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Abstract 

The semileptonic decays of the D and B mesons are studied in the heavy quark effective 

theory(HQET) with leading I/mQ corrections at v . v' = 1. By using the experimental data of 

form factors If, Af, vD , Af and VB, we determine unknown five parameters in HQET, which 

are independent of the Isgur-Wise function. We show the allowed regions on the m q - Aplane, 

which are acceptable ones in HQET. The s-quark mass is fixed by taking account of the QeD 
corrections in the form factor Af. Accordingly, the c- and b-quark masses are also determined 

by using the spectroscopic constraints. 
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The heavy quark effective theory(HQET) is by now a well-established tool to investigate 

the properties of hadrons containing a single heavy quark Q(1,2,3,4,5]. Most important is its 

application to the semileptonic transitions of such hadrons. The heavy quark experiences great \ 
simplifications when its mass is treated in the formal limit mQ --+ 00. For heavy flavored hadrons 

with a finite heavy quark mass mQ, the physical decay amplitudes are expanded in powers of 

I/mQ' In practice, the effect of the l/mQ corrections is not negligible in the semileptonic 

decays of the B meson. In addition, some challenging studies ha.ve suggested that HQET is 

still valid phenomenologically for the s-quark system(6,7,8,9,lOJ. In these situations, it is very 

interesting to examine the applicability of HQET to the 15 --+ KHl"ii decays, which possess the 

rather large l/mJ corrections. So far, these semileptonic decays have been sucessfully analyzed 

by us[6] and Amundson-Rosner(7]. However, their results depend on the specific form of the 

Isgur-Wise function. Moreover, HQET might be inapplicable around q2 ::: 0 for the 15 -+ J{(.)/YJ 

decays since the validity range of HQET is restricted as[1] 

2 2 (~)2 (1)Qm4",-q <. 
2mem. AQCD ' 

In this paper, we examine HQET in the Ii -+ D(·)/YJ and 15 --+ K(o)tiJ decays at the zero 

recoil momentum point, q2 = Q~(J%' where the Isgur-Wise function is normalized to be 1. We 

search for the parameters being consistent with the observed form factors in the framework of 

HQET including 11mb, lime and 11m. corrections. Then, we get the quark masses m., me 

and mb by combining these parameters with the spectroscopic parameters obtained by the B, 

D and J{ mesons speetroscopy[7,8,9]. 

Let us start with describing the current matrix elements for 13 --+ D(·)tii as folows(l]: 

(D(v') I c'Y,.b IB{v)) = y'mBmDU+{Y)(V + v'),. + J-(y)(v - v'),.} , 

(D*(v') I c'Yp b IB(v)) = iy'mBmDog(Y)€P"Cl{3€""V'Cl v{3, 

(D*(v') I C"Yp 'Y5 b IB(v)) = v'mBmD~{J(y){l + y)€; - (a+(y) 

+ ,L(y))€·· vvp - (a+(y) - iL(y))E* . vv~} , (2) 

where y = v· V'. In the limit mQ --+ 00, the spin-flavor symmetry leads to 

J+(y) = g(y) = J(y) = a+(y) - cL(y) == E(y) ,� 

J-(y) = o+(y) + iL(y) = 0 , (3)� 
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where ~(y),  the so-called Isgur-Wise function, is independent of the heavy quark mass and 

normalized at zero recoil (v = v'), as €( 1) = 1. Ineluding 1/mQ corrections to hadronic form 

factors, these form fa.ctors come to somewhat complicated expressions, but still can be written 

down by four additional functions Xl (y), X2(Y), X3(Y) and ~+(Y)  and a constant parameter A due 

to the binding of light quarks in the heavy flavored hadrons[ll). The functions Xl (y) and X3(Y) 

obey the normalization conditions XI(1) = X3(1) ='0(11), while there are no such conditions 

for X2(Y) and €+(y). . 

By taking account of the QeD corrections, these form factors for the processes 13 -+ D(*)I17 

at y = 1 are given as follows: 

a.(J.L)
/+(1) X QcD {1 + f3+--} , 

11'" 

a.(J.L) 1 1 { l-}/-(1) X QCD {f3---} - (- - -) 2~+(1)  + -It , 
11'" me mb 2 

a. (J.L)} 1 - 1 { 1-}§(l) X QCD { 1+ f3g-- + -2-It + - 2~+(1) + -2It , 
11" me mb 

a.(J.L)/(1) XQCD{l + f3f--} , (4)
1r 

a.(J.L) 1 A
c!+(1) + ('1-(1) X QCD {f3a+ --} + -{2X2(1) + ~+(1) - -2} , 

11'" me 

a.(J.L)} 1 .. 1 ( I-}a+{1) - a_{1) X QCD { 1 + f3a_ -- + -{-2X2(l) + ~+(1)}  + -{2~+  1) + ,?A , 
11" me mb ~  

where f3i(i = +, -, g, I, a+, a_) are QCD correction coefficients[12) and 

6 
X = (a.(mb))-(33-2n/)

QCD (5)
a.(me ) 

