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Using the recent experimental data Bf~D®)(,p), B—D®*)D®*), B—J/4K*) and various model
calculations on form factors, we reanalyze the effective coefficiaptand a, and their ratio. QCD and
electroweak penguin correctionsdg from BHD(*)Dg*) anda, from B— J/ 4K *) are estimated. In addition
to the model-dependent determination, the effective coeffi@grs also extracted in a model-independent
way as the decay modé&—D™*)h are related by factorization to the measured semileptonic distribution of
B—D®)Iy at qzzmﬁ. Moreover, this enables us to extract model-independent heavy-to-heavy form factors,
for example FEP(m?)=0.66+ 0.06+ 0.05 andAS®" (m?) = 0.56+ 0.03+0.04. The determination of the mag-
nitude ofa, from B—J/yK*) depends on the form factoR$, A%%™ andVE*" atg2=m?,,. By requiring
thata, be process insensitiée., the value of, extracted froml/ K andJ//K* states should be similar
as implied by the factorization hypothesis, we find tBatK®*) form factors are severely constrained; they
respect the relatioff5*(m3,) ~1.9A%%" (m3,,). Form factorsA5¥” andVE*" atq?=m3, inferred from the
measurements of the longitudinal polarization fraction andweave component iB— J//K* are obtained.

A stringent upper limit ora, is derived from the current bound ®P— D% and it is sensitive to final-state
interactions]S0556-282(99)03509-3

PACS numbdss): 13.25.Hw, 12.39.Hg

I. INTRODUCTION ficients. However, this naive factorization approach encoun-
ters two principal difficulties(i) the above coefficients; are

Nonleptonic two-body decays @ and D mesons have scale dependent, andi) it fails to describe the color-
been conventionally studied in the generalized factorizatiorsuppressed class-ll decay modes. For example, the predicted
approach in which the decay amplitudes are approximated bylecay rate 0D°—K%#° by naive factorization is too small
the factorized hadronic matrix elements multiplied by somecompared to experiment. Two different approaches have
universal, process-independent effective coefficieafS.  been advocated in the past for solving the aforementioned
Based on the generalized factorization assumption, one cajtale problem associated with the naive factorization ap-
catalog the decay processes into three classes. For clasprbximation. In the first approach, one incorporates nonfac-
decays, the decay amplitudes, dominated by color-allowegbrizable effects into the effective coefficierits-3]:
external W emission, are proportional taS"(O; ) Where

0O, is a charged-current—charged-current 4-quark operator. off 1

For class-1l decays, the decay amplitudes, governed by color- ap =Cy(m)+Ca(p) N_C+Xl('“) ,

suppressed internd@ll emission, are described IagZ”(Oz)fact

with O, being a neutral-current—neutral-current 4-quark op- 1

erator. The decay amplitudes of the class-1Il decays involve a a§ﬁ= Co(p)+cq(p) No +X2(,u)) , (1.2
C

linear combination 0BS™(O;) s andaS™(O,)ae. If factor-

. . . .. ff . .
ization works, the effective coefficients™ in nonleptonicB  here nonfactorizable terms are characterized by the param-
or D decays should be channel by channel independent,

_ . . _0 + —
Since the factorized hadronic matrix elemel; ), are etersy; . Considering the decalg"—D " as an example,

renormalization scheme and scale independent, sare X1 s given by
What is the relation between the effective coefficieafts a(p)
and the Wilson coefficients in the effective Hamiltonian ap- xi(w)=ePLP () + ——ePBP"(w), (1.3
proach? Under the naive factorization hypothesis, one has Calp)
where

1 1
ar(p)=ca(p)+ - Calm),  Aap)=Calp)+ - Calm), B B B
i G won  (DTTlED), (du), [B)

&1 1t B —|(di o
for decay amplitudes induced by current-current operators (D |(Cb)V—A|B o |(du)V—A|O>
O; Au), wherec, o(u) are the corresponding Wilson coef-
+, —11l/~\a NG RO
— (D 77| 3 (ch b)V_A(d)\ u)v_AlB )
8 - — — _ — 1
*Email address: phcheng@ccvax.sinica.edu.tw <D+|(Cb)V_A| BO><7T |(dU)V_A|O>
TEmail address: kcyang@phys.sinica.edu.tw (1.9
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are nonfactorizable terms originated from color singlet-rameter|at| can be extracted fromB°—D™®)* (77, p")

singlet and octet-octet currents, respectively_l,lc(z)vfA
=017.(1=¥5)d2, and @:\%dz), ,=a1Ay, (1 ¥s5)ds.

and B,—~D®*D®), |aff| from B—J/yK*) B
—D®07%p% andal™as" from B~ —D™)(,p). How-

. .. . H : ff ff - :
The u dependence of the Wilson coefficients is assumed t§Ver, the determination adi’ and a3’ is subject to many

be exactly compensated by that gfix) [4]. That is, the

uncertainties: decay constants, form factors and tyeile-

correctu dependence of the matrix elements is restored bypendence, and the quark-mixing matrix elemef. It is
xi(1). In the second approach, it is postulated that the hadthus desirable to have an objective est!mauonaﬁffz. A
ronic matrix elemen{O(u)) is related to the tree-level one model-independent extraction af is possible because the

via the relation(O(u))=9g(1){O)yeeand thatg(u) is inde-
pendent of the external hadron states. Explicitly,

C(M)<O(M)>=C(M)g(ﬂ)<o>treezCeﬁ<o>tree- (1.9

Since the tree-level matrix elemef® ). is renormalization

decay mode8—D®*)h can be related by factorization to
the measured semileptonic decays» D™, As a conse-
quence, the ratio of nonleptonic to differential semileptonic
decay rates measuredggt= mﬁ is independent of the above-
mentioned uncertainties. The determinatior|a§"| from B

scheme and scale independent, so are the effective Wilsor J/ K *) is sensitive to the form factors®¥, ABK" and

coefficientsc®™ and the effective parameteas” expressed
by [5.6]

eff_ _eff eff eff_ .eff eff
a; =Cp +02 , 8y =Cy +C1

1
(1.6

1+
N, X1

VEX" at g2=mj,,,. In order to accommodate the observed
production ratioR=I"'(B—J/ ¢yK*)/T'(B— J/ yK) by gener-
alized factorizationaS" should be process insensitive; that
is, agﬁ extracted fromJ/yK andJ/yK* final states should
be very similar. This puts a severe constraint on the form-
factor models and only a few models can satisfactorily ex-

Although naive factorization does not work in general, wePl&in the production rati&. _
still have a new factorization scheme in which the decay 1he rest of this paper is organized as follows. In Sec II,
amplitude is expressed in terms of factorized hadronic matriYV€ introduce the basic formula and the classification of the
elements multiplied by the universal effective parameterd€l€vant decay modes which have been measured experimen-

atiffz provided thaty, , are universali.e. process indepen- tally. Section Il briefly describes various form-factor mod-

; ; els. The results and discussions for the effective parameters
denb in charm or bottom decays. Contrary to the naive one,” 3 off , parar
anda;" are presented in Secs. IV and V, respectively.

the improved factorization scheme does incorporate nonfa1 eI -
torizable effects in a process independent form. For exampld;inally, the conclusion is given in Sec. VI.
X1=X2=—3 in the largeN, approximation of factorization.
Theoretically, it is clear from Eqs(1.3) and (1.4) that a
priori the nonfactorized termg; are not necessarily channel Since, as we shall see below, the decBys DH*)DE)
independent. In fact, phenomenological analyses of tWO:lllpK(*) receive penguin contributions, the releva‘stzl
body decay data ob andB mesons indicate that while the effective Hamiltonian for our purposes,has the form
generalized factorization hypothesis in general works reason-
ably well, the effective parametetaé‘jf2 do show some varia- .
tion from channel to channel, especially for the weak decays Her=—1=
of charmed mesongl,7]. However, in the energetic two- \/f
body B decays,y; are expected to be process insensitive as
supported by datp4].

Il. BASIC FRAMEWORK

VeV C1() 08P () +Co(1) 05"V ()]

+VepVEL €1() O () +Co( 1) OF ()]

The purpose of the present paper is to provide an updated 10
analysis of the effective coefficiengs™ andaS" from vari- —thstZ3 Ci(n)Oi(m)  +H.c., (2.9)
ous Cabibbo-allowed two-body decays Bf mesons:B '~
—D®DX) D) (7,p),d/yK*), It is known that the pa- where
|
o"Y=(cb), (qu), ,, O¥¥=(gb), (cu)
0{*¥=(cb), (sc), , OF9=(sb), (cc)
Og5=(ab),_, > (q'q") . Oue=(d.bp), > (apal)
q’ v-alyv+a) q’ v-alvia)
3 — P 3 — P
Or9=5(ab), > eq(a'a’) . Ogao=5(abp), 2 eq(0as) (2.2
q v+aly-a) q v+aly—a)
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UPDATED ANALYSIS OFa; AND a, IN HADRONIC . ..

with O3;—0O¢ being the QCD penguin operators abd—0g
the electroweak penguin operators.

