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In the framework of QCD sum rules we evaluate the B meson semileptonic transitions to positive-parity charmed states. We 
consider the limit of  infinitely heavy quarks and determine the two universal Isgur-Wise functions. We also compare this descrip- 
tion with the results obtained for finite values of  heavy-quark masses. The computed branching ratios for these decays are of  the 
order of  1 0  - 3  . 

1. Introduction 

Great interest has been given recently to the description o f b ~ c  semileptonic exclusive decays in the infinite 
quark mass limit [ 1 ] al. In this limit the spin-flavour symmetry for the heavy quarks allows the derivation of 
simple relations among the form factors of different processes, as well as rigorous normalization conditions. For 
example, for B decays into the negative-parity D and D* mesons, the whole set of form factors reduces to just a 
single "universal" function [ 3 ], normalized to one at the zero recoil point. The corresponding theoretical de- 
scription of semileptonic decays thus greatly simplifies, and the model dependence is drastically reduced. The 
universal function embodies details of low-energy strong interactions, and as such it must be calculated in some 
non-perturbative approach. To that purpose, quark models [4] and QCD sum rules [ 5-7] have been used ~2. 
All relations from heavy-quark symmetry can be incorporated (including leading as corrections) into a heavy 
quark effective theory (HQET) [ 9 ], which is then a convenient scheme to analyze semileptonic decays. 

In the applications of this scheme a potential problem might be represented by the O( 1/rn o) corrections 
which, if sizeable, can spoil the simplicity of the original formulation by introducing extra non-perturbative 
functions [ 10 ]. While in the case of the leptonic constants the 1/mQ corrections are found to be significant at 
the charm mass, from both lattice QCD calculations [ 11 ] and from QCD sum rules [ 6 ], it is possible that the 
semileptonic form factors of B ~ D  (D*) are not affected so much, and therefore that the description of these 
decays in terms of the universal function is reasonably accurate [ 6 ]. 

In the framework of the HQET, semileptonic B decays to positive-parity charmed meson states (the p-wave 
states in the non-relativistic quark model classification) represent a well-defined class of suppressed processes. 
In addition, such transitions are interesting on their own, since they could be experimentally observed in B 
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~1 For a review see ref. [2]. 
~2 Also, some general constraints have been derived in ref. [ 8 ]. 

Elsevier Science Publishers B.V. 2 0 7  



Volume 293, number 1,2 PHYSICS LETTERS B 22 October 1992 

decays [ 12 ] and might be part of the rather large difference between the inclusive semileptonic branching ratio 
and the exclusive channels B ~ D, D*. 

Estimates of B-decay matrix elements to orbitally excited charmed states are available from the constituent 
quark model [ 13 ], and the relevance of the corresponding predictions to the heavy quark symmetry has been 
discussed in ref. [ 14 ]. QCD sum rules [ 15,16 ] provide an independent approach to the evaluation of these 
matrix elements; in ref. [ 17 ] we have studied the transitions to 0 ÷ and 1 + states, in parallel with the transitions 
into 0-  and 1 - states, for finite b and c quark masses. Here we want to extend that calculation, in the heavy- 
quark limit, to the full complex of p-wave final states, namely (in spectroscopic notation): 3P o (0 + ), 3pI ( 1 ÷ ), 
3p2(2+ ) and lpl ( 1 ÷ ). 

When the heavy-quark masses are taken to infinity the four semileptonic B meson transitions can be de- 
scribed, using the spin-flavour symmetry, in terms of two independent form factors [ 14,18], which are the 
analogues of the universal function for s-wave final states. Using QCD sum rules we shall evaluate these form 
factors and assess the relevance of 1/mQ corrections; as a preliminary step, we shall also compute the relevant 
leptonic decay constants. 

