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The f* form factors of theB— 7, D— 7 andD—K transitions are calculated from QCD light-cone sum
rules(LCSR9 and used to predict the widths and differential distributions of the exclusive semileptonic decays

B—>7r|_v, , D> alv, andD—Kl v, wherel=e¢,u. The current theoretical uncertainties are estimated. The
LCSR results are found to agree with the results of lattice QCD calculations and with experimental data on

exclusive semileptoni® decays. Comparison of the LCSR predictionBaf> wl_v, with the CLEO measure-
ment yields a value ofV,,| in agreement with other determinations.

PACS numbsefs): 12.38.Lg, 11.55.Hx, 13.20.Fc, 13.20.He

. INTRODUCTION p?<mj—2moy, )

The measurement of the exclusive semileptonic de&tay

—ml v by the CLEO Collaborationl] can be used to de- wherey is a typical hadronic scale of roughly 500 MeV and
termine the Cabibbo-Kobayashi-Maska(@KM) parameter independent of the heavy quark massg . In order to go
|Vupl- This exclusive method provides an important alternaheyond this limit, we use a second LCSR for the residue of
tive to the extraction ofVy,| from inclusive measurements the pole contribution from the ground-state vector mesons
of B— Xl v;. However, it requires a reliable calculation of B*, D* andD? , respectively, which are expected to domi-

the form factorf;_(p?) defined by nate at largep?. Previously, we interpolated between the
LCSR prediction at smap? and the single-pole approxima-
<w(q)|€y“u| B(p+Qq)) tion at largep? using a simple, but physically not very intui-

B I o, tive parametrization. In the present paper, we follow a dif-
=2fg,(P7)A,+ [fer(P) +fe-(P)IPu: (D ferent philosophy. We use the general dispersion relation for
the form factorf *(p?) and model the integral over the ex-
g and p+q being thew- and B-meson four-momenta, re- cited vector meson states by an effective pole. This yields a
spectively. In the case of semileptonic decays into the lightwo-pole representation df as suggested recently in Ref.
leptons| =e, u, the form factorfg, (p?) plays a negligible [14]. The parameters of this representation are determined
role. A particularly promising approach to evaludfg (p?)  from the two light-cone sum rules. This approach is more
is based on QCD light-cone sum ruldsCSR9 [2] which  physical and has the benefit of making eventual effects from
combine operator product expansi@PE on the light cone  excited vector meson states more transparent. Finally, we
[3-5] with QCD sum rule techniqug$]. The twist 2, 3 and discuss the sources of theoretical uncertainties of the LCSR
4 contributions to the LCSRs fdt; _(p?) in leading order in  method one by one, and give a careful estimate of the present
as have been derived in Ref$7,8], while the next-to- overall uncertainty.
leading order corrections to the twist 2 term have been cal- Wherever possible, we compare our results with the latest
culated in Refs[9-11]. The LCSR technique has further lattice data. FronB— 7l »;, the CKM-matrix elementV,,,|
been applied t8—K [7,12], D—# [8,11], andD—K [13] is determined by comparing the LCSRs and experimental
transition form factors. widths. Conversely, the LCSR method is tested using the
In this paper we update and improve the predictions of thexxperimental widths ofd— |y, and D—Kly, and the
decay distributions and integrated widths ®+ mlv;, D  known values ofV 4 and|V.4, respectively. This analysis
—aly; andD—KIl »,. In particular, we include the twist 2 favors a valuem (1 GeV) ~150 MeV for thes-quark mass.
next-to-leading ordefNLO) a; corrections into the calcula- ~ The paper is organized as follows. Sections Il and Ill are
tion of the form factorsf _ andf;, . Moreover, we reana- devoted to theB— 7 transition as a prototype example. In
lyze the momentum dependence of the form factors. Th&ec. Il we present the LCSR analysisfgf,(p®), the theo-
LCSR forf*(p?) is valid at small and intermediate momen- retical uncertainties of which are estimated and discussed in
tum transfer squared Sec. lll. The analogous analysis of tlle—7 and D—K
transitions is described in Sec. IV. Section V deals with ap-
plications to decay distributions and integrated widths for

*On leave from Yerevan Physics Institute, 375036 Yerevan, Ar-B— 7l v, D— ml v, andD— Kl v,. This section also sum-
menia. marizes the comparison of theory with experiment.
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Il. THE FORM FACTOR Fg_(P?) 6 . . . . .
The LCSR for the form factof 5 _(p?) is obtained from st fE0) 7
the correlation function 4} /-
3 /é .
Fup0)= | dxer
X (@) T{u(x) v,b(x),mpb(0)i 5(0)}/0) T
() e
by contracting théo-quark fields in the time-ordered product p*[GeV?)

of currents, expanding the remaining matrix elements of non-
local operators in terms of light-cone distribution amplitudes
of the pion, and writing a dispersion relation in tBé¢bd)

channel. The derivation is described in detail in Refs.
[7-9,15. Schematically, the resulting sum rule has the form.

