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Subleading Isgur-Wise form factors andO(1/mg) corrections to the semileptonic decays
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The exclusive semileptonic deca%D1(2420); and BHD’2‘(2460); are studied at the subleading
order of heavy quark expansion. The subleading Isgur-Wise functions resulting from the kinetic energy and
chromomagnetic corrections to the HQET Lagrangian are calculated by QCD sum rules in the framework of
heavy quark effective theory. The decay rates and branching ratios are computed with the inclusion of the order
of 1/mq corrections. It is found that the i, correction to the decay rate is not large B+ D3 but is very
large forB—D;.

DOI: 10.1103/PhysRevD.64.014034 PACS nunfberl3.20.He, 11.55.Hx, 12.38.Lg, 12.39.Hg

I. INTRODUCTION final hadron four velocities. A well-known result is that the
semileptonicB decays to ground sta®*) mesons, in the
In recent years there has been continuous interest in thég—oc limit, can be described in terms of a single universal

investigation of semileptonic decays of ti2 meson into  function, the Isgur-Wise functioré(y). The decays to
excited charmed mesons. This interest arises for several rep=yave excitedd mesons withj’=1/2" and 3/2" require

sons. The current experimental data show that the exclusivg, independent functiong(y) and(y) [7,8], respectively,
B transitions to the ground statewave D andD* mesons i, ihe limit L —

i 0 i i i - . .
{nakedup onlytap{)hroxma.tebE)IGOA) ?f fthe mrlu:;‘gq%;emllep There areA ocp/Mg corrections to the weak matrix ele-
onic gecay rate, thus a sizable part of semiiep €S  ments parameterized by form factors at tig—cc limit.

ﬁhSU|g gon tob exrci/ltedd) nrgiﬁo:] St)?tesri'nin?]fﬁdd tthesre deﬁayt e Aqcp/Mg corrections to the leading term can be ana-
ave been observed a ore experimental data are Colleclgf o 4 j, 5 systematic way in heavy quark effective theory

with an increasing accuradyl—4]. Theoretically, the semi- HQET) in terms of a reduced number of universal param-
leptonic B decays into excited charmed meson states cal ters. TheA /Mg corrections may play an important role
provide an additional source of information for determining - B.decaanggdesQinto excited charmed states since the cor-
316 acab'zﬁoébia)(gﬁz"hﬂﬁjkﬁgg:\ﬂg r:r;?rt]r'z( ((e)lfemertltam r_es_pondi_ng transition matri>§ ele'ments in the infinite mass
cb as W h S le hl 9 K ! y ICS OF SyS€MSimit vanish at the zero recoil point because of heavy quark
cor¥ﬁén|ﬂgavia\${];§k tsgrﬁ:\ esws 6] has important conse- spin symmetry, whileA gcp/mq corrections to these decay -
quences on the spectrascopy e'm d weak decay matrix elrr_1atr|x eIe.ments can give nonzero contributions at zero recoll
> . f8]. The kinematically allowed range for these decays mostly
ments of mesons containing a single heavy quarkn the joeeurs near the zero recoil point, thus the magnitude of

infinite mass limit, the spin and parity of the heavy quark an oco/Mg corrections might be comparable with the leading
that of the light degrees of freedom are separately conserve rder result

This means that the hadronic states can be classified in de-"p, .° o<1 finctions must be estimated in some non-

gﬁnﬁlrgrt?n%?#gﬁﬁnbgf tt?]i Itlo tk?tl gggrlgzg ?fi:ginlﬂg ttr?ee perturbative approac_hes. A viable approach is the QC_D sum
gufarr i g . 9 . dor rules[9] formulated in the framework of HQET10]. This
case ofgQ mesons, coupling, with the spin of heavy quark  method allows us to relate hadronic observables to QCD
Sq=1/2 yields a doublet with total spin=j,=1/2. The  nparametersia the operator product expansio®PE of the
ground state mesons wiftf =3~ are the doublet®,D*)  correlator. A fruitful application of QCD sum rules has been
for Q=c and B,B*) for Q=b. The excited heavy mesons the determination of the Isgur-Wise functions parameterizing
with j|P= 1/2* and 3/2 can be classified in two doublets of the B—D®) semileptonic transitions up to th&ocp/Mg

spin symmetry (0,1") and (1",2"), which are identified as corrections[11-14. The QCD sum rule analysis for the
(Dg,D;) and ©,,D%) for charmed mesons, respectively. semileptonicB decays to excite® mesons involves the de-
The other important application of heavy quark symmetriedermination of the universal form factors. At leading order in
has been the study of semileptonic transitions between twthe 1ing expansion, the two independent universal form fac-
heavy hadrons. The hadronic matrix elements of weak curtors ¢(y) and 7(y), that parametrize transitionB— D**
rents between members of the doublets identified,bgnd  (D** being the generit =1 charmed stajehave been cal-

j1» can be expressed in terms of universal form factors whicttulated with QCD sum rulefsl5,16. Moreover, perturbative
are functions of the dot product=v-v’, of the initial and  corrections toO(«) have been included in the QCD sum
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rule for £(y) in Ref.[17]. The other approaches include vari- dl'p 2|V/,,|2
ous versions of the constituent quark mofl&8—24 and t = CelVe 3 r3Jy?—1{2(1-2yr,+r?)
relativistic Bethe-Salpeter equatiof25]. The analysis of dy 48m

