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We investigate the possibility of testing the factorization hypothesis in nonleptonic exclusive decays of the
B meson. In particular, we consider the nonfactorizable-D*)*D{*)~ modes and8°—D™)* (7 ~,p"7)
known as well-factorizable modes. By taking the ratiB°—D™®)*D{*)7)/B[B°—~D™®)* (7~ ,p7)], we
find that under the present theoretical and experimental uncertainties there is no evidence for the breakdown of
the factorization description for heavy-heavy decays ofBhaeson.
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Nonleptonic decays of heavy mesons are very importang®_,p*)* (7~ ™) with a differential distribution ofB°
weak processes for the determination of the Cabibbo- (x)+ —;I measured by the CLEO Collaboratiptd].
Kobayashi-MaskawéCKM) matrix element§1] and the un- Here we test the generalized factorization scheme for the
derstanding of th€ P violation mechanism. Nonleptonic de- g|or-favored B-meson decay to heavy-heavy mesons by

cays ofB mesons, however, are complicated processes due @mparing with theB decay to heavy-light mesons. The se-
their inherent hadronic nature and final-state interactions. lected decay processes aBd—D®) D)~ for heavy-
S

A simple formulation of the decay amplitude, the so- =0 () (— - .
called naive factorization scherfi,3], has been widely used hea}vy ands”—~D . (77. p~) for heavy-light, whose ex-
perimental branching ratios are well known. Compared to the

without full theoretical justification. And its phenomenologi- work of Luo and Rosner. in which the authors used the naive
cal extension, the genergllzed factonzat,on scheme, Wm?actorization scheme neglecting penguin effects, we include
process-dependent quantities from penguin effects and NOWere penguin effects and take ratios of the decay rates to
factorizable contributions, has been also widely used in the,q,ce the form factor dependence and cancel the CKM ma-
literature[4,5]. In this latter scheme, the nonfactorizable ef- iy elements. Here we investigate the validity of the factor-
fects are contained in the effective color numié,, which  jzation hypothesis by taking ratios of branching fractions of
is a free parametd#,6] of the scheme; the value b2 was presumablmonfactorizabl§°—>D(*”D(S*)* modes to fac-

adjusted tox for D decays and to 2 or 5 depending on thetorizable§°—>D(*)+(7T‘,p‘) modes.

chiral structure oB decays. Based on the generalized factorization formalism, the de-
Recently, much progress has been mat8] towards un- .,y amplitudes of our interest are expressed as

derstanding nonleptonic decay processes by separating out G

short-distance physics from long-distance effects in the well- =0 (R)+p -y — —F * T (%)

defined manner; Benelat al.[7] proved the validity of fac- AB™=D M) \/EVCbqu'a(D M)

torization for theB-meson decay amplitude in the context of (T %)+ [ =B

the perturbative QCD formalism. They showed that whéh a (M7[a" (1= v5)q|0(D™*[cy,(1— ys5)b|B®), (1)

meson decays weakly to a heavy meson and emits a Iig%

; IS hereq(q’)=u(d) for M=,p andq(q’)=c(s) for D{*).
meson, the decay amplitude factorizes in the same form a_?h q(fc:_ )_ ~(_) ud P ) qéq ) (d) bsl
the naive factorization formula, but with calculable coeffi- ¢ ?C.Oe b||C|enta Itn'(l‘:)ut' es pgngttém effects ?n dpcf)sstl (_en?n—
cients in the heavy quark limit. In the case ofBameson actorizablé contributions in the generalizéd tfactorization

decaying to a light meson rather than a heavy one, accordinfgizelzg?ﬁ Ue\);*a;e_g\ly er\1/,*neglsect|ng Weexchange diagram
to their formalizm, a contribution by a hard spectator quark Vo Vis=" VebVes,

is added to the amplitude, therefore the total amplitude is still E(D(*)(Tr,p))z ai,