Eq.(4) should be also applied for I5 -+ j{(*)fi; if mb and me are replaced by me and m., 

respectively a.nd the relevant X QCD, f3i a.nd a. (J.L) are used. 

Note that the QeD corrections at y = 1 are simple because the IR-singular terms vanish. 

For the Ii -+ D(*)lfj process[12J, 

f3+ Vl(1)'- 1)2(1) -v3(1}, f3- ==v3(1) - V2(l) ,� 

f3g VI(1) , f3! = a1(1) , f3a+ = -a2(1), f3a_ = a1(1) - a3(1) , (6)� 
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where 1)i(Y) and a;(y) at y = 1 are given by using z == me/mb as follows: 

1)1(1) == VI(1) + lnz + dVl(l) , v2(1) = v2(1) + dV2(1), v3(1) == v3(1) + dV3(1) , 

al(1) ::: al(1) +In z + dal(1) , CL2(1) = a2(1) + da2(1), a3(1) == a3(1) + da3(1) , (7) 

where 

2 1 1
VI (1) ¢(z) + '3' v2(1) = '3{1 + X(z)}) v3(1) = 3{1 - X(z)} , 

2 4 z 
al (1) ¢(z) - '3' a2(1) = X(z) + 1- '3 (1- z)2¢(z) , 

4 z
a3(1 ) X(z) - 1 + 3(1 _ z)2¢(z) , (8) 

with 
1 + z 1 1 + Z 2z 1

¢(z)=-ln--2, X(z)=----ln-, (9)
1 - z z 1 - z (1 - z)2 z 

and dv; and da; are corrections of the sub-leading logarithms z In z as given by Falk and Grin­

stein[I3). 

In order to get the numerical values of parameters in eq.(4), we need experimental inputs. 

The experimentally observed form factors at q2 = 0 are averaged for 75 -+ j{(*)lfj processes[14] 

as follows: 

ff(O) 0.77 ± 0.04 , Af(o) == 0.48 ± 0.05 1� 

Af(O) 0.27 ± 0.11 , VD(o) = 0.95 ± 0.20 . ( 10)� 

From these data, we can get the magnitudes of the form factors at y = 1, which correspond 

to the maximum value of q2. These values are given by applying the single-pole fitting to each 

form factor as follows[14): 

If(q~ax) 1.47 ± 0.08 , Af(q~ax) = 0.57 ± 0.06 ,� 

Af(q;'ax) 0.32 ± 0.13 , VD(q~ax) = 1.21 ± 0.26 , (11 )� 

where the pole masses mf = 2.0GeV, mA == 2.5GeV and mv = 2.lGeV a.re taken[14]. For the 

Ii ---> D(*)fi; process, following values have been given by CLEO[15]: 

Af(q~4X) 0.88±O.13, Af(q;'ax} =0.79 ± 0.26 ,� 

VB(q~ax) 1.05 ± 0.50 . (12)� 
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Here, these form factors are related to j+, j_, , g, j, a+ and iL for 15 - f{(-)fj; as follows[16]: 

ff 1 _ - (mD - mJ{)l-} ,{(mD +mk)f+ _ 

AD 
1 

2,jmDmK 

,jmDmK· j , 
mD + mJ(. g_ 

D_ ,V - 2,jmDmK­

mD +mK· (_ iL)} ._AD mD +mK· {mK• (a+ + iL) + a+ (13)2 2,jmDmJ(. mD 

For B --.. D(-)lfj processes, the similar relations are satisfied. 

Now, we can present numerical analyses using the eqs.(4)"'(13). Let us begin with estima.ting 

the magnitudes of the QeD corrections for the 75 - K(-)li7 processes, which are most significant 

due to the rather large QeD coupling in our analyses. In order to calculate the QeD corrections 

for each form factor, we have to fix 0'$(1-'), To do this, we take notice of the following replacement 

under the renormalization group in deriving eqs.(5)"'{7) as presented by Neubert[12]: 

0'$(1-') mQ (O'.(mQ )) -(33-'] ft r)
l+--ln-~ --- (14)

Jr mq O'$(mq ) 

We use this replacement to choose the scale I-' so that the numerical values of these two expres­

sions are equal. Then, the QeD running coupling up to the order O(ln(ln J,L)) can be fixed if 

mQ and m q are given. The values of 0'.(11), X QCD and f3. are shown in table 1 for fixed qua.rk 

masses and for A<:Js = 260MeV[17] in both Band D semileptonic decays. 