To evaluate the decay amplitudes for the proceddes
—DDX) DETO 7= p7), I YK, we first apply Eq.
(1.5 to the effective Hamiltonianf2.1) so that the factoriza-

PHYSICAL REVIEW D 59 092004

a4+ alo

a,;(B—D™*)D¥)=a,| 1+ . (2.7

1

Note that the deca ~—D°D{*)~ also receives a contribu-

tion from the W-annihilation diagram, which is quark-

tion approximation can be applied to the tree-level hadro”"?nixing-angle doubly suppressed, however.

matrix elements. We also introduce the shorthand notation

X(BF1:F2) to denote the factorized matrix element with fhe
meson being factored o{i6], for instance,

X(B*DO,W*)EW—|(EU)V_A|0><DO|(?b) [B7),

V-A

X(Bf’f'Do)E<DO|(EU)V7A|0><777|(Eb)va| B™). 2.3

The results are the following:
(i) Class 1:B3—D™)* 7~ (p7).
The decay amplitudes are given by

. _.._GC¢ B0+ (-
ABG—D™*" 7 (p D=5 VeV idax® e
+a,XB"P T (2.4
whereX®P® "7 (7)) s the factorized\-exchange contri-
bution.

(i) Class 1:B~—D®)°D*)~ andBj—D™*)*D{*)~ .
The decay amplitudes are given by

Gk
A(B—DDy)= 2 VepVesas— VipVig| @4t ago

m%s
+2(agt+ag)

]x(BD»Ds)
(mb_ mc)(mc+ ms)

G -
= LV Via,(B—DDg)XBPPY),

V2

where use oV,Vi=

(2.9

—V,pVes has been made and

ai

a;(B—DDy)=a| 1+

ag+ag
2
ai

Likewise,

~ a4+ aqo
a,(B—D*Dg)=a, 1+
a
m2
2a6+ a8 Ds
a; (mb+ mc)(ms+ mc) ,

(iii) Class 11:B3—D*)070(%).
The factorized decay amplitudes are given by

Gk 200, 0 0
_VcbV*daz[x(B 79(p0),D(*)0)

\/E u

+ X(EO,D(* )owo(po))] ,

ABG—D*0m0(p%)=

(2.9

where XB%P*°7°:%) s the factorized\-exchange contri-
bution.

(iv) Class 11:B™—J/ yK*) ™ and BO— J/ K *)0,

The decay amplitudes are given by

G ~ N
A(B— /K *))= v v* a,xBK*3 - (2.9)
V2
where
~ a;tagtasta
A (B K =a,l 1+ == T T (210

2

(v) Class Il: B~ —D™)07~(p7).
The decay amplitudes are given by

G )0 — —
AB ™ —D*°n(p7))= T;VCbV:d[a1x<B D7)
+a,X® 7 (11007 (2 1)
(vi) Class Il:B~—D®)oK ~,
The factorized decay amplitudes are given by
_ _ GF —n(*)0 —
A(B- D™k ):Evcbvzjg[alwB DK
+a,X(B K D0 (2.12

Under the naive factorization approximatiorsy =cSr
+ (NS | and ay_1=cS |+ (1N (i=1,....5).

Since nonfactorizable effects can be absorbed into the pa-

rametersaf™, this amounts to replaciny in a; by (N,
[6] with

1 1

—=_ 2.1
(NE™, Ne @13

+Xi'

Explicitly,

092004-3



HAI-YANG CHENG AND KWEI-CHOU YANG PHYSICAL REVIEW D 59 092004

a5 = C5+ — _cg}(f,l, a5 1=Coi_q+ offy_ S (e operator©s s 7 9. Our choice foNE(LR) is motivated
c/a ¢ 2'_1(2 14 by the penguin-dominated charmless hadrdbitecaysifor

' details, se¢6,8]). Hence, the theoretical values of the effec-
[For simplicity, we have already dropped the superscriptive coefficientsa; are given by
“eff’ of a; in Eqs.(2.4—(2.12 and henceforth.

Although the purpose of the present paper is to treat the a;=0.986,
effective coefficients; anda, as free parameters to be ex-
tracted from experiment, it is clear from Eq2.6) and(2.10
that the determination ofa;, from B—D®*)D{*) and
J/yK*) is contaminated by penguin effects. Therefore, it is
necessary to make a theoretical estimate of the penguin con-
tribution. To do this, we employ the effective
renormalization-scheme and -scale independent Wilson coef-

ficientsc?ff obtained ak?= m§/2 (k being the gluon’s virtual

a,=0.25,
as= —(0.00139+ 0.00226),

a,= —(0.0344+0.0113),

momentun [6]: a;=0.0022+0.00181,
ci'=1.149, c3'=-0.325, as=—(0.0533+0.0127),
c§"=0.0211+10.0045, c§"=—0.0450-i0.0136, a;=—(1.24+2.7d)x10 %,
ce"=0.0134+i0.0045, c§"=—0.0560-i0.0136, ag=(3.59- 0.58)x 10",

cf=—(0.0276+i0.0369a, c&"=0.054, ag= — (87.9+2.73)x 10-*
9— . . y

cSf=—(1.318+i0.0369, cSM=0.263. L,
215 a10= —(29.3+1.37)x 1074 (2.16

For nonfactorizable effects, we chooNﬁ“(LL)~2 (see  From Egs.(2.6), (2.7), (2.9 and(2.16), penguin corrections
Sec. VB for (V—A)(V—A) interactions (i.e. operators to the tree amplitudes are found to'be

2
a4+alo a6+a8 rnDS ‘
Ap/A;|(B—DDg) = +2 =0.159,
| P T|( - S) al 31 (mb_mc)(ms+mc)‘
as+a ag+a m3 ‘
4 10 6 8 s
Ap/A;|(B—D*Dy)= -2 =0.037,
[An /Al )= 75, ar (myrmo)(mermy)|
ata
|Ap/A7|(B—D®*)D¥) =229 =0.040,
1
ay;tagt+asta
|Ap/A7|(B— I/ yK*)) = % =0.033, (2.17
2

where we have used the current quark masses at the geat®(my): mg(m,)=105 MeV, m.(m,)=0.95 GeV,my(my)
=4.34 GeV. Therefore, the penguin contributiorBte-D* Dy, D*)D¥ andJ/yK*) is small, but its effect o8— DDy is

significant. Numerically, the effectivﬁi defined in Egs(2.6) and(2.10 are related t@; by

a;(B—DD,)=0.847,,
a;(B—D*D,)=1.037%;,,

'our numerical estimate for the penguin effectsBin- DD, differs from[9] due to different choices dﬂﬁﬁ(LL), Nﬁﬁ(LR) and running
quark masses.
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a,(B—D*'D¥)=0.962,,

a,(B—J/yK*))=0.968,. (2.18

To evaluate the hadronic matrix elements, we apply the following parametrization for decay constants and form factors
[10]:

(O|A,[P(@))=ifpa,, (OV,IV(p.e))=fymye,,

2_ 2 2 2
-mg, ms,

. , mp ’ 2mP_
(P"(p")|V,IP(p))= pM+pM——q2 q,|F1(g9)+Fo(q )—q2 Ay,

*pep’PV(g?),

<V(p,!8)|VM|P(p)>:meﬂvaﬁs
. . *p , *p
(V(p’,s)|AM|P(p))=I[(mp+ mv)s,LAl(qz)_ mp+mv(p+p )MAz(qz)—2mv?qM[A3(q2)—A0(q2)]},
(2.19
whereq=p—p’, F1(0)=F(0), A3(0)=Ao(0),
Mp+m Mp— M
AG(0) = 5 A(0) — 5 Aol @), (220

andP, V denote the pseudoscalar and vector mesons, respectively. The factorized terms(R14egR.12 then have the
expressions

X(BPLPI=(P|(qz03), ,|0NP1l(a1b), ,[B)=ifp,(mE—mE )Fe H(m2 ),
XEPV=(V|(G00), ,0)}(P(@b), ,[B)=2fum\FER(md)(e* p,),

X®V-P=(P|(q,03), ,/0)(VI(a1b),,_,|B)=2fpm A5 (m3)(s*-p,),

X(BV1V2=(V,|(g,0s),_,|0NVil(asb), _,|BY=—ify,m | (e &3)(mg+my)A; " (m))

2A2Y (m2) 2vBV1(m§)} 221

(% * +i kU kVAanf
(e1-py)(e3 pB)—(mB+ml) l€uvap€2" €1 PgP1 (mg+my)

wheree* is the polarization vector of the vector mesgn is the c.m. momentum of the decay particles. For simplicity,

With the factorized decay amplitudes given in E@s4)—  we consider a single factorizable amplitude B VV:
(2.12), the decay rates fa8— PP,VP are given by A(B—V,V,)=aX®V1:V2) Then
[(B—P,P,)= Pe S |A(B—P1P,)|?, Pe BV
8mmg I(B—V,Vy)= |a(mg+my)myfy A7 H(m3)|?H,
8mm? 2
I(B—VP)= Pe |A(B—VP)/ )|2 (224
(B— )_87rm\2, (B—=VP)/(e-p)|%
(2.22 with
where
H=(a—bx)2+2(1+c?y?), (2.29
_ Vmg— (my + mg) Jmg— (my— o))
Pe 2mg ' and
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mg —m; —mj 2mgp; 2mgp.
a= , b= , C=——"7—,
2mym, m;my(Mg+my)? (Mg +my)?
BV
it y= Y ) (2.26
AT MY T AT MY '

wherem;(m,) is the mass of the vector mesdii(V,). o
From Egs.(2.4-(2.11) we see thata,;| can be determined fronB°>—D®)*(7~,p7), B-D®*)D{*), |a,| from B

—JyK®), BOD®)( 70 p0)  provided that thaN-exchange contribution is negligible B—D®)(r,p) decays and that
penguin corrections are taken into account. It is also clear that theaatén can be determined from the ratios of charged
to neutral branching fractions:

_ B(B"—D%1") T(B_)( mg—m? fp Fo™(m3) az>2
) _

T B(B°-D*m) #B% | ma—m3 f.FEO(mZ) a

_B(B~—D%") T(B‘)( fo AS(MB) az>2
, _ fo

T BE°-Dp) 7B\ T, FEO(m?)