factorizable. However, foB decays to a heavy or light me-
son emitting a heavy meson, their amplitudes are not written E(DDS):al 1+ a4t a0
as factorized forms, since the color transparency arguments 1
cannot be applied for such decays. 2
Though the factorization of the decay amplitude foBa asTag Mb,
meson decaying to heavy-heavy mesons has not been justi- a;  (mp—mg)(mg+mg)/’
fied, there have been many calculations using the factorized
formula in the literaturg¢5,9,10. Within the naive factoriza- AD*Dy)=a,| 1+ a4t a0
tion scheme, Luo and Rosngt0] calculated the branching 1
ratios of theB-meson decaysB°—D™*)*D{*)™ | after ex- m2
tracting the values ofV.,| and the slope of the universal _236+a8 Ps )
Isgur-Wise form factop?, by comparing the decay rates of a;  (My+mg)(mg+mg))/”’
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a(D™*ID¥)=a,[1+ (as+as0)/a,], _ a(D*D?)|? fD:)Z( pS*D:> ng)Z
= | =5y |\ T ) | o5 |\ m

where a;’s represent conventional effective parameters de- a(D*p) P Pc " P
fined asay=cS+cS /N and ay;_,=c&" | +cSl/NE", BD* 2 \ ABD* 272 2 2
Using the numerical values af's of Ref.[9], the effective XA (mD§)/A1 ()] [H(mD:)/H(mp)],
parameter?a defined above are related & by (9)

|a(B—DD,)|=0.847,, |a(B—D*D)|=1.037%,, where pX" is the center-of-mass momentum of the decay

(3)  particles and we usefViJ/V 4 =1. Here the form factors
[a(B—D™)D*)|=0.962, have the following parametrizatidi3]:
s : g
’ ’ ’ m|23_m|23, 2

where the values are obtained by chooshiff=2 for (v (P (PIVLIP(P)=| Putp,— o 9u | F1(9%)
—A)(V—A) interactions(i.e., for operator€; 34914 and
NET=5 for (V—A)(V+A) interactions(i.e., for operators + [(ma—m3,) /g% a,Fo(a?),

Os6.7.9 [9]. We note that the ratioga/a,|, are numerically
very stable over differenN™ values; for example, the nu- (V(p',6)|V,L|P(p)>=m€umﬁf* "pp’AV(g?),
merical deviations are less than a few % féf'=2, 3, 5, P (10)
and~. From the relations in Eq3), one can see that, at the

: . o .t
amplitude level, the penguin contributions B8— D D_S (V(p',e)|AIP(p)=i
decay (~3.7%) are much smaller than those for tB8
—D*"Dg mode (~15.3%). In fact, the penguin effects on
B°-D*D; decay are not small enough to be simply ne- -
glected. As previously mentioned, the penguin effects are
neglected in the analyses of REI0]. We will show that the €p
inclusion of the penguin effect in tH8°—D D mode im- —2my—0,[As(a®) —Ae(a*)]],
proves substantially the theoretical prediction to the experi- q
mental value. For th&°—D**D_ decay mode, the pen- whereq=p—p’, F1(0)="Fq(0), As(0)=A,(0),
guin contribution can be neglected. This difference of the
penguin contributions between the similar decay madges As(g?) =
—D*D; and B’~D**D; is due to the different chiral
structure of the final stateB:— D* transitions occur through andP,V denote the pseudoscalar and vector mesons, respec-
axial vector currents, whil8— D through vector currents. tively. For B—V,V, decay[see Eq.(9)], three form factors

(mp+my)e,Ai(g?)

p ’ 2

Mp+my mp—my
A1(9?) —

2
2my 2my Ax(g9),

The ratios A1(9?), Ay(g?), andV(qg?) contribute. Here we factored out
- () the dominant one\;(q?) and the other two are put in the
Recorr = B(B"™—D"Dg"’) 7 function H(g?) defined as
PO B0 D p )] H(g?)=(a—bx)%+2(1+c?y?), (12)
% B(B°—D* DY) - with
O ) == ;
P BBO-D (7 p )] L me-mi-mg o 2mgp )
. 2mym, mymy(mg+m;y)?’
are given as
2mgp, A (o) VBYy(g?)
~ 2/§.\2/,PDs FBD(mZ) 2 c= . X=—5y , Y= —sv——5
R a(DDy)| | 'pg) | Pe 0 V7D 6 (mg+m;)?2 AL (9P AL
Ds/‘IT_ E(Dw) H pEJqT FSD(mi) 1 ( ) (13)
- 2/¢ 2/ DD\ 3/ EBD(2 ) 2 wherem; (m,) is the mass of the vector mesdf (V,).
o a(DDy) f& Pe ° 1 Ds) Using the above ratios Eq$6)—(9), one can, in principle,
DSl a(Dp) f, p>r F?D(mz) ' test the validity of factorization without having a dependence
¢ P 7) on CKM matrix elements. However, the analysis depends
strongly on nonperturbative hadronic factors such as decay
E(D*D ) 2/t 2 pD* D¢\ 3 ASD*(m% ) 2 constants and form factorB— D) transition form factors
Rp o= |m—o (_’5) - — are rather well-constrained and the uncertainty in their ratios
s a(D*m) | \fz/ | po'7 ABP™ (m2) would be rather moderate. In the following numerical analy-

