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Narrow width of a glueball decay into two mesons
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The widths of a glueball decay to two pions or kaons are analyzed in the perturbative (BQ@CD
framework. Our results show that the glueball ground state has a small branching ratio for the two-meson
decay mode, which is around 18 The predicted values are consistent with the daté-efr, KK if the &
particle is a 2 * glueball. The applicability of PQCD to the glueball decay and a comparisonywitecay
are also discussefiS0556-282(98)04705-5

PACS numbsgs): 12.39.Mk, 12.38.Bx, 13.25.Gv

. INTRODUCTION Since the observed decay modes intar, KK, andpp
are expected to be only a small portion of the decay modes
The existence of glueballs and hybrids is a direct conseof £(2230), searches for other decay modes are very impor-
quence of QCD. Sincé/ is predicted to have appreciable tant. From a theoretical point of view, the narrow width of a
decays toygg where two gluon formation is expected to glueball follows from a loose interpretation of the Okubo-
enhance the production of tensor and scalar glueballs, radigweig-lizuka (OZI) rule. The gluons in the glueball would

tive J/4 and ¢ decays have long been realized to be agppihilate and create @q pair that would form the lighter
favored area for glueball searches. At present one pays Pafiaqrons. Since this suppression only acts at one vertex, it is
ticular attention to three statef;(1500),f,(1710) J=00r 04 the JOZI rule [9]. For example, the total width of a

2), and £(2230) (=2). They are glueball candidates of ,; + ;
0** or 2" " states, motivated by lattice QCD. The UKQCD 2" glueball can be estimated from theDZI rule to be
about Ff2(1270)FXC2:20 MeV.

Collaboration 1] reported their lattice prediction for glueball ) )
masses, which is 158050 MeV for the 0" * state and 2270 In order to understand the narrow decay width quantita-
+100 MeV for the 2 * state. At the same time the IBM tively, we study a pure 0" or 2" " glueball decay to two
group reported their masg?] for the 0°* glueball as light mesons in perturbative QCCPQCD. Our results show
174Q71) MeV and predicted a total widf8,4] for glueball that a pure glueball decay to two light mesons has a small

decay to pseudoscalar pairs of 188 MeV. The coupling branching ratio or a narrow width, and this conclusion can be
to two 7's seems to be the largest, followed Byand generalized to be valid for any two mesons. As a conse-

meson pairs. The decay width ip+ 7' is 6(3) MeV quence, there is no dominant decay channel for a ptre 0
’ ) ++
In particular, the BES Collaboration discovered new, non0f 2~ glueball. _ _ .
strange decay modes of ti€2230) state, such a&— The paper is organized as follows. As a comparison with

the glueball, the formula fol.; decay to two mesons in
PQCD is reviewed briefly in Sec. Il. Glueball decays into
two mesons are calculated in Sec. lll. In Sec. IV the numeri-
cal results and applicability of PQCD to glueball decays are
discussed. The last section is reserved for summary and con-
clusions.

and é—pp [5]. Compared with other mesong(2230) has
many distinctive propertiefg].

(1) Flavor-symmetric decays to light hadrons. After re-
moval of the phase space factor, the probability for
— " is of the same order as that fer-K*K ™.

(2) Copious production in radiativé/ s decays. From the

upper limit of 1x10°* for B(¢—pp)B(é—KK) [7.8],
whereKK includes all kaon pairs, a lower boundx30 3

for B(J/¢y— y¢£) can be estimated. It is interesting to compare a glueball decay with fhg.

(3) Narrow W|_dth. Both resqlts from Mark Il and BES A prief review for Yc decay will be given in the PQCD
show that the width 0€(2230) is only about 20 MeV. As-  framework. For a heavy quarkonium coupling to gluons, the
sumingl’,=20 MeV, one can easily estimate frofB) that  yertex can be obtained with its radial wave function at origin,
B(¢—~K'K™) andB(é—m"m") are smaller than 2%, re- o its differentiation. Since the wave function is sharply
sulting in partial widthd" .+ - andI" + - smaller than 400 peaked at small internal momentum for heavy quarkonium,
KeV [6]. - the nonrelativistic limit is a good approximation.

