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Nonspectator contribution: A mechanism for inclusiveB— X %'
and exclusiveB—K®*) 5’ decays
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We propose a mechanism that can explain the |@B¢B— X.5')~10 2 observed by CLEO. In this
mechanismy’ is produced by the fusion of two gluons: one from the QCD penguin diagrarsg and the
other one emitted by the light quark inside tBemeson. The inclusive decay rate which is calculated via the
factorization assumption can easily account for the observed branching ratio. We also estimate the exclusive
branching ratidB(B—K 5')=7.0x 10" ° which is in good agreement with the experimental data and present
our prediction for theK* modeB(B—K* 7’')=3.4x 10" °. [S0556-282(98)05213-9

PACS numbdps): 13.20.He, 12.20.Ds

I. INTRODUCTION duces AS’s result to about an order of magnitude below the
observed branching ratio. Consequently, it has been sug-

The CLEO Collaboration has recently discovered an ungested that the remedy could be invoking new physics to
expectedly large branching ratio for the semi-inclusive hadincreaseB(b—sg) to 10 %—-15 % from its standard model
ronic B— Xsn' decay[1]: value of nearly 0.2 %.

In this paper, we investigate the possibility that a some-
what different process might be the underlying mechanism
for B—Xsn'. We propose a nonspectator process in which
n' is produced via fusion of the gluon from the QCD pen-
guin diagramb—sg* and another one emitted by the light
The corresponding exclusive decay rate has also been meguark inside theB meson(Fig. 1). It is shown that a conser-
sured: vative estimate of the contribution of this mechanism can
naturally account for the observed value. We also calculate
the branching ratio8(B—K#') andB(B—K* ') in the
context of factorization. The latter turns out to be smaller
Possible mechanisms behind this large production offast than the former by a factor 2.
mesons have been discussed in recent pd@er@]. For ex-
ample, Atwood and SonfAS) [2] have suggested the sub-
processh—sg*—sz’'g (g* andg are virtual and real glu-
ons, respectivelyas the main underlying mechanism. For  The expression for Fig. 1 is the product of three terms.
this purpose, the standard model QCD penguin diagram is (1) The effective neutral current flavor changing vertex
used in conjunction with a gluon anomaly driverig»’ b—sgis as follows[7]:
vertex. The form factor for this vertdﬂ(qz,o,mf],), whereq
is the four momentum of the off-shell gluayt, is approxi-
mated by the constalh‘t(0,0mf?,) which in turn is extracted

from J/¢y—n'y decay. However, the approximation

B(B—Xp')=(7.5+1.5+1.1)x10 4,

2.0<p, <27 GeV. (1)

B(B—Kz')=(7.8"35+1.0x10° 2

Il. EFFECTIVE HAMILTONIAN

. GF gS 2
A(b_)sg)z_l)\tﬁ Q[Eos(q gp,v_q“qv)

H(qZ,O,mf],)wH(O,Omf],) turns out to be problematic for
two reasons(1) As pointed out by Hou and Tseih§], there

is an implicit factor ofag in H which should be running with

g and this would suppress AS’s estimate by a factor of 1/3;
(2) on the other hand, Kagan and Petf@} have indicated
that the momentum dependence of the form factor could be
quite significant with the leading behavior of the form
m?,/(q?~m?,). As a result, including this effect further re-
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FIG. 1. Nonspectator contributions B— 7' Xs.
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Where>\t=th\_/fS andq is the gluon four momentum. In the [gm(l_ ) T2b1(qv,T2q)

process considered here, both chromoelectric and chromo-

magnetic operators in Eq3) contribute. However, since 1] =

|Eq|=| —4.93>E,=0.16, the former operator is expectedto  — g| LS7e7pYu(17 v5)d]

have the dominant contribution. It is argued that the inclu- _ _ o

sion of the chromomagnetic operator would increase the in- X[qy"(1—vys)b]+[sy,7.(1+ ¥5)al[a(1— ys)b]
clusive decay rate by 20 % to 50 [®,5]. The purpose of this

paper is to show _that even a conservative estimate of our _ E@%Uﬂﬂﬂq)[aﬂm( 1— ys)b]+ color octect,
proposed mechanism can account for the observed branching 2

ratio in an order of magnitude sense. For this reason, in the @)
rest of this work, we take into account only the dominant

chromoelectric operator. The QCD correctionEgfhas been

extracted from the Wilson coefficients of the four-quark op-sjmplifies the calculation of the hadronic matrix elements. In
erators in the leading log approximatid2]. The result fact, using the factorization assumption, only the first two

points to about a 17 % reduction jE&|. . terms in Eq.(7) contribute to{ ' X Hex|B). In general, the
(2) The gluon-gluon-psuedoscalar mesoyi {n this cas¢  nonfactorizable contributions to two body hadroBidlecays
vertex can be written as which involve large energy releases are not expected to be

significant. For our nonspectator mechanism, it seems rea-
o N ge2 2 2\ sabpoap sonable to expect the deviation from the factorization to be
A*?(gg—7")=H(q%p"m; ) 6*°€*7*"q.Ppg, (4 around 1 Bg whereBg is the parameter associated with the
hadronic matrix element of the neutrBl meson mixing.
Consequently, the nonfactorizable effects are estimated to be

g andp are four momenta of the two gluons ahtlis the  5rong 5 948]. Utilizing the definition of thed meson decay
relevant form factor which contains a factor@f implicitly.  .5stant