2. Positive-parity leptonic constants 

In the QCD sum rules approach, the meson leptonic constants are obtained by considering two-point func- 
tions of local interpolating currents bilinear in the quark fields. The case of 0-  and 1 - heavy-light quark mesons 
has been discussed extensively in ref. [ t 9 ]. For the specific case of p-wave, positive-parity (0 +, 1 +, 2 + ) states, 
we need the following leptonic constants: 

• f ( + )  (01Vul M (0+/2; P) ) =1 ~ Q  P/z, ( 1 ) 

<0 IA~ I M(1 ;v/2; P, e) > = EufAv/~Q, (2) 

<01A~ IM( 1~/2; P, E)> =x//2 <01Au IM(1i~/2; P, e) > = euYAX/~Q, (3) 

<01Ju~ I M(2f/2; P, e) > = e~fTv/-~Q, (4) 

and ~ denote the 1 + and 2 + meson polarizations. In addition, for the decaying B-meson we need 

f ( - )  
<01A u IM(0- ;  P) > --i ~ o P u .  (5) 

The factors ~ have been extracted for later convenience. The (ftQ) meson interpolating currents in eqs. 
(1)- (5~,  with Q the heavy quark b or c and q the light ones u or d, are respectively: Vu=~w~,Q; Au=OyuysQ; 
A = t/y5 8g Q and Ju,, = (l(~u 7, + '0,, 7u - ½ gu,, '0p YP)Q- The notation used for the meson states reflects the fact that 
in the heavy-quark limit, due to the conservation of the heavy-quark spin SQ and of the light degrees of freedom 
st= s-SQ, it is convenient to work with the two degenerate multiplets j e=  (0 ~/2, 1 ~-/2 ) and j e=  ( 1 f/z, 2~-/2 ) which 
differ by the light quark angular momentum st= ½ and 3 respectively (the orbital relative momentum is L =  1 ). 
In terms of the conventional 2s+ ~pj states the 1 + states defined above are given by the following linear combi- 
nations [ 14,18,20 ]: 

I 1~-/2 ) =  x//~ I Ip~ ) +  x /~  13p1 ) ,  [ 1 +/2 ) = x/~-~ I IpI ) - x//~ t3pl ) , (6) 

while 10+/2 > = 13p o) and 12~-/2 ) =  13p2 >. One can easily see that in the equal-mass case ( q = Q )  the charge- 
conjugation eigenstates 3P 1 and ~PI couple to the currents A~ and ~ respectively, while in the heavy-quark limit 
mQ >> mq one has ( 01A~ I M ( 1 ¢/2) ) = 0 and still ( 01A~ 13pl ) = 0. 

TO evaluate the leptonic constants we use Borel improved QCD sum rules for two-point correlators of the 
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currents in ( 1 ) -  ( 5 ). Differently from refs. [ 5,6 ], where the heavy-quark effective theory is used at the outset, 
we first take finite mQ and then we perform the limit m Q - - - ~  according to a well-defined prescription. The 
procedure to obtain the sum rules is standard, and we shall not repeat it here. Basically, for the leptonic constants 
one obtains relations of the form 

so 
e x p (  - s / M  2) 

f 2  exp(-MZ/M2) = 1 ds ME ImHAv(S)+BM2HNp(M2) , (7) 
M 2 

(mQ + mq) 2 

where fp is any of the leptonic constants above and Mp the corresponding particle mass, Im//AF is the perturba- 
tive QCD spectral function of the relevant current correlator, with So the threshold for the onset of  asymptotic 
freedom, and BM2Hrqp is the Borel transformed contribution of non-perturbative vacuum condensates of quark 
and gluon operators, ordered according to the dimension. In eq. (7) M is a mass scale which one tunes in a 
(hopefully wide) range of values where the prediction is stable in M, with the condition of having dominance 
of the lowest-lying particle state P, hierarchy of the perturbative and non-perturbative contributions on the right 
side of (7), and minimal dependence on the threshold So. By differentiating eq. (7) in 1 /M 2 one obtains a 
similar sum rule for the mass Mp, which one treats analogously. 