As a consequence, thgy, multiquark, and hybrid models As an example, we review the derivation ®&(x.;
cannot easily reproduce the three observations above. On the w7) in PQCD. To leading order, the Fermi movement of
other hand, these properties are naturally explained by idemuarks in the pion can be neglected comparing with the mo-
tifying £(2230) as a glueball state witHc=2"". mentum flow of ordem,, the mass of the quark, in the

hard scattering amplitude. Thus, the amplitudeygf decay
to two pions can be expressed in a factorized foii®] as a
*Mailing address. 7 form factor:

Il. HEAVY QUARKONIUM WITH  JP¢=0** OR 2**
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Now we arrive at the decay width if4(x;x,Q?) = a4(Q?),

FIG. 1. The hard scattering diagram fg;— 7.
2

C
F(Xc2—>7T7T)=m[(ﬁrﬂas)%é(o)b]z, 9
A=J dxdye,(X) T(X,y,Q%) ¢ (), (1) T e
whereC?= 4 is the color factor and the integrbj is given

where ¢_(x) is the distribution amplitude of pion obtained by
by integrating the transverse momentum of the Bethe-

Salpeter wave functiofll]. The hard scattering amplitude 2:f dxg () [ dyd(y) 1
Tu(x,y,Q?) (see Fig. 1 will include information of a heavy 2x(1-x)J 2y(1-y) 2(x+y—2xy)
guarkonium coupling to two gluons: (X—y)?2
( ——). (10
g4 X+y—2xy

K . ig4
Ta={ | ——T KT — +{x—y}, (2
H { J (27)* MO.x(P, )]] 1212 xeyh @ Similarly, the 0" " decay width can be expressed as

2
with I, andl, the momentum of gluons,

I'(xco—mm)= [(4ma9)?do(0)1o]%,  (12)

w?me
,\ 1
OF'=yht—or———y"+{uv}, (3)  with the overlap integral, given by

|Z§+K—fl—m
| f dxep(x) [ dye.(y) 1
07 ) 2x(1-x) ) 2y(1—y) 2(x+y—2xy)

and the wave function of heavy quarkonium in the nonrela-
tivistic quark mode(NRQM) [12], )
(X=y)

1+ —) . (12)

x 2(x+y—2xy)

K2
x(p.o)= 2, (27)5( ko= ﬁ)

M.S, The total width of y.; can be obtained by calculating the

- width of its decay to two real gluons in a similar way. In
X(LM:SSIIPm(KIPss (PR, @ (rom it J Y

where wLM(IZ) and Pssz(p,k) is the spatial and spin part, o 8a§| L0 (133
respectivelyT#” involve the spin part of pion wave function Xe2 ™ 5m§ $2(0)[%,
and present the coupling ofg— 7
6a§ ) )
ror=Ti 2 (p-tyy L () Paeo™ e 14501 (130
v_ r L _ v_ +
Y \/E Y \/E c

) Finally, we get the branching ratio
=4(p*p"—0q“q"—g""mp). )
16 (4magl 5)?

For quarkonium in thé>-wave state, only 0% and 2" * B(Xeo—7m)= 57 mt (149
can decay to two pions. In the case of 2 state, the polar-
ization tensore®? is composed of the spin and orbital polar- 144 (Amag) )2

ization vectorse®(S,) and (M) of x., as B(xco— 7m)= B (14b)
m

eFJ)= >, (1IM;1S,|23,)e“(M) €8(S,). (6)  Whichis independent. of thg.; wave fgnction.
M.S, Numerical calculations can be easily done. However, the
obtained results are much smaller than the dagl. Even
The polarization tensor satisfies?=ef*, p®e*$=0, €“, when stretching all parameters to their extreme values, the
=0 and predictions stay a factor 3—6 below the dftd]. Moreover,
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the obtained branching ratio dominantly come from the end-
point region, where PQCD is not available. As stated by
Bodwin, Braaten, and Lepagel5], the color-octet decay

contribution arising from the higher Fock componéaun?g)
of the x.; wave function is actually not suppressed with
respect to the usual color-singlet decay, owing to the angular

momentum barrier iric ¢) contribution, and is necessary to
separate rigorously short-distance effects and long-distance
effects. Including the color-octet contributions, the branching
ratio of y.;— 77 can be compared with the experimental
data[14].

