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Gluonic B and J/ s decays into then’ meson
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Inclusive and exclusiv® decays into thep’ meson plus others are investigated in a model based on the
QCD anomaly. The invariant mass distribution is discussed. A constraint on the effective coupling is obtained
from data on the exclusive decay modes. The branching ratld of-> ' 5y is predicted to be as large as
5.4x 10 °, which can be tested in the forthcoming CLEGxperiments.
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[. INTRODUCTION The QCD anomaly indicates a strong coupling between
n' and the gluon field. It is then natural to understand the
A few years ago, unexpectedly large branching ratioB of large branching ratio ofB— %’'Xs through the QCD
decaying into final states with am’ meson such a8 anomaly. In the literature there are two different ways to
— 7' Xs andB— 'K were observed by the CLEO Collabo- handle this problem. One is through the two-body decay pro-
ration [1,2] and recently confirmed by the BaBfB] and cessb—s%’ from some effective Hamiltonian due to the
Belle [4] Collaborations. This stimulated much theoretical QCD anomaly{9]. The other is through the three-body pro-
activity in understanding the special role of thé meson in  cessb—sgz’ [7,8]. In the first step of the decay, thequark
B decays. As the contribution of traditional four-quark opera-decays into thes quark and a virtual gluomg*, theng*
tors from the effective Hamiltonian in the standard modeldecays intop’ and an on-shell gluog. This model has some
(SM) is far below the datd5,6], various exotic mechanisms advantages in explaining the spectrum of invariant mass dis-
were introduced, such as a large coupling between the gluamibution of recoiling hadrons. However, the effectiyg* »’
and ' through the QCD anomally7—11], intrinsiccc con-  vertex seems to be too small from various approafBds8—
tentinsiden’ [12,13, and positive interference between sev-20]. In these approaches, the effective coupling between
eral contributions in the SNI14,15, etc. The large contribu- and the gluon may contain complicated nonperturbative
tion arising from new physics was also discus$&dL6). quark-gluon interactions. It is then better to treat it as a free
Among those theoretical efforts, the possible enhancememthenomenological parameter rather than to evaluate it from
from the QCD anomaly is of particular interest since it is perturbative calculation9].
well known that then” meson plays a very special role inthe  In this note we focus on the phenomenological analysis of
dynamics of low energy QCID17]. the first mechanism. The effective Lagrangian in this model
The mass eigenstateg and » are related to flavor octet is given by[9]
and singlet stategg, 7y through a mixing matrix: _ ~
Heff: aasGFSLbRGWG’“’-i- H.c., (3)
=7_C0SH— 7 Sinb, "= _cosf+ 5 sing, 1
7T 7o 7 7o & whereag andGg are the strong coupling constant and Fermi
constant, ana is the effective coupling. From this effective

}/Ivhere 0 is the mglqg;\/gangle ggdggﬂo ha\ée the Hamiltonian, the deca— 7' X, arises from the subprocess
avor  content 7g=(1/y6)(uu+dd—2ss) and 7o b—s»’. The evaluation of matrix elements is straightfor-

=(1/\/§)(Uu+dd+§s). The associated axial currents ward:
are j£°=(1\6)(uy"ysu+dy"ysd—2sy*yss) and j&° _ _
= (113) (Uy*ysu+dy  ysd+ sy  yss), respectively. (s7'[Heri|b) = aasGr(s|s br|b)(7'|G,,G**|0). (4)
glot axial current s nonsero and is ghen by | ABPIYing the relaton(01i ") 7o) =1fi)P" o the di-
vergences of both flavor singlet and octet axial currents and
3 ignoring small u,d quark masses, the matrix elements

. 1 i — ~ ~uv| 1 H
%Jffo:ﬁ Zlq:;,d,s MqQysd + 47:GWGMV (2 (0|G,,G*"|7") can be rewritten as

= ol 47 /3 , )
whereG#*=3¢#""7G,,, is the dual ofG,,, . This breaks the (OlasG,,G*"|n") = ?\[Emn’(fSSm 0+ \2foc0s0),
global U(1), symmetry for massless particles and prevents
the flavor singlet statey, from being a Goldstone boson of - A7 /3
chiral SU(3), ® SU(3)r symmetry. The QCD anomaly gives  (0]asG,,G*’| 77>=?\/;m§7(f8C039— J2f,sing).
its main contribution to the large mass of'(m,, (5)
=0.958 GeV) which is much heavier than the other flavor
octet states such as and K and suggests a large gluon In theb quark rest frame, the decay branching ratio is given
content inn’'. by
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T = T