1 m3
t5 (p?)= exgl —2||F
(P 2mafeg %MZ)

FIG. 1. TheB— 7 form factor: direct LCSR predictiofisolid
curve, B*-pole contribution with the LCSR estimate of the residue
(dashed curve and two-pole parametrizatioii9) (circles.

integration boundanA =(m2—p?)/(s5—p?) is determined
by the effective threshold parameteg which originates
)(p?,M2,m2 8, up) from the subtraction of excited resonances and continuum
states contributing to the dispersion integral in Bhehannel.
This subtraction is performed assuming quark-hadron duality

MF(Z)(pz M2,m2,s8, up) at (p+0q)?=s5. The explicit expressions for the remaining
3w L E TR termsF{? andF$* can be found in Refd9,10] and Refs.
[7,8], respectively.
+FEY(p2,M2,mZ,sh, Mb)}, (4) Numerically, we takefg=180+=30 MeV, m,=4.770.1

GeV,s2=35+2 Ge\?, andu,= mi—mZ~2.4 GeV. Here
wheremg is the B-meson massp, the b-quark pole mass and in forthcoming theoretical results, the error notation is to

and fg the B-meson decay constant defined by the matrixP€ interpreted as a range reflecting the present theoretical
element uncertainty, e.g.fg=150—-210 MeV. It is also important to

note that the above parameters are interrelated by the two-
(0|myqi ysb|BY =mafg. (5)  Point QCD sum rule forfg [1_7]. Consequently, their varia-
tion within the given ranges is correlated as indicated by the
The mass scaldl is associated with a Borel transformation alternating= signs. Furthermore, sum rules for observables
usually performed in sum rule calculations. It characterizeshould in principle be independent of the auxiliary Borel
the off-shellness of the quark. The scaleu, is the factor- parameteiM?. In practice, however, this is not the case be-
ization scale separating soft and hard dynamics. Longcause of the various approximations made. The allowed
distance effects involving scales lower thap are absorbed range ofM? differs for different sum rules. For LCSRs it is
in the pion distribution amplitudes which represent the uni-usually determined by requiring the twist 4 contribution not
versal nonperturbative input in LCSRs. They have been studo exceed 10% and the contributions from excited and con-
ied up to twist 4 and are given in Ref&,15,16. The short-  tinuum states to stay below 30%. Specifically, for the sum
distance effects are incorporated in hard-scatteringule (4), these criteria yield>=10=2 Ge\~. In the case of
amplitudes calculated perturbatively and convoluted with théhe two-point sum rule foffg, the allowed interval of the
pion distribution amplitudes. The first two terms in the Borel parameter id1?=4+2 Ge\?. With the nominal val-
brackets in Eq(4) represent the NLO twist 2 contributions, ues of the parameters specified above the LC8Reads to
while the third term refers to the twist 3 and 4 contributionsthe form factorf,_(p?) shown by the solid curve in Fig. 1.
which are only known in LO. For illustration, the leading In particular, atp?=0 one gets
term F{?) is given by
+
F67(p%,M? Mg S5, 1p) fg.(0)=0.28+0.05. )
1d The estimate of the theoretical uncertainty will be explained
u m —p2(1—u) . - . !
= mbf f p( )%(U,Mb) in detall in the following section.
uM? As already mentioned in the Introduction, the LC8Ris
(6  expected to hold only gi’<mz—2myx~18 Ge\?. Indeed,
at p2>20 Ge\ the twist 4 contribution is found to grow
with f =132 MeV being the decay constant apg being  strongly, and the stability of the sum rule against variation of
the twist 2 distribution amplitude of the pion. The latter canthe Borel parameteM? is lost. This clearly signals the
be interpreted as the probability amplitude for finding abreakdown of the light-cone expansion. On the other hand,
quark with momentum fraction inside a pion. The lower as p? approaches the kinematical limitmg—m_)? the
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lowest-lying B* pole is expected to give the dominant con- Using Eq.(12), the B*-pole contribution is shown by the
tribution to f5_. The residue of this pole contribution is dashed curve in Fig. 1. With decreasing momentum transfer

given by the product of th8* decay constant defined by the one-pole approximation deviates noticeably from the
LCSR result(4). At p?>=0 the difference reaches about 50%,

(0]qy,b|B*)=mg«fgx€, (8)  showing that the dispersion integral in E€L3) over the
heavier states cannot be neglected. In IRE4], it has been
and the stron@®* B coupling constant defined by suggested to model their contribution by an effective second
_ pole:
(B*°m7|B7)=—Jgp(d-€). )
1 ap,
This product can be calculated from another LCSR which fg (p%)=cCg = (14

212 2 2
follows from the same correlation functidB) as the LCSR 1-pmge  1—pyg,Mg«

(4), considering this time, however, a double dispersion re- .
lation in theB andB* channel. Again, we only indicate the By means of the LCSRel) and(10) one can now determine

schematic form of this sum ruf, 11 the parametersg and ag,.. From Eqs(12) and(13) we get

_ fe«Op+as

1 2, 2 2 =————=0.41+0.12 15
fB*gB*B-n-: 5 e(mB+mB*)/2M GBZ)(MZ’mg'Sg’Mb) Cpg 2mB* y ( )
MgMg« g
as ) and puttingp?=0 in Eq.(14) and using directly Eqg4) and
+ ?G(f)(Mz,mﬁ,sg,,ub) (10) we obtain

1— 2mB* férﬂ'(o)

=0.32"55%. (16)

+GEIM2m2, 8, up) |- (10) apy=

fe+Og*ar

In analogy to Eq.(4), the NLO twist 2 contributions are It should be emphasized that the latter result is independent
denoted byG{® and G{*), while G*# stands for the LO of fg or the corresponding two-point sum rule. Moreover,
twist 3 and 4 contribution. Explicitly, the leading twist 2 since the LCSR$4) and (10) involve common parameters,

term is given by some of the uncertainties cancel in the ratl®). In the

heavy quark limit[15], fq_(0) should scale like b2

G{(M2,m?, s , ) which implies a positive sign foeg,. . Thus, the resulf16)
oo w22 B2 nicely demonstrates the consistency of the LCSR method