FIG. 2. The hard scattering diagram for the glueball decay to

IIl. GLUEBALL K

Similar to theQQ state, we apply PQCD to the glueball
decay. The amplitude for its decay to two pions can be writ-
ten as Eq(1), too. NowTy contain the glueball wave func- (17)
tion. The coupling of al™* state to two gluons can be ob-

tained from requirements such as being linear in theyhereTo7 is the same as in Eq5) and the color factor will
polarization vectors of two gluong ande; and Lorentz and  pe included in the width formula. The momenta of gluons are
gauge mvanan@lZ,lq. Keeping only the leading twist term, fixed by that of quarks in pions, i.ek;=zQ,+2'Q, and
the wave function can be written phenomenologically as k,= 70, + 2’ Q,. The width can be obtained as

XSES €,(S)GL,(51)G2,(Sp) en(51) €5(Sp) T,
152

qr(z**):ibewel G2 (k)
ppZvp P 2N

15 re2 " —amr)
G (15 o i
> prr =G| [ 42020,@10,2) btk as o |
\I’(O**)=—§ 5 G,,G2,b0(K), (16) 30M ) P s —— o

where 52°/./8 is the color wave functione*” is the polar-
ization tensor of the 2" glueball, andP*” is defined in Eq.
(8). G, =€,K,—k,e,,(i=12), €, andk, is the polariza-
tion vector and momentum of thi¢h gluon, respectively.

The leading order contribution to a2 glueball decay to
two pions in PQCD is shown in Fig. 2. In center-of-mass
frame, the amplitude can be written as

whereC is the color factog andz= (1—2). The total width
of 27 %, can be obtained by its decay width to two on-shell

gluons withk?=M?/4:

3

_M 2
F2++_%|¢2(ki)| : (19

1
A=g§f dz¢(2)dZ' ¢ (Z") pa(k)—— Similarly, we can obtain the width of 0" decay to two
k1k3 pions:
. T , (z—z’)2+22_z’+22’¥2
DO ) =Coo [ d2d26,200.(2) dolkas———— , 20
zzz'z ‘
|

and the total width glueball wave function at a particular momentum point. The

5 point is located ak?=M?/4. Intuitively, the wave function

- 3M | (k)| 21) must be peaked at low momentum, since a composite par-

0" T 256 VOV ticle has little amplitude for existing while its constituents

are flying apart with large momentum. While the méss
Comparing Egs(18) and (20) with Egs.(9)—(13), it can  large, the obtained width decreases fast and depends on the
be shown that there are two different ingredients between thghape of the wave function drastically. On the other side, the

glueball decay and thB-wave quarkonium decayi) There
is no end-point singularity in expressiofik3) and (20) for

next order contributions to the total width, whose amplitudes
are expected to have the formfd*k¢(k)f(k) in general,

glueball decay since gluons in the glueball are directly rewill be the lack of the suppression of the wave function and

lated to the glueball wave functiofii) Since we get the total

not sensitive to the shape of the wave function as long as

width by the decay to two on-shell gluons, it depends on thed (k) is smooth. It means that the higher order contributions
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are important to the total width if the mass is large, since thesuming that all hadrons have a similar siké,will be in the
zeroth order contribution is suppressed strongly by wavesame range for the glueball. The paramétérfor the glue-
function. In another word, the PQCD evolution of the waveball will be taken in the range 0s6b?<0.8 in the following
function to a particular scale will be nontrivial. context.

The formula for decay to a pair of kaons can be easily Before getting the numerical results it is necessary to dis-
obtained by substituting the distribution amplitude of pionscuss whether the derived formula is applicable or reliable.
by that of kaons. As a result of isospin symmetry, theThe applicability of the PQCD theory to exclusive processes
branching ratio tar#° is half of the charged channel except at the present experimental energy region was argued by Is-
that 7%7° in the final state can be formed via QCD anomaly.gur and Smith[20] by excluding the contributions of the
This contribution is negligible due to the minor difference end-point regions where subleaditfigher twis} terms are
between the mass of theandd quarks. The anomaly con- a priori likely to be greater than the perturbative contribu-
tributions ton 7, 7', andn’' »’ channels are not necessar- tion. Recently, the applicability of PQCD to the pionic form
ily small, since two soft gluons have a large possibility tofactor has been examined by cutting end-point contribution
form an (') meson[17]: [21] and by including the effects of Sudakov form factor

