ti#é2S) decays to standing of thep puzzle, in light of recent BES results.

vector plus pseudoscalar-mestviP) final states,pw, and Conventionally, measured ratios ¢{2S) to J/ branch-
K*K*~+c.c.. which is referred to as ther puzzle [1]. ing fractions for specific exclusive hadronic decays are com-

Following the first observation of this anomdig], meager Paréd with the naive prediction of PQCD, the so-called

- “15% rule.” In the framework of PQCD[5], one expects
experimental progress was made over the years, and theor i . :
ical analysis based on limited data often led to unsatisfac—/"/’(‘!’(zs)) to decay to hadrons via three gluons, or a single

tory, sometimes premature, inferences. The situation ha%lrect photon. In either case, the partial width of the decay is

: > . i
been changed dramatically in the last few years. A wealth OProportlor}a.I t(?|\I/(O)| ’ Wher?'g’(_o)| Is the wave functlgn
interesting new information, which extended the puzzle con@t the origin in the nonrelativistic quark model of tee
siderably, has emerged from intense studieg/(#S) had- quark state. Thus one finds that
ronic decays at the BES experiment, using a large sample of
3.79x 10° ¢(2S) decays3]. It is hoped that new concerted 3 _
efforts on both theoretical and experimental sides will even- — B(#(25)—999 _ as($(29)) B(y(2S5)—e"e")
tually lead to a solution of this long-standing conundrum. " B(J/y—gg9) adJly) BIly—ete)

In this paper we seek to examine ther puzzle based
purely on existing experimental data. We begin with an =(14.8£2.9%, (1)
analysis for estimating the ratio of hadronic decay rates of
JIy and (2S), which we shall denote b®, by using the
data compiled by the Particle Data Grouf, in an attempt
to avoid as many theoretical ambiguities as possible in th
analysis. Two different approaches to this estimate are per-
formed. First, we compare the results between themselves TABLE I. Experimental data on branching fractions for electro-
and the naive prediction of perturbative QGBQCD) is magnetic decays ai/ ¢ anq #(2S) used in our analysis. All data
used. Subsequently, possible correctionQtare discussed, &€ taken from the Particle Data GroupDG) [4] except the
as they associate with specific exclusive decay modes, arfjanching fraction for/(2S)— 7" 7~ which is a first measurement
the corrected values @ are used as standards to compareby BES[11].
with the corresponding experimental data. Comments on thghannel

where the new world averages of the leptonic branching frac-
éions are usedsee Table)l This is assuming that the strong

issue ofd/ ¢ and (2S) decays to multihadron final states BOY) B((29)

and on the potential similarity of theg.-7.(2S) decays to  »* —hadrons (17.0£2.0)% (2.950.4)%

the pr puzzle are profusely added. Finally, various theoretete- (5.93+0.10)% (8.8:1.3)x10°3
AT (5.88+0.10)% (1.03:0.35)%
. (2.71+0.70)x 103
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TABLE Il. Experimental data on branching fractions fafy TABLE Ill. Branching fractions for thel/¢ and /(2S) exclu-
and ¢(2S) decays to lower mass charmonium states used in ousive hadronic decays used in our analysis. All data are from PDG
analysis. All data are taken from PD@]. [4].

Channel B(J/¢) B(4(2S)) Mode B(J/¢) B(4(2S))
VY7 (1.3+0.4)% (0.28-0.06)% ata (1.50+0.20)% (8:5)x10°°
ata Iy (31.0+2.8)% 2(mt ) (3.37+0.26)% (3.6:0.8)x10°3
w0703y (18.2-2.3)% 3wt )m® (2.9+0.6)% (3.5-1.6)x10°3
NI (2.7+0.4)% KK ot (7.2£2.3)x10°3 (1.6+0.4)x10° 3
w0l (9.7+2.1)x 10°* pprta (6.0+0.5)x 103 (8.0+2.0)x 10 *
¥Xco (9.-3:0.9)% ppm° (1.09+0.09)x 1072 (1.4+0.5)x 10" *
YXe1 (8.720.8)% op (2.12+0.10)x10°%  (1.9+0.5)x 10 %
YXc2 (7.8+0.8)% K K- (2.37+0.31)x10%  (1.0+0.7)x10*