=mpM=(e” ™ —e ") f Lo (Ug, ). with the heavy quark limit. The remaining parametay,,

(11 can in principle be obtained by fitting E(L4) to Eq. (4) at

p?<15 Ge\? with cg and ag, fixed. However, since the
In contrast to Eq.(6) where one has an integral over the LCSR prediction deviates in shape very little from the
normalized distribution amplitude ,, the above term de- B*-pole contribution as can be anticipated from Fig. 1, the fit
pends on the value af,. at the pointug~0.5. This differ-  only gives the lower boungg,>2.
ence also applies to terms of higher twist, whence the LCSR In the combined limitmg—o and E,—, one has a
(10) is much more sensitive to the precise shape of the piomelation betweerfgw and the scalar form factor
distribution amplitudes than the LCSR®). The parameters

of the two LCSR coincide with the exception of the Borel o R p? o,
mass which in the case of E10) is constrained to the far(P)=Fa (P)+ —— Fa.(P%), 17)
interval M2=9+3 Ge\2. Numerically, we obtairi11] Mg =M

foxQpep, =44+ 1.3 GeV. (17  hamely[18]
Again, the uncertainty estimate will be discussed in the next fg :Efg ) (18)
section. T omg 7

In order to determine the form factdt; (p?) at large
momentum transferg®> 18 Ge\?, where we cannot rely on
the LCSR(4), we consider the dispersion relation

If a parametrization similar to the second term of Efj) is
used forf3_, this suggestsyg,=1/ag, [14]. Interestingly,
the fit described above is well consistent with this constraint.
Therefore, we will assume this relation in the following.

fax Qp* =d
fo.(pH)= 5*98 25” 5 f TP(T). (13 Our final result for the form factof;_(p?) can then be
2mgs(1—p°/mg,)  Jso 7—p written in a very convenient form:
Here, the pole term is due to the ground sBtemeson and fa (0)
the dispersive integral takes into account contributions from fg,,(pz)= Ll (29

2 2 ’
higher resonances and continuum states inBhechannel. (1= p?/mg,)(1— ag,p*/mg.)
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FIG. 2. The LCSR prediction for thB— 7 form factor in com-
parison to lattice results. The solid curves indicate the size of the 0 . , .

LCSR uncertainties. The lattice results come from FNALI] 8 , 10 12 46 47 4.8 33 B35 R
(solid circles, UKQCD [21] (triangles, APE [22] (solid squarg M?[GeV?] my[GeV] 55 [GeV?]
JLQCD|[23] (open circleg and ELC[19] (semi-solid circlg.

37

FIG. 4. Sensitivity of the LCSR fof;_(p?) on the Borel pa-
Wherefé’w(O):cB(l—an) has been used, arfg_(0) and rameter(a), the b-quark masgb), and the gub_tractionzthreshoaa)
ag, are given in Eqs(7) and (16), respectively. The above &t momentum transfer §q“af¢ﬁ:° (solid lines, p*=8 GeV*
parametrization is plotted in Fig. 1. We see that it coincided!ong-dashed lings andp®=16 GeV* (short-dashed lings
nicely with the LCSR prediction4) at low p? and ap-
proaches the single-pole approximation at lapdeFigure 1  unknown contributions of higher order in twist ang. The
therefore shows that at small and intermediate momenturformer are estimated by varying the numerical values of the
transfer our result is actually model independent, the twoinput parameters within the ranges given in Sec. II; for the
pole model(14) being nothing but a convenient parametriza- |latter we present some plausible arguments concerning the
tion in this region. size of these corrections. If not stated otherwise, only a
Figure 2 shows a comparison of E4.9) with recent lat-  single parameter is varied at a time, while the other param-
tice results[19-23. The agreement within uncertainties is eters are held fixed. Fdt; we substitute the corresponding
very satisfactory. Here, the overall uncertainty in the LCSRtwo-point sum rule. The uncertainty in a given quantity is
prediction is estimated by adding the uncertainties from inthen expressed by plus or minus the interval of variation with
dividual sources linearly. This explains why the range ofrespect to the result obtained for the nominal values of the
uncertainty updated in Fig. 2 is larger than the uncertaintynput parameters. Although in the parametrizatid®) of
estimated previously by us and other authors adding the vari—gw(pz) the LCSR(4) is only used to determine the normal-
ous uncertainties in quadrature. We consider the present prgzation atp?=0, we investigate the uncertainty of the LCSR
cedure to be the appropriate treatment of theoretical uncepyrediction (4) in the whole range of validity, that is at 0
tainties. Finally, the LCSR prediction also obeys the<p2<18 Ge\2 This serves as a cross-check and ensures the
constraints derived from sum rules for the inclusive Sem”eptonsistency of Eq(19) with the LCSR(4) in the whole
tonic decay width in the heavy quark lini24]. This is dem-  range of overlap. In the regiop?>18 Ge\? we rely on the

onstrated in Fig. 3. parametrization(19) in a more substantial way. This may
introduce some model dependence due to the particular func-
IIl. THEORETICAL UNCERTAINTIES tional form assumed. However, since only the kinematically

suppressed region of large momentum transfer is affected,
nJihis uncertainty has little influence on the integrated width
and the value oWV, extracted from the latter. Our findings

The theoretical uncertainties in the LCSRB and (10)
originate from uncertainties in the input parameters and fro

6 . . T . T are summarized below.

st S0 4

4 A. Borel mass parameter

3f b* The variation off 5, with M? is illustrated in Fig. 4a). It

turns out to be rather smalt:- (3—5)% depending op?.
The corresponding variation ofg«gg+g, amounts to
] +10%.