[22]. The first approach argues that the PQCD results are
\/§ 2 self-consistent in the energy region where the contributions
77> - Efwmr/' @2 after cutting dominate. The second one attempts to explain
the suppression in the end-point regions by including the
However, it is a low energy theorem. If the energy scale ofeffects of Sudakov form factor of the quarks, which serves as
the decay process is high enough, the anomaly contributioa natural filter to pick out the hard contributions. Two ap-
is also negligible as it emerges via QCD renormalization angroaches give similar conclusion that PQCD is applicable to
is essentially a higher order contributionds. For example, the pion form factor a®?>4 GeV?. In fact, the applicabil-
the branching ratio ofy.;— 7## has no apparent enhance- ity of PQCD to exclusive processes differs from one process
ment compared to the®7° channel. So the branching ratios to another and depends on the end-point singularities. For
of the »n, nn', andn’ »’ channels are expected to have theexample, the hard scattering amplitude of yg decay to
same order of thers channel if PQCD dominates the decay two pions is more singular than the case of the pion form

Bas_, =,
nv
<0‘ yp= G,.G

process. factor. The obtained rate of.;— 7= depends strongly on
the end-point behavior of the pion wave functi@8]. In the
IV. APPLICABILITY OF PQCD AND NUMERICAL case of glueball decay, the hard scattering amplitude of glue-
RESULTS ball decay to two pions is less singular than that of the pion

) ) ) form factor, and has a good behavior to ensure that the domi-
Evaluation of Eqs.(18)—(21) will require the glueball hant contributions come from the hard part. We can argue
wave function, which we have little information about up 10 a1 pQCD is applicable for the glueball, particularly, for the
now.lln the following context we will use an oscillator wave glueball candidat&(2230). We will adopt the first method
function: which is simpler.
_ _h2R2 In order to realize the conditions(z ZM?)<1 in Egs.
$(K)=Agexp —bgk"), @3 (18) and (20), we extend the parametrization af(Q?) by
with the parameters appropriately chosen. ff'0and 2"+  replacing[24]
glueballs have similar wave functions in momentum space as
argued in Ref[18], a constraint 0r1|)19 can be obtained from a(Q?) = 12 25)
their total decay width. The 0" glueball candidates S (33— 2n()IN(Q%+M2)/A2
fy(1500) andfy(1700) have widths 100-150 MeV. The
2*" glueball candidaté(2230) has width~ 20 MeV. From  to reflect the fact that at lowQ? the transverse momentum

our width formulas(19) and(21) we have intrinsic to the bound state wave function flows through all
- - the propagators. The parameter, can be determined to
U230  AMFA; exp(—2bgMy) 20 MeV ensureag(0)=1. The cut contribution, obtained by cutting
Tt 1500 15M3 AZ exn( —2b2M2) 120 MeV' the integral limit to keep only hard contributions, say,
(1500 iAo EX ~2bM,) <0.7, will be compared with the uncut contribution.

(24) In order to calculate the decay width we take the wave

If the masses of scalar and tensor states are equal, the rafi§iction of the pion and the kaon §24]
will be simply sx, which is in accord with Ref{16]. Taking

2 2
into account the mass gap, we gﬁ~o.4 GeV 2 if A, b (%K )=A exp{—bz KL+ mg (263
=~A,. In general, A, is larger for a higher mass state. For mo X(1=x) |’
example,Ax is larger thanA (see below. So we getbg ) , )
>0.4. According to the discussion in the previous section, 2 Ki+my  KE+mg
higher order corrections may be large and should be larger 'AK(X'kL):AKeXF{ —b X + 1— } (26b)

for a higher mass state. Thus we can say that the lower limit

of bé is 0.4 GeV 2. Furthermore, the parametey is related  wherem, means the mass of or d quark andmg the mass
to the radius of the hadron. We know tHat=0.8 GeV 2  of s quark. The distribution amplitudé(x) can be obtained
for a well-established pion oscillator wave functid®]. As- by integratingk, :
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TABLE I. Numerical results.

b3 | . | B(mtm7) B(KTK™)
0.6 2.82<10 °A7 1.08<1077A? 0.38x107? 0.69< 1072
£(2230) 0.7 1.04x 10 °Ag 1.01x 10 7Ag 0.97x10°? 1.75¢10 2
0.8 3.86< 10 °A 0.95<10 "Ag 2.45<1072 4.45¢1072
0.6 8.46x 10 *A? 6.00< 107 °A? 0.71x10°2 1.11x10°2
fo(1500) 0.7 5.39< 10 *A 5.64x< 10 °A; 1.05<10°? 1.65<10 2
0.8 3.44x 10 *Ag 5.32<10 °A] 1.55x10°2 2.47<10°?