coupling constants  are equivalent,_ i.e.as(¥(29)) decays ofJ/¢ and ¢(2S) are then given a8(J/y— v*)
= ay(J/ ). Taking the running constant, into accoun{6], =(28.812.00)% andB((2S) — y* )= (5.08+ 0.55)%, re-
the ratioQ;, becomes spectively.

As regards to the decay into lower mass charmonium
states, tha/ has only one radiative decay channel inig,

The Mark Il experiment first compared the theoretical pre_wherea§ theﬂﬁzs_) can d%caoy into aonumber of other final
states, i.e.,mw Iy, T Iy, Iy, Iy, Yxco,

diction of this value[(12.2+2.4)% then usedwith mea- 1
surements for a number of exciusive hadronic decays of th&Xc1+ YXc2, Y7, Y7¢(2S), and 1P, +X. The decay rates
of the last two channels are faint and thus are neglected in

J/ d they(29), th ling th le[2]. . . : .
% and they/(2S), thus revealing the = puzzie[2] ur calculation. The experimental data summarized in Table

However, this naive prediction suffers several apparen \
approximations. Higher order corrections, which may not | are all taken from PDG4]. Using these data we calculated

even be small, are not included in this calculation. For exihe total contribution to ccX: B(J/y—ccX)=(1.3
ample, a first order correction to the branching fraction of=0.4)% andB((2S)—ccX)=(78.1+3.9)%, respectively.

J/y—e*e” could be 50% of the lowest term if one were to By deducting the contributionB(y*) and B(ccX), we
ugeas(mJ,¢)~O.2.[7]. The relativistic effect is also ignored. find that B(J/¢—ggg)+B(J/y— ygg)=(69.9-2.0)%
Since the mass difference betwebny and(2S) is around  and  B(y(2S)—ggg) + B((2S)— ygg) = (16.8+3.9)%.

20% and(v?/c?)~0.24 for J/y, this correction may be at Therefore the ratio of branching fractions @t2S) to J/y
the same level as the lowest ord@f. The inclusion of the  decays into hadrons is given by

finite size of the decay vertex will significantly reduce the

Qn=(12.5+1.9)%. 2)

ggg decay width ofl/ ¢ [8]. Moreover, the effect of nonper- B((2S)—ggg)+B(4(2S)— ygg)

turbative dynamics is neglected, the size of which is hard toQ1= —a00)F — =(24.0-5.6)%.
: ; - B(J/¢y—ggg) +B(I/—ygQ)

estimate. Therefore, people may question the validity of the 3)

“15% rule” as a serious benchmark for comparing experi-

mental data. The relation between the decay ratesggg and ygg is
We present here two approaches to estimate the@tio readily calculated in PQCD to the first order [&3

using the data as displayed in Tables I-Ill. The first ap-

proach is based on an assumption that the decays df the r(J/y—yg9) 16 « s

and (2S) in the lowest order of QCD are classified into T(J/y—ggy 5 agm,) 1-29-). )

hadronic decaysggg), electromagnetic decays1), radia-
tive decays into light haﬁonSygg), and decays to lower Using a¢(m;)=0.28, one can estimate I'(J/y

mass charmonium statesct) [9,10]. Thus, using the rela- — v99)/I'(J/¢—9gg)=0.062. A similar relation can be

tion B(ggg)+B(ygg)+B(y*)+B(ccX)=1, one can de- deduced for thes(2S) decays. Thus one expects that “24%
ratio” stands well for eitheggg mode orygg mode.