0 5 10 15 20 25 B. b-quark mass and subtraction threshold

Figures 4b) and 4c) show the variation of g,r with my,

FIG. 3. The LCSR prediction on the form factff, (circles in ~ andsg, respectively. Iim, andsg are varied simultaneously
comparison to the constraiftdashed linesderived in Ref[24]. such that one achieves maximum stability of the sum rule for
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1.4 — T T T — T T by perturbative QCD. However, the values of the nonasymp-
12 totic coefficients at a certain scale, are of genuinely non-

1 perturbative origin. They can be determined either from ex-
0.8 periment or, eventually, from lattice QCD25|. For
06 illustration, the twist 2 distribution amplitude appearing in
0.4 Egs.(6) and(11) is given by
0.2 w

oF ©n(U,u)=6u(1-u)[1+ag(u)C342u—1)
0.2 e +al(pw)C¥2u-1)], 20

0 4 " " 6 4(n)C3 A )] (20)

whereC¥%(x) are Gegenbauer polynomials, aafi(x) are
the nonasymptotic coefficients. Investigation by means of
conformal partial wave expansion justifies the neglect of
terms withn>4 (see, e.g., Ref.26] for further explanation
and references
In Refs.[8,9,11] we have used the Braun-FilyandBF)
distribution amplitude$16]. Two recent analyses based on
the LCSR for they* y— ¥ transition form factof27,28
and the pion form factof29] indicate that nonasymptotic
effects ing,. are in fact smaller than the effects implied by
0 4 3 12 16 the original BF coefficient§16]. However, the uncertainties
p2[GeV? are still sizable. The latter is even more so for the nonasymp-
totic coefficients of the twist 3 and 4 distribution amplitudes
FIG. 5. The LCSR prediction ofg . : (a) individual contribu-  [26]. There is a crude, but simple and as we will see suffi-
tions from twist 2(dashed ling 3 (dash-dotted ling 4 (dotted ling,  cient way to estimate the sensitivity of the LCSRs to nonas-
and the total sunfsolid ling); (b) with (solid line) and without  ymptotic effects, that is by comparing the results obtained
(dashed ling non-asymptotic corrections to the pion distribution ith BF and purely asymptotic distribution amplitudes. For
amplitudes. f&_(p?), this comparison is displayed in Fig(th. We see
fs, the change infgw is negligible at smallp?, rising to that the difference iszvery n"!oderate:.abeuf% at smallp?
about =3% at largep2. The corresponding variation of and +7% at largep®. The intermediate region a_rourpf
faxOpr g, IS about=4%. =10 Ge\ is almost unaffected. A similar investigation of
Eqg. (10) shows thatf gz« gg+g, increases by about 8% if all
nonasymptotic effects are disregarded. Since the LGSR
- ) ) ) involves convolutions of relatively smooth coefficient func-
The coefficientu ,=m2/(m,+my) of the twist 3 pion  tions with normalized distribution amplitudes, the moderate
distribution amplitude is related to the quark condensate dersensitivity to the precise shape of the latter is easy to under-
sity (qq) by partial conservation of axial-vector current stand. In contrast, the LCSRO) depends on the amplitudes
(PCAQC). Therefore, the uncertainty in the quark condensatet a given point and could, therefore, be strongly affected by
(qq)(up)=—(268+10 MeV)® induces an uncertainty in nonasymptotic effects. However, in this case the effects have
both the sum rule foffg and the termsig and Gg of the  opposite signs for twist 2 and 3, and thus tend to cancel.
LCSRs(4) and (10), respectively. The resulting uncertainty
in fg, andfg«Qggs g, is about+3%. Gluon and quark-gluon
condensates have little influence finand no direct connec-

C. Quark condensate density

F. Perturbative corrections

tion to the LCSR considered here. The NLO QCD corrections to the twist 2 contribution to
fgfs  derived from Eq.(4) [9,10] amount to abou{20—
D. Higher-twist contributions 30)%. Corrections of similar size affect the two-point sum

: N
No reliable estimates exist for distribution amplitudes pe-rule for fg [17]. Hence, in the ratio givind,, the())/ almost
yond twist 4. Therefore, we use the magnitude of the twist Lpancel, Igavmg a net correction of less than 10%. A ;lmllar
contribution tof 5 as an indicator for the uncertainty due to ?a][lcellatlon d?rl'(ees q ?:g%eEbef(%?:; dtrt]re]el\ll\lLL% gg:::g'.gﬂz to

the neglect of higher-twist terms. From Figabwe see that ' B'B*Ys*Br CEMV 4 !

the twist 4 term of Eq(4) contributes less than 2% at lgpé tofg. Here, the net effect ?S only 5%. . .

and about 5% at large? to 2. Also the twist 4 term in E The perturbative corrections to the higher-twist terms are
L9070 9 Bar - 9 still unknown. Most important are the NLO corrections to

(10) contributes no more than 5% @+ QJg+g. -

F andG{® . Optimistically, they could be as small as the
correction to the quark condensate term in the sum rule for
fg, namely about 2%30]. More conservatively, they may
The asymptotic distribution amplitudes and the scale debe of the same order as the twist 2 NLO corrections. Since in
pendence of the nonasymptotic coefficients are determinedO the twist 3 terms contribute aboy80-50% to the

