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We study the so-calleds puzzle of#(2S) decay by incorporating two inputs: the relative phase between
the one-photon and the gluonic decay amplitude, and a possible hadronic excess in the inclusive nonelectro-
magnetic decay rate af(2S). We look into the possibility that the hadronic excesg/{2S) originates from
a decay process of long-distance origin which is absent frondftihedecay. We propose that the amplitude of
this additional process happens to nearly cancel the short-distance gluonic amplitude in the exclusive decay
$(2S)—170" and turn the sum dominantly real in contrast to they decay. We present the general
consequences of this mechanism and survey two models which might possibly explain the source of this
additional amplitude.
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[. INTRODUCTION netic decay rate from the total rate, it is 60—70 % larger,
within experimental uncertainties, than what we expect from
The absence of thew decay mode ofy(2S) has defied a short-distance gluonic decay alone. This excess hadronic
theoretical explanation for more than a decéilp The re- ~ Pranching iny(2S) may suggest that something more occurs
cent measurement by the BES Collaborat[@ has con- N the gluonic decay of)(2S) than in theJ/y decay.

: : ; o ) In this paper we combine these pieces of information to-
f!rmgd the absence gfm with even a higher precision, set gether and search for the origin of the marked difference
ting its upper bound at a level of a factor of more than 60

twi 2S). Whil houl hensi
below what one would naively expect from the decHy between/y and y(25) lle we should be apprehensive

about experimental errors at present, they might give us a
— pm. The measurement of other decay modes by BES  ¢|ye 10 a solution of the = puzzle. In Sec. II, prompted by

seems to rule out all possible resolutions for the puzzle he experimental observation in the @, 1707, 1717,
that have so far bee_n proposed.by theorﬁé};For Instance, 5NN channels, we postulate the universality of the large
the Ia}rgeww_branchlng c.ont.ragmcts the helicity suppression qative phase between the gluon and the photon decay am-
[5] with or without large intrinsic charri6]. A vector glue- iy des. Specifically, the gluonic decay amplitude acquires a
ball near thel/¢» mass, if it should exist, can enhance e |arge phase while the photon amplitude is real. We point out
branching forJ/y relative toy(2S) [7]. However, the mag- that a large phase is consistent with new BES datad/in
nitude ofB(J/— pr) is in line with expectations when we _,170~. Further progress in the BES analysis in this chan-
compare theB(pm)/B(wm) with the inclusive ratioB(J/¢»  nel will shed more light. We turn tg/(2S) in Sec. Ill. The
—g99—X)/B(J/y— y*—X). What happens is not an en- decay branching fractions @f(2S)—1"0" clearly show a
hancement opr in J/ but a suppression gf in ¢(2S).Y  suppression of the gluon amplitude and favor a small relative
Meanwhile, the amplitude analysis of tdéys decay re- phase between the gluon and photon amplitudes. We point
vealed that the relative phase of the gluonic and the oneout that a small phase is more likely i(2S)—1%0" too.
photon decay amplitude is close to 90° for all two-body de-Taking the possible excess in the inclusive hadronic decay
cay channels so far studied: @ [8], 070" [9], 1 1 rate of ¢/(2S) seriously, we propose that this excess is re-
[10], and NN [11]. We show in this paper that the recent lated to both the suppression and the small relative phase of

BES measurement idVy— 170" is also compatible with a the 170~ amplitude. Our proposition is that an additional
large phase decay process generating the excess should largely cancel the
9e p ) . hort-distance gluon amplitude in the exclusive decay into

In contrast, the pattern of a large relative phase does nof

¢ 29). Withi : | o h 0~ and that the resulting small residual amplitude is not
emerge fory(2S). Within experimental uncertainties, the on real but also destructively interferes with the photon
relative phase is consistent with zero in@" decay[12,13

=P ; : amplitude. In Sec. IV, we first present general consequences
and 1°0" decay. This marked difference betwe&hy and  of the destructive interference. We then examine two sce-

¢(29) is another puzzle if three-gluon decay is equally re-parios which may possibly generate the excess inclusive glu-
sponsible for the strong decay afys and ¢/(2S). _ onic decay. One is the contribution of the virtu@D inter-
There is one more piece of experimental information rel-yqiate state. The other is a resonance, a glueball, or a four-
evant to the issue. That is the hadronic decay rat¢(@S)  guark resonance, near thg2S) mass. Though neither idea
which is normally attributed toy(2S)—ggg. When we s novel nor highly appealing, they seem to be among a very

compute with the current data the inclusive gluonic decayew possibilities that have not yet been ruled out by experi-
rate of /(2S) by subtracting the cascade and the electromagment.