Aqcp/Mmg corrections is an important issue for the semilep-
tonic B decays to excitedd mesons. Such corrections have

been investigated in terms of meson mass splittings in Ref.
[8] and by employing the relativistic quark model in Ref.

[26]. The corrections have also been included by a variant
approach in HQEFT in Ref.27]. At the order lihg, the dloy  GE|Vep/2mg |, )
corrections for matrix elements &— D** include contri- = ra(y>=1)%43(1-2yr,+r3)

X[F5,+ (2= DRI+ [y —rofy,
+(y?— D(fy,+ rlfvz)]z}, (2

buti . . : : , dy 14473

utions from higher-dimensional operators in the effective

currents and in the effective Lagrangian. For the semilep- X[Kg +(y2=1)ki]+2[(y—T2)Ka

tonic transitionsB—D,l» and B—D3Iv, the former give ' !

rise to two independent universal functions, denoted by +(y2—1)(kA3+r2kA2)]2}, (3

71(y) and 75(y) [8]. In the framework of QCD sum rules,
these two independent form factors have been investigated igherer , = Mp, /mg andr,= Mo /mg.
our previous work in Ref[28]. Here we shall focus on the

second type of corrections, which originate from higher- Isgur-Wise functions at each order Mgeo/Me.p. This is

Ord%?gi;ﬁgi?glfetﬁ; g:)e;r;g?r;s. organized as follows. Inachieved by evaluati_n_g the matrix elements of the effective
Sec. Il we review the formulas for the matrix elements of theCurrent operators arising from the HQET expansion of the
weak currents including the structure of the,ep/Mmq cor- weak currents. A convenient way to evaluate hadronic matrix
rections in the heavy quark effective theory C‘IPhe QQCD U elements is by using the trace formalism developed in Ref.
rule analysis for the subleading Isgur-Wise functions relate 29] tq parametrize th.e matrix elements n EAS. FOIIOW._

. ) ; . ng this method, one introduces the matrix representations
to the corrections from the insertions of the kinetic energy
and chromomagnetic operators is presented in Sec. lll. Sec- y
tion IV is Qevoted to numerical results. Concluding remarks Hv:T[P:M%_ P,ysl, (43
are given in Sec. V.

The form factorsf andk; can be expressed by a set of

Il. THE HEAVY-QUARK EXPANSION AND THE F,u:l—i_é pravy, \FP [gu_ly (v —v™)
SUBLEADING ISGUR-WISE FORM FACTORS v 2 vy v Y5 9y 3 Y

(4b)
The theoretical description of semileptonic decays in-
volves the matrix elements of vector and axial vector CUlwhereP,, P*¥#, andP”, P**" are annihilation operators
rents (V¥=cy*b andA*=Ccy*ysb) betweerB mesons and for members of thg[ = ~1/2" and 3/2 doublets with four-
excited D mesons. For the processeBs—>D1Iv and B velocity v in HQET. The matricedH and F satisfy ¢H,

—D%1v, these matrix elements can be parametrized as =H,=—H,¥, ¢F;=F)=—F'4, Fi'y,=0, and v ,F/
=0.
(D4(v’,€)|VHB(v))=fy e*#+ (fy v +fyv'#)e v, At the leading order of the heavy quark expansion the
1 2 3

(13 hadronic matrix elements of weak current between the states
annihilated by the fields i, andF;, are written as
(D1(v',€)|A¥|B(v))=if e *PYeX v v, (1b) _
P hOTh® = 7 Tr{y F7,TH,}, 5)
D3 (v',e)|A*|B(v))=Kka €*#*v 4 (Ko v*+ ko v'#
(D2 (0" )| A“IB(0)) =k, (K, AP ") whereh(? is the heavy quark field in the effective theory
% e’;Bv“vB, (1c) and 7 is a universal Isgur-Wise function gf
At the orderA ocp/mg there are contributions to the de-
*(o " —il amaBy K o cay matrix elements originating from corrections to the
(D3 (v, e)[V¥|B(v)) =ikye e 0 0 4o, (19 HQET Lagrangian of the same order,
Here form factord; andk; are dimensionless functions pf 1
In the above equations we have used the mass-independent oL=—[0Q, +0(2 1, (6)
. A 34..0 2m kin v magp
normalization (M (v')|M(v))=(27)32p%my,5*(p—p’) Q
for the heavy meson states of momentpms myv. There-
fore there is a different factor from the corresponding equa”
tions in Ref.[8]. The differential decay rates expressed in
terms of the form factors are given Kaking the mass of the 0@ —hQ(iD)2h@, 0@ = h
final lepton to zerp kin.p = "o v Ymagy

where

>9250 GPh(@ .
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The matrix elements oA 5cp/Mg corrections from the in-
sertions of the kinetic energy operaty;, and chromomag-

netic operatoO,,4 can be parametrized as

kin,v’

i f d*xT{0Y ,(x)[hIThP](0)} =7 Tr{v ,F’.TH,},

()

i f d*xT{O),, COTh{ITh{1(0)} = n) Tr{v Fy.TH,};