B(B~—D*'7) T(B)( fox FE7(M2,) @)2

=— =— - 2.2
* BB—=D**7) (B fr ABD"(m2) a1 (229
B(B~—D*%") (B~ H H
= (_ P ): (_)(1 277_1+772_2>,
B(B°—=D**p~) =(BO) H H
|
with functions obtained in the relativistic harmonic oscillator po-
tential mode[10]. The form factors at other values gf are
Mp«(Mg+m,) fpx APP(m2,) a, obtained from that aj?=0, via the pole dominance ansatz,
m,(mg+mpx) fp AR (m2) &1 £
F(9%)= 3.1

H,=(a—bx)(a—b’'x")+2(1+cc'yy’), (1= 02/mjg )"

(2.28
wherem, is the appropriate pole mass. The BSW model
assumes a monopole behavige. n=1) for all the form

where H.a.b,c.x,y are those defined in Eq¢2.25 and factors. However, this is not consistent with heavy quark
(2.26 Wiith,\/’ ,—I,Dy* and V,=p, and b’,c’ x’qy’.are ob symmetry for heavy-to-heavy transitions. In the heavy quark
. 1— 2= M 1 ’ ’ -

; ; , limit, the B—D andB—D* form factors are all related to a
tained fromb, c, X, y respectively with the replacement _. I ice f ion th h th lai
D* s p. single Isgur-Wise function through the relations

Ho=(a—b'x")*+2(1+c'%y'?),

BD, 2
lll. MODEL CALCULATIONS OF FORM FACTORS MgtMp .~ cepgey__ 0 (@)
é(vg-vp)=F1 (0%

[ T2 2!
The analyses od,, a;, anda,/a; depend strongly on the 2\MgMp 1=q%/(mg+mp)

form factors chosen for calculations. In the following study,

we will consider six distinct form-factor models: the Bauer- Mg+ Mp«  BD*, .2 ABD*, 2\ _ BD*, 2
Stech-Wirbel (BSW) model [10,11, the modified BSW 5 —o—#(vevon) =VI (A=A (07 =A™ (07)
model [referred to as the Neubert-Rieckert-Stech-Xu BUD

(NRSX) modell [12], the relativistic light-front(LF) quark A?D* (9?)
model[13], the Neubert-StecfNS) model[4], the QCD sum = 5 5" (3.2
rule calculation by Yand14], and the light-cone sum rule 1-qg°/(mg+mp«)

(LCSR) analysis[15].
Form factors in the BSW model are calculated at zeroTherefore, the form factors;,V,Aq,A; in the infinite quark
momentum transfer in terms of relativistic bound-state wavemass limit have the samg dependence and they differ from
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Fo and A; by an additional pole factor. In general, the
heavy-to-heavy form factors can be parametrized as

-1
mg+m wp(g?)+1
FBD(q2)= B D D G(0?),
mg+m
FBD 2 B D)g 2y
* Mg+ Mp« *
ABD" (g2)=| ———=ABP"(0)
2mD*
Mg—Mpx -« F(g?
B D AED (0)) ,(q ),
2Mp« F(0)
Me+Mps | wpx(g2)+1
AR (@)= | ——2| 2 Fo?),
* mB+mD*
ABD 2 r 2
VB (g?) = m)ﬂqz)r (?) (33
2mgmpx ! ’ '
where
2 mé+m2D(*)—q2
wp*)(g9)=vg-vpx)=——,
ZmBmD(*)
G(0%) = G(Anad{1 - pilwp(a®) — 11},
F?) = Fdad{1— pol 0p(0?) — 11},

F(0?)=F (qnad{l—p o' (g?)—1]},

PHYSICAL REVIEW D 59 092004

. q2 VBD*(q2)
rl(q )_ 1- 2 BD* 2\
(mg+mpx)=JAT™ (g°)

q2 ABD*(qZ)

rz(q2)={1— |
(mg+mp+)“JAT™ ()

(3.9

In the heavy quark limitm,— , the two form factorsF(q?)
andG(q?), whose slopes arpg(*,, coincide with the Isgur-
Wise function&(g?), andr(g?),r1(g?) as well ag,(g?) are
equal to unity. They? dependence d— D) form factors

in the NRSX and NS models is more complicated because
perturbative hard gluon and nonperturbativend/correc-
tions to each form factor are taken into consideration and
moreover these corrections by themselves aregdstepen-
dent(see[12] for more details

Form factors for heavy-to-heavy and heavy-to-light tran-
sitions at time-like momentum transfer are explicitly calcu-
lated in the LF model. It is found ifiL.3] that the form factors
F1,V,Aq,A, all exhibit a dipole behavior, whil&, and A,
show a monopole dependence in the close vicinity of maxi-
mum recoil(i.e. g?=0) for heavy-to-light transitions and in
a broader kinematic region for heavy-to-heavy decays.
Therefore, thej? dependence d— D*) form factors in the
heavy quark limit is consistent with the requirement of heavy
quark symmetry. Note that the pole mass in this model ob-
tained by fitting the calculated form factors to E.1) is
slightly different from that used in the BSW modé&ee
Table ).

As a result of the lack of analogous heavy quark symme-
try, the calculation of heavy-to-light transitions is rather
model dependent. In addition to the above-mentioned BSW
and LF models, form factors for tH& meson to a light me-
son are also considered in many other models. The NRSX
model takes the BSW model results for the form factors at
zero momentum transfer but makes a different ansatz for
their g2 dependence; namely, a dipole behavig. n=2) is
assumed for the form factofs;, Ay, A,, V, motivated by

9 FB2(g?) the heavy-quark-symmetry relatiori8.2) and a monopole
rg®)=|1- 5| =80, =20 dependence foFy,A;. The heavy-to-light form factors in
(mg+mp)“|Fg~(q°) the NS model have the expressidd$
|
+mp | " fosp(@®)+1 1
FBp 2 B P BP , 3.
@9= (2W G 39
YV wgp(0)—1
ap g2y Mo M [ 2 1 wgp(0)— wgp(m; )
2ymgmp ¥ wgp(q?)+11+ Ty wBP(qz)_wBP(mi—) ’
AV ety [ 2 1 wg(0)—wgy(m;-)
° 2\mgmy ¥ wgy(g)+11+Ty va(qz)_va(mg—) '
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TABLE I. Form factors at zero momentum transfer and pole masses, whenever available, in various form-factor models.

BSW NRSX LF NS Yang LCSR
F5°(0)/Myge 0.690/6.7 0.58 0.70/7.9 0.636
F2P(0)/Mpoe 0.690/6.264 0.58 0.70/6.59 0.636
ASP"(0)/Myge 0.623/6.264 0.59 0.73/6.73 0.641
ABP*(0)/mpore 0.651/6.73 0.57 0.682/7.2 0.552
ASP"(0)/Myqe 0.686/6.73 0.54 0.607/7.25 0.441
VBP*(0)/mpge 0.705/6.337 0.76 0.783/7.43 0.717
Fo7(0)/Myore 0.333/5.73 0.333/5.73 0.26/5.7 0.257 (see text 0.305
F27(0)/Myore 0.333/5.3249 0.333/5.3248 0.26/5.7 0.257 0.29/5.45 0.305
ASP(0) /Mo 0.281/5.2789 0.281/5.2789 0.28/5.8 0.257 (see texk 0.372
AZP(0)/mMyore 0.283/5.37 0.283/5.37 0.203/5.6 0.257 0.12/5.45 0.261
AZP(0)/Myore 0.283/5.37 0.283/5.37 0.177/6.1 0.257 0.12/6.14 0.223
VB (0)/Mpe 0.329/5.3249 0.329/5.3248 0.296/— 0.257 0.15/5.78 0.338
F§(0)/Myore 0.379/5.3693 0.379/5.3693 0.34/5.83 0.295 (see text 0.341
F2(0)/Myore 0.379/5.41 0.379/5.41 0.34/5.83 0.295 0.36/5.8 0.341
ASK"(0)/mppe 0.321/5.89 0.321/5.89 0.32/5.83 0.295 (see text 0.470
AZK" (0)/Myoe 0.328/5.90 0.328/5.90 0.261/5.68 0.295 0.18/6.1 0.337
ASK"(0)/mpope 0.331/5.90 0.331/5.90 0.235/6.11 0.295 0.17/6.04 0.283
VBK (0)/mpore 0.369/5.41 0.369/5.41 0.346/10.5 0.295 0.21/5.95 0.458
ABV(qz)— mB+ mV B va(q2)+1 1
! 2\/mBmV wBV(qz)_l '
1+ry———
wgy(0)—1
2
ABV( 2) mg+my |/ 2 1 wBV(O)_wBV(m1+)
2 q°)= 2 ’
2ymgmy ¥ wpy(@)+1 1TV wgy(9?) — wpy(mi)
2
VBV( 2) mg+my, 2 1 wg\(0)— wBV(mlf)
a7)= \/ 2
2ymgmy ¥ wpy(g)+11+ry wpy(0%) — wgy(M]-)
where
2 2
© Mg+ Mgpy)— 0
BRY) 2mgMgpy)
(mg—my)? 4mgm
ry=——— —. (3.6
4mgmy m2.—(mg—my)

