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Factorization and nonfactorization in B decays
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Using NLL values for Wilson coefficients and including the contributions from penguin diagrams, we
estimate the amount of nonfactorization in two-body hadrddidecays. Also, we investigate the model
dependence of the nonfactorization parameters by performing the calculation using different models for the
form factors. The results support the universality of nonfactorizable contributions in both Cabibbo-favored and
Cabibbo-suppressedl decays[S0556-282(199)06623-0

PACS numbes): 13.25.Hw, 14.40.Nd

[. INTRODUCTION N, as a free parameter whose effective value is used to in-
dicate the amount of nonfactorization in a decay process.
The decay rate@nd, in few cases, polarizatipof a large  Others[11-14 have used.=3) and parametrized the the
number of hadronic channels have been experimentally meaonfactorizable matrix elements in the decay amplitude. In
sured to sufficient accuracy. However, as yet there is no rethis paper, we continue to use the same parametrization
liable theoretical method to derive the corresponding ampliadopted in the previous worKL5]; i.e., the nonfactorized
tudes starting from the basic principles of the standarceffects caused by the color singlet and color octet currents
model. This is due to our inability to quantify the participa- are parametrized in terms of the two parametgrandeg,
tion of strong interactions in such processes. The powerfulespectively. These parameters are introduced into the decay
theoretical tools of perturbation theory which are used inamplitude through the replacements
purely electroweak interactions are not very useful in situa-
tions involving strong interactions. Nonperturbative tech-
nigues, such as lattice calculations and QCD sum rules, are
still under development. However, the asymptotic freedom
property of QCD allows us to separate the gluon contribu- off
tion, in a given process, into that due to high enetiggrd Q= =
gluons and that due to low energgoft) gluons. The former
contribution is relatively easy to compute using perturbation One of the issues that arises when parametrizing nonfac-
techniques and renormalization group equations. In fact, atbrizable contributions is how to handle processes with two
impressive amount of work in this regard has been don&ector mesons in the final state. This is because it is not clear
[1-6], where hard gluon effects were parametrized througlwhether or not the three Lorentz scalar structures of the de-
Wilson coefficients which have been calculated up to nextcay amplitude should receive the same contribution from the
to-leading logarithmigNLL ) order. It is the soft gluon con- nonfactorizable terms; i.e., does nonfactorization lead verily
tribution which is difficult to handle and constitutes the mainto an overall factor? This issue was discussed in Refs.
source of uncertainty in hadronic weak decays. [12,11]. In Ref.[16] we tackled this issue in some detail for
In general, the effective Hamiltonian in hadronic decaysthe proces8— J/K*. Using a full amplitude measurement
of B mesons takes the forles~=;C;Q; whereC’s are the  [17] by CLEO, the amount of nonfactorizable contribution to
Wilson coefficients that contain the hard glu@m short dis-  each of the three Lorentz-scalar structures was calculated in
tance effects andQ’s are four-quark operators that are prod- five different models for the form factors. The results al-
ucts of two Dirac currents. In calculating the decay ampli-lowed an explanation of the experimental data using equal
tudes for two-body hadronic decays we then encounteamount of nonfactorization in each part of the Lorentz am-
matrix elements of the form{f, f,|Q[i), wherei is the plitude, implying that an overall nonfactorization factor was
initial-state particle, and,; and f, are the final-state par- adequate.
ticles. In phenomenological calculations, the factorization as- Assuming universalityprocess independenoaf the non-
sumption (i.e., the matrix element of a curremt current factorization parameters B decays, we estimated their val-
operator is equal to the product of the matrix elements of theies in Ref.[15] using a more definitive calculation. How-
current operatojss commonly invoked. As a result, the de- ever, for the Wilson coefficients we used the values
cay amplitudes for processes with exteréémission(class  calculated up to leading logarithmidLL) order and ne-
| processesare proportional td7] a;=C;+C,/N. where  glected all contributions from the penguin diagrams. Also,
N is the number of colors. Similarly, the decay amplitudesall the calculations were done using only one model for the
for processes with internalV emission(class Il processgs form factors[Bauer-Stech-Wirbe(BSW) Il model]. The re-
are proportional ta,=C,+C;/N,. sults supported the proposition of the universality of the non-
The effect of nonfactorization iB decays has been stud- factorization parameters in Cabibbo-favoi@decays. How-
ied by several authors in the past using different parametriever, a number of questions were also raised. First, how will
zation methods. For example, some auth@s10| treated the results change if we use the Wilson coefficients calcu-
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lated up to NLL order? Second, how do we parametrize theors Q) and Q5 do contribute to processes of the type