E. Pion distribution amplitudes
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0-4 T T T T T T T T 3 T T T T T T T
f2:(0) 25+ fb.(07) A
035 | . &
2r LA
)0,5
03 P 1 15 b e 1
9,0
________________________________________________________ 1 Oweee J
025 ] | ceeseoe®
05 E
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1 2 3 4 5 6 71 8 9 6o o5 1 15 2 25 3
#{GeV] PlGeV?]
FIG. 6. Scale dependence of the form factigf (0) from FIG. 7. TheD— & form factor: direct LCSR predictiofsolid

LSCRs with fg calculated from the corresponding-dependent curve, D*-pole contribution with the LCSR estimate of the residue
two-point sum rule(solid line), and with fixed fg=180 MeV (dashed curve and two-pole parametrizatidi24) (circles.
(dashed ling

i amplitudes are to be taken at the scale. Details can be
LCSR, one may expect correctionsfty_ and fg«gg«g., as found in Ref.[15].

large as(5—-15% in total. Therefore, it is very important to

> The form factorf S _ resulting from Eq(4) with the input
make every effort to calculate these corrections. D 9 al4) P

specified above is shown by the solid curve in Fig. 7. For this
o illustration, we have chosen the nominal values of the pa-
G. Normalization scale rameters. The range of the Borel paraméterin which Eq.
Also the . dependence of the sum rules foyandfgfg . (4) satisfies the criteria on the size of the twist 4 terms and
turns out to be quite similar. As a result, the ratio of thesehe contribution from excited states is found to k=4
sum rules yielding ;. shows very little scale dependence as*1 GeVe. For later use, we also quote the valuefgf, at
can be seen from Fig. 6. An analogous cancellation of scalger0 momentum transfer:
dependences is observed in the ratio of sum rules giving +
foxQprp, . fp,(0)=0.65-0.11 (21
The total theoretical uncertainty in E and (10) is . . . . .
obtained by adding the uncerta}i/nties ?‘%)m thé d)ifferentWh'Ch nicely agrees with lattice estimates, for example, the
sources given in Secs. Il A-III G linearly. However, expect- world average 20]
ing that the twist 3 NLO corrections will be calculated in £t _ 0.1 29
near future and assuming that they will turn out to be on the p«(0)=0.65-0.10, 22
lower side of the range considered in Sec. IllF we have nof,. {ha most recent APE resulf22], 5 (0)=0.64
included them in the numerical uncertainty estimates quoted. ; .00 ©ob '
in this paper. The same procedure has been followed in es- ", 0" . . .
timating the uncertainty omg, which is given by the ratio Iln rt]he Ca?i r(;tszZZ]trafﬁtéogs,\;heHL(r:SFfﬁ) 1S rre;\]llatr)lled
of the LCSRs(4) and (10), and has therefore to be studied as long a9y c cX~U.0 LEV. Here, e same had-
ronic scaley~500 MeV is assumed as f@&— . At larger

separately. Finally, in the parametrizati of the form . .
P y y P (o) momentum transfer, one may make use of a dispersion rela-

+ . . . . .
fa}ctor fe, the uncer'talnt-y+|n normalization and §hape Stion in analogy to Eq(13). The residue of the pole contri-
given by the u_ncertalnty m.iB’T(O) andaB.’T’ respectlvgly. bution from the ground statB* meson can be calculated
_ The th_eoret_lcal uncertainties quoted_l_n the foIIowmg S€C+%om the LCSR(10) adjusted to thd* D coupling. One
tion dealing withD— 7 andD—K transitions are obtained gets

analogously to the uncertainty @ .
fo*Op*p,=2.7:0.8 GeV (23
IV. D— AND D—K FORM FACTORS

With the LCSRY4) and(10) at hand it is straightforward
to obtain the corresponding sum rules for the- 7 form

with the allowed interval of the Borel parameter beikif
=3=+1 Ge\. In Fig. 7, theD*-pole contribution is shown

" ) by the dashed curve, again for the nominal values of the
fai:tor fo, and for the residuefpxgp«p./2Mp« Of the o meters. Comparison with the LCSR prediction at iBw
D*-pole contribution. The input parameters are as followsjngicates that there is little room for additional contributions
For thec-quark pole massn, the subtraction threshof . from higher resonances, in contrast to what we have found
and the factorization scalg, we takem.=1.3+0.1 GeV, for the B— 7 transition.
s5=6+1 Ge\?, and u.=mj—m;~1.3 GeV. The decay In order to quantify this statement, it is useful to investi-

constantfp, is calculated from the two-point QCD sum rule gate a parametrization d¢f;_(p?) similar to Eq.(19):
in NLO [17] with the Borel mass squarel?=1.5+0.5

Ge\? yielding fp=200==20 MeV. Again, the variation of f2_(0)
the parameters in the above ranges is correlated as indicated fo-(p?)= Y o (29
by the alternating- signs. Furthermore, the pion distribution (1=p/mp) (1= app/mp.)
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where in addition to th®* pole a second pole is present at 1.4 T T T T T
the effective masmp+ /Jap . The normalizatiorf;_(0) is 12

given by Eq.(21) and the deviation in shape from single-pole + (2 (a)
. . 1k wa(p ) a 4
form is described by the parameter
) 0.8 ///’/'-
2mps« f - 0)
ap,= —D—D(zo.otg;g%. (25 06 T
foxJo+on 04 b T T T T T T T T T ]