Herem,-, m;-, andm, + are the lowest resonance states with quantum numberd.0, and 1", respectively’

We consider two QCD sum rule calculations ®ito-light transitions. The form factos; andA; in the Yang's sum rule
have a monopole behavior, whike, andV show a dipoleg? dependence. The momentum dependence of the form factors
FE7(0) and ABPK™) is slightly complicated and is given 4]

5.4 2

5.4#-q°

q

m3—

5 +FI7(g?),
m

ko

Fom(0%)= —0.2e<

2Following [4], we will simply add 400 MeV tan,- to obtain the masses of*lresonances.
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q2

F5K(g?) = —0.32<

5.8— qz) m3—mz

> +F (0?),

5.98 mg+m mg—m
Bp( 2\ — 2 B P ABp/~2y_ . B P ABp/~2
Ap”(g)=0.015 (5.982—q2> +( 2m, Ar"(9%) —Zmp AZ"(q )>,
ABK*(qZ):O 0212 612 + mB+ mK* ABK*(qZ)_mB_mﬁ ABK*(qZ)
° T 622 amt  * 2mt ° '

The g2 behavior of B-to-light form factors in the LCSR
analysis of[15] is parametrized as

F(0)
F(g%)= 7 2 (3.9
1—a,:m—é+b,: m_§>

where the relevant fitted parametegs andbg can be found
in [15].
Since only the form factors foB-to-light transition are

(3.7)

licity and color suppression, and the helicity mismatch is
expected to be more effective B decays because of the
large mass of thé8 meson. Final-state interactions fér
—D®)(r,p) decays are customarily parametrized in terms
of isospin phase shifts for isospin amplitudes. Intuitively, the
phase shift differencé;,,— 83, which is of order 90° for

D— K modes, is expected to play a much more minor role

in the energeti®— D 7 decay, the counterpart & —Kain
the B system, as the decay particles are moving fast, not
allowing adequate time for final-state interactions. From the

evaluated in the Yang’s sum rule analysis and the LCSR, weyrrent CLEO limit onB°— D°#° [18], we find [4]

shall adopt the parametrizatidB.3) for the B—D®*) form

factors, in which the relevant parameters are chosen in such

a way thatB— D) transitions in the NS model are repro-

duced:
F(Oma =088, G(0ha0)="1.00,
p3=0.62, p'?=0.62, p2,=0.91,
r(g?)=~1, ry(g?)~r;=1.3+0.1, r,(q%)~r,=0.8+0.2,

(3.9

as a supplement to Yang[44] and the LCSH15] calcula-
tions. The theoretical prediction fog andr, [16] is in good
agreement with the CLEO measuremddi7]: r;=1.18

+0.32 andr,=0.71+0.23 obtained at zero recoil. Note that

the predictions 0B— D*) form factors are slightly different
in the NRSX and NS modelsee Table)l presumably due to
the use of different Isgur-Wise functions.

9 (B”) B(B°-D%°)

SIP( 81— 83p) < = —— =0.109,
(O %30=3 789 BB —pom)
4.1
and hence
| 8172~ 83 .p-<19°. 4.2

We shall see in Sec. VC and in Fig. 1 that the effect of
final-state interactiois(FSI9 subject to the above phase-

shift constraint is negligible of (B°—D* 7 ~) and hence it

is justified to neglect final-state interactions for determining
a,. The extraction ofa, from B—J/¢K*) does not suffer

To close this section, all the form factors relevant to theffom the above ambiguitie§) and (iii). First, W excha(ng;e
present paper at zero momentum transfer in various modef0es not contribute to this decay mode. Second.Jti"*
and the pole masses available in the BSW and LF modelghannel is a single isospin state.

and in the Yang’s sum rules are summarized in Table I.

IV. DETERMINATION OF a,

In order to extract the effective coefficieay from B°
—D®* (77 ,p7) andB—D*)D{*) decays, it is necessary
to make several assumption$) the W-exchange contribu-
tion in B°—~D®)7(p) is negligible,(ii) penguin corrections
can be reliably estimated, aitid ) final-state interactions can
be neglected. It is known th&¥ exchange is subject to he-

SFinal-state interactions usually vary from channel to channel. For
example,| 81— 83/ is of order 90° forD—K, K* 7, but it is
consistent with zero isospin phase shift or—Kp. The prelimi-
nary CLEO studies of the helicity amplitudes for the dec®s
—D**p~ and B-—D*%" indicate some non-trivial phases
which could be due to FSI49]. At any rate, FSls are expected to
be important for the determination of the effective coefficiapt
(see Sec. V  but not fora,.
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TABLE Il. The effective parametea, extracted fromgoﬂD(*)*(w’,p’) using different form-factor models. The first error comes
from the experimental branching ratios shown in the last column and the second one frBrm#son lifetimes and quark-mixing matrix

elements.

BSW NRSX LF NS B(%) [20]
B—D* 7 0.89+0.06+0.07 1.06-0.07+0.08 0.87-0.06+0.07 0.96-0.06+0.07 0.30-0.04
EOHD+p7 0.91+0.08+0.07 1.06-0.09+0.08 0.89-0.08+0.07 0.97-0.09+0.08 0.79-0.14
B LD*t 7 0.98+0.04+0.08 1.03-0.04+0.08 0.83-0.03+0.06 0.95-0.04+0.07 0.276:0.021
B D**p™ 0.86+0.21+0.07 0.92£0.23+0.07 0.74-0.18+0.06 0.85-0.21+0.07 0.670.33
Average 0.94:0.03+0.07 1.04-0.03+0.08 0.85-0.03+0.07 0.95-0.03+0.07

A. Model-dependent extraction a1(§°—> D) * (7, p~))=1.04+0.03+0.08,

240 Me
f—Ds ,

We will first extract a; from the data in a model-
dependent manner and then come to an essentially model-
independent method for determining the same parameter.

Armed with the form factors evaluated in various models
for B—D andB—D* transitions, we are ready to determine

a;(B—D™*'Dy)=(1.26+0.11+0.09 X

the effective coefficienta, from the data of B® 275 MeV
—D™®)*(77,p7) and B—D*)D{*) decays[20]. The re- al(BHD(*)D§)=(1-12i0-12i0-08)><(—* :
sults are shown in Tables Il and Il in which we have taken P 43

into account penguin corrections #&q [see Eq.(2.18]. We
will choose the sign convention in such a way tlatis
positive; theoretically, it is expected that the sigragfis the
same ag;. In the numerical analysis, we adopt the following
parameters: quark-mixing matrix element¥.,|=0.039
+0.003, |V,4=|Vc=0.975-0.001; decay constants
f,=132 MeV, fx =160 MeV, f ;=216 MeV, f; =200 MeV,

where the first error comes from the experimental branching
ratios and the second one from tBemeson lifetimes and
quark-mixing matrix elements. Evidentlg, lies in the vi-
cinity of unity.

Several remarks are in ordéi) From Tables Il and IIl we
- a ° v see that, extracted fromB—D®)D{*) is consistent with
fox =230 MeV, fp =240 I\iev, foy =275 MeV, 1,,=39%4 4t determined fronB— D™*)7r(p), though its central value
MeV; and lifetimes 7(B%)=(1.57+0.03) ps, 7(B") is slightly larger in the former(ii) Theoretically, it is ex-
=(1.67+0.03) ps[21]. Because of the uncertainties associ-pected that I'(B—D®)* D) T)=T(B~—D®*)D{)7)
ated with the decay constarﬂtgs ande:, the value ofa; g hence B(B*eD(*)ODg*)’)wl.W B(B°

obtained fromB—D®)D{*) decays in Table Il is normal- —D)*D*)7) The errors of the present data are too large
ized atfp =240 MeV andfpx =275 MeV. For examplea,  to test this prediction(iii) The central value o, extracted
determined in the NRSX model reads from B®~D**D_ and B~ —D*°D; in the BSW model

TABLE Ill. The effective parametea, extracted fronB—>D(*)D(S*) using different form-factor models. Penguin correctiona{dsee

Eq.(2.18] are included. The first error comes from the experimental branching ratios shown in the last column and the second one from the

B meson lifetimes and quark-mixing matrix elements. The valua,adetermined fronB—D*)D, andB—D®*)D?* should be multiplied

by a factor of(240 MeVfy, ) and (275 MeV/sz), respectively.