nonfactorization generated by penguin diagrams and how, ¢ through tree diagrams, they do not contribute through
important they are? Third, how much model dependence iéenguin diagrams.

there in the estimated nonfactorization parameters? Finally, | NLL calculations, the Wilson coefficients turn out to be
can we extend the proposed universality of the nonfactorizareqyarization scheme dependent. However, if the matrix el-
tion parameters to include Cabibbo-suppr(_esae_decays? ements(Q;(x)) are evaluated at the same scheme as the
These are the questions we try to address in this paper. \wjjson coefficientsC;(x), the scheme dependence cancels

The paper is arranged as follows: In Sec. Il we present thg ;t From Eq.(3), we see that the decay amplitude in the
Wilson  coefficients and Cabibbo-Kobayashi-Maskawaggfactive theory has the form

(CKM) matrix elements used in the calculations. In Sec. Il

we calculate the effects of penguin diagrams and NLL Wil- AxC _

son coefficients on the predictions of naive factorization. In e Cili)(Qi(1))
Sec. IV the nonfactorization parameters are estimated in five

models for the form factors. In Sec. V we show branching < Ci(1)gij (w){ Q)"
ratio predictions of several sets of Cabibbo-favored and
Cabibbo-suppressel decays. The last section is a discus- o« CEM(Q;)tree (5)

sion of the results and a conclusion.
At the quark level, the scale and scheme dependences of
Il. WILSON COEFFICIENTS IN NLL ORDER (Qi(m)), which is carried byg(w), cancel the scale and

. _ _ _scheme dependences of the Wilson coeffici¢®$0,18,19.
In the absence of strong interactions, the effective Hamll—SO bothCieﬁ and(Q;)"e are scale and scheme independent.

tonian for the procesb—ccs, is given by From above, we can write the decay amplitude as
H =%v VE(cib) (sic)) ) G
e () = 5 | VenVes CT(QD) "+ C5HQ5) "9
When QCD effects are included, the contribution of the pen- 6
guin diagrams should be considered beside the curxent + ) (VgpVECH e v v ceeffy(Q;)tree]
current diagrams. As a result, the effective Hamiltonian gen- i=3
eralizes t98,10] ©6)

G,: ; ; ; u c
Hes=—=| VsV (C1QY+ CoQY) + Vo, VE(C1 QS+ C,Q5) where the penguin contributions frof®;_, ,) and(Q;_; ,)
N e are included inC®f ~ candCF®] ¢, respectively. The
6 details of calculating:}“sz can be found in Ref.8].
F(VV* VP CO | 3 The calculation of the penguin-driven amplitudes in the
(VupVust Ve cS)i=23 Qi ® factorization assumption involves additional assumptions, an
effective value ok?, for example. In a complete calculation

where [20] k? would not be a variable; it would be integrated over
_ _ the wave functions of the hadrons with its own uncertainties.
Q= (aibi)L(5i9))L, In the absence of a complete knowledge of the hadronic
wave functions, the choice is either to sel&étjudiciously
Q3=(aib).(s;a)., a=uc, or to admit new unknowns through the hadronic wave func-