from unity The other approach is to use the data on branching frac-
: . tions for hadronic decays in final states containing pions,

The eleftrgmagnetlf ciecay (_:hannels of digs !oroduce kaons, and protons that have already been measured for both

hadrons,e™e™ and u"u~ as final states. Besides these Iy and ¢(2S). They are 3¢ m )70, 2(w* )

channels, the electromagnetic decays/€2S) also include NI R 4oto= = o=, '

the 7" 7~ as a final state. The experimental data is summaZ?” , 7 7. 7 7 K'K™, 7'7 PP, PP, PPm’, and

rized in Table I, where the branching fraction ¢{29) KTK™. Using the PDG data compiled in Table Ill, we have

— 777 is a recent measurement of the BES experiment 8

[11], whereas the other data was taken from the Particle Data S Bi(Ih—F)=(9.43+0.72%

Group[4,12]. The total contributions to the electromagnetic = ' ' ’

rive B(ggg)+B(ygg) by subtractingB(y*) and B(CEX)
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and clusive processes that violate helicity conservation are sup-
pressed by powers afi*/s in QCD [14]. This would con-
tribute a suppression factdd?,,/M?,5=0.71 to the ratio

of the (2S) to J/ ¢ decay rates for final statgsr andK* K.
On the other hand, thegn and y»' modes are allowed by
It follows that the helicity selection rule, since helicity conservation applies
. . only to the hadron$13]. (Il) Exclusive reactions which in-
volve hadrons with quarks or gluons in higher orbital angular
QZ:; B‘('//(ZS)_)fi)/ ,21 Bi(J/y—1)) momentum states are suppressed by powers of B[’
[14]. This contributes a suppression factorMf,,/M7,s,
to the ratio of(2S) vs J/¢ branching fractions for decays

We note that the results obtained by the two approache'é‘t? such final states asfy, pa,, K* OP_(;?”LC'C" and
vary considerably. However, a comparison of the values of?f2(1525), where a meson R-wave state is includedlil)
the total branching fraction fog(2S)—ggg computed by Referenc§{14] reported anothgr suppression agsmg ;‘rom the
the two approaches indicates that only a small fractior@Symptotic form factor which would beMy;, /Mg
(~6%) of the exclusive hadronic decays ¢{2S) have =0.25 for decays t@p channel. Contrary to these calcula-
been reconstructed experimentally. It is thus obvious@at tions, Ref.[16] evaluated the three-gluon contribution with
is not the exact ratio off(2S) to J/¢ inclusive hadronic thec-quark mass instead of the charmonium mass. As a con-
decay rates, but represents on average the ratio of the exclsequence, the ratio of thk¢ and(2S) decay widths is not
sive decay channels, as measured to date. We therefore doaled to the 8th power of the ratio of their masses in our
not considelQ, any further. Nevertheless, the question per-calculations.
sists as to where the remaining hadro#{@S) decay modes Table IV lists corrections to the ratiQ, for several ex-
are and how the corresponding pattern of decays/{@S)  clusive hadronic decay channels. Experimental data from
to J/4 behaves. It would be an intriguing experimental taskPDG[4] are also included for comparison. As seen from the
to search for those remaining channels that are in such find#ble, the predicted corrected value of the r@ipfor by 7 is
states as those with higher multiplicities, or those withconsistent with the experimental data, whereas the experi-
multineutral particles, or even for remaining channels in nonmental ratio ofK{ (1270)K* is enhanced as compared with
qq states. In comparison with the naive PQCD expectationghe predicted value. The deviations of the measured ratios for
the central value o) is about a factor of two higher than decays into VP, VT, and other final statesvenpp) from
that of Q,,, as stated in Eq2). However, the difference lies the corrected ratios demonstrate suppressions in this case.
within the 20 error of Q; and is only marginally significant. Note that the combination of all the above correction results
The substantial error @, is essentially due to the propaga- led to a substantial reduction of the ratio #{2S) to J/¢
tion of errors during the subtraction of the decay ratedecay rates, well below 24% for many of the exclusive had-
B(y(2S)—ccX) from the total rate, although the total error fonic decay channelghis is also compatible with the obser-