BSW NRSX LF NS B(%) [20]
B-D*D; 0.97+0.18+0.08 1.12-0.21=0.09 0.98-0.18+0.08 1.05:0.20+0.08 0.8:0.3
B~ —D°D; 1.20+0.18+0.09 1.39-0.21+0.11 1.210.19+0.09 1.29-0.20£0.10 1.3:0.4
B D**D; 1.29+0.23+0.10 1.22:0.22+0.09 1.02-0.18+0.08 1.17-0.21+0.09 0.96-0.34
B —D*D] 1.40+0.29+0.11 1.33-0.28+0.10 1.02:0.23+0.09 1.26:0.26x0.10 1.2:05
Average 1.1%0.11+0.08 1.26-0.11=0.09 1.08:0.10+0.08 1.18-0.11+0.08
BY-D*D* " 1.29+0.22+0.10 1.33-0.33+0.10 1.15-0.29+0.09 1.29-0.32£0.10 1.0:05
B~ —D%D} " 1.18+0.26+0.09 1.23-0.27+0.10 1.06:0.24+0.08 1.19-0.26x0.09 0.9:0.4
B D* *D*" 0.91+0.16£0.17 0.98-0.17+0.08 0.86£0.15+0.07 0.9%0.16+0.07 2.0:0.7
B~ —D*D} "~ 1.09+0.20+0.08 1.17-0.22+0.09 1.03-0.19+0.08 1.09-0.20+0.08 2.71.0
Average 1.05:0.12+0.08 1.12:0.12+0.08 0.98-0.11+0.08 1.05:0.11+0.08
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TABLE IV.

Values on(p*) defined in Eq(4.5) in various form- B. Model-independent or model-insensitive extraction

factor models.

As first pointed out by Bjorkeri22], the decay rates of

BSW NRSX LF NS class- modes can be related under the factorization hypoth-

esis to the differential semileptonic decay widths at the ap-

Y. 1.002 1.0008 1.0009 1.001 propriateqz. More precisely,
Y 1.008 0.993 0.974 1.008
Yp 1.579 1.321 1.269 1.386 =0 _
s (%x)+
Y% 0.309 0.400 0.432 0.376 S= _ BE-DT )
dB(BOHD(*H—l_V)/dqzquZmﬁ
deviates substantially from unity. This can be understood as =67Tzéifﬁ|Vij|2Y§1*), (4.4

follows. The decay amplitude of the above two modes is
governed by the form factoAgD*(m%S). However, theg? _
dependence of,(g) in this model is of monopole form so wherea;=a; in the absence of penguin correctidtise ex-

that A, does not increase with? fast enough compared to pressions ofa, are given in Eq.(2.6)], V;;=V,q for h
the other form-factor models. =,p, Vij=Vs for h=D{*), and[12]

(m§—m3)? |F5°(mg)

‘2
~ [m—(mg+mp) Z[m3 — (mp—mp) ]| FE2(m2) |

Yp

_ [ME— (Mo +mp)*J[m3—(Mp» —mp)?] — |AZ™ (m3)?

2 1
m *
g S HE (mR) 2
i=0,x1

Y5

Yy=Yi=1, (4.5

with the helicity amplitude$(q?) andH-(g?) given by wherep, is the c.m. momentum.

HEP" (q?) =

HE™ (0%)=

Since the raticS*) is independent o¥/, and form fac-
* 2m
(Mgt Moy AP (g2) F—20e

C_\/BD* (g2 tors, its experimental measurement can be utilized t@fix
Mg+ Mpx (a%), in a model-independent manner, provided thr,’sft) is also
independent of form-factor models. From Table IV we see
thatYZ and in particulary , are essentially model indepen-

N (mé_mé*_qz)(mBerD*) dent. The BSW model has a larger value fé5_and a
2Mp+\q smaller value forY’,gS compared to the other models because
. 212 . all the form factors in the former are assumed to have the
x ABP"(g?)— B2 _ABD"(q?)|, (4.6 same monopole? behavior, a hypothesis not in accordance
Mg+ Mp« with heavy quark symmetry. In the heavy quark limit, one

TABLE V. A determination of the effective parametey from the ratioS&*) (in units of GeV¥) defined
in Eq. (4.4). The data ofdB/dg?(B°>—~D*1~v) (in units of 102 GeV ?) denoted by an asterisk are
explained in the text. The value af determined fronB— D*)D, andB—D™*)D?* should be multiplied by
a factor of(240 MeVfp ) and (275 MeV/ng), respectively.

2

*

q d — _ a; d — — a;
J— 0 +- . 0 * |-
dqu(B —D"l 7 v) dqu(B —D*"l )
m2 0.35+0.06 0.86-0.19 0.93-0.10 0.2370.026 1.16:0.16 1.09-0.07
m’ 0.33+0.06 2.39-0.61 0.95-0.12 0.250-0.030 2.681.36 1.01-0.26
mgs 0.29+0.06*) 3.24+1.07 1.01-0.14 0.4830.033 2.090.60 1.22-0.18
mg* 0.27+0.06*) 3.33+1.34 0.92-0.18 0.50%0.035 432122 1.05-0.14
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hasYp ~1.36 andYp ~O 37[12]; the former is quite close surement of the differential distribution in order to improve
the values ofi; and to have a strlngent test on factorization.

to the model calculatlon$see Table IV. In short, Y(*) )
Oncea, is extracted fromS{*), some of theB—D®*)

YD* » Y are model independent; is model msensmve form factors can be determined from the measuid

wh|le YDs andY’,;S show a slight model dependence. —D®)(a,p) and D(*)Dg*) rates in a model-independent
In Table V the experimental data ofd3(B°  Way:

—>D+|_Vldq2 (at qzszr and mi) and dB(BO FED(me)=066i006i005,

—D**17v)/dq? are taken fronj23] and[24], respectively.

Note that the “data” ofdB(B°—D*1~v)/d¢? at smallg? F5°(mp_)=0.78+0.08+0.06,

are actually obtained by first performing a fit to the experi-

mental differentiab|2 distribution and then interpolating it to F?D(m§)=0.67t 0.06=0.05,

qz— mZ. and mZ. For the data otdB(B°—D 1~ v)/def at

q’=m3_ andm we shall use the CLEO data fofl'/dw F?D(még)zo-%i 0.10+0.07,

expressed in the forrf25] .
ABP"(m?2)=0.56+0.03+0.04,
dr(B—Dlv) G 132 .
G0~ 28,2 (Met Mp)? mp(w®~ 1)V, ()|, A§®” (m3 )=0.77+0.03+0.06. (4.19)
4.7

It should be stressed that the above form-factor extraction is
where w=vg-vp=(m3+m3—g?)/(2mgmp). A fit of independent of the decay constafis ande:. It is inter-

F(w) parametrized in the linear form esting to see thaEfP tends to increase with? faster than
FEP, in agreement with the heavy-quark-symmetry require-
Flo)=A[1-pXw—1)] 49 S W AHaresymmety e

The decay constamsts and fD: can be extracted if;
determined fronB—D™*)D{*) is assumed to be the same as
p?=0.81+0.14, |V, A(1)|=(4.310.42x 10 2. that fromD®)(p) channels. For example, the assumption

(4.9 ofa,(B®~D*D;)=a,(B°~D*#") will lead to anessen-
tially model-independerdetermination Ofst- We see from
Table V that

to the CLEO data yieldf25]

From Egs.(4.7—(4.9) we obtaindB(B°>—~D*1~v)/dq? at
q’= m%s and mé* as shown in Table V. Note that we have
applied the relation B(B~—D®*)°D{*)")~1.07 B(B®
—D™®)*DX*)7) to get the average branching ratio fBr
—D®)D{) and the ratios?) andst) . Itis easy to check
that the data, sagB/dg?=(0.35+0.06)x10 2 GeV ? at fp,=(261+46) MeV. (413

q’= mi, are well reproduced through this interpolation. h val ¢ fixi i , h i
The results ofa, extracted in this model-independent or ANOther equivalent way of fixingp_is to consider the ratio

model-insensitive way are exhibited in Table(fér a recent  Of hadronic decay rategl]:
similar work, se€g[26]), where we have choseYiD =1.36 8D, 2 2
andYp_=0.40 as representative values. As before, the value B(B"—D D ) _,FO (mp) st) 1.812 GeV

of a, obtalned fromB—D®)D{*) decays is normalized at  B(B*—D"m~ ) FEP(m2) f, ) 2.306 GeV
fo, =240 MeV andfpx =275 MeV. In view of the present (4.14

theoretical and experimental uncertainties with the decayyhere 1.812 GeV and 2.306 GeV are the c.m. momenta of
constantsflDS ande: and the relatively small errors with the o decay particle®. and , respectively, use of,(B

data ofD 7 andD* 7 final states, we believe that the results —DD¢)=a;(B— D) has been made and penguin correc-