Among the non-perturbative terms, the condensate with the lowest dimension is the quark condensate. It is 
convenient to introduce the non-local quark condensate [21,22] 

x 

( 0 , q ( x )  exp (igs d~,(y)dyU)q(O)lO)=(ftq)o~(X2), (8) 
0 

where for simplicity we assume 

¢J~(x 2 )  = e x p  (X2)].  2 ) . (9) 

2 1 2 _~_ Consistent with the short-distance expansion of ( 01 ft (x) q (0) I 0 )  [ 23 ] we use 2 = ~ rn o = 0.4 _ 0.1 GeV 2, 
where gs (01Clau~ G U~q I 0 ) = m 2 ( f tq )  o and we take ( ( tq)  o = - (220 MeV) 3. 

The heavy mass limit is then obtained by replacing in eq. (7) (with mq = 0 ) [ 6,7 ] 

MZ=2EmQ, so=m~ +2mQlt, M~,=m~ +2rnQS, (10) 

and perform the limit mQ--, oo. Notice that in principle one can make an expansion and evaluate also the 1/mQ 
correction to the infinite heavy-quark mass limit [ 24,25 ]. 

The constants f ~ + ) and f ~ - ) of the 0 + and 0 -  mesons are given by the sum rules [ 5 ] 

( 3po( E) .~ ,/2 
f ( - + ) = e x p [ ( 8 + / E ) ] k ~ + ( C l q ) o e x p [ ( - 2 2 / 8 E 2 ) ] )  , (11) 

where Po can be obtained by the general formula 

2~ 

pn(E) = } dyy 2+" exp[ ( - y / 2 E ) ] .  
IQ 

(12) 
w 

0 

The O(as )  corrections can be found in the literature and are in general somewhat large [6,26,27 ]. Here we do 
not include them since we are interested in the form factors only. As we shall show below, the form factors are 
obtained by considering three-point functions and computing a triangle diagram for which the O (o~,) term is 
not available yet. The form factors also depend o n f  ( + ), therefore, for consistency, we do not include perturba- 
tive corrections in the leptonic constants. It should be noticed that introducing only in part the O (o~) correction 
modifies the normalization condition of the universal B-,D,D* form factor at the zero recoil point, which is 
known from general arguments [28,10,29]. 
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The derivative ofeq. ( 11 ) in 1 /E gives for the binding energies 

6+ 1((3/8zc2)p'(E)+-(22/2E)(~Iq) exp[(-22/8E2)])  
- = 2 \ (3/81rZ)po(E) + (¢lq) exp[ - ( 2 2 / 8 E  2 )  ] " 

(13) 

The values o f f  ( -+ ) and 8_+ are found by looking at stability windows in the space of Borel parameters E and 
#. As already observed in ref. [ 5 ], stable results can be found in the ranges E =  0.6-2.0 GeV and/~_ = 0.7_+ 0.1, 
/l+ = 1.3 + 0.1 GeV for 0 -  and 0 + respectively. The corresponding results are 

6_ =0.36_+0.06 GeV, 6+=I .0_+0.05GeV,  f ( - ) = 0 . 2 1 - + 0 . 0 3 G e V  3/2, f (+)=0 .46_+0 .06GeV 3/2. (14) 

To assess the role of  1/mQ and O (as)  corrections, we can indicatively compare the results above with those 
obtained e.g. in ref. [ 17 ] for finite heavy-quark mass and including first order in as. Using the same values of  
quark masses, rob=4.6 GeV and me= 1.35 GeV, we would obtain from ( 14): fD(0-  ) = 180 MeV;fD(0 + ) = 396 
MeV; fB ( 0 - )  = 100 MeV; fB (0 + ) = 215 MeV. These numbers hardly compare with those reported in ref. [ 17 ], 
fD ( 0 - )  = 195 MeV; fD (0 + ) = 170 MeV and fB ( 0 - )  = 180 MeV, so that we conclude that 1 /mQ and as correc- 
tions, separately taken, can be quite significant for the leptonic constants. 