2 V. CONCLUSIONS AND SUMMARY

A, , My
b= 16w2b2x(l—x)exr{ b a—xnr @7 We have analyzed the decay width of a glueball decay to
two pions and kaons in the PQCD framework and it can be
generalized to other two-meson decay channels. The numeri-
cal results of the decays show that the branching ratio is
Ax , mg m§ small and the decay width is very narrow, compared to the
= Tom2p? x(l—x)ex;{ b7 m) - (270 gqbound state. The branching ratios are consistent with the

data of é— 24, 2K if the & particle is a 2+ glueball.
Our conclusions are as follows.
(1) Applicability of PQCD to the glueball decay is dis-

The parameters can be adjusted by using the constraints frofissed in our paper. We show that the hard scattering ampli-
decays ofm—yy and m—ur (K—uv) and the average tude of glueball decay has a good behavior at the end-point

quark transverse momentuth?).=(k%)x= (360 Me\)? region and is favored by PQCD whilg.; is opposite. The
[19,25. It turns out that reason is that gluons are directly related to the wave function

for glueball decay. The extra quark propagdai@nd the dif-
ferentiation on it produces the end-point singularity j;
my=0.25 GeV, b?=0.80 GeV? A, =27.7 GeV',  exclusive decay. More specifically speaking, PQCD is appli-
cable for£(2230) decay to two mesons if it is a2 glue-
ball, but is not reliable forf ;(1500).
(2) The numerical results for decay widths depend on the
choice of wave function, which is of genuinely nonperturba-

The numerical results are listed in Table I. The parametefVe 0rigin, and the parameter of it. Although not quantita-
by is taken as 0.6, 0.7, and 0.8. Here we have not fixed thEvely accurate, we found that a pure glueball has small
normalization constant and the branching ratio is indepenPranching ratios for the two-meson decay mode in a PQCD
dent ong. But it is dependent on the parametgy. The framework, which are all around 18 for different param-

main uncertainty comes from the calculation of total width, 8{€7Sbg in @ reasonable region. However, if the mass of the
which has been discussed in Sec. Ill. Due to the lack of!u€ball is not high enough to ensure that PQCD dominates

end-point singularities, the partial width is stable for differ- & decay process, the QCD anomaly will play an important

! ! ! H
entb, and should be stable for different wave function mod-role and theny, »7’, and 'y’ channels will enhance ap-

els, if the wave function is peaked at low momentum. ForParently. o o
differentby, the branching ratios of 2 and 0" * to 7+ (3) Related to the end-point singularity jp.; decay, the

or K*K~, although they are not quantitatively accurate a"color octet contributions have the same order as the color
are around 107 for a pure glueball. The numerical results Si"gleét and may be the essential part fBrwave state

are qualitatively consistent with— if £isa 2'" alue- guarkonium decay. Therefore, the dynamic mechanism will
ball.q y o if £ g be very different for decays of glueball and quarkonium with

PC
Also we examine the applicability of PQCD to the glue- the samg] L e . .
ball decay by cutting end-point contributions. Our numerical (4 It is not difficult to generalize our calculation to other
results show that the hard pardd<0.7) contributes about two-meson decay processes. The conclusion is expected to
81% toT'(2**— = "), whose value is listed in Table | be similar. Therefore the branching ratio is small for each

and the ratio is nearly the same for differebﬁt because the decay mode and there is no dor_mnant decay channel for a
partial width is not sensitive th2. For 0" the ratio is pure glueball whose mass is high enough to ensure the

about 50%. Another kind of distribution amplitude of the PQCD contributions dominate.

pion, the asymptotic form, is also used. We find that the

branching ratio increases to about 10% for the" 2glueball ACKNOWLEDGMENTS
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