Il. PHASES OF J/¢ DECAY AMPLITUDES

More comparisons of experiment with models are found in Ref. The relative phase between the gluon and photon ampli-
[2]. tudes in the decay/¢y— 1~ 0" has been analyzed with bro-
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ken flavor SW3) symmetry[8] including thep-w mixing.  If the ratio I'(J/¢p—y—1707)/I'(I/y—ggg—170") is
All analyses clearly show that the relative phase should beomparable in magnitude t6(J/y— y— X)/T'(J/y—9ggg
very large and not far from 90° with experimental uncertain-— X)=1/5, we should expect thé.,»s|~0.71a,| [16]. For
ties. The SWB) analysis was made also for the @ modes a,a=a,g= *0.7ia; and §~45°, the ratios of the branching
[9] and the T 1~ modes[10] for which the leading gluon fractions prior to the phase space corrections, denotegjby
amplitude is SB) violating. The relative phases were found take values as

to be equally large for these modes. Furthermore, compari- R . _ . _

son of the electromagnetic form factors in the timelike region ~ Bo(P™77):Bo(K1 (1270K™):Bo(K; (1400K™)

with the J/ s decay branching fractions revealed that the rela- ~1:0.5:0.9. )

tive phase is very close to 90° in théN decay channels too ) )
[11]. A question arises as to whether this large relative phas@hile the inequality B(K; (1270)K*)<B(K; (1400 ™)
is universal to all decays af/ s or not. There is no persua- can easily be realized by a wide range of parameter values,

sive theoretical answer to it at presént. the other inequalityB(b™ 7*)<B(K; (1400)K ) is a little
In addition to those two-body channels already analyzedight. If we allow |a, g/ larger than 0.[&,| and/or increase
the recent BES measureméBi on J/¢—110", the value of#, however, the current central values of the
B branching fractions are consistent with the large phase hy-
B(J/p—K7 (1400K)=(3.8+0.8+1.2)x 103, pothesis. We should also point out that if the(S)breaking

correction is made by the meson wave functiohsff)?, it
B(J/y—K;(1270KT)<3.0<10°3, 90% C.L., (1) is likely to enhanceB(K; (1400)K ™) overB(b™7™) to the
direction in favor of the large phase fit.
is relevant to this issue. We examine here these branching If we leavea, g unrestricted in magnitude and phase, a
fractions together with the™ " branching fractiorB(J/¢s  triangular relation holds for the amplitudes as
—b*77)=(3.0+0.5)x 10 3 [15].3 - ) - -
SinceK,(1270) andK,(1400) are superpositions #f,  A(Ki (1270K™)cosf+A(K] (1400K )sin g=A(b* 7).
andKg of the 1; * and the § ~ octet, respectively, (6)

Determination of thes-to-d wave ratio of the amplitudes and
further study ofB(J/4— K (1400)K*) will eventually re-
solve the composition of amplitudes and test the large phase
hypothesis in 10~. As it was pointed out previousi6], it

. R . _is also important to resolve the discrepancy between
with §~45° [17], we can parametrize the three decay ampll—B(biW:) and B(b°7%) [15], which theory predicts to be
tudes in terms of the gluon amplitudg of the 13~ octet equal.

K (1400 =K, cosf+Kj siné,

K{ (1270 =—Kj sin9+Kg cosé, 2

and the photon amplitudess, g of 1, and Ig ™ : To summarize the experimental situation of the two-body
J/¢ decay amplitudes, the existing data strongly favor large
A(by ) =a;+\1/5a,, relative phases close to 90° between the gluon and the pho-
ton decay amplitudes forl0~, 00, 11—, andNN, and
A(K7 (1270K )= (a; + J1/5a,5)COSO—a,a SiN 0, are consistent with a large phase forQl .