tions. In penguin calculations, one generally opts for the first
_ _ alternative and chooség in the rangemz/4<k?<m?/2. In
Q3:(Sibi)L§ CIE the calculations presented here we have chéderm?/2.
In Table I, we show the values of the Wilson coefficients
o o in LL and NLL order (working in the naive dimensional
Q4=(sibj)LE (9;9i) regularization schemeevaluated at the scale=4.6 GeV.
q Also, we show the values of the effective Wilson coefficients
ce™. Forcg™-cg", which include the contributions from the
Qsz(gibi)LE (aqu')R, QCD penguin diagrams, we list two sets of values, corre-
q sponding to theu and c loop flavors. For quark masses,
we used the the following running values at thequark
— — mass scale [21]: m,=3.17 MeVmy=6.37 MeV,
Qf(sibi)t% (9;9)r- 4 M—0127 GeV, m.—0.949 GeV,m,—434 GeV, and
m,=170 GeV. As for the CKM matrix elements, we used
The subscriptsL and R represent left-handed and right- [22] V,4=0.976, V,=0.221, V,,=0.00316e 43, V4
handed currents, respectively. Even though the local opera= —0.221, V s=0.976, andV.,=0.0394.
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TABLE I. The second and third columns show the Wilson co- §O—>D+7T7) the factorizable part of the amplitude is pro-
efficients in LL and NLL order, respectively, evaluated at the scal
n=4.6 GeV, and for/\%:219 MeV. The last column shows the
effective Wilson coefficients in NLL order, evaluated using the run-
ning quark masses. FAES™-CE", two values are listed, corre-
sponding to the two loop flavors in the penguin diagram.

€portional toa;. As can bee seen from Table I, the value of
this parameter in LL orderai"=1.032) is almost the same
as that in NLL order §)'"-=1.036). Since the decay rates
are proportional toa,|?, the above values foa; give a
difference AB;,) of less than 1% between the branching

LL NLL Effective ratios calculated using the Wilson coefficients in LL order
and the branching ratios calculated using the Wilson coeffi-
Cy 1127 1.075 1.143 cients in NLL order(see Table Ii. In processes of class Il
C, —028 —-0178 —0.322 (for example B°—D°%#?), the factorizable part of the decay
q=u(c) amplitude is proportional t@,. This parameter takes the
C, 0013 0012 001840.0048(00197%00044)  Values @z =0.090) and & =0.059) in LL and NLL or-
C. ~0.029 —0.033 —0.0407-0.0145(—0.0453-0.0132) der, respectlyely. As a result, the predlcted br_anchmg ratios
Ce 0.008 0009  0.01360.0045(0.0145-0.0044) (see Table I in the naive _factprlzatlon approximation drop
Ce 0.037 —0.039 —0.0522-0.0145(— 0.0568-0.0132) by about 57% when working in NLL order. The decay am-
plitudes for class Il processg$or exampleB™— D% )
a, 1.032 1.016 1.036 receive contributions from two tree diagrams, causing a de-
a, 0.090 0.180 0.059 pendence on both; anda,. Therefore,A B, varies from
C,/a; —0.277 —0.175 -0.311 one process to another in this class. However, as can be seen
C,/a, 1254 596 19.37 from Table Il these changes are relatively smébss than

6%). This is caused by the dominance of the part of the
amplitude proportional t@, over that proportional t@,. It
IIl. DECAY RATES IN NAIVE EACTORIZATION should be mentioned here that, unlike the other two classes,
o AB;, in class Il processes is model dependent and the val-
In decays of typeb—cud only tree diagrams contribute ues presented in Table Il were calculated based on the BSW
to the decay amplitudes. In processes of clagsrlexample, 1l model, to be introduced later in this paper. However, be-

TABLE Il. AB;,. represents the percentage change in the branching ratio, assuming factorization, due to
NLL values of the Wilson coefficientcolumn 4 and due to penguin diagrameolumn 5. The last column
represents the total change.

Processes Class Model AB;,.: change in branching ratio
NLL effect Penguin effect Total change
Type b—cud
B°-D*7 ... etc. I 0.8% 0.8%
B D70, ... etc. I —56.7% —56.7%
B~ —D% 1l BSW I —4.4% —4.4%
B —D%" 1l BSW Il —2.1% —2.1%
B‘—>D°ai 1l BSW Il -1.1% -1.1%
B~—D*%~ 1l BSW I —6.0% —6.0%
B*HD*Op’ 1l BSW I —3.3% —3.3%
B’—>D*°aI 1l BSW I —1.8% —1.8%
Type b—ccs
B—DDg I 0.8% —27% —26.2%
B—DD} I 0.8% —36.0% —35.2%
B—D*Dg | 0.8% 6.4% 7.2%
B—D*D} | BSW I 0.8% 15.1% 15.9%
B—KJ/¢, ... ,etc. Il —56.7% 0.2% —56.5%
Type b—ccd
B—DD~ I 0.8% —23% —22.2%
B—DD*~ I 0.8% —25.7% —24.9%
B—D*D"™ I 0.8% 5.9% 6.7%
B—D*D* "~ | BSW I 0.8% 12.9% 13.7%
B—mdly, ... etc. 1] —56.7% 0.4% —56.3%
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cause of the dominance of one part of the decay amplitud67% lower than those calculated in LL ordsmilar to class