(8
i J dxT{0%) ([ Th{](0)}
© S1te’
=T R FT o 5 ol 9
f d*x {0, ([NITh®1(0)}
1+9
—Tr(R(b)BF I‘—Io""BH } (10

The functionsy{S (y) have mass dimension and effectively
correct the leading order Isgur-Wise functiefy) since the

PHYSICAL REVIEW B4 014034

Jéfvz= —37=3gy[(A'+A)7—(2y+1) 74— 7o+ 7]
—&d[(4y—1) 71+ 57+ et 107, +4(y—1) 7,

—57s],

By, =(y-2)7+e,
X{(2+Y)[(A"+A) 7= (2y+1) 7 — 7]
—(2=y) o} +eJA(yA' —A) 7+ (2+y) 7,
+(2+3y) o+ (Y—2) pe— 2(6+Y) 71
—4(y—1)n,—(3y—2) 53],

ky=—T1—e[(A'+A)7—(2y+1) 71— T+ 7p]
—e(T1— T2t e 211+ M3),

kn, == (1+y)7= e
X{(y=D[(A"+A)7
—(2y+ 1) 7y — 1]+ (1+y) )
—e(Y=D)(11— ) +(Y+ 1) (mke— 271+ m3) ],

kinetic energy operator does not violate heavy quark spin Ka,= ~2€c(T1t 72),

symmetry. The most general decomposition ®f*® are

)y

R(C) = 775. ) 07a7B+ 72 Uva7E+ 77(3C)goavg,

b b
RE =00 0 vavst 15000 075+ 15 00a0 5.

Ka, =7+ epl (A" +A)7—(2y+1) 71— 7o+ 7]

—&(T1+ T~ et 21— 212— 7113), (12

b b
Nke™ 77ke1 and 77b_77()+677()

where 7; are function ofy, and have mass dimension 1.
There are also ordehA ocp/m¢ ), corrections originating

(12) where &q=1/(2mg),
—2(y-1)nY+ 7
state(excited mesons in HQET and the superscript dﬁ)
and 7{® are dropped.

) A(A') is mass parameter of ground

from the matching of thé&— c flavor changing current onto

The form factorsr and r;(i=1,2) in HQET, that occur in

the effective theory, they can be parameterized in terms oEg. (12) have been investigated by using QCD sum rules in

two independent Isgur-Wise functions, and 7, [8].

Summing up all the contributions up to ord&gcp/me
it is straightforward to express the form factorsand k;
parametrizing8— D,l v andB— D3| v, semileptonic decays
in terms of Isgur-Wise functions. The explicit expressions

for f; andk; are as followd8]:

VBfa=—(y+1)7—ep{(y—1)[(A'+A)7

—(2y+ 1)y~ ]+ (y+ D)t — e [4(yA = A) 7

—3(y=D(m= )+ (y+ D) ( e 271 373) ],

VBfy = (1-yA)r—ep(y2=D[(A'+A)7

—(2y+1)my— 7o+ ] — e [A(y+ 1) (YA = A)7

—(y?=1)(371— 37— et 271+ 373)],

our previous worKk16,2§. In the following sections we shall
extend the QCD sum rule analysis to the calculation of the
subleading Isgur-Wise functions(y) and »;(y), associ-
ated with the insertions of kinetic energy and chromomag-
netic operators of the HQET Lagrangiasy in Eq. (6).

I1l. QCD SUM RULES FOR ISGUR-WISE FUNCTIONS
nxe AND 7,

A basic element in the application of QCD sum rules to
problems involving excited heavy mesons is to choose a set
of appropriate interpolating currents in terms of quark fields
each of which create@nnihilate$ an excited state of the
heavy meson with definite quantum numbers, j,. The

proper interpolating currenlj‘f};,'“'“i for the state with arbi-
trary quantum numbey, P, j; in HQET was given in Ref.