What does theory say about these relative phases? In the
A(K] (1400K )= (a;+1/5a,g)sinf+a ,cosf. (3)  perturbative picture, the gluonic decay af) proceeds as
depicted in Fig. (a). The inclusive decay rate is computed
Since there are two independent helicity amplitugess and ~ With the gluons placed on mass shell. In contrast, the photon,
d waves for 170, we should use this parametrization sepa-being far off shell, no corresponding on-shell intermediate
rately for thes-wave and thed-wave amplitudes. The three State appears in the perturbative diagrams of the photon am-

branching fractions can be fitted with plitude [Fig. 1(b)]. Although perturbative QCDHQCD) is a
good description of inclusive charmonium decays, it is ques-
|al|>|ayA|~|ayB|, tionable whether it works for two-body decay channels of
charmonia. To be specific, thpQCD prediction of the
argata,,)~argata,g)~90°. (4)  asymptotic pion form factof18],
F.(q%)=16may(q®)f2/q?, (7)

2Some attempt was recently made to argue in favor of universai@s not been reached at ey mass{19]. Furthermore, the
large phase§l4]. helicity suppression argument @QCD fails for the wr

3A previous analysi§16] of theseJ/y decay modes assumed a decay channel. Though it is tempting, therefore, we cannot
zero relative phase and used a preliminary value of the upper bourfgue for the large relative phases on the basis of perturba-
on B(J/y—K; (1270 7). Therefore thel/ ¢ analysis of Ref[16]  tive diagrams. Whether or not these large relative phases are
should be disregarded. However, the analysis of thg@S) universal to all two-body decay modes &fiy must be de-
— 170" of Ref.[16] remains valid. termined by experiment. Despite lack of a good theoretical
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they are outnumbered by many more resonances below and

|
£ g : aboveJy that contribute to the real part. In comparison, we
““1|' - have less insight in hadronization dynamics of the gluon de-
cay.
-g--lr-- Motivated by the results in the amplitude analyses of the
: two-body ofJ/¢ decays, we make two postulates.
o] __g__r (1) The relative phases between the gluon and the photon
! decay amplitudes are universally large for all two-body de-
(a; cays ofd/ . The photon decay amplitudes are predominantly

real and consequently the gluon decay amplitudes are imagi-
nary.
(2) The same pattern holds f@r(2S) decay as well.

C These are the starting assumptions of our analysis that
follows.
}I*
— lll. 4(2S) DECAY
_ A. Relative phase from experiment
C . .
(b) The only large energy scale involved in the three-gluon

decay of charmonia is the charm quark mags Whether
FIG. 1. Decays of charmonium into two mesof@ through  one accepts the argument of the universal large phase in
ggg and (b) through one photon. The vertical dashed line in dia- exclusive channels or not, therefore, one would naively ex-
gram(a) indicates that the gluons are placed on the mass shell whepect that the corresponding phases should not be much dif-
the inclusive decay rate is computed wigbg. If perturbative QCD  ferent between thé/ decay and thes(2S) decay. How-
dominated, the one-gluon-exchange diagram depicté)imould  ever, experimental data so far available show that the phases
dominate in the final state of the one-photon process. are small at least in some two-body decay modeg/(&S).

The strongest evidence is in the decay2S)—17 07,
argument at present, we suspect nonetheless that the univgyhich includes the puzzling(2S) — pr. In the case that the
sal large phases so far found are not an accident. final 0~ meson is an octet, we can parametrize #H&S)

If the relative phases are close to 90°, it is more likely that.1-0~ decay amplitudes with the $B) singlet amplitude
the photon decay amplitudes are real and consequently thg  the SU3) breaking correctior due toms—m,4, and the
gluon decay amplitudes are imaginary. The reason is as fophoton amplitude,. The corresponding amplitudés and
lows: In order for the photon decay amplitude to have a  are introduced for the 0 singlet. For¢-w mixing, we
substantial phase, the fing| created by the virtuaj should  assume the nonet scheme. The parametrization of the ampli-
have a large absorptive part of a long-distance origin. Thigudes[21] is listed in Table | for the decay modes so far
can happen if there should be a relatively shpgaesonance Studied in experimeni2]. Since the analyzed channels are
just aroundd/ . More likely is that many resonances exist Ilmlted and the uncertainties in their branchln.g fract]ons are
below J/¢ as in the vector-meson-dominance scenario oftill large, we are unable to perform a meaningfd fit at
that as in the dual resonance model many increasinglpresent. _Therefore, we present only fits to the central values
broader resonances appear all the way to high enel@ds y rgferrmg to _Table_ L. .
In the former case, only the tails of low-lying resonances First of all, if we ignored the photon amplituce,, we
contribute to the real part. In the latter case, a few nearbyould obtainB(K*°K°+c.c.)=B(K* “*K¥), which contra-
broad resonances can contribute to the imaginary part, buticts experiment, (0.8t0.24+0.16)x10 % vs <0.30