The LCSRs(4) and (10) thus predictap,, to be consistent g2 F i
with zero, that is complete dominance of the lowest lyiDiy
pole and negligible influence of higher poles and continuum
states. In other words, here the use of the two-pole param.2 L L L L L
etrization(24) does not introduce any significant model de- 0 0.1 02 03 04 0.5 0.6
pendence. For the nominal values of the parameters28j.
is plotted in Fig. 7. Comparing this figure with Fig. 1 one 14 T T T T T

clearly sees that th®* dominance infy_ is more pro- ;5| i
nounced than thB* dominance irf;_. This finding can be
understood by considering the splitting between the grounc
and excited vector meson states in the heavy quark limit, 0.8

e.g.,

0

06 -
2 2
Mo, —Moe 2(A’—A) 0.4 -
r__ ( +0(m;?), (26)
mD* mc 02 F -
0Fr n

where we have used the heavy quark mass expanmﬁ;n ) . . . . .
=m2+2m.A and similarly for mp«'. Since the hadronic “o 0.1 0.2 03 04 0.5 0.6
scalesA and A’ are independent of the hea ark mass,

ntep vy au p?[GeV?]

the relative splitting of the states in tH2* system is ex-
FIG. 8. The LCSR prediction ofi} . : (a) individual contribu-

pected to be larger than the splitting in tB& system. Con-

sequently, the.heaVIleB* statgs are expe+cted to contribute tions from twist 2(dashed ling 3 (dash-dotted ling 4 (dotted ling,
more to the dispersion relatio3) for fg (p?) than the ang the total sum(solid line); (b) with (solid line) and without
excitedD* states to the corresponding dispersion relation fof{dashed ling non-asymptotic corrections to the pion distribution
f5.(p?). amplitudes.

The theoretical uncertainties in E1) and(23) are es- . . N
timated analogously to the uncertainties in Bieneson case ndependent uncertainty in the form factqy,. by a+bout 5%
explained in Sec. Ill. However, there are certain differencedn contrast to the shape-dependent uncertaintfgin. This
which should be pointed out. First, unlike B+, the twist ~ ¢an be clearly seen by comparing FigbBand Fig. b).
3 term yields the largest individual contribution t§_(p?)  Third, for D—m the NLO QCD corrections to the LCSR at
as shown in Fig. @). This causes no problem for the light- twist 2 ten_d to be sma_ller than _the correcthns to the LCSR
cone expansion itself because even and odd twists are asg8f B— 7, in contradiction to naive expectation. The reason
ciated with different chiral structures of the underlying cor- i that the shrinkage oi(mq) when going from charm to
relation function. The corresponding series are, thereforedottom is over-compensated for by the growth of logarithms
independent from each other. More definitely, the expansioff the heavy quark mass appearing in the coefficient func-
of the term in the heavy quark propagator proportional to thdions of the sum rulef11]. Quantitatively, the NLO effects
quark mass gives rise to a series in even twist, whereas tH fo, f5., andfp«gp«p amount to about 10%, in contrast
term proportional to the quark momentum is expanded in 40 (20—30% corrections in théB-meson case. We also ex-
series of terms carrying odd twist. Important for the conver-Pect this tendency to persist for the missing NLO corrections
gence of the expansion is the observation that the twist &t twist 3. The maximal 15% estimated 8+ 7 would then
contribution is heavily suppressed with respect to the twist Zorrespond to about 6% fd@ — .
contribution as shown in Fig.(8). Unfortunately, very little The D—K transition form factor is calculated from the
is known about the twist 5 term. If twist 5 is similarly sup- LCSRs(4) and (10) using the same input parameters as for
pressed with respect to twist 3 as twist 4 is suppressed witR — 7 with the exception of the distribution amplitudes. For
respect to twist 2, the uncertainty due to the neglectedhe kaon distribution amplitude of twist 2 we take
higher-twist contributions is practically negligible. This as- 4
sumption is made tacitly in all LCSR calculations. Second, _ _ K 325,
the ﬁncertainties in thg nonasymptotic coefficients of the er(Up)=6u(l-u) 1+n§=:1 An(p)Cr(2u—1)
pion distribution amplitudes induce an almost momentum- (27)
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TABLE I. D—K transition parameters as a function of the 2@ T T T T T T T
s-quark mass.

my(uo) ( MeV) 100 150 200
f2(0) 0.99+0.11 0.78-0.11 0.68-0.09
apK -008%55;  —007:55;  —0.06%5y

0 025 05 075 1 125 15 1.75
p*[GeV]

with af(uc)=0.17, ak(uc)=0.21, af(uc)=0.07, and
aif(,uc)zo.os. In addition to the features of the pion distri-
bution amplitudey ,(u, ) given in Eq.(20), the above am- FIG. 9. TheD—K form factor: direct LCSR predictiofsolid
plitude incorporates effects fronsU(3)-flavor violation.  curve), D¥-pole contribution with the LCSR estimate of the residue
This is seen from the presence of the coefficients giving (dashed curve and two-pole parametrizatiq9) (circles. Results
rise to asymmetric momentum distributions for the strangeare shown formg= 100 MeV (upper part, 150 MeV (middle par}
and nonstrange quark constituents inside the kaon. The dighd 200 MeV(lower parj.

tribution amplitudepyx used in Ref[12] to calculate theB

—K transition form factor differs from Eq27) in neglect- This is confirmed by measurements Bf-KI| v in the
ing a§’4 which, however, is quantitatively not important. CLEO [32] and E687[33] experiments. The data including
Other SU(3)-breaking effects in the distribution amplitudes those from earlier experiments are summarized in 3.
are neglected. This is certainly justified for the nonasymp+or illustration, fitting the single-pole formula

totic terms of twist 3 and 4 analyzed recently in RgI6]

which have anyway only a minor influence on the LCSR as £+(0)
pointed out earlier. For a similar reason, the twist 3 and 4 for(p?) = (30)
qguark-gluon distribution amplitudes are also taken in the 1-p?IM?