[30]. These currents have nice properties. They were proven
to satisfy the following conditions:
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(013%  HO)j " P"i{ )= fpj 8jjr Oppr 05 j ™", 2 ok, g L f“’CZ 4o—olT
| | f e +,321 ' = e “'d
(13) +,3/2 2542), @ @
aj o\ TR By L M 2(qq)— % T, (19
ARSI CON v (0)]0) 0 25
= 81 ppr 8y 1 (— 1)iSgiPr. .. gaifi wherem5<qq>=<qgcr,w6“”q>-

The QCD sum rule analysis for the subleading form fac-
tors proceeds along the same lines as that for the leading
X J dt‘s(x_vt)HP,h(X) (14 order Isgur-Wise function. For the determination of the form
factor 7, Which relates to the insertion dfocp/m; kinetic
operator of the HQET Lagrangian, one studies the analytic

in the mg— o2 limit, where »*1""*“i is the polarization tensor properties of the three-point correlators:

for the spinj state,v is the velocity of the heavy quark,
gif=g¥¥—v P is the transverse metric tensdt,denotes o [ e s 4 X ke)

symmetrizing the indices and subtracting the trace terms ! fd xd’x'd"zé (o[t

separately in the setsy(--- ;) and (8;---B;), fp;, and

Ilp ; are a constant and a function xfrespectively, which X[J1 4 32(x")O k,n »(Z )J“(v v )(O)ng_’l,z(x)]|0)
depend only orP andj,. Because of Eqg13) and(14), the

— = ! j7a
sum rules in HQET for decay amplitudes derived from a =E (0.0 YL, (209
correlator containing such currents receive a contribution _
only from one of the two states with the same spin parity izf d*xd*x’ d*zd & X'~k (Q|T
(J,P) but differentj, in the mg—oe. Starting from the cal-
culations in the leading order, the decay amplitudes for finite X[IZE 4! )o(klcn (2T )(O)JT 1a(X)1]0)
Mg can be calculated unambiguously order by order in the
1/mq expansion in HQET. =E(w,0'y) L4, (20b)
Following Ref.[30] the local interpolating current for cre- . .
ating 0~ pseudoscalaB mesons is taken as where 740D =h(v") y*h(v), TV =h(v") y*ysh(v).
The variablesk, k' denote residual “off-shell” momenta
1 which are related to the momerReof the heavy quark in the
Jo 1 \[h vsd, (15)  initial state andP’ in the final state byk=P—mgv, k'’

=P’'—mqv’, respectively. For heavy quarks in bound
states they are typically of ordérqcp and remain finite in
and the local interpolating currents for creating and 2" the heavy quark limitZ,, 5 are Lorentz structures associated
(D,,D%) mesons in the double);,D3) are taken as with the vector and axial vector curreritee the Appendix
The coefficientE (w,w’,y) in Eqg. (20) is an analytic
3 1 function in_ the. “off-s.hellll energies”.a_)=2v-k and o’
e = \ﬁhWS(_i)<Df‘——ﬁ@t)qv (16  =2v'-k' with discontinuities for positive values of these
4 3 variables. It furthermore depends on the velocity trangfer
=v-v’', which is fixed in its physical region for the process
. (- . . o . pnder cqnsideration. By saturating E@O) with physiqal '
‘]2,+1"3/22: \[Eh”T( Y, 1Dt 24 Y, ZDt 1 3 gt 1 Z@I) a, |nt§rmed|ate states in HQET,_one can |solatet_he contrlll)utlon
(17) of interest as the one having poles at=2A_ ;,,

=2A 3. Notice that the insertions of the kinetic operator
not only renormalize the leading Isgur-Wise function, but
also the meson coupling constants and the physical masses of
the heavy mesons which define the position of the poles. The
correct hadronic representation of the correlator is

whereD is the covariant derivative angf*= y*—dv*. Note
that, without the last term in the bracket in E{.6) the
current would couple also to the™1state in the doublet
(07,1") even in the limit of infinitemg, .
The QCD sum rule calculations for the correlators of two=E,,q;d @, @’,Y)
heavy-light currents givgl4,30
fo1fs 3

(2A_ 1= 0=i€) (2N, zp— o' ~ie€)

Ky ap
X| meey)+| G gt ZX—) 7(y)

1<_>(1 mS) 18 L
2\ ’ + higher resonance, (21)
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FIG. 1. Feynman diagrams contributing to the sum rules for the
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speaking, the duality is to simulate the resonance contribu-
tion by the perturbative part above some threshold energies.
In the QCD sum rule analysis f& semileptonic decays into
ground stateD mesons, it is argued by Neubert, Block, and
Shifman in Refs[6,12] and[14] that the perturbative and the
hadronic spectral densities cannot be locally dual to each
other, the necessary way to restore duality is to integrate the
spectral densities over the “off-diagonal” variabie_ = (@
—w')/2, keeping the “diagonal” variables . = (w+ »')/2
fixed. Itis inw. that the quark-hadron duality is assumed for
the integrated spectral densities. We shall use the same pre-

scription in the case oB semileptonic decays into excited
stateD mesons.

The ® functions in Eq.(23) imply that in terms ofw ..