— 506 Tak. vation mentioned above that the value®f is much lower

: éhan that ofQ;). One should therefore conclude that a con-

expectations of PQCD as well, it seems to us premature tglderable number of other decay channels ought to have an

regard this as a remarkable discrepancy that deserves serio hancement with a ratio above 24%’ in o_rder to make up for
considerations. all these suppressed channels. It is puzzling that so far there

To use the ratidQ, for comparison with the experimental has o+nly been Ione channel for t.IdQZS) decays ob;erved,
results of$(2S) andJ/ decays, it should be noted that the t€ K1 (1270)X™ channel, which is enhanced relative to the
estimate ofQ,, like the prediction ofQ,, is made for the /¢ [18]. Further systematic study ¢f(2S) decays are anx-
total width for ggg decay, not for the partial widths of ex- 0Usly awaited. _ _
clusive final states. Consequently, a number of corrections AS IS seen from the above analysis, we have restricted our

may be associated with specific exclusive decay modek: comparison only to decays to two-body final states. What if
is shown that the J/¢y and ¢(2S) decays to one makes a comparison for decays leading to three or more

jd > ; . )
ofy, pay, K*OK%04 c.c. andef)(1525) are hadron helic- hadrons? The Mark Il Collaboration did make such a com

) . ; arison in their original work2] and claimed that the rati
ity conservation(HHC) allowed[13], while that top# and P g ork2] and Q

= _ L for decay modes such 0 ta, KYK e,
K*K are HHC forbidder[14]. The general validity of the at nglwo and 3¢ :?;To ispgc;Tnsgtent with t7rT1e7rT1aive
:_”T'C atthe chglrr;:omum rr_lasls scale is ISC}IILaH open ques“?ﬁheoretical expectations. However, it should be pointed out
tis sugg_estg t at a critica t_est wou e 1o measure tNéhat most of these multihadron final states in fact include
angular distributions of exclqsw_e f|r_1al statgit]. EX|st!ng sums of several two-body intermediate states. One thus ob-
measurements on angular distributions Jéy decays into  go1eq a mixed effect which may not deviate noticeably from
pp, AA, 3059, anngKE [15] are consistent with the HHC the expected value d, even if a few of the two-body in-
predictions(baryon pairs within 1-1.5 standard deviatigns termediate states are severely suppressed. For example, the
however, no data is available f@r(2S) decays so far. Ex- decayJ/y—2 (" 7~ )«° proceeds predominantly through

8
-21 B, (4(2S)—f,)=(0.941+0.185%.

=(10.0+2.1)%. (5)
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TABLE 1V. The ratio of branching fractions of#(2S) and J/¢ exclusive decays:Q;
=B((29))/B(J/ ). All data are from PDJ4]. Upper limits are given at the 90% confidence level.

Mode HHC Orbital momentum Pre@; (%) Meas.Q; (%)
PP 1 1 24.0-5.6 9.0:2.4
p 0.71 1 17.:4.0 <0.65
K*K*(892)" 0.71 1 17.6:4.0 <11
wf,(1270) 1 0.71 17.84.0 <4.0
pa,(1320) 1 0.71 17.84.0 <21
K*(892)0K’2‘(1430)° 1 0.71 17.x4.0 <1.8
¢f5(1525) 1 0.71 17.@4.0 <5.6
by 7™ 1 0.71 17.6:4.0 17.3:5.2
K (1270K* 1 0.71 17.@4.0 >33.3
K3 (1400K* 1 0.71 17.6:4.0 <8.2
y5'(958) 1 1 24.6:5.6 3.5:1.0
vy 1 1 24.0:5.6 <105