Analogous sum rules can be written for the axial vector leptonic constant fA in eq. (2) (and the analogous 
vector constant fv) .  For the same values of  E and/t  indicate above: 

f A = f  (+), f v = f  (-) ,  6A=6+, 6 V = 6 _ ,  (15) 

as expected from the heavy-quark symmetry, which shows the consistency between HQET and QCD sum rules. 
Turning to the couplings fA and fx in eqs. (3),  (4),  according to previous remarks, in the hadronic spectral 

function of the correlator of  the current Au we have to include both the 1~/2 and the 1 +2 states, whereas for the 
spectral function of the tensor current T u. the 2 + state must be taken into account. Different from eqs. (7), (8), 
in this case the D =  3 quark condensate term does not contribute; as a matter of  fact, the sum rule for fx, neglect- 
!ng O(as )  corrections, can be written as 

$0 

l 2 1 f (s--m2)4(3s+2m 2) im¢f  T exp( - M 2 . . / M  2) = ~ d ds $3 exp(--s/M2)+mc<~trGq) e x p ( - m 2 / M  2) 
m~ 

(16) 

and in this equation the contribution of the D =  5 term for m~= 1.35 GeV and So= 7-9 GeV 2 is small. For this 
reason in the heavy-quark limit we can neglect the D =  5 contribution with the result 

/ ,  . x l / 2  

fx=exp(rx/E)~l--~n2n2p2(E) ) , fT=X/~fx, 6 X = r r - - l p 3 ( E )  (17) 
2 P2 (E) " 

The relation between fx and fT can also be obtained on the basis of  the spin symmetry. For the same values of  
the Borel parameters mentioned above one finds stability in the sum rules forfx and 8x, with the results 

6x=l .05_+0.10GeV, f7,=0.43+0.06 GeV 5/2 (18) 

3. Determination of the semileptonic form factors 

The semileptonic decay matrix elements into negative- and positive-parity states can be decomposed in terms 
of form factors using the initial B-meson and the final D-meson velocities v' and v, and the variable w=v' .v 
[ 14 ]. In particular we consider 
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( D ( 0 - ;  v)l J r ( 0 ) I B ( v '  ) )  
=~+(w)(v '+v)  u , (19) 

( D ( 1 ] ;  v; e)lJAu(O)lB(v ' ) ) =i2¢j(w)eu~ae ~.v,,v, a (20) 

(D(2+;  v; e)I J r ( 0 ) I B ( v ' )  ) =i[[(w)~u,a#~e.vp(v,+v)a(v,_v)~ ' (21) 

where j v  =e~,ub ' j 2  =c?u~'sb denote the weak currents, and J =  ½ or ~. The other form factors can be found in 
refs. [ 14,18 ]. We recall that in terms of the momentum transfer q2= (PB-PD)2, 

M z +M2o _qZ 
w=v'.v= (22) 

2MB Mp 

To obtain QCD sum rules for the form factors one starts from three-point correlators: 

Hr, u(P,P', q ) = i  2 f d x d y e x p [ i ( p . x - p ' . y ) ]  (OlT[Jr(X)JV'A(o)Js(y)] 10) • (23) 

In eq. (23 ) Jr denotes the currents interpolating the final,~ charmed meson with F the appropriate set of Lorentz 
indices (e.g. Jr=tic, (ti7sc and q(Tu 0u+Yu 0, - ½g~,,yP0p)c for 0 ± and 2 + respectively), according to the defi- 
nitions in the previous section, and J5 is the analogous operator for the initial B-meson, -/5 =bi?sq (q is the light 
quark). The form factors are extracted by expanding, in each case, eq. (23 ) in independent Lorentz structures. 

Similar to the analysis of two-point functions, we write a Borel improved sum rule by computing eq. (23) in 
two different ways: by including hadronic states plus a continuum of states modelled by perturbative QCD, and 
by performing an operator product expansion in the framework of QCD, accounting for the asymptotic freedom 
contribution plus higher dimensional non-perturbative condensates. Finally, these alternative representations 
are matched to one another (for details see e.g. ref. [ 16 ] ). 