BR(B— ' X¢) = 1—273a2c;§m‘}7 ,(fgsin 6+ \/2f,cosh)? Eo.7

— C

2 2 0.6

% (mb_ mn;)z 6 T r

— (6) r

T ) 0.4

BR(B— 7X¢)= 1—27-BaZG§m‘,‘](f8cosa— \J2f,sin 6)2 :

0.3F

(mﬁ_ m2)2 :

X— 7 (7) F

mg ’ 0.2

where rg is the lifetime of aB meson. 0.1
Il. RECOIL MASS DISTRIBUTION 06‘ ‘ 0'5 - 1' - '1[5; - 5 o5 3 35 4

. . m,(GeV)
For two-body-like subprocesses suchkas 7's, the in-
variant mass is directly related to the enefgy: of the 7’ FIG. 1. Recoil mass distribution from procebs-s»’ with
meson through the relation%=m3 + mf’, —2mgE,,, where  Fermi motion included. The solid, dashed, and dotted curves corre-
mg andm,, are the masses of tH# and »' mesons. The spond top_=0.6,0.5, and 0.4 GeV. The value wf, is fixed at 0.15
smalls quark mass has been ignored. In the two-body decafpeV. The shadowed area indicates the acceptance cuh,of
of b—7's, the energy of ' is fixed from energy- <2.35 GeV from the CLEO experiment.

momentum conservation. A typical value of the pole mass fh K inside th in orinciole i
m,=4.8 GeV will lead to a narrow peak with the invariant energy of theb quark inside thd meson, in principle it can

i } be calculated from theories based on nonperturbative meth-
mass ofmy =~ %'5 GeV. This §eems to be disfavored by theods or from some models. For example, calculations from
current data since the experiment reported a peak at about{ge QCD sum rule gives =0.58+0.06 GeV[22], and the

F 1

GeV with a relatively large width in the recoil mass distri- value from the relativistic quark model is 0.50.16 GeV

bution[1,3]. .
However, the above estimation may be too naive. N0t423]. The value opr can also be extracted directly from the

that in the two-body decay process, the exact distribution offata. A fit to theB— X,y photon energy spectrum gives a

the recoil mass strongly depends on the wave function of th¥alue of about 0.45 Gel24] while the fits to semileptoniB

B meson, which is hard to estimate theoretically. It is toodecays andB—J/¢X give a value of 0.57 Ge\[25,26.

early to draw the conclusion that the current data already hus the value ob_ is likely to lie in the range 04 p_

disfavor all the two-body models. =0.6 GeV. After including the Fermi motion, the differen-
To illustrate the nonperturbative bound state effects herdéial decay widthdI(m,)/dmy should be replaced by

we adopt a simple model proposed by Altareflial. [21] a

number of years ago which is based on the Fermi motion of d_F: fp’“axd pé(p)p?- dl'(w)

the b quark inside @& meson. The basic idea of this model is dmy dmy

that the Fermi motion of thb quark and the spectator quark ] )

g in the B meson make them have back-to-back relativeVhe€reé Pmax is the allowed maximum value op and

three-momenta in the B rest frame. The momentum is as- dI'(W)/dmy is the differential decay rate in ti2meson rest
sumed to obey a Gaussian distribution as follows: frame, which is linked to the one in tHequark rest frame

through a Lorentz boo$£5,27. In Fig. 1 the invariant mass

(10

4 - distribution is generated in this model with different values
d(p)= N ;e P P p=|pl, (8)  of p_. Here we use (I7)(dI'/dmy), which is normalized to
7Pe unity and independent of the value af It can be clearly

seen that thqe)F dependence is rather strong. The peak of the

where ¢(p) is normalized ag; ¢(p)p?dp=1. The mean o ) L
. _3 . - distributions shifts significantly from around 1.4 GeV (for
value ofpis (p) 2P In this model the spectator quagks p_=0.4 GeV) to=1.8 GeV (for pF=0.6 GeV). Consider-

always handled as on shell while thejuark is treated as off F

shell. Through energy-momentum conservation, the effectiv«.i,ng the consideraple unc_ert_a!nties ir_‘ both theory _and experi_—
massW of the b quark is determined as ment data, there is no significant disagreement in the recoil

mass distribution oB— 7’ X,.