intermediate statels;m, wf,, anda,p. The observed) for ~ ball O is required to be fairly narrow and nearly degenerate
this decay, as reported by the Mark Il Collaboratig?j, =~ With the J/¢. The BES has searched for this hypothetical
(9.5+2.7)%, does deviate, though not quite significantly,particle in apm scan across th& ¢ region ine”e™ annihi-
from the “15% rule.” This results from the fact that two of lations as well as in decay$(2S)— 77O, O—pm, and
these three two-body intermediate states are found to biound no evidence for its existen¢g7,28. The data con-
anomalously suppresséti7]. Therefore, one must be always strains the mass and width of th® to the range
cautious about drawing conclusions from the comparison ofms—m;;,|<80 MeV and 4 MeKTI'o<50 MeV [3].
decays of multihadron final states. This mass, as indicated in R¢R9], is several hundred MeV
An experimental situation similar to ther puzzle occurs lower than the lightest vector glueball observed in lattice
in the decays of they in two vector mesorfVV) cases, such  simulations of QCD without dynamical quarks. More re-
as pp, K*K*, and ¢¢, and inpp. These decays are all cently, a few more experimental facts unfavorable to this
first-order forbidden by HHC in PQCD14,20; however, model have been reported by BES. One is the identification
they are actually observed to occur with relatively largeof isospin-violating VP modey(2S)— w=° with a large
branching fractiong4]. It is thus interesting to look for the branching fraction[3]. This contradicts the essence of the
analogous decays of thg,(2S) and compare the ratio of the model that the pattern of suppression is dependent on the
7¢(2S) to 7. branching fractions with the relation spin-parity of the final state mesons. The other is the finding
B(7c(2S)—h)=B(n.—h) predicted by Chaet al.[21]. In  of suppression of(2S) decays into vector plus tenseyT)
testing for helicity conservation, these decay modes#or fina| states[17]. Since hadronic VT decays, unlike the VP
and its spin-singlet partney(2S) play the same role as the gecays, conserve HHC, some other mechanism must be re-
decay modep 7 and K*K do in the case of)/¢ and its  sponsible for this suppression in the model. Furthermore, it
spin-triplet partner/(2S). The search for the(2S) is thus  has been argued that tiemay also explain why/ ¢ decays
important not only because thg,(2S) is one of the two to 4f, (named previoush&*) but not tops, since theO
remaining states of the charmonium family awaiting confir-,ixes with the¢ and enhances a mode that would be other-
ma’gion (or discovery but als_o because the study of its had-;;se suppressef26]. However, the observation of nonsup-
ronic decays could shed light on the puzzle 3#/ and pressedy(2S) — ¢f, [3], which implies the absence of

¥(2S) decays. anomalous enhancement Jhiy— ¢f,, would rule out such

We now move on to discuss various theoretical modelsan explanation. Anselminet al. extended the idea a¥/ ¢
made to explain the = puzzle as it is presently formulated. o —

Instead of a critical examination of many theoretical argu-—Q Mixing to the case ofy.—VV and pp [20]. They sug-
ments (which one can find in the literaturf,22—24), we gested that the enhancement of these decays can be attributed
will concentrate exclusively on comparing the experimentaft® the presence of a trigluonium pseudoscalar state with a
results, mostly from the BES experiment, to the predictiongnass not far from the;. mass. So far no experimental data

of these models, in an attempt to differentiate between thenflave supported the existence of such a state.