Isgur-Wise form factor in the coordinate gauge. The gray squar@.nd w_ the double discontinuities of the correlator are con-
corresponds to the insertion of the kinetic energy operator afined to the region— Yy 2_ /(1+y)w+\w_<*/ 7 1/(1

O(1/mg) in the HQET Lagrangian.

Wherefp,I are constants defined in E(L3), Kp'jlzmp'jl
—Mmg, andKp andGPJI are defined by30,32

(,P.HlOQ, 11PN =Kp, (223
<o|ifd4x0‘k%)v(><)3,pj (O)j,P.ji)=Tp Gpn"t .
(22b)

Furthermore, as the result of EGL3), only one state with
jP=1" or jP=2" contributes to Eq(21), the other reso-
nance with the same quantum numbérand differentj,
does not contribute. This would not be true k=17 if the
last term in Eq.(16) is absent.

+y)w, andw,=0. According to our prescription an isos-

celes triangle with the base, = w, is retained in the inte-
gration domain of the perturbative term in the sum rule.

In view of the asymmetry of the problem at hand with
respect to the initial and final states one may attempt to use
an asymmetric triangle in the perturbative integral. However,
in that case the factory¢—1)%? in the denominator of Eq.
(23) is not canceled after the integration so that the Isgur-
Wise function or its derivative will be divergent gt=1. A
similar situation occurs for the sum rule of the Isgur-Wise
function for transition between ground states if a different
domain is taken in the perturbative integfa].

In order to suppress the contributions of higher resonance
states a double Borel transformation an and o' is per-
formed to both sides of the sum rule, which introduces two
Borel parameterg; andT,. For simplicity we shall take the

Following the standard QCD sum rule procedure the caltwo Borel parameters equal; =T,=2T.

culations ofZ2(w,w’,y) are straightforward. In doing this,
for simplicity, the residual momentuikis chosen to be par-

allel tov such thatk,=(k-v)v, (and similar fork’). Con-

The nonperturbative power corrections to the correlators
are computed from the diagrams involving the quark and
gluon condensates in Figs(tl—1(k) in the Fock-Schwinger

fining us to the Ieadlng order of perturbation and the operagaugex,A*(x) =0. We find that the only nonvanishing con-
tors with dimensionD<5 in OPE, the relevant Feynman tribution is the gluon condensate. Note, in particular, the
diagrams are shown in Fig. 1. The perturbative part of thevanishing of the mixed quark-gluon condensaie<5) re-

spectral density is

1
2872 (1+y)(y?

Pperl(z’v:",:y)_ )5/2

X[(2y—3)w?+(8y?+12y—1)w'?
+(6y%+18y—3) e’
_(12y3+ 18y2+ 9)'(:)'(:)/2]

X0 (0)0(0)O(2yow’ —w’—w'?).
(23

The QCD sum rule is obtained by equating the phenom-

enological and theoretical expressions #r In doing this

the quark-hadron duality needs to be assumed to model the

contributions of higher resonance part of E2j1). Generally

sulting from the explicit calculation of the diagram shown in
Fig. 1(b). After adding the nonperturbative part and making
the double Borel transformation one obtains the sum rule for
v @s follows:

e Y) T - 10f 1 308~ (A 12t Ay 3/ T

Ky s

°T ) TV 10f 4 32

K
<G+ 3t

- - +
Xe*(A7,1/2+A+,3/2)/T_i y+2

872 (y+1)%
wg 1/a 15y—1
xf dw,ote @ /T+ < SGG> LA
0 96 (y+1)?
(24

014034-5



MING-QUI HUANG AND YAUN-BEN DAI PHYSICAL REVIEW D 64 014034

in which the sum rule forr(y) has been derived from the

f_ 1pof
study of the three-point correlator in R¢1.6] as A2+ 30

(2A_ 1p—w—i€)(2A 4 gp—w'—i€)

T(Y)f - 1f ¢ 3/29_(X"l’ﬁx*'?’”)/T
— X| =& LG+ ELYE
27 (y+1)3o T 127°T1 S
+ Gi,s/ﬁ — )dl,SIZT(y)‘C\p;V ,
1 Qg y+5 2A+,3/2—w —le
- —GG . (25)
3x2%\ 7 (y+1)>2 (27)
. . = nvpole ’ )
From the consideration of symmetry, the sum rulefy ~ =a  (@.@Y
that originates from the insertion dfocp/m;, kinetic opera-
tor of the HQET Lagrangian is of the same form as in Eq.  _ fo1of s 32
(24), but wi|t<h the HQET paramete_r(@’frﬁ,2 andK gy, re- (2A_ 1~ w—i€)(2A 4 3p— ' —i€)
placed byGZ~ ,, andK_ ;,,, respectively. The definitions of
GX ,, andK _ 1, can be found in Eq(22). s 23
It is worth noting that the QCDD(«ay) corrections have x|~ &1t G gt 2N, gp— ' —i€ d1327(y)

not been included in the sum rule calculations. However, the
Isgur-Wise function obtained from the QCD sum rule actu- XLRY, (28
ally is a ratio of the three-point correlator to the two-point

correlator results. While both of these correlators are subje4*#P%(w,w',y)
to large perturbative QCD corrections, it is expected that

their ratio is not much affected by these corrections because

of cancellation. This has been proven to be true in the analy- = —— ) — T
sis of Ref.[17]. (2A_1p=0—i€)(2A zp— o' —i€)