TABLE |. Parametrization of thg/(2S)—1" 0~ amplitudes and values of branching fractions. The
amplitudee represents th&;; breaking ofmg-m, 4 instead of\ g breaking. Thep-z’ mixing angle is chosen
to be #p=—20°. The fits to the central values are shown for the minimum and the maximum relative phases,
6=—arg(aia,)=0° and*=90°. The ranges of values farm and w7 are given for|e/a;|<1/3.

Modes Amplitudes Branchingén 10~ %) Fits
5=0 5=%90°

pta (=p°7°) a,+a, <0.09 0-0.04 0.21-0.70
K*TK™ a+eta, <0.15 0.00 0.30

K* 0K a;+e—2a, 0.41+0.12+0.08 0.41 0.41
wm° 3a, 0.38+0.17+0.11 0.38 0.38
07 V1/3(as+a,) (w7g) <0.33 0.06-0.22 0.05-0.31
w7’ V2/3(by+b,) (w7,) 0.76+0.44+0.18 0.76 0.76
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X 10 *. The large splitting between these branching frac- B((2S)—K; (1270K*)=(10.0+ 1.8+ 2.1) X 10 4,
tions requires thaa, be comparable ta;. If we seta; and
€ to zero, we would obtain up to phase space corrections B((29)— K (1400K*)<3.1X 104, (10)

Bo(wm)/Bo(K*°KP+c.c)=9/8 (8) -

B(#(2S)—b*x¥) is halfway between therf8]:

in contradiction with the measurement, (0:38.17
+0.11)/(0.810.24+0.16) # In order to come closer to this B(4(2S)—b*77)=(5.2-0.8+-1.00x10" 4. (11)
ratio of the measured values, a large constructive interfer-

ence should occur iK* °K?; that is, the relative phase must We can use Eq.(4) as the parametrization ofy(2S)

be small betweea, + € and —2a, . Then, assuming tha, . 1+0". First of all, if a, dominated ovea.,, g, we would
and e have a common phase, we have a large destructivggye B(b=7")=2B(K; (1270 *)=2B(K : (1400)K )
interference betweea, anda, for both par andK*“K™in o g~45° in disagreement with experiment. Just as in
agreement with expe_rlmeﬁﬂ'hls sglyes_thq;w pgzzle anfj #(28)—1707, |a4| is comparable toa,sg|. Next, the
explains also the missing of th€* “K™ mode in experi- strong suppression &f; (1400)K * relative toK; (1270)K *
ment. can be realized only whea; + y1/5a,5 interferes destruc-

. e N fely it 8, Therfore, the rlaie phase betvemy
9 Znd a,ng Mmust be small modulos. To obtain

and then have computed with those parameter values t + ey P .
branching fractions of the modes for which only the uppel;igl(Kl (11%;0)(" )deB(b 7 )f’ hwe nelgddal+ .1/5a’/‘3~ |
a,a. The allowed range of the amplitude ratios was plot-

bounds have been determined. In Table | we have listed thtEOI I Ref [16] by choos, I litud lativel |
fit with 6=—arg(aia,)=0° and the large phase fit with ed in Ref.[16] by choosing all amplitudes as relatively rea

o o . and assuming tentatively thewave decay for phase-space
==90 i?)r_%ompanson. When the cen'iral valueg?xﬁiow) corrections. Though it is not impossible to fit the three
and B(K*“K"+c.c.) are fitted with6=0°, the ratio of the branching fractions with9~90°, we must have,=0 and
photon and the gluon amplitude turns out to be J1/Ba.z=—a., in that case

Y v .