In order to perform the heavy-quark mass limit and then estimate the dependence of the form factors ( 19 ) -  
(21 ) on w, following the procedure proposed in ref. [ 30 ] we estimate the sum rules at q2= 0, and take the limit 
mQ-----mb~cx~ with me = mb/x/-Z, Z fixed. The form factors then become functions of w via eq. (22) at q2= 0, 
which reads 

x / ~  = w +  wx/-~- 1 . (24) 

This procedure has the advantage that the integration domain of the QCD continuum in the sum rules is much 
simpler for q2=0. In the case of 0-  --. (0 - ,  1 - ) semileptonic transitions, this procedure exactly reproduces the 
result which is obtained by directly working in the infinite heavy-quark limit [ 5,6 ]. Concerning the Borel masses 
M 2 and M 2, the heavy-quark limit is implemented by the replacements [6] M 2 = 2 E l m o / v / Z  and M2 =  
2E2 m o, where Et and E2 are new Borel parameters, which will be varied in the same range of values as consid- 
ered in the previous section for two-point QCD sum rules. Also, for the continuum thresholds So = mS~Z+ 
2rno#/x/~, S'o =m S +2mQlt' and for the meson masses we introduce the binding energies as m g = m  S + 
2mQo r', mZp =m~/Z+2mQ~/v/-Z.  Similarly to El and E2, the constants/~,/~', ~'and 3" will be taken from the 
previous section. Finally, we define new integration variables as s= m~ + mcy and s' = m~, + mby'. 

The resulting sum rules for the form factors in eqs. ( 19 )-(21 ) take the form 

~+(w)=-~(w) 

..... exp(3_/E)f~_): 4~ 23 . . . . . . . .  -~Z 3 / ~ ( w ) z  (clq-)o i ~- t ex p [  ±2~(-w+-i ))/i6E ~ . . . . . . . . .  (-25) 
( x / Z +  1 ) 
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exp(J+/El+J_/E2) [ 3 ~ + 1  ( ( t q ) ° (  1 2 2 w + 1 ~  
ql/2(W)~TI/2(W)= f~+)f(_) -~SnZ J(w) 2 -- '~EIE2] 

×exp{ - [22( 1/8E 2 + 1/8E~ + 2w/8E~Ez) ] } ] ,  (26)  

[[(w)_½V/~c3/2(w) = e x p ( J d E l  +6_/E2) 3 ~-Z 3/2 
fx f ( - )  2~ z (x/Z+l)5 I(w)" (27)  

All the other form factors can be expressed in terms of  these universal functions: ~(w) (the " I sgur -Wise"  func- 
t ion [3] ), Tl/z(w) and T3/2(w) [ 14,18]. In eq. (25)  we have set El =Ez=2E, and the functions H(w), J(w) 
and I(w) are given by 

2,u- 2,u- 
1 t~ 

J dy j dy' (y+y')exp[-(y+y') /4ElO(2wyy'-y2-y '2) ,  (28) H(w) 
" , - -  o o 

2/a+ 2/t_ 

J ( w ) =  ( / ~ _ 1 ) 3  dy dy' ( y - y ' )  exp[-(y/2E, +y'/2E2)lO(2wyy'-y2-y '2) , (29)  

2.u+ 2.u- 
1 

I ( w ) =  ( x / ~ _ l ) 3  f dy j" dy '[(y2+2yy ' ) (Z-v /Z+l)-3v/ -Zy  '2] 
0 0 

Xexp[  - (y/2E1 + y'/2E2) ]O(2wyy'-yZ-y '2) , (30)  

where / t  + have been fixed in the previous section. In (25 ) and (26)  we have included the complete contribu- 
tions f rom the quark and the quark-gluon condensates. The latter only in part  is generated by the bilocal oper- 
ator, so that  we have imposed that also the remainder  D =  5 f rom the non-perturbat ive contr ibution falls off  
exponentially, in order to have well-behaved (i.e. vanishing) form factors as w ~  oo. On the other hand, the non- 
perturbat ive terms turn out to be numerically negligible for 23/2 ( e q .  (27)  ). Secondly, as anticipated, the opti- 
mal values of  the Borel parameters  E~ and E2 as well as the cont inuum thresholds/t+ and/z_ take on the same 
values obtained in the analysis o f  two-point  functions ~3. 