L)

We now turn to the QCD sum rule calculations of the s
functions parameterizing the time-ordered products of the — x —§++(G§,3,2+ _ **3’2, : )d2,3,27-(y)
chromomagnetic term in the HQET Lagrangian with the y32 0 —
leading order currentsy; (i=1,2,3). To obtain QCD sum [ 1B 29
rules for these universal functions one starts from three-point XLy (29)

correlators, -
:xaﬁpde( o, 0), ,y)

izf d*xd*x’ d*zd & X'~k (Q|T fonfyan
(2A 1o~ 0=i€) (2N, zp— o' ~ie)

X[} 4 ap(x)O (D) TER(0)3) _ 1(x)10)

=E{(w,0',y), (263 X| —LLA P+ mL hP
izf d*xd'x’d*ze ¥ ~k(o| T x| Gt 3/2+'——E+'3/2 dpar(Y) LA |,
' 2A+'3/2_w,_i6 '
><[J‘Z"ﬁ’3,2(x’)0$;gv,(z)j{}f;{””(O)J&f’llz(x)]|0> (30
=ECf‘2\B(w,w’,y)- (26b  where &,=27,+37;3, &=—169,—4(y—1)n,— 473, ¢

=27,~ 75, the quantitiesS () and G{%; are defined by
By saturating the double dispersion integral for the three{30,32
point functions in Eq.(26) with hadronic states, one can

isolate the contributions from the double pole at (j,P,j||OE,%)gu|j,P,j|)=dep,j|, (319
=2A_ 1, w'=2A, 3. Similarly, the insertions of the

chromomagnetic operator result in the corrections to the . 4y ~(Q) ay-a S

leading Isgur-Wise function as well as to the couplings of the (0fi ] d XOragy (X b (0)[j.P.j1)

heavy mesons to the interpolating currents and to the physi- s .

cal meson masses. It follows from E@6) that =dmfp; Gpj 7™ ", (31b
ELP 0,0 y) dn=d;j, dj-125,=201+2, dj+125,= 2],
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Ly, cur, cpeB puv puap andﬁﬁgzﬁ are defined in parameters entering the theoretical expressions, we take the

the Appendix. The three-point correlatof26) can be ex- standard valueg9,10]

pressed in QCD in terms of a perturbative part and nonper-
turbative contributions, which are related to the theoretical
calculation in HQET. When we do not consider radiative

corrections, the insertions of the chromomagnetic operator
only contribute to diagrams involving gluon condensates and
do not contribute to the perturbative diagrams since there is
no way to contract the gluon contained . That is, the 2_ .

leading nonperturbative contributions aghgaoportional to the mo=(08+0.2) GeV~ 33

gluon condensates, while the leading perturbative contriburn order to obtain numerical results foz(y), ﬂEe(y)’ and

tions are of orderg and come from the two-loop radla_tlve 7(y)(i=1,2,3) from the sum rules which are independent
corrections to the quark loop. In general, the calculation of e .
f specific input values of’'s, A’'s, and r, we adopt the

the two-loop diagrams is rather cumbersome. In this pape? o T .
we shall neglect the perturbative term of orderand only strategy to evaluate the sum rules by eliminating the explicit

include the nonperturbative gluon condensates without radiaerendence_ on these quantities by using the sum rules for
tive corrections in the sum rules. them. Substituting the sum rul€$8) and (19) into the left

Within this approximation one can perform the calcula-Side and the sum ruk@9) into the right side of the sum rules

tion conveniently by using the Fock-Schwinger gauge. Afterl24 and (32) for the three-point correlators, we obtain ex-

. b P .
making the double Borel transformation, the sum rules foP"€SSIons for theye, 7., andz; (i=1,2,3) as functions of
7i(y) are obtained as follows: the Borel parametel and the continuum thresholds. This

procedure may help to reduce the uncertainties in the calcu-

(qg)=—(0.23+0.02° Ge\?,

<%GG> =(0.012£0.004 GeV*,

“(A_ gt Ay gpIT lation. For other HQET parameters we use the following
foaf + aemly)e | values obtained by QCD sum rulg30—-33:
_ 1 s 2 K
== 5| Craet o7 | 7Y) Ky gp=—(2.0£0.4) GeV?, G 5,=—(1.0+0.45 GeV
X f—,llzf+,3/2e_(111/2+x+’3/2)” K_1p=—(1.20.20 GeV?, GX ,,=—(1.6=0.6) GeV,
+ i %G 3y+2 T (329 24.'3/2:(0.020*_‘ 0.003 Ge\?,
480\ 7 (y+1)2 '