(1.010.14/(240 MeV/fp)=0.93:0.10 (4.12

and hence

(see Table ¥ tions have been included. It is easy to check that the same
o value ofst is obtained when the model-independent form
a;(B%~D* 77)=0.93+0.10, factors(4.11) are applied to Eq(4.14). Likewise,
a;(B"—~D**7)=1.09£0.07 (4.10 for=(266+62) Mev (4.19

are most reliable and trustworthy. Of course, if the factorizais obtained by demandinga1(§°—>D*D§’)=a1(§°
tion hypothesis is exact; should be universal and process —D*p~), for example. However, it is worth stressing again
independent. However, we have to await more precise medhat the above extraction o‘fDS and fp* suffers from the

S
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TABLE VI. Form factorsF2% ABK" ABK" vBK™ and the ratio
Z [see Eq(5.5)] at g?=mj,,, in various form-factor models. |a,|(B—J/K)=(0.26+0.02

F?K(mg,w)

). (5.9

BSW NRSX LF NS Yang LCSR
— From Table VIl we also see that the extracted value of
Fro(m3,) 056 084 066 052 050 062 |a,/(B—J/¢K*) in various models can be approximated by
ABK'(m2,) 045 045 037 039 024 043

ASK(m%,) 046 063 043 048 031 045 (B I/ K )=(0.21.0.02 45
* a — ~(0.21=0. —_— | .
VB (m3,,) 0.55 0.82 042 051 040 0.86 2 A?K*(mgw)
Z(m3,) 1.08 160 136 132 104 1.40 (5.2

This implies that the quantity/H defined in Eq.(2.25 is

uncertainty of using the same valuesagffor different chan- essentially model independent, which can be checked explic-
nels [26]. Since the energy released to tBeD, state is itY- If the factorization approximation is good, the values of

smaller than that to thB = state,a, may differ significantly ~ &2 obtained froml/ K andJ/K* states should be close to
in these two decay modes. each other. This is justified because the energy releaBe in

—J/¢yK* is similar to that inB— J/#K and hence the non-
factorizable effects in these two processes should be similar.
However, we learn from Table VIl that only the NRSX, LF
models and the Yang’s sum rule analysis meet this expecta-
In principle, the magnitude @, can be extracted directly tion.
from the decay8— J/yK®*) andB°— D™*)°7%(p%) and in- In order to have a process-insensitag it follows from
directly from the data of B-—D®)m(p) and B° Egs.(5.1) and(5.2) that the form factor& < andAPK" must
—D™)z(p). Unfortunately, the branching ratios of the satisfy the relation
(class-l) color-suppressed decay modes of the ne@nale-
son are not yet measured. Besides the form factors, the ex- F2(m3,)
traction ofa, from B—D™)z(p) depends on the unknown z= ABKF 2 )
decay constantb, andfp«. On the contrary, the decay con- v (M)
stantf, is well determined and the quality of the data for
B—J/yK*) is significantly improved over past years. Nev-
ertheless, the relative sign af anda, can be fixed by the

V. DETERMINATION OF a, AND a,/a,

~1.93. (5.3

It is evident from Table VI that the ratio
F2(m3,)/AZ" (m3,,) is close to 1.9 in the aforementioned

measured ratioR, . .. R, [cf. Eq. (2.27] of charged to three models. This is also reflected in the production ratio

neutral branching fractions &—D®*)x(p), and an upper BB 3 UK+

bound on|a,| can be derived from the current limit d8° R= w 5.4
(5.9

D%, B(B—J/yK)

Based on the factorization approach, the predictionR of
A. Extraction of |a,| from B—sJ/ygK®) various form-factor models are shown in Table VIII. The
. . BSW, NS and LCSR models in their present forms are ruled
From Egs(2.9 and(ZED, itis clear that, derived from + cince they predict a too large production ratio. To get a
B—J/yK and B—J/yK* depends on the form factors, g,nher insight, we consider a ratio defined by

F2%(m3,) and ABS"(m2,), VBK*(m3,,). These form fac-

tors evaluated in various models, are collected in Table VI. F?K(qz) F?K(O)
Afit of Eq. (2.9 to the data of3(B— J/¢/K) (see Table VIl Z(g)= T TN (5.5
yields A" (97 A" (0)

TABLE VII. The effective parametefa,| extracted fromB— J/K*) using different form-factor mod-
els. Experimental branching ratios are taken from the Particle Data Group.

BSW NRSX LF NS Yang LCSR B(1073) [20]

B*—J/yK*  0.34:0.03 0.23-0.02 0.29-0.03 0.37:0.03 0.38:0.03 0.3@-0.03 0.99-0.10
B%— J/yK®° 0.33+0.03 0.22:0.02 0.28:0.03 0.36-0.04 0.370.04 0.30-0.03 0.8%:0.12
Average 0.330.03 0.22:0.02 0.2%-0.02 0.36:0.03 0.37-0.03 0.3G:-0.03

B*—J/yK** 0.20+0.02 0.22:0.03 0.26:0.03 0.25-0.03 0.4G-0.05 0.20:0.02 1.470.27
B°—J/yK*®  0.20+0.02 0.22-0.02 0.26-0.03 0.25-0.03 0.46:0.04 0.26-0.02 1.35-0.18
Average 0.26:0.02 0.22:0.02 0.26:0.02 0.25-0.02 0.46:0.04 0.206-0.02
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TABLE VIII. The ratio of pseudoscalar to vector meson product®nthe longitudinal polarization
fractionT',_/T", and theP-wave componentP|? in B—J/yK®*) decays calculated in various form-factor
models using the factorization hypothesis.

Experiment

BSW NRSX LF NS Yang LCSR CLEQ@29] CDF [30]

R 4.15 1.58 1.79 3.15 1.30 3.40 149.26 1.53:0.32
r./mr 0.57 0.36 0.53 0.48 0.42 0.47 0:5DP.08 0.65-0.11
|P|? 0.09 0.24 0.09 0.12 0.19 0.23 0:t6.09 —_

which measures the enhancemenF@’F/A?K* fromg2=0  even a small amount of nonfactorized teyp will have a

to finite g2. Z is close to unity in the BSW model and in Significant impact on its decay rate. However, it is easily
vang's sum rules(see Table V) because®K and ABK* seen that nonfactorizable effects are canceled out in the pro-
1 1

th h th 24 q hile in th duction ratio, the longitudinal polarization fraction and the
ere have eBEa}me monopa_u 2epen ence, while In e p_yave component. Therefore, the predictions of these three
other models=7" increases wittg” faster thanA;. For ex-

3 gquantities are the same in the generalized and naive factor-
ample, theq? dependence of?<" in the LF model differs  ization approaches. Explicitl28,27,

from that of AZX" by an additional pole factor. We see from

Table VI that NS, LCSR and LF models all have simitgr H I, (a—bx)? , 2c%y?
behaviof for Z with Z(m3,,) ~O(1.35). In order to accom- R=1.0857, +=—(® |PI*= H (5.6

modate the data, we ne&g¢"(0)/AX" (0)=1.30. However,

the values oFX(0) andAP*"(0) are the same in both NS where H,a,b,c,x,y are defined in Egs(2.29 and (2.26.
and LCSR model¢see Table )l and this explains why they Numerically, a=3.165p=1.308c=0.436. Form factors
fail to explain the production ratio. By contrast, although AEK* and VBK* atq?=m3,, can be inferred from the mea-
~1 in Yang's sum rules, it§5"(0) is 2 times as large as surements of" /T and|P|g in B—J/yK*. For illustration
A?K*(O) so that F?K(mﬁ,w)/A?K*(m§,¢)~F?K(O)/ we take the central values of the CLEO d&28] (see also
ABK*(0)=2. We thus conclude that the data @  T2ble VIl): R=145T' /I'=0.52 and|P|2=0.16. Sincez

—JIyK*) together with the factorization hypothesis imply ~1.9, it follows from Eq.(5.6) that

some severe constraints on tResK®*) transition: the form

* BK* (2 BK* /12
factor FE must be larger tham®X" by at least 30% atj? A (myy) Ve (my,,)
' . - X= ————-=119, y=-—73—=1.45.
=0 and it must grow withg“ faster than the latter so that ABK (mﬁlz//) ABK (mﬁlw)
FE(m3,) /AR (m3,)~1.9. (5.7)

Since experimental studies on the fraction of longitudinal
polarizationI', /" and the parity-oddP-wave component or From Table VIII we see that all the model predictions for
transverse polarizatiofP|?> measured in the transversity ba- I', /T and |P|? are in agreement with experimérgxcept
sis in B—J/yK* decays are available, we have analyzedthat the longitudinal polarization fraction obtained in the
them in various models as shown in Table VIII. At this point, NRSX model is slightly small. Indeed, among the six form-
it is worth emphasizing that the generalized factorization hyfactor models under consideration, the NRSX model has the
pothesis is a strong assumption for BBe-VV decay mode largest value ofx (see Table VI, x=1.4, which deviates
as its general decay amplitude consists of three independentost from the value of 1.19 and, hence, the smallest value of
Lorentz structures, corresponding§oP andD waves or the T'| /T". As noted in[32], some information on the form fac-
form factorsA,, V and A,. A priori, there is no reason to g AE‘K* and VBK" at q?=0 can be inferred fromB
expect that nonfactorizable terms weight in the same way to  ,« y decays.
S P andD waves. The generalized factorization assumption
forces all the nonfactorizable terms to be the same and chan-——
nel independenf27]. Consequently, nonfactorizable effects . _ _
in the hadronic matrix elements can be lumped into the ef- Historically, it has been show28] that the earlier data d® and
fective coefficients; under the generalized factorization ap- 't /I’ cannot be simultaneously accounted for by all commonly
proximation. Since the decaﬁ—n]/z//K(*) is color sup- used models for form factors. In particular, all the existing models