The first explanation for the Mark Il observation, as pro- Recently Brodsky and Karliner proposed the existence of
posed by Hou and Sof25] and generalized later by Brod- intrinsic charm|gqcc) Fock components of the light vector
sky et al. [26], is the postulate that the decdyy, which  mesons as another mechanism to account fodtiiedecays
violates the helicity selection rule of PQCD, is enhanced byto VP channels and their suppressionyd2S) [30]. They
the mixing of theJ/ with a vector glueballO that decays also suggested comparing branching fractions forsthand
preferentially top7 and other VP channels. The vector glue- 7.(2S) as clues to the importance @f, intrinsic charm ex-
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citations in the wave functions of light hadrons. However,predicts a sizablg/(2S)— (=" 7~ or 7)h;(1170) branch-

the BES observation af(2S) — w7° would again appear to ing fraction. Indeed the BES has performed extensive analy-

disfavor this model. sis of decays)(2S) — mmpr to look for new particles; how-
Chaichian and Timqvist suggested a model which in- ever, it is unlikely that a conclusive signal fb5(1170) has

vokes a form factor falling exponentially with the energy to ever been observed in the inclusive spectrum/(2S) de-

suppress ally(2S) decays to lowest-lying two-body meson cays tommpw [28].

final state31]. However, the BES report on observation of Chen and Braaten proposed an explanafi2®| for the

a number of (2S) hadronic two-body decays such as p7 puzzle, arguing that the decdyy— p is dominated by

by, éfy, Ki(1270)K, andw=® has proved the contrary a Fock state in which thec pair is in a color-octefS; state
[18,3. In addition, the BES upper limit at 90% C.L. which decays viac— qq, while the suppression of this de-
B(4(2S)— pm)<2.8x10 ° [3] is well below the branching cay mode for thay(2S) is attributed to a dynamical effect
fraction predicted by this model,>710" . due to the small energy gap between the mass of/Al&sS)

The generalized hindered 1 transition mechanism pro- and theDD threshold. Using the BES data on the branching
posed by Pinsky32] relates the procesg(2S)—y»n' tothe  fractions into p and K*K as input, they predicted the
hinderedM 1 transitiony(2S)— y7.. This predict®Q,,, to  pranching fractions for many other VP decay modes of the
be 2x 10"%, which, as already shown in R¢fL9], falls more  ,(2S). Most recently, Feldmann and Kroll parametrized the
than an order of magnitude below the BES data £®)  strong interaction mechanism for the hadron-helicity non-
X102, According to this model, the hadronic decays of conserving decays in a similar way, but interpreted it differ-
#(29) to VP final states are also a generalized hindéfdd  ently [23]. They argued that, for these processes, the char-
transition. The branching fraction for the decay ¥2S)  monium state decays through a light-quark Fock component
—pr is estimated to be 410 °, as compared to the mea- by a soft mechanism, which is characteristic of Okubo-
sured limit of 2.8<1075. Moreover, it is inferred from this Zweig-lizuka-(OZI-) rule allowed strong decays. Estimating
model that #(2S)—yf, decay should be suppressedthe light-quark admixture by meson mixing, they also ob-
whereasy(2S)— wf, should nof22]. However, the experi- tained a numerical description of the branching fractions for
mental facts from BES contradict this assumptjai,3]. many VP decay modes of thH ¢ and ¢(2S). The predic-

Karl and Roberts have suggested a proposal to explain thgons of both models are in good agreement with the mea-
pm puzzle based on the mechanism of sequential quark pagured branching fractionsome are preliminajyfrom the
creation[33]. Even though their predictions could generally BES experimenf3] as well as the PDG daf&]. Chen and
accommodate the data for decaysloy andy(2S) to pr or  Braaten's proposal also has implications for the angular dis-
to K*K, it seems hard to explain the large branching fractiontributions for two-body decay modes @f(2S). Neverthe-
for ¢ decays top7 [4] due to the fact that their fragmenta- €ss, such measurements would be extremely difficult, if not
tion probability tends to zero as the mass of phedecaying  impossible, to perform for those strongly suppressed decay
system approaches 1 GeV. modes iny(2S) decays. Feldmann and Kroll, on the other