over the other, this model dependence is not very strong. || processes of typb— cud). The penguin effects, however,
Decays of typeb—ccs receive contributions from both turn out to be very smallabout 0.2%). This is because the
tree and penguin diagrams and the relevant effective Hamilvalues fora; andas are very close in magnitude and have
tonian is given by Eq(3). In order to extract the factorizable opposite signs, resulting in a mutual cancellation.
contributions to these processes, an appropriate transforma- The effective Hamiltonian for processes of typesccd
tion is needed for the operato@®; and Qg containing right- s similar to Eq.(3) except that the flavor is replaced by the
handed currents. Using the Fierz transformation, color algeg fiavor. The numerical values fa@, . turn out to be
bra, and Dirac equation, the decay amplitudes for processgfe same as those in Table | without noticeable changes. The
of this type can be easily worked out. For example, assumingecay amplitudes for the processs:DD~ (for examplé
naive factorization, symbolized by tﬂe subscript “fac,_” the can be written from Eq(7) by replacing thes flavor by thed
decay amplitudes for the processBS—D*Dg and B®  flavor. By doing a similar replacement, the amplitude for the

— KO/ are given by processB— wJ/ i can be written from Eq(8). In Table I,
o we show the NLL and penguin effects on the calculated
A@d B>—=D'DJ) branching ratios of these two sets of processes.
Gk
=—|VVia+ VpVa
\/E ebTes q:zu,c abTas IV. ESTIMATION OF THE NONFACTORIZATION
2 PARAMETERS
mMp
x| aj+2ad ° - In Ref.[14], nonfactorization was parametrized through
(Mp—me)(Me+my) g, and eg. These two parameters represent the size of the
— = = color-singlet and color-octet nonfactorizable diagrams rela-
X(D*[(cb).|B°)(Dy |(sc).|0) (7

tive to the factorizable one. By assuming universafjtyo-
cess independencef these two parameters, we estimated
their values in Ref[15] for Cabibbo-favored decays. The
estimate was done using the available experimental branch-

ing ratios for two sets of class | processe®°(
—D*#7,D"p~,D"a; ,D** 7~ ,D*"p~,D*"a; and B
0oy R0 - —DD,,DD? ,D*Dg,D*D?) and one set of class Il pro-
XCTISD)LBD) (A (CO0) (B) o eqB KK (2S) . K* I, K* (25)). For the Wil-
respectively, where son coefficients wgl5] used the values calculated up to LL
order and neglected all contributions from the penguin dia-
4 ~q 1 q 4 ~q 1 q grams. Regarding the form factors, we used the predictions
a;=C3t3C4,  a;=C4+3Cs, of the BSW Il model. In general, the estimated values pf
andeg improved the agreement with experimental measure-
1 ments when the notion of factorization was extended to in-
ad=Cl+ §Cq, ag=Cd+ 3 g, g=u.c. (9)  clude other channels & andB, decays. This supported the
assumption of the universality of these parameters in