AS made an estimate M(0,0mi,)~1.8 GeV ! using the

decay modepy— 7’y which is expected to proceed mainly

via on-shell gluons. However, contrary to the (0[qy*ysb|B(pg))=fapt, (8)
H(qz,pz,mf],)~H(0,0mf],) assumption utilized by AS, it is

claimed that the momentum dependencéiatould be quite

significant[5,6], resulting in a suppression by an order of and its associated relation

magnitude. We show that the nonspectator mechanism sug-

gested in this work can produce a large enough branching

ratio which could match the observed value when such a _ MZB

suppression factor is taken into account. (0]qysh|B(pg))= _me’ 9
(3) The emission of gluons by the light quark is described at b

below.

By_comblm_ng t_he above threg terms_one. arrives at th(?/ve obtain the relevant matrix element as follows:
effective Hamiltonian corresponding to Fig. 1:

CfgH _
. — 1 ’ — B _ —_ P
Heﬁ=CH[SyM(1—y5)Tab](quTaq)p2_Mzel“m[”qapﬁ, (7' Xs|HetB) 9(p2—|v|§)[ [SYo¥pvu(1— ¥s)alpg
g
(5) M2 |

Mg My [S¥oyu(1+ 75)Q]J

where « Gﬂvaﬁqapﬁ' (10)

GF as .
=\, Hereafter, we take the light quark masg=0.
C )\t\/§27-rE°’ (6) ght q asg

. . Ill. RECOIL MASS DISTRIBUTION
and the effective gluon masd is due to bound state ef- AND BRANCHING RATIO

fects. Alternatively, one may use the usual gluon propagator

(no effective magsalong with a model that incorporates the  The calculation of the differential decay rate is now
binding effects and off shellness of the light quark inside thestraightforward, starting from the matrix element in ELp).

B meson. A rearrangement of E®) via Fierz's transforma- We use the usual convention for the invariant variables
tion, s=(p,y +k')? t=(pst+k')? andu=(ps+p,)*
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FIG. 2. The recoil mass distribution of the branching ratio for the inclusive dBeay;’ X, .
dr'(B—Xsn') C2f2H? 2 u—mg
(d d - 3 3B 2 2 JDZX W—Y_% q2:m§+mf],—u+(t—m§) 2 . (12)
tdu 648m°M3(p2—M?)2 m2—u
p2
X(W=X)=XZ+| X~ — )W] Integrating Eq(11) overu, we obtain the invariant mass

distribution for the branching ratiodB(B—Xs7')/dmy_,

—QPZWH XY ZWA (s—2Y—q?) depicted in Fig. 2. For our numerical evaluations, we have

s+ p? M2\ 2 takenmy=4.5 GeV,mg=0.15! My~ A ocp~0.3 GeV[see

X(X— 2_(_8) our explanation following Eq(5)], «s=0.2, fg=0.2 GeV,
My and| V| = |V, Vi ~|Vep| =0.04. In order to obtain the total

p2 branching ratio with the experimental cut &0, <2.7
X1 p?l X— > )(S—Y—qz)—pzq2 GeV, the differential decay rat€ig. 2) is integrated over the

rangemg*"*™ "= 0.45<m, <2.32 GeV resulting in
2
x(w+z—v—% +Y%2Z—(s—2Y—-q?)

B(B—Xsn')=4.710"3, 2.0<p, <2.7 GeV.
p2 (13
W— —7)YH, (11)

The momentum dependence Idf(qz,o,mfy,) has not been
taken into account in the above estimate. Inserting
where W=(u—mp)/2, X=(mj—mi+s)/2, Y=(m},—p*  H(q?0m?)=—H(0,0m?)/(q%m?,~1) in Eq. (11 re-
—q?)/2, andZ=(t—m?)/2. mift is the invariant mass of sults in the reduction of Eq13) by more than an order of
the final state strange hadron. The differential decay(fde ~ magnitude toB(B—Xs7')~1.3x10"*. We note that our
depends on the virtualities of the internal gluons both explicfroposed nonspectator mechanism can indeed explain the or-
ity and implicitly through the form factoH. As we dis- der of magnitude of the experimental data even though our
cussed in the previous sectidd(p2,q2,m?,) is suppressed €stimate(which because of the sensitivity to the uncertain
for large values op? andqg2. Therefore, ghe dominant con- NPUt parameters should be taken with cautiensomewhat
tribution to the decay rate is expected to arise from the smaffmaller than Eq(1).
virtuality region. On the other hand, in the nonspectator
mechanism of Fig. 1, because of the kinematical freedom,

one can impose a constraint suchpds- 0. Consequentlyg? For phase space calculations, is taken to be the constituent
can be expressed as quark massn°""e" 0.45 GeV.
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IV. EXCLUSIVE DECAYS B—K#n' AND B—K*n’