G* 5,=(0.013£0.007 GeV,

72(y) =0, (32b
S 1=(0.23£0.07 GeV?,

foapfy ,3/2773()/)6‘7(1'1’2+ A gl T
s G> ,,,=(0.042+0.034+0.053 GeV. (34)
+.302

=2 Gis/z+ T) 7(y)

Let us evaluates numerically the sum rules #gg(y) and
7b(y) at first. The continuum thresholds; and w, in

X F_ yf 4 g8~ (A2t A 3T Egs. (18) and (19) are determined by requiring stability of
1 |a 14+y these sum rules. One finds that €.6.,<2.2 GeV and

— —<—S > T. (320 2.7<w<3.2 GeV[14,3(. Imposing the usual criterion on
240\ = (y+1)? the ratio of contribution of the higher-order power correc-

tions and that of the continuum, we find that for the central

71,23 are expected to be small comparedAtgcp since the  values of the condensates and HQET parameters given in
mass splitting betwee®; and D, is very small. This is Egs.(33) and(34), if the threshold parametes, lies in the
supported by the fact that the QCD sum rule calculationsange 1.%<w,<2.5 GeV, there is an acceptable “stability
indicate that the analogous functions parameterizing the conwindow” T=0.8—1.0 GeV in which the calculation results
tributons of the chromomagnetic operator ®+-D*)ey,  do not change appreciably. This window overlaps largely
decays are smalll4]. The Aocp/m, correction associated With those of the sum rulegl8) and (19). Therefore our
with the insertion of chromomagnetic operator of the HQETprocedure of calculation is justified. For estimating the errors
Lagrangian can be investigated in a similar way. induced by the uncertainties of parameters for the conden-
sates and HQET33) and (34) we take the maxima devia-
tions from the central values of the condensates and HQET
parameters and find that for the existence of stability win-
dows in the two extreme cases the continuum thresholds shift

We now turn to the numerical evaluation of these sumto the range 2.5 w.<2.9 and 1.5w.<1.9 GeV, respec-
rules and the phenomenological implications. For the QCLiively. The corresponding windows for Borel parameters are

IV. NUMERICAL RESULTS AND IMPLICATIONS FOR B
DECAYS

014034-7
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05 [ 0.04 |
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AN i’m
XXX XX
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y T GeV
FIG. 2. Results of the numerical evaluation for the sum rules: FIG. 3. Dependence af;(1) and#,(1) on the Borel parameter
Isgur-Wise form factorsy,(y) and ﬂEe(Y) with T=0.9 GeV. T for different values of the continuum threshald .
1.0<T<1.2 GeV and 0.6 T<0.8 GeV, respectively. These 7(y)=0.741-0.9y—-1)],
are still compatible with the stability windows for the sum
rules (18) and (19). (y)=—-041-14y-1)], 7,=0.2§1-05y—-1)]
The numerical results of the form factorg(y) and (37)

ﬂEe(_y) are shown in Fig. 2, where the curves refer to various,,q peglecting the contribution of chromomagnetic correc-
choices for the continuum thresholds and to the central valﬁon, we can calculate the total semileptonic rates and decay
ues of the coqdensates qnd HQET parameters. branching ratios by integrating Eg&) and(3). We use the
The numerical analysis shows thagi(y) is a slowly physical massesng=5.279, m|31=2-422 andmps = 2.459
2

varying function in the allowed kinematic range f@& 341 for B. D dD* Th imal val i
—D,lv and B—D3lv decays. The resulting curve for [34], for B, Dy, andD3 mesons. The maximal values pin

7ely) may be well parametrized by the linear approxima-the present case aﬁ;x=(1+r§)/2rl~1-32 andyagxz(l
tion +r§)/2r2w1.31. The quark masses are taken to rbg
5 =4.8 GeV,m;=1.5 GeV. In Table | we present our results
eY) = me(D[1=p5(y— D], for decay rates both in the infinitely heavy quark limit and
5 taking account of the first orderrhj, corrections as well as
Me(1)=0.380.17 GeV, p2=0.8+0.1, their ratio
2
TeeY) = Moo D[ 1= p2p(y—1)], Br(B— D™ | v} 1m, -
R.= . 38
7he(1)=0.48+0.21GeV, p%,=1.0+0.1. (35) Br(B—D** 1)
The final sum rules for;(y) can be obtained by substi-  From Table | we see that thB—D,lv decay rate re-

tuting Eq. (25) into Egs. (328 and (329. The numerical ceives large Dhy contributions and gets a sharp increase,
evaluation for these sum rules proceeds along the same lings;ije theB—>D§I?decay rate is only moderately increased
as that forz(y). Note that we have not included the per- g hieading T, corrections. The reason for this is as
turbative term of orderg, which is the leading perturbative follows. From Egs.(2), (3), and (12) we see that they(