Note thatN,=3 is used for the penguin amplitudes also. If Cabibbo-favored decays. o _
the penguin-generated terms were omitted, the effect of Accordmg to Eq.(1), nonfactorization contributes to the
working in NLL order instead of LL order would be very decay amplitudes of class | and class Il processes through the

small. In fact,A B, is less than 1%, the same as that calcy-Multiplicative factorgomitting the penguin contributions for
simplicity of argument

and

. Gr
Ad BP =K ) =—=| Vo Vi@ + 2 VgpVi(ad+ad)
\/E g=u,c

=Y

lated above for the color-favored decays of type>cud.
However, if the contributions from the penguin diagrams are

considered, we get relatively large effects. The branching =
ratios for the process&—D "D, andB—D D}~ get re-

duced by 27% and 36%, respectively, while the branching
ratios forB—D*D¢ and B—D*D? are increased by 6% and
and 15%, respectivelysee Table . To demonstrate the
cause of these large changes, let us consider the dgcay
—D™"Dy . In a rough calculation, we substitute the follow-

ing approximations in Eq(7): a;~1, aj~—0.04, ag~

—0.05, VpV{s~0, and m%S/(mb_mc)(chr mg)~1. The  respectively. The difference between these two factors is in
change in the amplitude due to penguin diagrams is thethe coefficient of the color-octet parameter. Consequently, in
about (1-0.04-2x 0.05¢— 1~ —27%. In the case of class the case of class Il processes the long-distance effeetg in

Il processes, the branching ratios calculated in NLL order ar@re greatly enhanced by the short-distance effects arising

o 1
1+81+a_188 ~ 1+81_§88 (10)

C
§2=(l+sl+ a—288)~(1+81+2088), (12)
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from C,/a,. This is in addition to the enhancement ©f BSW IT Model o1 NRSX Model
over g4, by a factor ofN;, according to the rules of QCD. o3

As a result, it may be harmless to ignore the contribution due @ o @
to the color-singlet parameter. On the other hand, in class @ o

| processes we notice thag is suppressed by approximately e &
a factor of 1/3 due to short-distance effects. Since this com- _, , o1 @

pensates for the enhancement due to QCD, it is not justifiec _, , @ 0.
to omit e, in this class and the two parameters should be _, ; o3

treated on equal footing. From the preceding discussionwe L . . _ | ) S
infer that class Il processes are sensitive probesegHf &1 &1
wherease; is mainly determined by class | processes, albeit

O)

0.15 0.15

with less sensitivity.
In this work, we reestimate the values of the nonfactor- °-** 0.149
ization parameters, andeg using ay? fit to the experimen- 0.14 0.14
tal branching ratios of the three sets of processes mentione, o.13s 01 @
above. However, for the Wilson coefficients we use the val-  ¢.1: 0.13
ues calculated up to NLL order and include, in the color-  ,,, 0. 125
singlet part of the amplitude, the contributions from the pen- o1
guin diagrams. As for the color-octet part, we include the

contributions from the operatoi®; and Q, only. For ex- e 2o ee e e 0 o e
ample, the decay amplitude for the proc8&s KJ/, after
including the nonfactorizable contributions, will read FIG. 1. (@) A contour plot ofx? in &,-g4 Space using the BSW

Il model. (b) A contour plot ofx? in &;-eg4 Space using the NRSX
model. The lower graphs show a magnification of the region con-

Ge * quvgs q. Aq taining a minimum of region 3 of? in the corresponding graphs.
AB—KI/¢)= \/EVCbVCS a2+q=§310 Cb\/:s(a3+a5) The inner closed curve represents a changé pf=1 from the
minimum while the outer closed curve represents a change of
o Ax?=2.

X(1+e1)+Cieg|(K|(sb).|B)

[15]. The value ofy? per degree of freedomy€/d) for these
— minima is 0.6. In an argument similar to that used in Ref.
X (Jlyl(ce),|0). (12)  [15], we exclude solutions 1 and 2 due to the severe violation

