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Further Analysis of Di-gluon Fusion Mechanism
for the Decays of B—Kn'"

DU Dong-Sheng YANG De-Shan ZHU Guo-Huai
(Institute of High Energy Physics, CAS, Beijing 100039, China)

Abstract Di-gluon fusion mechanism might account for the large branching ratios of B—~Kz'. But because
we know little about the effective 7' gg vertex, there are large uncentainties in perturbative QCD estimations .
In this paper, we try several kinds of v'gg form factors and compare the numerical results with the experi-
ment. We find that, though we know little about %’ qq form factor, if di-gluon fusion mechanism is important
in B—=~K7' . the branching ratios of the decays B—=K ™’ would be around 10~ % which can be tested by future

experiments .
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1 Introduction

Recently, CLEQ collaboration has improved their previous measurements of B— Kr;':" :
’ Br(B'—K"'7')=(80"%7)x10"°
Br(B°—=K’n') = (897, £9) x 10°°.

These branching ratios are much larger than the estimations under the standard theorectical frame
which is based on the effective Hamiltonian and general factorization approximation. Now it is com-
monly believed that these large branching ratios are due to the special properties of ', and several
new mechanisms have been proposed to enhance the decay rates of B—=>7'K and B—y'X,". In the
following we only discuss the standard model (SM) mechanisms because we think that the contribu-
tion of the SM should be carefully examined first.

Halperin and Zhitnisky > proposed an interesting mechanism: 7’ can be directly produced
through b »ces—>7's if <77' ’(‘)"“}'56 [0) = - ify P 0. But if this mechanism dominates, one
easily finds that
Br(B® »y’K™") Oy Cee) e JOXCK™ (sb)y_, | B"
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which is in contradiction with the stringent upper limit of BO—H'I'K'0 given by CLEO" :
Br(B"—=n'K'®)<2.0x107". (3)
So this mechanism is unlikely to be dominant. Because the effective vertex of b—>sgg in SM is very
small, b—>sgg— sq"” is also impossible to account for the large B—1'K branching ratios. Atwood

,

) =0.9, (2)
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.

and Soni** proposed that b—sq” and g° —>gn’ via QCD anomaly can account for the large semi-in-
clusive branching ratios of B—>7'X, . CLEO"’ has measured the 1’ momentum spectrum in B—>7'X,

and the measurement favors this mechanism. But because there is an extra gluon in the final state,

(6]

unless the gluon is soft and absorbed into the %' wave functions ™ , it seems diffcult to realize its

n contribution to two-body exclusive decay B—7¢'K.
Motivated by the idea of Refs. [4,7], the authors
of Ref. [8] proposed di-gluon fusion mechanism,

@ f @ which is dePicted in Fig.l. Because ’both of the glm.)ns

are hard, it seems reasonable to give a perturbative

xp (1=y)g
QCD estimation . But because of our ignorance about the
Fig.1 The diagram for di-gluen fusion form factor of 'gg vertex, there are large uncertainties
mechanism . in calculations. So in the following we would reanalyze

di-gluon fusion mechanism in detail using several kinds of {gg | n’) form factors and compare our
numerical results with experimental data.

2 Analysis of Di-gluon Fusion Mechanism

We first give a brief introduction on how to estimate contributions of di-gluon fusion mechanism
in perturbative QCD.
g-g-n’ vertex can be parameterized as™”’
(g'g" | 1) =48%¢ A, F (K )) 6,k K, 65, (4)
where A, is a constant and can be extracted from J/p—>7n' or 7Y, g, is QCD coupling con-
stant, F(k{,k3) is (gg| 7' form factor and F(0,0) = 1. Neglecting the transverse momentum of

quarks, we take the wave functions for B and K meson as

1
H—f[¢ (x)( ﬂ*‘ mn))’sv K «/—«/_

where I. is an identity in color space, and the intergation of the distribution amplitude is related to

v ¢ (}’)( 4+ mk)}'sa (5)

the meson decay constant,

_ S _ S
j¢,,<x>dx - jmy)dy - (6)

In this paper, we take the distribution amplitudes as

1 3
R (ERTB N NEORNC SCEPaP )

Then we can write the amplitude of Fig.1 as
Tel 75 4T, (f+ ma) 757, ] J.Ifi 4,__..F|.‘A-'".-.,¢-.;i_)(;;.gf¢
E :

[10]

= |11f ¥ (x)

where I’ is the effective b—>sg vertex, e

. _Gr oy, - -7 . . l+7
Fp_\/j4 V VllJSt {Fl(kly,u_klykl)__z—i‘ledpklmb A*—z—-—s}b,

and the color factor C; = 11 Te[ ¢ 18 = 4

343 3

= ﬁa TA, C32V] V,.,jdxdvﬁ ()8 (y) F(K K2 x

. Finally we obtain



B1M AL % B-Ky PREFREVMNHE— L HR 3

FEL(p - k)(q - k) - (pe k) (g k)] 4 Fimgm,[(q+ kK = (g - k) (k, + k)]
KK o B

(10)
In the above integrul, there are two singularities from the gluon propagators and sometimes there
2
m.
would be another singularity from the (gg| 7’) form factor, for example, F(k;,k;) = Z(Tqﬂ
1 2
We add a small pure imaginary number ic(¢ > 0) to the denominator to get a convergent integral .