To summarize fors(2S), the data on 10~ virtually ex-
clude the possibility of a small phase betwegnanda,, . A
fitto 1*0~ has more room when the relative phase is small.
There is no evidence for that the relative phase must be large
in ¥(2S). For some reason, a large relative phase does not
seem to occur in the/(2S) decay. We ask what causes this
marked difference betweel s and #(2S) when we postu-
late the universal large phase f¢(2S) as well as ford/ .

a,/(a;+e)=—0.76. 9

For comparisona,/(a;+¢€)=0.14 in the case od/. We
would expect|a,/a;|~0.22 if the ratio of'(y(2S)— y*

—1707) to I'(y(2S)—ggg—1-07) is roughly equal to
I'((2S)— y* —X)IT'(4(2S)—ggg—X). Since experi-
ment shows thaf(wm)/T'(1"17) (x|a,|?) is about the
same ford/ ¢ and ¢(2S), the large number in Eq9) results
from a strong suppression of the total gluonic amplitage
+ € in (2S). As the value ofe is varied in the range of B. Excess hadronic rate in inclusive hadronic decay

|/a,|<1/3, the value ofB(p~7~) varies between 0 and |t has been noticed that when one computes the inclusive

0.04x10"*. The values foB(p* 7 ") andB(K*“K™) can  hadronic decay rate of(2S) throughggg by subtracting

be increased if we stretcB(ww) and B(K*°K®+c.c.)  the rates of the cascade and electromagnetic decays from the

within the experimental uncertainties. In contrast, the fit withtotal decay rate, it is substantially larger than what we expect

8= *90° overshoots the upper bound BK* “K*) and, if ~ from an extrapolation o/+. The number with a conserva-

|e|<3|a|, the upper bound oB(p==7") very badly. A fit  tive error estimate based on the listingsRéviews of Par-

with §=*=90° is virtually impossible even with experimen- ticle Physicq15] is

tal uncertainties unled|>|a,|. We thus conclude that the

relative phase betweem; and —a, should be small in B(¥(25)—ggg+ggy)

#(2S)— 170" contrary to thel/ decay. B(J/¢y—ggg+ggy)
Though it is less conclusive, a small phase seems to be

favored in the 0~ decay of#(2S) too. It is conspicuous \hich should be compared with

in experiment[3] that the K] (1400)K* mode is strongly

suppressed relative to the; (1270)K *: (

—0.23+0.07, (12)

3 —It-
as(wzs») BWES=VT) o 1340 0.034. (13

as(Ig) | BIy—I1717)
4t is possible that the S@3) breaking in the strange and non-
strange meson wave functions,,/f«fx+)? may be responsible Smaller errors (0.2260.052 vs 0.1410.012) have been
for part of the discrepancy. attached in a recent papge?2] with a different error estimate.
®This main feature of the fit to thg(2S)—1-0~ amplitudes is We would expect that the two numbers should be equal to

found in the earlier paper by Chen and Bradte®] and, in particu- each other since the wave functions at origin appear in com-
lar, in the paper by Tuafl3]. mon in Egs.(12) and (13). The discrepancy of 60-70 %
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TABLE II. Branching fractions ofJ/¢ and (2S), and the ratioB(y(2S)—h)/B(J/4—h). The
« "7~ 7° mode is not included here sindéy—h is entirely J/ y— par within experimental uncertainties.

Modes Branchings od/ Branchings ofy(2S) Ratio

2(mtw wO) 3.37+0.26x10 2 3.0+0.8x10° 3 8.9+25%
3(mt ) mO 2.9+0.6x10 ? 3.5+1.6x10 3 12.1+6.1%
KK~ 2.37+0.31x10°* 1.0+0.7x10 %4 42+-30%
at T KTK T 7.2+2.3x10°3 1.6+0.4x10°3 22.2+8.8%
pp 2.12+0.10<10°3 1.9+0.5x10°* 8.9+2.4%
ppm® 1.09+0.09<10 3 1.4+0.5x10°* 12.8+4.7%
pprta 6.0+0.5x 103 8+2x10°4 13.3+2.1%

between them alarms us particularly because all numbers iperimental uncertainties. It is important to notice that the

volved have been repeatedly measured over many $ears. branching fractions of all modes in Table Il add up to no
In comparison we find no similar excess¥i{2S) though  more than 15% of the total gluonic decay branching/af.

experimental uncertainties are large. In terms of the ratidndeed, only one charge state has been available for compari-

of branching ratios,g(ggg+ggy)EB(YHggg+ggy)/ son from each of &, 77, 2wKK, andNNn. We have not

ag(Y)3B(Y—=pu"u"), threeY’s are more in line: yet seen a comparison of the rest. The so-called 14% rule is
based on a very limited number of decay modes. It is prema-
(4.5+0.2)x10°, Y(19), ture to preclude the hadronic excess with the data of multi-

Y _ - hadron exclusive channels.