4. Numer ica l  results  

An important  role is represented by the cont inuum integration regions in eqs. ( 2 8 ) - ( 3 0 ) .  In spite of  the 
n 2 n denominators  ( x / ~ -  1 ) = ( w -  1 + ~ )  , with n =  1, 3, the integrals H(w), J(w) and I(w) are finite for 

w-,  1 as it can be directly seen by performing the limit. On the other hand the slope of  the universal function 
turns out to be divergent [ 5 ], a result which is unnatural.  As shown in ref. [ 6 ] this is an artifact o f  the approxi- 
mations used in modelling the higher mass resonances as a cont inuum of  states. To cure this problem for the 
" I sgur -Wise"  function ~(w) one can modify  the integration region without affecting the general normalizat ion 
constraint at zero recoil ~( 1 ) = 1 (which is easily seen to be verified by the sum rule).  As proposed in ref. [6] 
one can replace, for example,  the O function by 0 ( 2 wyy' - y 2 _ y ,2 ) × O [ 2/~ ( 1 + w - ~ - y -  y '  ], or as an- 
other possibility one can just change the uppe r  limit o f  in legra t ioa  2 # ~ 2 ~ (  ! + w+  ~ ) / (  1 + w),_Both_ 
procedures lead to a finite slope. However,  they add some significant uncertainty to the determinat ion of  ~(w) 
for values of  w relevant to nonzero recoil. 

~3 As shown in ref. [ 14] the form factors include a multiplicative O(a~) correction which depends on the anomalous dimension of the 
current operators and on four-velocities product w. Its numerical effect is small and can be included in the theoretical uncertainties of 
the results. 
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Although in pr inciple  the same, the s i tuat ion looks slightly bet ter  for the numerical  evaluat ion o f  q/2 and 
r3/2 according to eqs. (26) ,  (27) .  Not ice  that  for the case o f  semileptonic  decays to posi t ive-par i ty  states there 
is no general normal iza t ion  condi t ion  on the form factors. In fig. 1 we depict  the functions q/2(w) and 
r312 (w) for the central values of/~+ and #_ and with E1 ~-E2-~ 1.5 GeV. The results are stable against reasonable 
var ia t ions  o f  these parameters ,  and  we observe that  these functions seem to behave more smoothly  than ~(w) 
a round  w =  1. Fo r  this  reason we could expect that  the choice o f  the cont inuum integrat ion region should not 
drast ical ly affect the results at non-zero recoil. 

Another  impor tan t  aspect  to be discussed is the possible role of  O(  1/mQ) corrections. In table 1 we report  
the values of  ~(Wo) and qlz(wo), where Wo corresponds to m a x i m u m  recoil ( q 2 = 0 ) .  At  the first line are re- 
por ted  the results from eqs. (25) ,  (26)  for mQ-,  oo, and  the uncer ta inty  on ~ refers to the choice of  the integra- 
t ion region as ment ioned  above, while that  on z~/2 s imply corresponds to varying/ t+ and / t_  within their  opt imal  
ranges. At  the second line we report  the explicit  values of  ~(w) and q /2  at f inite mQ, resulting from the B--, 0 -  
and B--, 0 + calculat ions of  ref. [ 17 ]. The compar ison  of  ~(Wo) with the mQ--, oo result looks quite acceptable,  as 
a reflection of  the fact that  for B - ~ 0 -  the 1/mQ correct ion has to vanish at w_~ 1 [ 10,28,29 ]. Conversely, the 
correct ion for q12 (Wo) turns  out to be much more  significant, reflecting the large 1/mQ correct ion to f ~ + )  
po in ted  out  in section 2, which is not  compensa ted  in this case. At the third line in table 1 we give the values of  
~(Wo) and Zl/2 (Wo) at f inite mass, resulting from the calculat ions o f  B ~ 1 - and  B ~ 1 +/2 in ref. [ 17 ]: for ~(Wo) 
we f ind now more  sizeable corrections,  since in this case the 1/mQ term has not  to vanish at w =  1, while for 
ql2(wo) we find again a larger discrepancy with respect to the heavy-quark mass l imit .  