I table 1 I 
The effect of the QeD corrections on form factors will be tested in the form factors Af and 

Af at y = 1 since these form factors are determined by the QeD corrections alone as follows: 

D 2 _ ,jmDmK· 0'.(1-')
Al (qmaJ:) - XQCD {1 +f3f--} . (15)

mD +mI(. 7f 

This QeD correction depends on the value of m. significantly while the one of Af (q~a:r)  mildly 

depends on me' We show the allowed region of m. being consistent with the experimental value 

of Af(q~,,:r)  in table 2, where A~s  is taken to be 260~~~MeV[17].  
5 

I table 2 I 
Now, we can get the numerical values of unknown parameters in eq.(4) by using the exper­

imental values of the form factors ff(q~".,),  VD(q~a:r),  VB(q~,,%),  Af(q~,,:r)  and Af(q~a%)'  In 

order to get the numerical solutions, we define the following dimensionless five parameters, 

A Ii. A 
Eb==-,

€$ == 2m.' Ce == 2m ' 
e 2mb 

_ (+(1) X2(1) (16)r = A ' s= A . 

Since the number of the input experimental data are five, these five parameters can be deter­

mined definitely under the experimental errors of input data. These equations can be solved 

easily though the analytic forms of the solutions are very complicated. Since the parameter r 

is to be given as the solution of a quadratic equation, we obtain two set of the solutions, in 

which we choose the convenient one. 

H is important to comment on the quark mass dependence of the solutions, because the QeD 
corrections cannot be calculated without fixing the quark masses as seen in eqs.(6)",,(9). The 

ambiguity of the QeD corrections due to the s-quark mass is not so large, as far as the allowed 

value of the s-quark mass in table 2 is taken. Therefore, it is :nough to take the averaged value 

of those m. in order to fix the QeD corrections, since the ambiguity due to large errors of the 

input experimental form factor is rather serious at present. Using the averaged value of m., the 

calculated form factors of Af(q~o:r)  and Af(q~Q:r)  are given for A~s = 260~~iMeV  as follows: 

Af(q~/l%)  = 0.58"" 0.59 , Af(q~,a%) = 0.82 '" 0.84 I (17) 

which are of course consistent with the experimental values in eqs.(ll) and (12). The c- and 

b-quark mass dependences of the solutions can be neglected safely. 

The set of solutions are shown in table 3 for the fixed values of allowed A~17].  

I table 3 I 
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The obtained values have large errors following from the input experimental errors, but those 

central values are reasonable ones expected from the 1/mQ expansion. It is useful to comment 

on the result of t. = A/2m. obtained by Amundson and Rosner[7]. Since they neglected 

the corrections of the heavier quark mass expansions(l/me in the D decay), the formulation 

becomes too simple. So, t. and t e were determined only by VD(q;',,~)  and VB(q;',,~).  In our 

analyses, coupled linear equations with five unknowns are solved including the corrections of 

the heavier quark mass expansions as seen in eq.(4). Due to the rather large error of the input 

data, our obtained E. has considerably large error. 

The parameter mQ and A are constrained by the meson spectroscopy as follows[8,9]: 

-1 -1 - 1 ) ()m, +A = -(3mJ(. + mJ(), me + A = -(3mD. + mD), mb + A = -(3mB· +mE, 18
4 4 4 

which give us additional informations on E•• Since errors of the experimental masses are very 

tiny, these constraints are presented almost on lines. We show in fig. 1 these lines in addition to 

EQ, which are presented by lines corresponding to the upper-bounds, central values and lower 

bounds, on the mQ - Aplane for A~~ := 260MeV. 

Ifigure 1 I 
We omit the figures in the cases of A~)s  = 214, 314MeV since the similar results are obtained. 