To evaluate the numerical result of Eq.(10), we take the form factors ¥, and F, according to
Refs.[4,12] as

F, =i—n(C.+Cc), F2 =—2C3, (11)

where C, are Wilson coefficients at the NLI. level. Because QCD corrections may be large, we do
L7.01]

not take’ F, =~ -5 and F, =~0.2 which are derived from the SM without QCD corrections. It is

always subtle to choose the scale of a,, because the average momenta squared of the gluons are

(kD) =~ 12GeV?, (k) ~ 1GeV?, (12)

we prefer 1o choose a, = v/ a,(k})a,(k}) = 0.28 though we also give the branching ratios when
a,=a,(k’)=0.21 or a, = a,(k3) =0.38 in Table 1 and Table 2.

Table 1.  The branching ratios of B—~K1' and B—K Y’ in unit of 10~* by using constant form factor
F(kj,k3)=1. Where a,(k} =12GeV*) =0.21, a,(k} =1GeV’) =0.38 and a, = /a,(k}) @, (k}) =0.28.

0.05 0.06 0.0 Exp."!
Br(B~—=K™7') 1.9 6.60 21.3 1.32 440 14.2 0.94 3.13 10.1 8.059£0.7
Br(R"—K’y) 206 6.8 222 1.38 4.59 148 098 3.26 10.5 8.9:18+0.9
Br(B =K~ 7) 404 135 434 240 8.00 258 1.59 530 17.1 <8.7

Br{B"—~K"'"q') 4.19 14.0 45.1 2.49 8.31 26.8 1.66 5.52 17.8 2.0

Table 2. The branching ratios of B—~Kn' and B—+~Kn’ in unit of 10"° by using the form factor

2
m

2 g2y _ " 2 _ 2y 2 _ 2y _
F(k"kz)-Z(k,'k, . Where a,(k; =12GeV’) =0.21,a,(k; =1GeV') =0.38,and

a,=va, (ke (ki) =0.28,

‘8 0.05 0.06 0.07 Exp.'"

a, 021 028 038 0.21 0.28 0.3 0.2 0.28 0.38
Br(B~—K7) 0.60 207 6.42 047 1.63 505 039 1.3 4.15 R.O;},E:OJ—_
Br(R"—~X°7") 0.62 2.15 6.67 0.49 1.70 5.27 0.40 1.39 4.3l 8.9:218+0.9
Br(B"—K'"q) 091 3.17 9.83 0.67 231 7.16 0.5 1.8 5.8 <8.7
Br(R~K"%q) 0.95 3.30 10.2 0.69 2.40 7.44 0.57 197 6.11 <2.0

As to the {gg| 7'} form factor F(k’,k3),because of our complete ignorance there are large uncer-
tainties in the numerical evaluation of Eq.(10). In the following we try several kinds of form fac-
tors.

In Refs.[4,7],the authors have assumed that ¢°-dependence of the form factor is weak and as
an approximation they take form factor as a constant to explain large semi-inclusive decay B—=X,7’.
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The difference between Ref.[4] and Ref.[7] is that the running of a,( z) with the scale is consid-
ered in Ref. [7] but not in Ref. [4}. We also use their ansatz to estimate exclusive decays B—
Ky’ and B>K" ¢'. Using Eq.(10), we give numerical results in Table 1. From the lable it seems
that the constant form factor can account for the large branching ratios of B—>Ky', but unfortunately
we would get much larger branching ratios of B—K" 4, which is strongly in contradiction with the
CLEO’ s measurements'"- ( see, for instance, the case of ¢; =0.06 in Table 1).

From Eq.(10), we notice that the amplitude must be integrated over a wide range of k? and

k3, therefore the effects of k¥, k2 dependence of F( k, k3) must be taken into account.
2

The authors of Ref[8] choose the form factor as F(k}, k3) = 2—(1‘”1"7“ because such a form
1 2

factor works well in J/q;-’)/q':w . We have followed their calculations and it seems that their numer-
ical results are overestimated than ours (in Table 2) by a factor of about three. From Table 2, we
can sce that our estimations of Br(B—7'K) are about 107*, bul when considering that the standard
theoretical frame ( based on effective Hamiltonian and general factorization approximation) can
give® Br(B *7'K)=3.6 x 10°%, it is still possible to account for the experimental data only if
the contributions from di-gluon fusion mechanism and the standard theoretical frame constructively
interfere . If this is true, then because the contributions to Br(B—>4'K" ) from the standard theoret-
ical frame are negligible, the di-gluon fusion mechanism would be dominant in B—q'K",i.e.,
Br(B—>n'K' )= 10 which can be tested by future measurements of CLEO or B factories.