Using the universal  functions ~, z~12 and z312 we can compute  the branching ratios for the semileptonic  B 
decays into posi t ive-  and negat ive-par i ty  mesons. The results are repor ted  in table 2. A compar ison  with the 

Table 1 
Values of the ~(w) and '~'1 I2 (W) form factors at w= Wo, which cor- 
responds to q2=0. For B--, (0-, 1-)Wo= 1.6, for B-, (0 +, l+)wo 
= 1.33. At the first line we report the values obtained in the infi- 
nite heavy-quark mass limit; at the second and third lines we in- 

0.32 I 

o.,-8 [_ 1 

~ 0.24 ~ 

& 0.2 i 
O J 6  ~- " " , ~  

0.12 ~- "',,, 

I " 
0.08 """.... 

T~/2 - - . .  

o.~ . . . . . . . . . . .  

0 I - : : t ,  ,~ , I , ~  , I~ ~ I ~ :  , i  : ~ ' i r , ~ r  
l 1.25 1.5 1.75 2 2.25 2.5 2.75 3 

W 

Fig. 1. The Isgur-Wise universal form factors zl/2 (w) (continu- 
ous line) and ~3t2(w) (dashed line). 

clude the values obtained by QCD sum rules with finite heavy- 
quark masses (from the channels B->D(0 ±) and B-,D(I ±) 
respectively ). 

Condition on ~( Wo) "q 12 ( Wo) 
mQ 

mQ--', ~ 0.64+0.10 0.22+0.02 
finite mQ from B--,D (0 ± ) 0.59+0.17 0.37+0.04 

from B~D(I ± ) 0.39+0.08 0.36+0.11 

Table 2 
Branching ratios obtained for the various B-meson semileptonic 
transitions in the heavy-quark limit (rE = 1.21 pS). 

Channel Branching ratio 

B--,D(0- )£v 1.4X 10 -2 (Vcb/0.04) 2 
B-,D( 1 - )£v 4.3X 10 -2 (Vcb/0.04) 2 
B~D(0+)£v 5 x l 0  -4 (Vcb/0.04) 2 
B~D(  11+/2)£v 7 X 10 -4 (Vcb/0.04) 2 
B~D(  l+/2)l~v 1 X10 -3 (Vcb/0.04) 2 
B-~D(2+)£v 2 X10 -3 (Vcb/0.04) 2 
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p rev ious  ca lcu la t ion  for  f in i te  mQ [ 17 ] shows tha t  for  the  nega t ive  par i ty  mesons  the  mQ--*oo l imi t  is re l iable  as 

far  as the  BRs  are concerned .  F o r  B - - , D ( 0  +, 1 ~/2) decays  (which  is the  o ther  case where  the  c o m p a r i s o n  can  be  

car r ied  o u t ) ,  the  resul ts  o f  table  2 are s ignif icant ly  smal le r  c o m p a r e d  to the c o m p l e t e  calcula t ion.  As r e m a r k e d  

above ,  this  is ma in ly  due  to the  large cor rec t ions  to the  lep tonic  decay  cons t an t s f a  a n d f  ~ ÷ ). 

5. Conclusions 

We have  shown that  Q C D  sum rules p r o v i d e  a m e t h o d  to c o m p u t e  no t  only  the I sgu r -Wise  func t i on  [ 3 ] bu t  

also the  un iversa l  f o r m  factors  for  B decays  in to  pos i t ive -par i ty  c h a r m e d  states. F o r  these  channels  the  f in i te  

h e a v y - q u a r k  mass  cor rec t ions  tu rn  ou t  to be s ignif icant  in this f ramework .  The  resul t ing b ranch ing  ra t ios  are  o f  
o rde r  10 -  3. 
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