It is emphasized that the allowed regions of mQ and A are reasonable though the values 

of EQ have large error. Furthermore, in this figure we show the allowed region of m. given in 

table 2 coming from the QeD corrections together with the region of A, which is given by the 

constraints in eq.(18). The fixed 71. gives the values of me and mb as seen in eq.(18) as follows: 

m, = (0.48, 0.43)Ge V --> X:= (0.32, 0.36)GeV, me := (1.67, 1.62)GeV, mb = (5.01, 4.96)GeV, 

(19) 
(4)for A := 214MeV,
MS 

m, = (0.57, 0.53)GeV --> A = (0.22, 0.26)GeV, me = (1.76, 1.72)GeV, mb = (5.10,5.06)GeV, 

(20) 
(4) dfor AMs = 260MeV, an 

m. = (0.69, 0.62)GeV --> 7\ = (0.10, 0.17)GeV, m c = (1.88, 1.8l)GeV, mb = (5.22,5.15)GeV, 

(21) 
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for A<;}s = 314MeV, where the left and right values in parentheses represent the values cor­

responding to the upper and lower bound of m, in table 2, respectively. From eqs.(19)",,(21), 

we get 0.14 ~  Aim. ~ 0.84, which are reasonable values in the l/mQ expansion of HQET. 

Thus, our results suggest that HQET is still effective to the semileptonic decay of the D meson 

at v· v' = 1. It is remarked that our obtained A" in eqs.(19)"'-'(21) is rather smaller than the 

one(~  0.5GeV) predicted by QeD sum rules[18]. Our value of A has been derived phenomeno­

logically based on the heavy quark symmetry faT th~ s-quark. If the theoretical value of A will 

be certainly:::: 0.5GeV, HQET might not be available to the s-quark. Thus, the estimate of A 

is also important to examine whether HQET works well for the s-quark system. 

Summary is given as follows. Sernileptonic decays of the D and B mesons are studied in 

HQET with leading l/mQ corrections at v· VI = 1. By using the five experimental form factors 

ff(q;'",.), Af(q;'",,) , VD(q;',,~),  Af(q~,,~)  and VB(q;,,,~),  parameters E., Ec, tb, rand s are 

determined. Allowed region on the mQ-A plane is reasonable one. The QeD corrections in the 

form factor AP(q;'",,) fix m.. which is consistent with the constituent s-quark mass. Then, A, 
me and mb are also determined by using the spectroscopic constraints. The ambiguity of the 

obtained parameters will be reduced if the form factors will be measured more precisely in the 

semileptonic decays of D and B mesons in the future. 
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Figure Caption 

Figure 1: Allowed regions on the mQ-lI. plane in the case of A~~  = 260MeV. The lower­

and upper-bounds from f., f c and fb are shown together with the respective central values. 

The three lines of eq.( 18) are also shown. The dashed vertical lines denote the allowed 

region of m. in table 2 and the dashed horizontal lines denote the region of A given 
in eq.(20). 
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m.(GeV) a.{fJ) XQCD (3+ (3- (39 f31 f34+ f3a_ 

0.50 1.23 1.43 -1.09 -0.42 -0.35 -1.70 -1.68 -1.31 
0.55 1.04 1.33 -0.99 -0.37 -0.26 -1.61 -1.56 -1.18 
0.60 0.91 1.26 -0.90 -0.33 -0.18 -1.53 -1.47 -1.06 

o 
I V. -v. N >1 

B- D(*J 0.31 1.12 -1.05 -0.32 -0.35 -1.69 -1.38 -1.28 - '0 
('l) 

-5 
Table 1: QeD corrections in the D semileptonic decays for fixed m•. In the bottom row, 
the QeD corrections for the B semileptonic decays are also shown. Here, me = 1.5GeV) , g> 
mb = 5.0GeV and A<:}s = 260MeV are taken. ' ..,,,,~ ,, 

\ """ .. 
\ "" 

A~s(MeV) m.{GeV) ~ 

H'-)

\en 
214 0.43 '" 0.48 CJq ('I') 

Io-l. 

° 
260 0.53", 0.57 \0 

~314 0.62'" 0.69 

Table 2: Allowed regions of m. extracted from the form factor Af(Q;'l1x) 
by taking account of the QeD corrections. 

~ 

A~s(MeV)  r s €. t e tb� 

.1� 

214 -1.32 ± 18.6 -3.13 ± 100 -0.08 ± 1.84 -0.002 ± 0.44 0.03 ± 0.56 •., m� 
260 -1.71 ± 31.9 -4.04 ± 39.3 -0.05 ± 1.41 0.006 ± 0.27 0.03 ± 0.55 "er� 

1& 
314 -2.23 ± 48.0 -5.60 ± 25.1 -0.03 ± 0.97 0.009 ± 0.25 0.02 ± 0.49 

3 
to 
'0Table 3: Solutions of the five parameters for fixed A~)s 

$ 
('i) 
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