: P : based on factorization cannot produce a large longitudinal polariza-
pressed and Sm(iel/cZ' >1, itis evident from Eq(1.6) that tion fraction,I'| /T"'=0.74+0.07. Various possibilities of accommo-

dating this largel’| /T via nonfactorizable effects have been ex-
plored in[31,2,27. The new CLEQ[29] and Collider Detector at
4Although F2X has the same dipolg? behavior in NRSX and LF ~ Fermilab(CDF) [30] data forI", /T" are smaller than the previous
models, its growth withg? in the former model is slightly faster values. As a result, there exist some form-factor models which can
than the latter because of the smaller pole mass. explain all three quantitieR,I", /T" and|P|? (see Table VII).
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TABLE IX. Extraction ofa,/a; from B—D®)x(p) decays in various form-factor models. The values of
a,/a; determined from the ratioR; , andR; 4 of charged to neutral branching fractiosee Eq(2.27) for
the definitior] should be multiplied by a factor of (200 Me¥) and (230 MeVfy+), respectively.

BSW NRSX LF NS Yang LCSR Expf20]
R 0.30+0.11 0.26:0.10 0.46-0.15 0.3%-0.15 0.36:0.16 0.33-0.12 1.7%#0.29
R, 0.61+0.33 0.46:0.25 0.58-0.31 0.52-0.32 1.0#0.58 0.41-0.22 1.69-0.38
Average 0.340.11 0.28:0.09 0.43:0.13 0.430.13 0.406:0.13 0.35-0.11
R3 0.23+0.07 0.19:0.06 0.3x-0.09 0.28-0.08 0.270.08 0.24-0.07 1.67-0.19
29 0.55+0.45 0.64£0.52 0.85-0.70 0.74-0.61 147120 0.61x*-0.50 2.3%*1.23

Average  0.240.07 0.1%-0.06 0.32-0.09 0.29-0.08 0.28-0.08 0.25-0.07

It is instructive to compare the predictions of the BSW externalW emission. Unlike the determination af, there is
and NRSX models foB—J/¢K*) since theirB—K®) no analogous differential semileptonic distribution that can
form factors atq?=0 are the same. Because of the dipolebe related to the color-suppressed hadronic decay via factor-
behavior of the form factors,,V,A,, the NRSX model pre- ization. Since the decay constarfts and fp« are still un-
dicts larger values fok,y,z and hence smaller values for known, the results foa,/a; determined from the ratioR; ,
R,I' /T and a largetP|? (see Table VIIJ. and Rz 4 of charged to neutral branching fractiofsee Eq.

In short, in order to accommodate the data Bf (2.27) for the definitior] are normalized af ;=200 MeV
—J/yK™) within the factorization framework, the form- and fp« =230 MeV, respectivelyTable 1X). We see that

factor models must be constructed in such a way that a,/a; varies significantly from channel to channel and its
value is mainly governed bR, andR;.> Combininga,/a;
AZBK*(mgllﬁ)/A?K*(mg/ww 1.2, with Table Il fora; yields the desired results far, as shown

in Table X. It is well known that the sign o, is positive
because of the constructive interference B~
—D®0%~(p7), which in turn implies that the ratios
Ry, ... ,R, are greater than unity.

VB (m3,)IATK (m3,) ~ 1.5,

FEX(m3,) /AR (m3,)~1.9. (5.9
imi 0 0.0
In the literature the predicted values BE5(0) spread C- Upper fimit _On 2, from B D" . _
over a large range. On the one hand, a Iﬁﬁé(O) is pre-  Fromthe last subsection we learn that the siga0f, is
ferred by the abnormally large branching ratio of the charmfixed to be positive due to the constructive mterfergnce in the
lessB decayB— 7' K observed by CLEQ33]. On the other  class-lll modesB™—D®)%z~(p™), but its magnitude is
hand, it cannot be too large; otherwise, the($ksymmetry subject to large errors. It is tﬂus desirable to extacdi-
relation FK(0)=FE7(0) will be badly broken. There exist rectly from class-Il modes, e.8°—D*)%x°(p°). Although
many model calculations oFE7(0), including the lattice ©nly upper limits on color-suppressed decays are available at
one, and most of them fall into the range of 0.20-(f88a  present, the lowest upper lim(B°—D%#%<1.2x10™*
compilation of previous model calculations Bf7(0), see  [18] can be utilized to set a stringent bound @n Neglect-
e.g.[34]]. The improved upper limit on the decay moB8& ing W exchange and final-state interactions for the moment,

ot B(B°— 7w )<0.84x10°° obtained recently '° obtain

by CLEO [35] implies FSE(O)SQ.SS_ or even smallefi36]. 0373 | /200 Me

Therefore, even after SB) breaking is taken into account, it |a,|(B—D)<0.2 —— - . (5.9

is very unlikely thatFg7(0) can exceed 0.40. Our best guess Fo"(mp) D

is that the original BSW valueBg7(0)=0.33 andFg(0)

=0.38 [10,11 are still very plausible. Taking:?K(O) The limit on a, in various form-factor models foF(E,”T is
=0.38 and using thg? dependence implied by the LCSR shown in Table XI.

(or NS, LF modelg we find F?K(m§,¢)~0.70 and hence We have argued in passing that FSIs play a minor role in

|ay|(B— J/K)~0.26+0.02 followed from Eq(5.1). hadronicB decays, especially class-1 modes. In order to have
a concrete estimate of FSls, we decompose the physical am-

plitudes into their isospin amplitudes

B. Extraction of a,/a; and a, from B—D®)z(p)

The effective coefficiena, and its sign relative ta, can
- — )0 =(p7) i
be extracted from class-lll decays™ — D™ (p") in The data ofR,, ... R, are taken from the Particle Data Group

conjunction with the class-1 on@&®—D®)* 7~ (p~), asthe  (PDG) [20]. Recently, CLEO has reported a new measurement of
former involve interference between external and internaB— D* 7 and obtainedR;= 1.55+0.14+ 0.15[37], to be compared
W-emission diagrams, while the latter proceed through thevith R;=1.67+0.19 employed in Table IX.
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TABLE X. The effective coefficient, extracted from the analyses Bf andgoﬁD(*)*w’(p’). The
values determined fromR;, and R;, should be multiplied by a factor of (200 Mel) and
(230 MeV/fps), respectively.

BSW NRSX LF NS Yang LCSR
R1,§0_>D+ﬂ-* 0.27£0.10 0.2#0.10 0.35-0.13 0.380.14 0.35-0.13 0.32:0.12
R2,§0—>D+p_ 0.55+0.31 0.490.27 0.5%0.28 0.580.32 1.040.57 0.40:-0.22
Average 0.36:0.10 0.36:0.10 0.380.12 0.41*0.13 0.380.13 0.33:0.11
R3,§0_>D*+7T— 0.22+0.07 0.1%£0.06 0.26:0.08 0.272-0.08 0.26-0.08 0.23:0.07
R,,B°—D*"p~ 0.47£0.41 058050 0.63-0.54 0.630.54 1.24-1.07 0.52-0.44
Average 0.23:0.07 0.20:0.06 0.26-0.08 0.28:0.08 0.26:0.08 0.24£0.07

_ 2 . 1 . RO + - — RO + -

A(BO—>D+7T_)|:S|: \/:A1/28I51/2+ \ﬁAQBIZeI&S/Z- A(B —D"m )FSl A(B —D"m )

3 3
27-C .
+ (' %2 — 1),

3
— 1 . 2 .
A(B°—D%7% = \/;Allzel o1z \/;Aslze' oar, (5.12

where A(B°—D%7%=-/\2, A(B°>~D*#")=7, and
we have dropped the overall phasés2, Takinga;=1 and
a,=0.25 as an illustration, we plot in Fig. 1 the effect of

A(B™ =D )pg= V3Ag£ %31, (5.10

where we have put in isospin phase shifts and assumed th = . . .
inelasticity is abgent or negligirt))le so that the isospin phas Is On.F(BOHDW) versus the isospin phase shift differ-
shifts are real and the magnitude of the isospin amplitudegr_]ce using the NRSX form-factor model. We see that FSIs
Ay, andA,, is not affected by FSIs. The isospin amplitudesWill suppress the decay rate BP—D "« slightly, but en-
are related to the factorizable amplitudes given in E2g),  hance that ofB°—D%#z? significantly, especially when
(2.8) and(2.11) by settingdy,= 83,,=0. Writing | 81— 85/ is close to the current limit 19fcf. Eq. (4.2)].
This is understandable because the branching rati®%f
Ge . , o — D7 in the absence of FSIs is much smaller than that of
7= Evcbvudal(ms_ mp)f-Fo (m37), B°—D "« . Therefore, even a small amount of FSls via the
D* 7~ intermediate state will enhance the decay rat®bf
— D% significantly. Figure 2 displays the change of the
upper limit of a, in the NRSX model with respect to the
phase shift difference, where we have agt 1. Evidently,
(5.1)  the bound ora, becomes more stringent §8,,— 83/ in-
creases; we find,(B— D) <0.29x (200 MeV/fp) in the

for color-allowed and color-suppressed tree amplitudes, redbsence of FSls ana,<0.21x(200 MeV/fp) at |3y,