B(gggtggy)={ (4.9:0.9x10° Y(29), (14 If future experiments show that the hadronic excess in

(4.0£0.4X10°, Y(39), #(29) is real, it may have something to do with ther
. ] puzzle[22] and with the abrupt change of the relative phase
where the total leptonic branchifpr Y (3S) has been sub-  of amplitudes froml/y to ¢(2S). A process responsible for
stituted with three timeB (x4 ~), the only quoted leptonic  the excess inclusive hadron rate can interfere with the short-
branching. It appears that the excessB(ggg+ggy) is  distance gluon decay in exclusive modes. If its amplitude
unique toy(2S). However, this excess in the inclusive rate makes a large destructive interference with the three-gluon
has not shown up in the rates of the exclusive channels so famplitude in(2S)— 10~ and if the sum is nearly real and
measured. In fact, the rati®((2S)—h)/B(J//—h) scat- comparable to the photon amplitude in magnitude, our
ters around the expected vallie-13—-14% of Eq.(13)], puzzle can be solved. We shall look into possible sources of
which was often called th&4% rule Some remarks should this rate excess in the following.
be in order on it.
First of aII, the 14% rule is Iargely violated in many of V. ADDITIONAL HADRONIC AMPLITUDE IN 1/1(28)
two-body and quasi-two-body channels, as we recently
learned in the BES datf@]. The p channel is an extreme A. General consequences
case. For multihadron channels, there are actually not so |f the origin of the prob|em is in the interference of an
many modes that are available for testing the 14% tute. ynknown additional process with the short-distance gluon
Table ”, we have tabulated the ratios for the modes not “Ste@ecay szﬂ(ZS), we expect a genera' pattern of correlation
in [2] but available for comparison. We see that the ratioyetween the decay angular distribution and suppression or
scatter rather widely above and below 14% with some tengnhancement.
dency of being smaller than 14%, but with fairly large ex-  The decay angular distribution for two final hadrons is
generally of the form

5The author learned that the BES Collaboration is considering a dI'/dQe1+acos o, (|a|s1), (15

different determination of the cascade decay brancHiggk
"The branching toY (2S) yy quoted in[15] is a sum of the cas-

cade decay branchings ;(2P) y— Y (2S) yy in view of theyy in- dlrectlon. For_ 10 _and 00" decays, the V"’_llue oh '_S
variant mass spectrum[24] and also of its magnitude constrained kinematically te-1 and—1, respectively, while

[>B(Y(25) 7°79)]. It is counted in the radiative decay branchings it IS determined dyna_mically by the helicity contertl or
separately listed ifi15]. 0, of the final state in other decays. In@~ and 0 0™,

8Gu and Li[22] lumped multihadron modes together and com- therefore, any additional amplitude has the same angular de-
pared betweerd/y and ¢(2S). Then the number is dominated by Pendence as the three-gluon and the photon amplitude irre-
three modesm* 7w #°, 2(m* 7 )7#° and 3@ = )=° which  Spective of its origin. Consequently a high degree of destruc-
happen to be below 14%. The moae = «° is actuallyp7 and  tive or constructive interference with an additional amplitude
its nonresonant content is consistent with Z6r8]. More revealing IS possible in these decays. Observation of the strongest sup-
are the ratios of the individual modes. pression in the 10~ mode is consistent with this patte@.

where ¢ is the polar angle measured from teée~ beam
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We expect that the decay rates pf2S)—0" 0~ may also

be quite different from those ad/¢s/—0~0". In terms of N\ -
B(0"07)=B(0707)/aB(u*u"), the current datd15] 2
; 9
give =
Bl o 0.15+0.02 ford/y, U
(M ™ )=108505  fory(29),
_ 0.24+0.03  fordly, FIG. 2. The decay/(2S)— DD (off shelll —meson+ meson.
B(K™K™)= 0.94+0.66 fory(2S). (16)  p-wave creation compensates the enhancement. It is difficult,

actually nearly impossible, to give a reliable computation of
Within the large experimental uncertainties we see a hint ofhis sequence. Deferring an estimate of the rate to the future,
large constructive interference i#(2S)—0"0". In con-  we shall comment here only on whether B contribution

trast, in other processes an additional amplitude and thean have a final-state interaction phase large enough to can-
three-gluon amplitude have different angular distributions incel the perturbative gluon amplitude or not.