Kagan and Petrov ™ proposed a model of the g-g-n' vertex in which a pseudoscalar current is
coupled to two gluons through quark loops . Their perturbative calculations yield a form factor

FOE LKD) o D) a;m, x

ey
i al-x d ,

de 0 mf—(l—x—y)(xk%+yk§)-xymf‘.—ie‘ (13)
where we take a, = a, = 1, a, = 2 and normalize F ( k*, k3) with the normal condition
F(0,0) = 1. We use this form factor in Eq.(10) with ¢; =0.06 and get

Br(B— 7'K) = 1.28 x 107, (14)

which is too small to accouni for the experiments.

In Ref.[15], the authors calculate the transition form factor in n" coupling to Y™ 7" in the
frame of a perturbative QCD based on the modified factorization formula. They find that numerically
their results are extremely similar to that obtained by applying the interpolation procedure in the
manner of Brodsky and Lepage''® in the case of two off-shell photons:

2y -1
Fop o R & (1-57) (15)
with
v (K - K
Tk -k - 2Bk n(K k)
and A, =2nf, =0.83GeV. We assume that the structure of the transition of 7 —>g g' is similar
to that of x° >y v :

(16)

FOE LK) =(1-7’%)', (17)

where we approximate A, = A, . By using this form factor, we calculate the branching ratios of B—

Kn' which are listed in Table 3. The results are about fifty times smaller than the experimental data.
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Table 3. The branching ratios of B—~ Ky’ in unit of 10~ ° by using the form factor
F(KRk3) = (1- X3/AY) ).

‘B 0.04 0.05 0.06 0.07 0.08

Br(B- =K ¢) 2.31 1.71 1.34 1.09 0.92

In experimental fit, pole approximation is often used 1o fit the momentum square dependence of

1 - for our calcula-

(- k/m)(1 - B/m})

tions, we list the results in Table 4. And we can see that this kind of form factor would make the di-

form factor " . As a try, we also assume F(k?,k}) =

gluon fusion mechanism completely negligible in B—~%'K.

Table 4. The branching ratios of B—=Kn' in unit of 10 " ® by using the form factor
1

F(ki. ki) = — .
YT A-kim ) (- kiimY)
‘8 0.04 0.05 0.06 0.07 0.08
Br(B~ =K~ 7') 2.01 1.30 0.91 0.67 0.52

Br(B"—=—K"5") 2.09 1.35 0.95

To examine the validity of perturbative QCD in the above caculations, or in other words,
whether the amplitude calculated by perturbative QCD is dominated hy hard gluon contributions, we
set cut on k3 and compare the results with those without cut. Taking A gcp ~200MeV, we list the

numenical results in Table 5.

Table 5. When ¢, =0.06, the ratio of ‘hard contribution’ to di-gluon fusion mechanism with
ki cut of Ajcp, 4A%cp and 9A Gy -

Decay Modes R-—4'K B —>n'K"
2’ mz,
Form Factor F(k%.k§)=27£3"m FOR B =1 F(k?.k%):Zkl_"—k:) FOR R =1
: Ao % 100 % 2% 94 %
4A % 45 % 93 % 43 % 84 %
9A% 22% M % 17% 58 %

We can see that hard gluon contributions are really dominant in the case of constant form fac-
2

m,
2k, kK,

does not mean that non-perturbative contributions are dominant in this case. This is due to the fact

tor. But if we take form factor as F(k, ki) = , hard gluon contributions are small, this

that the singularity in the form factor is accidently close to the other singularities in k) and k; and

then enhance the contributions of soft gluon.
3 Remarks and Conclusions
The authors of Ref.[8] proposed di-gluon fusion mechanism to explain the large branching ra-

tios of B—7'K, but because of our ignorance about effective 'gq vertex, there are large uncertain-
ties in perturbative QCD estimations. We try several kinds of <gg| 7' ) form factors, and through
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our calculations, we find that constant form factor is consistent with the data of B—>7'K, but incon-
sistent with the data of B—>9'K" in some cases of different a, or ;. If we take F( KL k) =

m’
2k, vk,
but not dominant. As a consequence, we could anticipate that Br(B—>7n'K" ) would be about 10°*
which can be tested by future experiments. We also try the other three kinds of form factors and they
all give very small contributions to the branching ratios.

We conclude that, though we know little about <gg | 77'> form factor, if di-gluon fusion mecha-
nism is important in B-—>79'K, the branching ratios of B—>7'K" would be definitely around 10°°.

as the authors of Ref. [8] have done, di-gluon fusion mechanism is important in B—=7'K
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