W2=m3+mZ—2mg\m>+ p? 9
B q BN Mg ™ P © I1Il. BOUND ON a FROM INCLUSIVE AND EXCLUSIVE
and the energy of thb quark isE,= W+ p?. Here, one B DECAYS

parametep_ is introduced which specifies both the distribu-  The value ofa could be constrained from the exclusive
tion width and the mean value. s is linked to the average decay modesB— 7' (7)K®*). Note that, although predic-
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tions of the standard effective Hamiltonian approach are toanodes it may still play an important role, and the interfer-
low to account for the data of inclusive decay modes, theence between different contributions may also be important
disagreement in the exclusive decay modes is smd|és). [28,29.

Furthermore, the effective Hamiltonian approach can repro- Nevertheless, by saturating the current data on exclusive
duce the correct patterns &R(B— 7’'K)>BR(B— 7K) decays, the upper bound of the parametean still be ob-
and BR(B— 7'K*)<BR(B— 7K*) which are observed tained. The decay amplitudes of decay moées »'K*)

in the experiments. This implies that in exclusive decaysandB— 7K ®*) in this model read

2 2

4 Mg — Mg
M(Bi'o—> 7' Ki'O) = aGF? (fSSII’] 0+ \/—fOCOSG) WFEK(mi,),

2 2

47 /3 mg
M(Bi(o)ﬁnKi(o))zaGF? m,l(fgcosa J2fosin @) gk(m?),

2(m )

47 (3 P, iks|m
M(BTO 5 K* =)= — G — Emf],(fgsinaJrﬁfocosa)MAo(mf],),

3 (mp+mg)
47T\/§ |P K*lmB
=(0) *+(0)y= _ —\/—m? — i LA 2
M(B*P)— 5K ) aGg 3 2m,l(fgcosﬁ \/2fosm0)(mb+ms)Ao(m,7), (11

where|P g« |=|P x+|=3mg. F§¥(g?) andAy(q?) are the  observedB— »'K branching ratio. Note that the exact value
form factors forB— K andB—K?* transitions with momen- of R may vary with different sets of parametefis fg, and
tum transferg?. The value ofm, is taken to be the effective fo; the constraints fronR are only an order of magnitude
one, i.e.,m, ?=W2¢(p)p?dp. In the calculations, we estimate.

takem,=4.65 GeV, which corresponds | =0.5 GeV and (2) The ratio betweelB— PK* andB—PK (P=7" or
my,=0.15 GeV. 7). In this model it is independent dfoth the value ofa

The corresponding branching ratio can be evaluate@nd the details of they'-» mixing.
through the relation

. BR(B—7'K¥)
8|P " BR(B—#'K)
BR:85‘|—|2|M|2’ (12) BR(B— 7'K)
Mg (mi+m?, — m’)?— 4mim? Ao(mf],) 2
where|P| is the momentum of one of the final state mesons B (mg_mﬁ)z FSK(mZ,) '
in the B rest frame. K
It is useful to define two kinds of ratio that are indepen- (14)

dent of the parametex. . i
(1) The ratio betweeB— 7' X andB— 7X(X=X K, or The values ofF; and A, in the Bauer-Stech-Wirbel model

K*). This ratio is independent of the valueaand sensitive [ 32] aré Fo=0.38A=0.32, which correspond t&=0.84,

only to the 7’-7 mixing. In this model one findg30] while from the light cone QCD sum rule83,34 F,=0.35
+0.05A,=0.39+0.1, andR=1.1*+0.3. Thus if this model
BR(B X BR(B K BR(B K* gives the dominant contribution to these modes, the value of
= (B=nXy) = (B 7K) = (B—7K") R should be around 1. However, the current data give a value
BR(B—75'Xs) BR(B—7'K) BR(B—7'K*) of R’<0.5-0.4[2]. This is a clearer and stronger constraint
than the one fronR. With the observed small value &',
m* [ f cosf— \/Efosine 2 this model can explain at most half of the branching ratio of
=7 - (13 B— 7' (7)K and therefore is not the dominant mechanism of
fsing+ \/E“OCOS‘9 these processes. In FiggcR-2(f) the numerical results for