gengral. A Iarge.interference can occur only wh(.an.the dy-  Since theDD intermediate state is above t#€2S) mass,
namical mechanisms of the two processes are similar. Oths phase of amplitude must come from the subsequent anni-

erwise it should be a result of a high degree of accident, . . — Lo
When a large disparity is observed between the correspon(!‘i]-Ilatlon of cc and thereafter. After an energetic light quark

ing two-meson decay rates dfy and y(2S), therefore, the Pairaq is created fronecc, eachq andq picks up a soft light
decay angular distribution of this channel will also be veryquark from the light quark cloud oDD to form mesons.
different betweer)/ ¢ and (2S). This will give a good test [See Fig. 8)]. Kinematically, this step of the hadron forma-
of the idea of interference with an additional amplitude. tion process is quite different from that of the timelike elec-

The other consequence is in multibody final states. Sincromagnetic form factor of a meson in which energetic light
the additional process enhances the inclusive rate, a larggiarks pick up collinear quarks created by a hard gliBae
number of exclusive decay channels should receive enhancEig. 3(b)]. In our case the color-dipole moment is large for
ment rather than suppression. When there are many hadroa$ pairs of quarkd26]. Furthermore, the c.m. energy of a
in the final state, the chance of interference between the anffard quark in one meson and a soft quark in the other meson
plitudes of different decay mechanisms is much smaller beis in the low-energy resonance region:
cause of the difference in the subenergy dependence and
event topology. Therefore the enhancement will not be dra- Vs=0(V2Aqcome) <1 GeV. 17
matic. While we have not yet seen such an enhancement in q
Table Il, we expect that the branching fraction tends to be
enhanced in many nonresonant multibody channelg(8f)
relative toJ/ .

Where does the additional amplitude possibly come from?
There are few options left in modifying charmonium physics
radically. Since the aspects of perturbative QCD have been
well understood, we are bound to look for the origin of the
problem in long-distance physics of one kind or another.

B. 1,[1(28)—>D5—> hadrons

One unique feature af(2S) is the close proximity of its
mass to theédD threshold. The/(2S) mass is only 43 MeV
(53 MeV) belowD°D° (DD "), while Y (39) is 200 MeV
away from the BB threshold. Can the small energy

differencé between(2S) and DD have anything to do
with the excess? It may happen th&2S) picks up a light
qLErk pair through soft gluons and dissociates virtually into

DD, which in turn annihilate in_to light hadron&See Fig. 3_ A
The dominant process of tHeD annihilation is througtcc g = (b)

annlhllgtlon through a single hard_gluon. The sinall _energy FIG. 3. () Formation of a light meson pair by energetig
denominator enhances the creation of virti@dD while

<
o

from cc and weeqq in DD annihilation. The invariant mass is

small forqq and forﬁ The arrows denote directions and magni-
tudes of momenta(b) Light meson pair formation in one-photon
9This was brought to the author’s attention by Rosi®s. annihilation where all quarks are hard.
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Therefore, one cannot argue that final-state interactions For glueballs, we simply do not have enough quantitative
should be small between final mesons. We expect that themgnderstanding to rule out a large enough coupling/(as).

is a good chance for the amplitude af(2S)—~DD  Hou and Son(7] proposed a glueball near tidé;s mass in
—.mesons to acquire a substantial final-state interactioQ'der to enhanceJ/y—pm (and its symmetry-related

phase. The weakness in this argument is that the phase cgpPdes but not other decay modes. To accomplish it, this
be large but need not be large glueball must have very special, if not unnatural, properties

, , — . [29]: It is nearly degenerate with/« with a quite narrow
The idea of V|rtu_aIDD d|ssouf\tl_on actually has some” width for an object of mass-3 GeV and decays predomi-

common features with that of the “higher Fock component” hantly into 170~ Later Hou[30] relaxed the constraint on

of charmonig27,28. TheDD state can be viewed as part of the pm branching to argue that such a glueball was not yet

the four-quark Fock space @f(2S). The higher Fock com- ruled out by the search of the BES Collaboratj&a].

ponent was proposed as an additional contributiod/t¥ In our case, since a glueball is introduced to account for