SU(3) limit. Furthermore, in the coefficients of the twist 2

and 3 distribution amplitude$ is replaced byfc=160  to the world average of the data one obtains
MeV, andu , by uy =mg/(mg+m, ), respectively. The lat-

ter brings the mass of the strange quark into the game which
is not very well known. In Ref[26] it was advocated to rely

on chiral perturbation theory in theU(3) limit and use

f7(0)=0.76:0.03, M=2.000.15 GeV. (31

While for mg=150 MeV the expectation oh*(0) and the
<aq> experimental result perfectly match, the mass of the pole is
2 (28)  measured to be slightly lighter thampx =2.11 GeV, but

” within error it is still consistent with expectation.

With the quark condensate{aq)(l GeV)=—(240+10 There are alsq lattice determinati_ons of the~K form
MeV)3, this yieldsmy(1 GeW)=150+20 MeV. In the fol- factor Whlfh confirm théd* -pole dominance. The world av-
lowing, we takemg(u.)=150+50 MeV which covers the €rage offp(0) is given by[20]
range of most estimates including the rather low mass sug-
gested by some of the lattice calculatiddd]. fox(0)=0.73£0.07, (32
The numerical predictions derived from the LCSRS
and (10) with the above input are tabulated in Table | for
three different values of the strange quark mass. Figure
shows the form factoff}, at p2<0.6 GeV* and the pole
contribution from theD? ground state as a function of the
momentum transfer squared. The two-pole parametrizatio
analogous to Eq(24),

MK Mr=—2

hile a more recent calculation by the APE Collaboration

22] yields f;,(0)=0.710.03"5-59. Comparison of these
results with Table | implies as-quark mass which is even
somewhat heavier than 150 MeV. While such a value is in
Qccordance with the PCAC expectati@®), it remains to be
seen if it can be reconciled with the smallest mass values
£ (0) resulting from lattice investigatio1].

(1= p?/m, ) (1= apcp?/mpy)

fox(p?) = (29)
V. SEMILEPTONIC DECAY DISTRIBUTIONS

_ ) o AND WIDTHS
is also displayed in Fig. 9. For these plots we have chosen

the nominal values of the input parameters. Whereas the nor- The parametrization€l9), (24) and(29) of the form fac-
malization of f; is rather sensitive tang [7], the shape torsfg_ , f3_ andfj, can be used to calculate the distribu-
parameterap, is more or lessng independent. Moreover, tions of the momentum transfer squarpd in exclusive,
similarly as in the case dff., ap is consistent with zero, semileptonicB and D decays, respectively. FdB— | v,
implying a strong dominance of tHe} pole. with |=e,u one has
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0.1 T T T T T 1 T T T T T
1dl

—2 1dTl -2
008 | Tdp? [GeV™] : 08| TgplGeVT] :
0.06 : :
0.04 1 1
0.02 | |
0 1 1 1 1 1 0 1 1 1 L 1
5 10 15 20 25 05 1 15 2 25 3
PY(GeV’] P*[GeV?)

FIG. 10. The normalized distribution of the momentum transfer  FIG. 11. The normalized distribution of the momentum transfer
squared iB— vy (I=e, ). The steeper distribution corresponds squared irD— =l v, (I =e,u). The steeper distribution corresponds

to ag,=0.25, the flatter tavg,=0.53. to ap,=—0.06, the flatter tav,=0.12.
— 5 5 and also agreefl5] with the determination fronB— pl v,
dI'(B—wlv)) :G |Vub| (Ez_m2)3/2[fg (pz)]z [37]. -
dp? 247 " T i Conversely, turning td— 7| », one can use the known

(83)  value of |V 4 and subject the LCSR method to an experi-

. . _ . _ mental test. From Eq24) one obtains
with E,.=(mg+mZ—p?)/2mg being the pion energy in the

B rest frame. The charged lepton is considered massless. L(D°— w17 y) £ 0.13-0.05 ps 39
Substituting Eq(19) for f5_(p?) one obtains the integrated Vel =01 05 ps+, (39
width

while the experimental width following fromBR(D°

_ (ma-m )2 _dl(B—mlp) —m et ry)=(3.720.6)X 10 3, 7po=0.415+0.004 ps, and
[(B—wly)= . " d 2? |V.ql =0.224+0.016[36] is given by
p
_ r(D°—m"e'y
=(7.3+2.5|Vy? ps . (34 ( e)=0.177i0.038 ps?t. (40)

|Vcd|2
It is important to note that the theoretical uncertainty in the . . .
above mainly comes from the uncertainty in the normaliza-| '€ gréement is satisfactory, although the theoretical and
tion parametef;_(0). Theuncertainty in the shape param- e_xperlmental uncertainties are st|II_ too b|g. for a rgally deci-
Bard "/ . . sive test. For this reason, it is particularly interesting to note
eterag,, has very little influence on the integrated width, andyne yery small theoretical uncertainties in the normalized
so does the use of the two-pole parametrizati®). This is  momentum distribution shown in Fig. 11. It would be very
anticipated from the normalized decay distribution plotted insefyl to have comparably precise data.