(8) sis, we consider three models for the form factorsBof
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—D™) transitions: the Bauer-Stech-Wirb¢BSW) model  ratios ofa’s are factored out, the numerical predictions of

[3], the Melikhov-Stech mod¢lL2], and the relativistic light-  Egs. (18) correspond to those in the naive factorization ap-

front (LF) quark mode[13]. We check our choice of form-  proximation. As is shown, the main uncertainty comes from

factor values, in particula 5 angl( ,) ag:iunst the exp%n- our ignorance of the decay consté@ts*). Within the gener-
%)

mental measurements oB(B"—D m') and B(B alized factorization(GF) scheme and by including penguin

(x)—+ i i i . .
—D/"17v) following the_ methods e_xp_lalned In R_efs. effects, the central values of the ratios are shifted to
[9,10]. The results are consistent well within the experimen-

tal uncertainties of3(B°—D®*)~#") [14] and the com- Rg:/7=2-43i0-61, Rgf,p=0.85i0-22,
bined semileptonic and nonleptonic decay analysis predic- 5 ~GSF (19
tions [10]. RS:,W=2.33J:O.70, Rps;,=2.00=0.50,

Another uncertainty comes from decay constants, espe-

cially fDé*)’ which presently has large uncertainty. The I:)ar_where we used the explicit numerical valuesdoof Eq. (3).

ticle Data Group reporf14] gives two distinct values de- considering the current experimental branching ratios for

pending on its decay modes: each decay modgl0,14], one gets the following ratios:
fpr=194+35+20=14 MeV from Dg—uv,, (14) R55,=2.67£1.061, R, =1.27+0.671,

~ ~ 20
fo:=300£58-33238 MeV from Dy r,. (15) Rpf,=358-1.138, Ry =2.16+0.817. 29
Recently, a rather interesting value appeared in Ré: Comparing the ratio$18), (19), and(20), all the theoretical

predictions are well within the present experimental con-
straints. We note that the inclusion of the penquin effects for

L . . _ _ B°—~D_D™*, which add a sizable contribution, improves the
which is obtained by measuring the branching fraction Ofcentral value so that it is much closer to the experimental

fpr=323+44+12+34 MeV from Do—uv,,, (16)

Ds—nuv, relative to the branching fractiorDs— ¢ value

g, I / .
—K7K™ . We use the statistical average of the above three: Although presently the experimental errors are too large
st: 252+31 MeV. (17) to say anything definite, our analysis indicates that the fac-

torization hypothesis is still a good method for describing the
B meson decaying to heavy-heavy mesons. Furthermore, one
could even consider the possibility that the factorization may
not be a consequence of only perturbative QCD, in contrast
to the arguments of Ref7]. Similar arguments are given in
E(DDS)‘ 2( fDSZ) 2( FSD(mZDS))Z( 0.686 )2 Ref.[16], in which the authors consider&—D*)X decays

Then we get the theoretical predictions
Rp,1»=[3.38+£0.84]

and expected nonfactorization effects would grow with the

2 0.25 0.74 BD(m?2
a(bm) ‘ Fo (m>) invariant massnz of the multihadronic statX if the factor-
RD:,pz [0.92+0.23q ization is a consequence of perturbative QCD, but they found
no such dependence on .
~ 2 . \2[ EBO(m2,)\? P A comparison of Egqs(19) and(20) will give a test of the
a(bDy) fDSZ) ( o Ds) 0.701 generalized factorization model that we considered in this
“é(Dp) ‘ 0.25 0.817 F?D(mi) paper. As it stands now, the two sets of values are consistent