of the approximate relatiorz,/eg=*1/N. suggested by

Since the nonfactorization parameters are model deper/Nc expansion. Also, solution 4 is excluded because it pro-
dent, we repeat thg? fit using five different models for the duces a negative value for the effectargparameter. So we
form factors. The first of these models is the original Bauer€nd up with the estimates;=—0.040+0.024 and &g
Stech-Wirbel model7] (called BSW | hergwhere the form  =0.137+0.006. The uncertainties correspond Ag?=1.
factors are calculated at zero-momentum transfer and exthe predictions of the other models are shown in Table lIl.
trapolated using a monopole form for all the form factors. Out of the five models considered we note that three
The second moddtalled BSW Il herg differs from the first  (BSW I, ISGW, and AW do not produce a good fit to the
one by using a dipole form to extrapolate the form factorseXperimental data. This is indicated by the high values of
Fi1, Ay, A,, andV. This is motivated by the consistency x?/d. The remaining two models, on the other hand, produce
relations in the infinite quark mass limit derived in Rgf3]. @ good fit to the data witly*/d equal to 0.6 for the BSW II
In the third mode|[23] (Ca”ed NRSX her}; we use the model and 0.4 for the NRSX model. In these two models,
heavy-quark effective theory predictions for the heavy-to-
heavy form factors. For the heavy-to-light form factors we 0
use the same values as those predicted by BSW Il model. In
the fourth model, developed by Altomari and Wolfenstein
(AW) [24], the form factors are evaluated at the zero-recoil -20
point corresponding to the maximum momentum transfer Ala, &|
and then extrapolated down to the required momentum using
a monopole form. In the last model, by Isgur, Scora, Grin- -40
stein and WisdISGW) [25], the form factors are calculated 50
at the maximum momentum transfer and extrapolated down
with an exponential form.

Working, for example, in BSW Il model we show in Fig. 0 0.05 ot 0.15 0.2
1(a) a contour plot ofy? in £,-e4 space. The four minima, ¢
labeled 1, 2, 3, and 4, which appear in this figure are to be FIG. 2. The percentage difference betwepm¢,/?, and
compared with the corresponding regions in Fig. 2 of Ref|a,é,|%,, as a function ok, takinge;=0.

-10

2
-30

-60
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TABLE lll. The second and third columns show the estimated nonfactorization pararagtensicg in
different models. The fourth column shows the value)dfper degree of freedom which indicates the
goodness of fit. The last two columns show the valuea;df anda,é.

Model £, £g x?/d a;é; ayé,

BSW | [7] —0.037£0.024 0.13%0.006 5.8 0.953 0.216
BSW Il [7,29 —0.040+0.024 0.1370.006 0.6 0.950 0.213
NRSX [23] 0.057+0.027 0.1320.006 0.4 1.052 0.213
AW [24] —0.250+0.019 0.17%0.007 5.7 0.722 0.240
ISGW [25] —0.071£0.024 0.236:0.008 2.3 0.888 0.318

which show interesting fits, the heavy-to-light form factors another set of class Il processes of the same type. The results
are calculated in the same way. So the set of class Il proare shown in Table V. These two sets were not considered in
cesses B—KJ/y, ..., etc) has the same values for the the previous work. Our predictions show good agreement
form factors. This is reflected in the close predictionsgf  with available experimental data which includes the recently
by both models, which is not the case for the other parametaheasured decay channeB’—D**D*~ [26] and B~
where the two sets of class | processes take different values, =3/ [27]. In the calculations, the two statés) and

for the form factors in the two models. Another point to be| ;") are treated in the same way ag 16] where the mixing
noticed is that the NRSX model prediCtS a destructive interang|e and wave function normalizations are proper|y taken
ference between the color-singlet and color-octet nonfactorcare of. As for the decay constants we used the values
ization contributions, causing almost a complete cancellatiopdopted in Ref[15].

between the two for class | processes. This is not the case for

the other models, which suggest a constructive interference.

VI. DISCUSSION AND CONCLUSION

V. PREDICTED DECAY RATES INCLUDING In Ref.[15], we demonstrated that naive factorization, in
NONFACTORIZABLE CONTRIBUTIONS LL order and using tree diagrams only, gives reasonable pre-
) i . dictions in comparison with experimental measurements for
Using the values estimated for the nonfactorization pathe pranching ratios of class | and class Il processes. How-
rameters in a scheme with NLL Wilson coefficients and pen-yer, for class Il processes the predicted branching ratios
guin contributions, we can calculate the branching ratios, ifyere very low. Also, it was demonstrated that including non-
the BSW Il model, for all processes considered in the previz,.iorizable contributions through the parameteysand s

ous work[15]. 2However, grom_TabIe Ill, we see that the j5 6ves considerably the predicted branching ratios for the
values ofja; £,/ and|a,é,|* estimated here using the BSW |a¢ter class while preserving reasonable predictions for the
Il model do not deviate much from the corresponding valuegyiher two.