branching ratios as a function of the effective couplingre
In the following numerical calculations we take=—17°  given and compared with the data. As some inclusive decay
and fg=f,=1.06f , [31] as an illustration. This leads to a modes have not yet been observed by the BaBar and Belle
value of R=0.16. Considering the CLEO data dR  Collaborations, only the CLEO data are used in the numeri-
=0.1-0.8[2], it follows that with the constraints fronB cal evaluations. It can be seen from the figure that the data
— yK, this model can account for at most60% of the for the exclusive decay modés— »'K* and B— yK im-
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FIG. 2. Branching ratios for inclusive and exclusive decay modes as a functmn@fFor decay mod®— 7’ X, the dark and light
shadows represent therl(20) ranges allowed by current dat®) For decay mod®&— X, the light shadows represent the 90% allowed
range.(c) For decay mod8— »'K™", the dark and light shadows represent tle(Ro) allowed ranges(d) For decay mod&— K™, the
light shadows represent the 90% allowed rarigeFor decay mod®&— 7' K* *, the light shadows represent the 90% allowed raffyé&or
decay modeB— nK* ", the dark and light shadows represent the (Ro) allowed ranges.

pose strong constraints on the effective coupling. With theseelation Eq. (5), the ratio betweenl/y— »'vy and J/ ¢
constraints, the maximum value aflies in the range — 7y can be predicted and is found to be the same as in Ref.
[31]:
a<(8-9)x10° Gev L. (15

From Egs.(6) and (7), the branching ratio of inclusive
decaysB— n'(7)Xs as a function ofa is plotted in Figs.
2(a) and Zb) and compared with the data. In the deday
— ' X, the acceptance cut effect is taken into accountWhich is in good agreement with the data.
which leads to a 19% reduction from the calculation in Eq. Furthermore, given the value of the effective couplang

rJiy—n'y) |(0|GG|7") (1-m)?

LQIy—ny) | (0|GG|n)| (1-m?)3’

(16)

(6). Given the upper bound af in Eq. (15) this model can
still successfully reproduce thB— »'Xg branching ratio
within the 1o range.

IV. PREDICTION OF RADIATIVE DECAY J/—n'ny

From the effective Hamiltonian in E@3), this model can
also contribute to the radiativi# s decays inton’. Using the

the decay rate od/4y— 5’ ny can be predicted. To this end
let us first define the ratio

r(n')=T'(B—7'Xy)/I'(B—g*X,), 17

which can be understood as the sizebefs#’ relative to
b—sg. Taking I'(B—g*X)~1% anda<0.008 GeV?,
which comes from the bounds from exclusive decays, as an
example, one finds
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r(n')=<0.045. (18 BRJ/y—n'ny)

= (21)
Note that the strong coupling constant in the effective Hamil- BRI/ ¢y—n"7n"y)
tonian has been separated from the effective cougiagd

absorbed in the matrix element 0| aGG|7'(7)). It is
expected that there is no significant running of the valua of

Using the value o0R=0.16 from Eq.(13) one finds for the
maximum branching ratio fod/ y— ' ny

from the energy scaleg to my,,, . BR(J/yy— 5’ ny)=5.4x10">. (22
Since the radiative decay af /— yX is dominated by

the processJ/¢—g*g*y, the branching ratio of)/¢ Considering that the detection efficiency f is about a

—n' 7'y can be simply estimated as few percent(through »'— 7vyvy), it may be hard to find a

signal of such a decay mode in Beijing Spectrom¢BES)
' at Beijing Electron Position CollideBEPQ due to limited
BR(J/y—7n"n'y) ~r(5)2. (19 statistics(in BES 5x 10’J/¢ samples are collect@dBut in
BR(J/¢— yX) the forthcoming CLEOc project 1x 10°J/¢ samples are
planned to be produced. It will then be promising to search
for the signal and test the predictions from this model in the
CLEO c experiment.

Observation of the procesK ¢— yX gives BR(J/ — yX)
=(17.0+2.0)X10 2. Thus, taking (') =0.045, the maxi-
mum branching ratio o8/ 4— 7' n' v is estimated as
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