—170" to solve thepw puzzle[28]. It was argued that it is the hadronic excess, it should couple not primarily to the

more significant inJ/ than in(2S). As we have empha- 1 0~ channels, but to many other channels. What we need

sized, however, there is nothing anomalous abdly IS @ generic vector glueball with no special or unusual prop-
—~170". erties. If I'g is as narrow as 100 MeV, for instance, the

mixing |e|=0(10 2) would be able to account for the ex-
cess in the inclusive hadron decay#f2S). The width can
C. #(2S)—resonance~hadrons be wider. In that case the pole transition strerfgthould be
The second idea is a twist of an old one: A noncharmstronger according to Eq19). Since the gluebalR couples
resonance may exist near t#é2S) mass and give an extra {0 @ photon only indirectly through its mixing to a quark pair,
contribution to the hadronic decay rate. A glueball was prodt is hard to detecR in the hadronic cross section ef e~
posed earlier at thd/ mass to boost thp decay rate of ~annihilation near the/(2S) mass. Searching by hadronic
J/ [7]. However, we now want it nea#(2S), not neard/ i. reactions such agp annihilation is a daunting task. From a
We look into the possibility that some resonance around th@urely experimental viewpoint, such a resonance has not
¥(2S) mass, a glueball, or a four-quark resonance, destrudeen ruled ouf30].

tively interferes with the perturbativé(2S)—ggg—1-0~ Though the resonance scenario is admittedly a longshot, it
decay. Admittedly, the idea iad hocand there is some dif- is one of very few options left to us. One reason to pursue
ficulty aside from unnaturalness. this somewhat unnatural scenario is that the amplitude for

Light quark resonances of high mass 3.7 Ge\) and  #(2S)—R—X has automatically a large phase wh&m
low spin are normally too broad to be even recognized as<O(I'g) since the couplingis likely real, that is, dominated
resonances. Four-quark resonances may be an alternativebiy the dispersive part. If that is the case, the resonant ampli-
they exist at all. The mass of 3.7 GeV is normally consideredude can interfere strongly with the three-gluon amplitude in
as too high for the lowest vector glueball. An excited glue-two-meson decays.
ball state 0fJ°©=1"" serves our purpose. Whatever its ori-
gin is, let us introduce here such a resonance, c&] and V. CONCLUSION

see its consequences. We have searched for a clue to solve phe puzzle in this
In order for 4(2S) to decay _througrR as strongl_y as paper. Our purpose is to locate the source of the problem
through three gluons, the couplii@f R to §(25) defined  aiher than to offer a final solution of the problem. Two

by — fmgy,R* must be large enough. Thg2S)-R mixing  threads have been exposed which may eventually lead us to

at they(23S) mass is given by a solution of thep puzzle. They are the phases of the decay
f amplitudes and a possible excess in the inclusive hadronic
= —— (18) decay rate ofy(2S). An experimental confirmation of the
Am—il'g excess will be the most useful in directing theorists. If it is

confirmed, it will be quite an important experimental discov-
whereAm=mg—m(4(2S)) andI'y is the total width ofR. ery by itself. One crucial piece of experimental information
It leads to I'(¥(2S)—R—hadrong~|f|%/T'y when |[Am|  will be the angular distributions af ¥ and(2S) into chan-
<O(T'Rr). To obtain T'((2S)— R—hadrong~T ((2S) nels other than 10~ and 0" 0~. The difference in the an-

—ggg), we need therefore gular distributions should have a direct correlation with the
enhancement and suppression in general. As for the source of
|f|2~TRI(¥(2S)—ggQ). (19 an additional process, the virtuBID pair and the vector

glueball are two options that cannot be ruled out. To be

If Ris a light quark resonanoqsa || would be much too frank, however, we admit that_bot.h id.eas have. unnatqralness.

. AL e More of an attractive alternative is highly desired. It is pos-
small for the following reason: Whilgf|“ is of the order of . . .

- sible that the large relative phases so far observed/ ih

I'(#(25)—gg9Tl'(R—ggg) for qq, we expect I'(R  gecay are an accident and that fhe puzzle is a problem of
—ggg)<I'r because of thex? suppression ofjg—ggg.  incalculable long-distance complications. However, our hope
Therefore there is no chance to satisfy EtP). It is likely  is that there might be something novel, simple, or fundamen-
that the same argument applies to four-quark resonances. tal hidden beneath the issue.
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