More recently, Liet al. [34] pointed out that final-state hand, have extended their mixing approach to the-VV
interactions inJ/ and (2S) decays give rise to effects decays and obtained a reasonable description of the branch-
which are of the same order as the tree level amplitudes, arifig fractions for these decays while thg(2S)— VV decays
may be a possible explanation for all the observed supare expected to be strongly suppressed. .
pressed modes af(2S) decays including 7, K*K, and From the above discussion we see that essent_lally none of
of,. They thus predicted qualitatively large production ratesth? r_"Pde'S grel able to elxpl_aln allhknown exp(_arlmental re-
of a;p andKiK* for ¢(2S), the verification of which may sults; in particular no analysis on the suppression/(S)

ve furth t 10 thei del. So far. BES h — VT decays has been given. Not a few models appear to
give further support 1o their model. So fa, as Nevel,ave more assumptions than predictions, not to mention

reported such measurements; nevertheless, useful Informa'l]antitative predictions. While the current data seem to rule
tion ona;p andK7K* could be obtained from its published oyt convincingly some of the models, a few other models
data as shown in Ref17]. The lack of evidence within the may warrant further consideration; for them both detailed
invariant mass distribution plotésee Fig. 3 and Fig. 5 of theoretical analyses and additional experimental tests are de-
Ref. [17]) that the pm recoiled against @ for events of  manded. It seems to us that a key premise for physical con-
$(28)—p°p 7" and thatm“K* recoiled against &*° for  sjderations is to establish whether th&y decays or the
events ofy(2S)— "7~ K"K™ suggests that they are un- y(2S) decays are anomalous. An amplitude analysis made
likely to be the favored modes it(2S) decays. for the two-body decays af/y to VP [24] has shown that

A model put forward by Geard and Weyers entertains the nothing anomalous is found in the magnitudes of the three-
assumption that the three-gluon annihilation amplitude angjuon and one-photon decay amplitudes. If this is sustained,
the QED amplitude add incoherently in all channelsligy  those arguments presupposing thes as the origin of the
decays into light hadrons, while in the case/g®S) decays  anomaly should be disregarded.
the dominant QCD annihilation amplitude is not into three  |n summary, we have examined the puzzle ofJ/ ¢ and
gluons, but, via a two step process, into a specific configuy,(2S) decays in the light of current experimental data. The
ration of five gluong35]. Besides explaining the measure- estimates of the ratio of(2S) to J/ hadronic decay rates,
ments ony(2S) decays tpm, K*K, andw=®, this model using two different approaches, differ substantially from
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each other. The one using only the data of exclusive hadroniof the remaining(2S) decay channels. We have also
decays appears to be underestimated. The other estimathown that the recent new results from the BES experiment
which is based on computation of the inclusiygg decay provide crucial tests of various theoretical models proposed
rate by subtracting other decay rates from the total decajo understand the puzzle. Further experimental and the-
rate, differs by 2r-error of this estimate from the naive pre- oretical efforts are required in order to fill the missing data

diction of PQCD, even though its central value is about agnq definitively solve the perplexingm puzzle.
factor of two as large as the latter. By comparing this esti-

mated ratio, and taking into account the corrections associ- The authors wish to thank M. Wise, F. Porter, S. J. Brod-

ated with specific exclusive decay modes with the corresky, G. D. Zhao, S. F. Tuan, and J. Weyers for enlightening
sponding experimental data, anomaliesJiy and (2S) discussions. The discussions with the BES Collaboration are
decays to VP, VT, AP, and some other final states are eviappreciatively acknowledged. This work was supported by
dent. We found from our analysis that the exclusive hadroni¢he National Natural Science Foundation of China under
decays of the(2S) so far reconstructed experimentally ac- Contract No. 19290400, the Chinese Academy of Sciences
count for only a small fraction of the total(2S) decays and under Contracts No. H-10 and No. E-01, and by the U.S.

a ratio of #(2S) to J/ ¢ hadronic decay rates that exceeds theDepartment of Energy under Contract No. DE-FGO3-

estimated value is expected to occur for a considerable paB86ER40271.
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