contribution forz;(y). The sum rules fow;(y) are not quan- 2.2 ; ; ; ;
titatively reliable. Nevertheless, they are of correct order of 1) fVl term dominates the differential width for decay to

magnitude. The values of the form factoys(y) and 75(y) D, neary=1. f\,1 vanishes at the leading order and receives

at zero recoil as functions of the Borel parameter are showAonvanishing contributions from first order heavy quark

in Fig. 3, for three different values of the continuum thresh-mass corrections:

old w.. The numerical results fop,(y) and n3(y) at zero _

recoil in the working regions read \/Efvl(l)Z —8ec(A'=A)7(1). (39
71(1)=—-0.95¢10"%,  75(1)=3.5x10"%  (36) Since the allowed kinematic range f&—D,lv is fairly

ﬁmall, the contribution to the decay rate of thend/correc-

This result is in agreement with the expectation based o ! ) . .
9 b tions is substantially increased. On the other hand, the matrix

HQET that the spin-symmetry violating corrections de-

scribed byz;(y) are negligibly small. elementg1c) and(1d) of theB— D% v decay vanish at zero
Using the forms of linear approximations fofke(y) to- recoil without using the heavy_ mass limit. The term (
gether with7(y) and r, ,(y) given in Ref.[16,2§, —rz)zkf\1 dominates th8— D3| v decay rate, buk,, does

014034-8
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TABLE I. Decay rated” (in 10" 1> GeV) for|V.| =0.04 and branching ratios Bf percent and taking
5=1.6 ps) forB—D** |v decays in the infinitely heavy quark mass limit and taking account of first order

1/mq corrections.

B—D,ev B—D3}ev
Mo— r 1.4 2.1
Br 0.34 0.52
With 1/mg r 5.3 2.4
Br 1.3 0.59
R.. 3.78 1.15
Experiment Br(CLEO) [1] 0.56+0.13+0.08+0.04 <0.8
Br (ALEPH) [2] 0.74£0.16 <0.2
Br (OPAL) [3] 2.0£0.6=0.5 0.88-0.35+0.17
Br (DELPHI) [4] 1.5-0.55 <6.25
not vanish at the leading order recoil. Therefore this process ACKNOWLEDGMENTS

is not much affected by next-to-leading corrections. Note
that although the correction to the rate for decaybDtp is
very large it comes mainly from the effect of the different
masses oB andD;. The values ofy, and 72, in Eq. (23)
are of the orde’\ ocp and perfectly normal.

In Table | the available experimental data for semilep-
tonic B decay to excited** mesons are presented. As for

the B—>D§I7 branching ratio there are only upper limits
from these experimental groups except the data from OPAL. We list here the Lorentz structures used in the paper:
In comparison with the experimental data our result for the

branching ratio of theB—>D1I7decay with the inclusion of
1/mq corrections is larger than the CLEO and ALEPH mea-
surements but is consistent with OPAL and DELPHI data.

On the other hand, our branching ratio for tBe>D%Iv

decay disagrees with the ALEPH data but is consistent with
results from other groups.
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APPENDIX

1
£6”=£{(y2—1)9{”+[3v“+(2—y)v’“]vt”},(Al)

V6

LEr=i—=(1+y)e* B! v 01, (A2)

V. CONCLUSION

In this work we have presented the investigation for semi- 5“'3:
leptonic B decays into excited charmed mesons. Within the
framework of HQET we have applied the QCD sum rules to
calculate the universal Isgur-Wise functions up to the sub-
leading order of the heavy quark expansion. The Isgur-Wise
functions 7, and 7P, related to the insertions of kinetic en-
ergy operators of the HQET Lagrangian are found of normal
values of the ordeA o¢cp, While the form factorsy;, param-
etrizing the time-ordered products of the chromomagnetic
operator in the HQET Lagrangian with the leading order
currents, are negligibly small. These results are in agreement
with the HQET-based expectations.

We have computed, for the deca)B;—>D1I7 and B
—D3 lv, the differential decay widths and the branching ra-
tios with the inclusion of the order of b corrections. Our
numerical results show that the first ordemg/correction is
not large for the decay rate &— D3 I?process, but is very

large for theBHDlljprocess. We have explained the rea-
son for this result.

i
£4o= g g oy, (A

L

1 2
A== Sty  vigtP+ufgle— gvf‘gf’ﬁ)

1
+v’*‘(vf‘v?—§<1—yz>gfﬁ), (A%)

ch=

V6

(v*+v' M)y, (A5)

app_ 2

hob= t Ut 3

Any

L (—v“+v"’“)(20 (1—)’2)9?5)’

(A6)

whereg®?=g*#—v'*'# andv=v*—yv'*.
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