Using Eq.(10) in conjunction with the factorization as-
sumption, one can write the hadronic matrix element for
B—K7%' as follows:

, CfgH _
(n'K[HeglB) = 5 —(K|[s¥57,7,(1—v5)0|0)pg

(p2—M3)
2
+

2\
m_b)<K|57"7#(1+ v5)q|0)
X e*7Py,pg. (14

In fact, the second term in E¢14) does not contribute and
the first term can be related tadkameson decay constant via
the definition

(K(pk)[sy*ysa|0) = fpt, (15)

along with the identity
Yo¥pYu= 1 €oppr¥sY T 9opYu=Bon¥pt 9pu¥e- (16)

As a result, the matrix elemefit4) can be simplified to

(7' K*[HeB)=—i
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CHfgfys

—_— | . 6- —_ . 6.
o(p—mp)| P de P PePed

2mam;
m m2 (_|€ﬂUaBpK*M€o_qapﬁ
bk *

+

+ P+ -Q€-P—Pkx-Pe-q) |, (22

where the polarization vectar and the decay constaf«
of K* appear in Eq(21) via the definition

(K* (P, €)[s7q|0) = i €, (23
and its follow up
_ . m )
(K* (pg+,€)|sa*q|0) =i —zst*(pfz*e”— Pyx €4).
K*
(24

Equation(22) in conjunction with the constraif?=0 leads
to the following expression for the exclusive decay rate:

* !
,K|H |B - CHfgfy '(B—K*7%")
(n'K|HeiB)= Ig(pz_Mé)(pB-qu'p Pe- PPk~ Q). C?HER2R2, fl ]
= ————|pk=* F(x)dx,
17 129677|\/|gm§|'o'< | P
leading to the exclusive decay rate
c? c?
2H22f2 , F(X)=(Cy1+C3C5)%——+(Cy+CyCs)? —9?+ ——
I'(B—Kzn')= ————|pk|3(m>, +4|pk|?) P2, K* My«
( 7') 1944ﬂTMg|pK| (m’, |Pk|*) P
(18 C4Cs
—2(C1+C3C5)(Cat CyCs)| —Cot+ —
K*

which is derived by imposing thg?=0 constraint|py| and
po are the three momentum of te meson and the energy
change of the light quark in thB meson rest frame, respec-

+C mi* C5—C3C6Cs—C4(C3Cs—0°Cy)],

tively: (25
(m§+mi—m2 )2 172 where
lpx|= T -mg| (19 2,2 2
amg mg+m’, —mi,
Ci=— 7 % _
) , 1 2 21
mg—m
Po= 2mg @ 20 C2=mgpo,
whereE, is the energy of the light quark in th€ meson. To mé— mf}, - mi*
proceed with the numerical evaluation B{B—K #'), one Cs= 2 e

can assume an appropriate model to estinkgte However,
roughly speaking, one would expe&t;=m—mZ°"sen
~0.05 GeV. The exclusive branching ratio is then estimated
to be
B(B—K7')=7.0x10"%, (21

which is in good agreement with experimental dé&a

In the same manner, the matrix element relevant for the
B—K* %’ decay can be obtained from Ed.0):

014015-4
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{[mé—(mn,+mK*)Z][mé—(mn,—mK*)Z]}l’z tion in hadronicB decays. For example, our_prediction is in
. contrast tol'(B—K* »')~2I'(B—K#") obtained from the
proposed— ccs— n's procesd 3]. We should also empha-

is the same as in EqR0) andg? is obtained from Eg(12 size that the ratios of decayyB—K»')/T'(B—Xs7') and
Po @0 g 12 I'(B—K*%")/IT'(B—Kz5'), calculated in our mechanism,

L 2 2 _
by substitutingmi . and mg—2mgE, for t and u, respec are independent of the input parameters like fg, and

tively. In order to estimate the branching ratio fé¥ Mg, and therefore, free of the uncertainties associated with
—K* ', analogous with th&8—K ' exclusive decay, we these parameters

take the energy of the light quark K* to be

|pK*|: 2mB

E. ~ My — meostitient_ g 14 Gev V. SUMMARY
q~~ M+ — Mg ~U. ev, o . '
We calculated a nonspectator contribution to the inclusive

which results iR B meson decay inta;’ and hadrons containing a strange
quark. The result indicates that this mechanism could explain
B(B—K*7')=3.4x10°. (26)  the large experimental branching rat®(B— Xs%') ob-

tained by CLEO. Our estimated exclusive branching ratio
We note that the results for exclusive decays should not bB(B—K#") agrees with the experiment as well. The experi-
altered significantly because of the momentum dependenaeental confirmation of the predicted branching ratio for
of H. This is because of the fact that, unlike the inclusiveB—K* 5’ will give strong support to the suggestion that the
process? for these decays is fixed at around 1-3 GeV nonspectator mechanism is indeed the underlying process for
The measurement of thé* mode will be a crucial testing the above decay modes.

ground for various mechanisms suggested forgh@roduc-
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