estimated previously in Refl5]. Actually, the change in In this work, we find that by working in NLL ordefwith
|a1¢4|* is about 3% and ifa,&,|® is about 6%. As a result penguin diagramghe predicted branching ratigs na-
no significant changes are expected in the branching ratig,q tactorization of class | and class Il processes are very
predictions. An exception is the set of process& ( close to the LL predictions and to the experimental values
—DDg,DD; ,D*Ds,D* D) which receive sizable contri- (see Table Il. For class Il processes, on the other hand, the
butions from the penguin diagranisee Table IV. predicted branching ratios are considerably losr about

By assuming that the universality ef andeg extends to 579 than the LL predictions, making the disagreement with
Cabibbo-suppressed processes, we evaluate the branching fige experimental values even worse. However, this problem
tios for a set of class | processes of tybpe>ccd and for is greatly remedied by including nonfactorizable contribu-

TABLE IV. The branching ratios predicted for a set of Cabibbo-favdBedkcays in the BSW Il model.
The values in the second column were calculated by takirig,) = eg(xo) =0 whereas the values in the
third column were calculated by taking (o) = —0.040=0.024 andeg( o) =0.137+0.006. The last col-
umn represents the available experimental measurements.

Process Fac. Nonfac. ExpR7]
Branching ratiox 103

B—DDg 10.3+2.2 85-1.9 9.8t2.4

B—DD? 7.9+1.6 6.5t1.4 9.4:3.1

B—D*Dg 8.4+1.8 7.1+1.6 10.4-2.8

B—D*D} 29.4+5.9 24.9+5.2 22.3t5.7
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TABLE V. The branching ratios predicted for a number of Cabibbo-suppré3skgtays in the BSW I
model. The values in the second column were calculated by takif@,) = ¢g(xo) =0 whereas the values
in the third column were calculated by takiag(ug) = —0.040+0.024 andeg( ) =0.137+0.006. The last
column represents the available experimental measurements.

Process Fac. Nonfac. Expt.

Branching ratiox 10™4

B°—~D*D" 3.620.7 3.0:0.6

BY—D*'D* "~ 3.5+0.7 2.950.6

B D* D" 2.7+0.6 2.4:0.5

B0, D* *D* - 9.9+2.0 8.3+1.7 6.2 3.6[26]

Branching ratiox 10 °

B —m Jli 0.35+0.03 4.6:0.5 5.0+ 1.5[27]
B~ —p-JIy 0.51+0.04 6.7:0.7 <77

B —a, ¢y 0.23+0.02 3.0:0.3 <120
B~ ¢(25) 0.21+0.02 2.8-0.3

B-—p~ (29 0.33+0.03 4.4-0.5

B~ —a; ¥(29) 0.11+0.01 15-0.2

tions. Beside the enhancement of the branching ratios abn the other hand, for class I processes of tgpeccs this
class Il processes, the inclusion of nonfactorizable contribugancellation does not happen and the decay amplitudes re-
tions reduces the sensitivity to whether LL or NLL Wilson cejve a significant contribution from the penguin diagrams
coefficients are used in the calculation. This is demonstratetsee Table Ii. As can be seen from Table Il the best fit to
in Fig. 2 by plotting the percentage difference betweenthe experimental data is produced by the heavy-quark effec-
lagé,|fL and |axé,|] . as a function ofeg, taking £;=0.  tive theory(contained in the NRSX modeland lends sup-
From the graph we see that a 10% contributiosd@educes port to the assumption of the universality of the nonfactoriz-
the difference between the branching ratios predicted by Llable contributions irB decays.
and NLL order to about half that in naive factorization.
Penguin diagrams contribute to processes of types
—ccs and b—ccd. In both types, class Il processes are
affected only slightly by the penguin contributions. This is  This research was supported by a grant to A.N.K. from
due to the destructive interference between the differenthe Natural Sciences and Engineering Research Council of
terms, in the amplitude, generated by the penguin diagram§&anada.
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