Fig. 10. Our result agrees with the integrated semileptonic Similarly for D—K1»,, Eq. (29 and Table I yield

width
_ (DK 1"y)
T(B—mlv)=85 35Vyl® ps* (35) BT E—
Ve
derived in Ref[35] from a lattice-constrained parametriza- 0.151+0.058 psl, my(uc)=100 MeV,
tion of fg . ., 3
Experimentally, combining the branching rat®R(B° —{ 0.094:0.036 ps~, my(uc)=150 MeV,
— 7 1Ty)=(1.8£0.6)x10"* with the B® lifetime go 0.072£0.027 ps?t, myu.)=200 MeV,

=1.54+0.03 ps[36], one gets

(41)
I'(B°— 7 171)=(1.17-0.39x 10 * ps'l. (36) _ _ _ _
which should be compared with the experimental width

From that and Eq(34) one can then determine the quark (DO K-|*
mixing parametetV,,|. The result is TO—K 17w
Ved?

derived from BR(D°—K™1*»)=(3.49+0.17)% together
with the experimental error and theoretical uncertainty giverwith the aboveD? lifetime, and|V.{ =0.9734—0.974936].
in this order. This value lies within the range|®f,,| quoted  The latter interval for|V.4{ obtained from unitarity of the

=0.087+0.004 ps? (42)
[Vypl =(4.0£0.7+0.7)x 103 37

by the Particle Data Grouf86]: CKM matrix is very tight and has therefore a negligible in-
fluence on the experimental error in E@.2). Despite the
|V,pl =0.002—0.005, (38)  considerable uncertainty remaining even whenis fixed,
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1.2 - T y y - - completely dominated by the pole of the respective ground-
L rl‘%? [GeVY i state vector meson, and therefore insensitive to the effective
f second pole modeling effects from excited states. In total, the

08 1 i present theoretical uncertainty in the integrated widths of the
0.6 . semileptonicB and D decays considered in this paper is es-
04 | ] timated to be about30-40%.

) Thus, in order to match the accuracy of the dataDon
02 . T -

— |y, and the precision oB— |l v, measurements ex-
0 ' L L . : pected at the nevB factories, the theoretical uncertainties
03 0 LB s LTS have to be reduced by more than a factor of 2. This is not
PGeV’] impossible, but will require considerable efforts. Among the
most important tasks are the NLO calculation of the twist 3
contributions, a reanalysis of the non-asymptotic corrections
to the light-cone distribution amplitudes including mass ef-
fects, and an at least rough estimate of the size of the twist 5

the comparison of LCSRs and data clearly favors a relativel);ermsi ddedF let | ¢ dat
heavy strange quark mass of about 150 MeV or slightly ole added-or Compleleness, we aiso present an update

more. This conclusion is confirmed by considering the ratioOf the LCSR prediction on thB—K transition form factor

FIG. 12. The normalized distribution of the momentum transfer

squared irD—>KTv, (I=e,u). The steeper distribution corresponds
to apk = —0.14, the flatter taxpx=0.08.

of partial widths | Bi - This fgrm factor plays an importfn} role in the theoret-
ical analysis of the rare decafg—KI ™1~ I=e,u,7 [38].
0.04, mg=100 MeV, The previous LCSR estimates b, [7,12] are restricted to
Ir(D°—7"1"y) 0.07, m,=150 MeV the region of small and intermediate momentum transfer and

not applicable to large momentum transfer where Bie
pole contribution with the residue given by tB& BK cou-
(43) pling becomes dominant. Here, we have performed an analy-
sis in analogy to the calculation of tH&— = form factor
in which the uncertainties not related to the strange quarklescribed in this paper with the pion distribution amplitudes
mass drop out to a large extent. The experimental worldeplaced by the corresponding kaon distribution amplitudes
average quoted ifB4], given in Sec. IV. Calculating(0) from the LCSR(4) and
R=0.10% 0.02, (44) fngB;BK from the LCSR(10), and deriving, from that, the

remaining parametetgy of the two-pole parametrization
again supports a strange quark mass between 150 MeV and

I(D°—=K™1"») | 0.10, m=200 MeV,

200 MeV. Contrary to the integrated width, the distribution £ (p?)= far(0) 45
in momentum transfer is insensitive ma,. Moreover, since ek(P?) =  n2)m2 _ 2/m2 1y’

. e (1= pmgx) (1~ agkp/Mgx)
the shape parameteiyi is very sm_aII or vanishing, the nor- s s

malized decay distribution iD— Kl v, is predicted very re- e find f4(0)=0.36+0.07(0.33-0.06;0.41-0.08) form

liably as demonstrated in Fig. 12. It can therefore serve as a 150(200;100) MeV andzBK=O.28f8j§§. The ground-state

stringglt test similarly as the corresponding distribution inmassmB*=5.416 GeV is taken froni36).
D—ly,. s

We conclude with a final remark on the uncertainties in
the LCSR results. Unlike phenomenological quark models,
the LCSR approach allows one to estimate the uncertainty in We are grateful to P. Ball and V. M. Braun for useful
a given result within the same framework. This is one of thediscussions. This work was supported by the Bundesminis-
main virtues of QCD sum rules. The model dependence duterium fur Bildung und ForschungBMBF) under contract
to the use of a particular two-pole parametrization of thenumber 05 HTOWWA 9. In addition, O.Y. acknowledges
form factors is negligible or unimportant in the present ap-support from the US Department of Ener@dOE), and A.K.
plications. InB—pi it only concerns the region of large wishes to thank the Danish Research Council for Natural
momentum transfer, and is therefore negligible in the inte-Sciences and the Niels Bohr Institute for support. S.W. is
grated semileptonic width and the value |&f,,| extracted grateful for the hospitality and support during his visit at the
from it. The D meson form factors, on the other hand, areUniversity of Wuzburg.
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