G
C= —=VepVigay(mi—m2) fpFE7(md),

V2

spectively, it is straightforward to show that — 831 =19° (see Table XI for other model predictions
A(B%— D7) g = A(B°— D0 D. Sign of a,(B—J/ygK*))
Although the magnitude ofa, extracted from B
27— . —J/yK*) has small errors compared to that determined
+ (€127 %32 — 1), from the interference effect iB— D m(p), its sign remains
3 unknown. Sincea,(B— D) is positive in the usual sign

o _ o convention fora,, it is natural to assign the same sign to the

TABLE XI. The upper limit on the effective coefficieal [mul- 37Kk *) channel. It has been long advocated38] that the
tiplied by (200 MeV/p)] inferred from the deca®—D%#°inthe  sign of a,(B—J/yK) predicted by the sum rule analysis is
absence and presence of final-state interactions characterized by tBBposite to the above expectation. However, we believe that
isospin phase shift differenc®=|81,~ d32s—ox- a negative sign foa,(B— J/¢K) is very unlikely for three
main reasons:

(i) Taking |ay(B—J/#K)|=0.26 as a representative
a, With A=0°) 029 029 038 041 038 034 Vvalue and using$'=1.149¢5"=—0.325 from Eq.(2.15),
a, (with A=19°) 0.17 021 0.21 026 024 022 We obtaintwo possible solutions for the nonfactorizable term
x2(B—J/yK) [see Eq.(1.6)]: x»,=0.18 and y,=—0.28.

BSW NRSX LF NS Yang LCSR
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FIG. 1. The ratio ofl'(B°—D) in the presence of final-state
interactions(FSI9 to that without FSIs versus the isospin phase-
shift difference. The calculation is done in the NRSX modd].

Recall thaty,(B— D) is positive and of order 0.156].
Though the energy release- J/ ¢K is somewhat smaller
than that in theD 7= mode, it still seems very unlikely that,
will change the magnitude and in particular the sign sud
denly from theD 7 channel to thel/ /K one. To make our
point more transparent, we note that has the expression

az

S?Kyw,
C1

x2(B— I/ yK)=gBKIV) 4 (5.13

where the parametersg and ¢, are defined in Eq(1.4).
Sincec,>a,, it is evident thaty, is dominated by the pa-
rametereg originated from color octet-octet currents; that is,
the nonfactorized termy, is governed by soft gluon
interactions. Therefore,|x,| should become smaller when
the energy released to the final-state particles becom

larger, for example,|x,(B—Dm)|<|x2(D—K)|. It is
natural to expect that|eg(B—Dm)|<|eg(B—J/K)|

<[|eg(D—Km)| and hence |x(B—Dm)|<|x.(B
—J/yK)|<|x.(D—K)| as the decay particles in the latter

"In the largeN, limit, &, is suppressed relative tg by a factor of
Nc [4]. Numerically, &,(s)=-0.07+-0.03 and eg(u)=0.13
+0.05 atu=4.6 GeV are found ifi39] by extracting them from the
data. However, it has been shown[#0] thate4(u«) is not neces-
sarily smaller tharzg(w), but this will not affect the conclusion that
X2 is dominated by theg term.

PHYSICAL REVIEW D 59 092004
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FIG. 2. The upper bound of the effective coefficient multi-
plied by (200 MeVfp) derived from the current limit orB°
— D% using the NRSX moddl12] versus the isospin phase-shift
difference.

channel are moving slower, allowing more time for involv-
ing soft gluon final-state interactions. BecauggD — K )

~ — £, the solutiony,(B— J/¢K)=0.28 is thus not favored
by the above physical argument.

(i) Relying on a different approach, namely, the three-
scale perturbative QCDPQCD factorization theorem, the
authors of41] are able to explain the sign changeygffrom
B— D to D— K, though the application of PQCD to the
latter is only marginal. The same approach predicts a posi-
tive a, for B—J/yK*) as expectedd?].

(iii) The existing sum rule analysis does confirm the can-
cellation between the Bl Fierz term andy, for the charmed
decayD— K [43], but it also shows that the cancellation
persists even in hadronic two-body decays Bfmesons
[44,38,45. For example, the light-cone QCD sum rule cal-
culation of nonfactorizable effects iB°—D%#° in [45]
yields a negativey, anda,, which is in contradiction with
experiment. This means that care must be taken when apply-
ing the sum rule analysis to ti&decays. Indeed, there exist
some loopholes in the conventional sum rule description of
nonleptonic two-body decaysee also the comment made in
[41]), a challenging issue we are now in the process of in-
vestigating.

E. Effective N&"

Sincec,>c,, the effective coefficient, is sensitive to
$onfactorizable effects, and hence it is more suitable than
for extractingNE" [strictly speaking, KIE™),], the effective
number of colors defined in Eq2.13), or the nonfactored
term y,. Although we have argued before that,(B
—JIyK*))~0.26 anda,(B—Dm)=<a,(B—J/yK*)), it
is safe to conclude tha, lies in the range of 0.20-0.30.
Using the renormalization scheme and scale independent

Wilson coefficientscs™=1.149 andcS"=—0.325 [cf. Eq.
(2.19], it follows that
NE"~(1.8-22 or x,~(0.12-0.2}, (5.14

1

L. Therefore, N&" for (V

recalling that y,(D—K )~ —
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—A)(V—A) 4-quark interactions is of order 2. if; = x», the (v) Based on the assumption thai derived from B
corresponding; is found to be in the range of 0.97-1.01. —D®)(7,p) and fromB—D™*)D{*) is the same, it is pos-
sible to extract the decay constarﬁg;S ande: in an essen-

VI. CONCLUSION tially model-independent way from the data. We foufi

Using the recent experimental data®fD*)(m,p), B ~fpx~O(260 MeV) with large errors. However, this ex-
—D®ID®) | andB—J/yK®*) and various model calcula- traction suffers from the uncertainty that we do not know
tions on form factors, we have reanalyzed the effective cohow to estimate the violation of the above assumption.
efficientsa; anda, and their ratio. Our results are the fol-  (vi) By requiring thata, extracted from)/ K andJ/yK*
lowing: channels be similar, as implied by the factorization hypoth-

(i) The extraction ofa; and a, from the processe8 esis, B—K®*) form factors must respect the relation
—D*)DY) andJ/yK ™) is contaminated by QCD and elec- F2(m3,) ~1.9a%%" (m3,,). Some existing models in which
troweak penguin contributions. We found that the pengun]:?K(o) is close toAfK*(O) and/orFBK does not increase

correction to the decay amplitude is sizable &~DDg, o BK*
but only at the 4% level foB — D*D,D *)D* ,J/yK *) with g- faster enough thaA7" are ruled out. Form factors
’ S 1 .

(i) The model-dependent extraction a&f; from B A?K* and VBX" can be inferred from the measurements of
—D™)(p) is more reliable than that frorBHD(*)Dg*) the fraction of longitudinal polarization and the-wave
as the latter involves uncertainties from penguin correctionsgomponent inB— J/4K*. For example, the central values
unknown decay constanfs, ,fp+ and the poor precision of of the CLEO datfl for these two . quantities
the measured branching ratios. imply  AZX"(m3,,)/AT®" (m3,)~1.2 and VB (m3,)/

(iii) In addition to the model-dependent determinatiap, ~AP<"(m3,)~1.5. We conjecture tha5 (m?,)~0.70 and
has also been extracted in a model-independent way base@nce|a2(8_>‘]/l/,K(*))|wo_zei 0.02.
on the observation that the decas-D™*’h can be related (vii) We have determined the magnitude and the sign of
by factorization to the measured semileptonic differentiala, from class-I and class-lll decay modesB)f_,D(*)W(p)_
distribution of B—D®)I» at g?=m2. The model- Unlike a, extracted fromB—J/¢K, its determination from
independent results, (B°—D* 7 )=0.93:0.10, a,(B° D m(p) channels suffers from a further uncertainty due to
—D*p7)=0.95+0.12 anda,(B°—D** 7 )=1.09+0.07 the unknown decay constarfts andfps. A stringent upper
should be reliable and trustworthy. More precise measurdimit on a, is derived from the current bound oB°
ments of the differential distribution are needed in order to—D%7° and it is sensitive to final-state interactions. We
improve the model-independent determinationagfand to ~ have argued that the sign af(B—J/4K) should be the
have a stringent test of factorization. same as,(B— D) and thatay(B— D) <ay(B—J/¢K).

(|V) Armed with the mode'_independent results a:ir; we (V|||) For ao in the range of 020—030, the effective num-
have extracted heavy-to-heavy form factors from  ber of colorsNE", is in the vinicity of 2.
—D®) 7 FEP(m?)=0.66+0.06-0.05 and AEP"(m?)
=0.56+0.03+0.04, where the first error is due to the mea-
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