~ well within uncertainties. On the theoretical side, the biggest
Rp 1»=[2.17+0.654 uncertainty is in the determination of meson decay constants
fD<S*), while on the experimental side the statistical errors of

* 2
. A(D*Dy) 2( fDSZ)Z ASP (m%s) 0.699 )2 B(B—>DF*)Dg*)) give the largest uncertainty. Therefore, we
= 025 0.793 TSN need to improve the precision of such experimental measure-
a(D* 77)‘ Ao~ (m3) ments for the method described in this paper to have any
7~€D*,p=[2.15i 0.545 significance[17]. _ .
s Currently, the most precise measurementfgg is ob-
B 5 2/ ABD* (2. 2 5 tained by the CLEO Collaboratigri8] in Dg— wv decays.
a(D*D3) fD’; 1 (mD’g) 0.673 Adding the errors in quadrature, they obtainggl =280
x a(D*p) ‘ 0.25 0.730 A?D*(mg) ' *48; 17% total uncertainty7% statistical in fp_, corre-

(18)  sponding to 34% error in our calculation of the ratios. With
_ the 100 fbo'! data sample from BaBar and Belle, which is
where the quoted errors are based on our estimates of UnCfrre than 20 times that of the existing regulg], the sta-
tainties in the form-factor model dependence anq in .the degstical error will be reduced to 120 of Ref.[18]. The sys-
cay constant$p(x). Here we assumeth«=fp_for simplic-  tematic errors may not go down as fast, but a better under-
ity and usedf ,.=131 MeV andf,=209 MeV[7]. As the standing of every other aspect of the analysis will help
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reduce the systematic uncertainties. Assuming that the syserization scheme as discussed in this paper once we have
tematic error can be reduced 3oof Ref.[18], thest value ~100 fb ! of data from theB-factory experiments.

will be determined to 5% accuracy, hence resulting in 10% 10 Summarize, we have investigated the possibility of
error in our ratio. As for the form-factor errors in the theo- (€Sting the factorization hypothesis from nonleptonic exclu-

retical calculations, we hope that in the near future precisiors '€ decays of @ meson into two meson final states. In
measurements in heavy-flavor physics processes fBomn p_z(:)lrtlcular,+ W(e)i:on5|dered t@oresumatjlynonfactorlzable
charm factories will help test and confirm the reliability of B°—=D*)*D¢")" modes andB®—~D™)*(7~,p~) known
the lattice QCD technique. Then we may have much fewegs well-factorizable modes. By taking the ratid%B°
form-factor errors. D™D ) /BB —D™®)*(77,p7)], the dependence

In the experimental measurements of branching raBos, on CKM matrix elements vanishes and some model depen-
—D™) 7 modes are measured with much better precisiordence on hadronic form factors is reduced. We found that
thanB—D®*)p modes. SimilarlyD*)D modes are deter- under the present theoretical and experimental uncertainties,
mined with significantly higher precision thaD(*)D;‘ there is no evidence of a breakdown of the factorization de-

modes. Therefore, we expect t}‘l%,l_t,s,,T andaliDS,7T will be scription to heavy-heavy decays of tBemeson.

determined with higher precision than other ratios. We thank G. Cvetic for a careful reading of the manu-
Comparing Egs(19) and (20), we note that the experi- script and his valuable comments. The work of C.S.K. was

mental and theoretical values Bf, ;.. show the biggest dif- Supported in part by CHEP-SRC Program, Grant No. 20015-
s Fll-oz-z and Grant No. R03-2001-00010 of the KOSEF, in

ference if we accept their central values. We also note that i art by BK21 Program. The work of Y.K. was supported by
both values can be determined within 10% accuracy and ihe 2000 Yonsei Uni\;ersity Faculty 'Résearch Fund. The

we assume that their central values stand as they are, then Y@ . ot 3| was supported by a KRF Grant, Project No
will be able to see a & difference inRp_;. In conclusion,  2001-042-D00022. The work of W.N. was supported by the
we will have a good opportunity to test the generalized facResearch Program of Dongguk University.
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