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B-a weak form factor with chiral current in the light-cone sum rules
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In this paper, we calculate thB— a transition form factorf; (q?) by including perturbativeO(as)
corrections to the twist-2 terms with chiral current in the light-cone QCD sum rule approach. The corrections
to the productfgfs (g?) in the leading twist approximation are found to be about 30%, while a similar
magnitude corresponding ©(«.) corrections forfg(g?) in the two-point sum rule cancels them and results
in small net corrections fofg,_(g?). Our results confirm the observations made in previous light-cone QCD
sum rule studies.
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I. INTRODUCTION mediate momentum transfer squaregf< mé—ZmQX,
wherey is a typical hadronic scale of roughly 500 MeV and
Quantum chromodynamic¢QCD) is the appropriate independent of the heavy quark masg .
theory for describing the strong interaction in a hlgh energy Inthis paper, we calculate the form fac@ﬂ_(qz) (Wh|Ch
region, however, the strong gauge coupling at low energys gifferent from Refs[7—10)) up to twist-4 light-cone func-
destroys the perturbative expansion method. The long disjons py including perturbativer, corrections for twist-2
tance properties of QCD, especially the hadronic matrix eleferms using chiral current. Remarkably, the main uncertain-

ments, can provide much important information for under-;.o o« e light-cone sum rules come from the light-cone

standing and testing the standard model and beyond. Thv%ave functions. The chiral current approach has a striking

exclusive semileptonic decdy— | can be used to deter- 5qyantage in that the twist-3 light-cone functions which are
mine the Cabibbo-Kobayashi-Maskaw&@KM) parameter q known as well as the twist-2 light-cone functions elimi-
[Vusl [1]. However, it requires a reliable calculation of the 1,101 are supposed to provide results with less uncertainties
form factor 5 (q?) defined by (m(p)[by,u[B(p+a))  [11]. In fact, only the twist-2 wave function, which is domi-
=2f5.(9°)p,+[f5,(d%) +fs,(9%)]1d,, with p and p+q  nant in contributions to the sum rules, has been investigated
being the 7- and B-meson four-momentum, respectively. systematically. The update investigation of the twist-3 wave
fs.(9°) plays a negligible role for semileptonic decays into functions can be found in Ref12] and the calculations of
the light leptond =e, u1. the form factorf, including the a(s) corrections to the

In Ref..[Z], the authors propose a formula called the QCDyyist-3 terms are performed in Ré¢flL3]. Although the QCD
factorization approach foB—mm, 7K, and 7D to deal |agiative corrections to the twist-2 term fop are proven
with nonleptonic decays of thB meson. In this approach, smajiin Ref.[8], it is interesting to see whether or not this is
the decay amplitudes are expressed in terms of the semilegse case for chiral currents.
tonic form factors_, hadron!c light-cone distr_ibution_ functions,  ne paper is organized as follows: correlator and sum rule
and hard-scattering amplitudes. The semileptonic form faczre derived in Sec. II; the perturbative correlator is calculated
tors, and the light-cone distribution functions are taken ag, ordera, in Sec. III; light-cone amplitudes and numerical

input parameters and the hard-scattering amplitudes are cglgits are presented in Sec. IV: Sec. V is reserved for the
culated by perturbative QCD. Again, the precise knowledg&.onclusion.

of heavy-to-light form factors plays crucial roles. Among the

existing approaches, such as QCD sum rules, chiral pertur-

bation theory, heavy quark effective theory, and phenomeno-

logical quark models, the QCD light-cone sum rule€SR)

approach is very prominent for calculatifg,.(q%) [3-5]. Let us start with the following definition oB— 7 weak
The light-cone QCD sum rule approach carries out operaform factorsfg, (q2):

tor product expansion near the light core~0 instead of

the short distanca~0 while the nonperturbative matrices

II. CORRELATOR AND SUM RULE

are parametrized by light-cone wave functions which classi- (w(p)ﬁy b|B(p+0q))
fied according to their twist instead of the vacuum conden- a
sates. For a detailed discussion of this method one can see =2fg.(a9)p,+[fa.(a)+fg(aD)]a,, (1)

Ref. [6]. The LCSR forfg, (q?) is valid at small and inter-
with q being the momentum transfer. Following RE11],
*Email address: wangzg@mail.ihep.ac.cn we choose a chiral current to calculate the correlator func-
"Mailing address. tion,
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. ; — momentum regionsg+q)%— m§<0 for thebd channel, and
— 4y, AIOX
M.(p.a) 'f d*x e m(p)[ T{u(x) g?><mZ—0(1 Ge\?) for the momentum transfer, which cor-
— . respond to the small light-cone distank&~0 and are re-
X ¥u(14v5)b(X),b(0)i(1+ y5)d(0)}|0)my quired by the validity of the operator product expansion

~ method. First, we write down the full-quark propagator:
=M[g%(p+)2p,+1[¢% (p+D)Td,, (2 quarkcpropag

_ [ d*% . k+mo
<0|Tb<x>b<0>|0>=|f 2m S em 9
'

which is different from that in Refd.7—10]. Here we take
the chiral limitp?=m2=0.

We can insert a complete series of intermediate states with
the same quantum numbers as the current opetait(k d*k . 1
+y5)d in the correlator to obtain the hadronic representa- f 5 49_'kxf dv
tion. After isolating the pole term of the lowest pseudoscalar (2m)

0

B meson, we get the result y 1 k+m o)
=——5G*"(vX)o,,
! 2 (m—k?)? :
~ 1
=T1"[¢?,(p+q)%]p,+1T"[a? (p+a)?]a,, v G )y, )
mb_k
_ (m[uy,b|B)(B[bysd]0)m,
ma—(p+0)°
hereG ,, is the gluonic field strengtlgs denotes the strong
S (m|uy,(1+ ys)|By)(Bylbi(1+ 75)d|0>mb coupling constant. Substituting the abdveuark propagator
H mBH—(erq)2 and the corresponding- meson light-cone wave functions

into Eq. (2) and completing the integrations overand k,
©) finally we obtain

The intermediate statd3, contain not only pseudoscalar
resonances of the masses greater thmn but also scalar

2 4 2
resonances witdP=0", corresponding to the oBeratbd. % (p+a)’]
Taking into account the definition (B|biysd|O) f 2fld [ ®(U)
—m2 ; =2f_m u
=mgfg/my, bt
mB g/My, We obtain b mg_(l_u)qz_u(p+q)2

2ug,(u)
2fe.(@®mafs (= pH(s) +— . —
2 T >ds [mi—(1—-u)g?—u(p+q)?]
mg—(p+q) so S—(p+q)

" g2 (p+0a)?]=

BMELg1(W) + Go(W)] f N

CTm2—(1— 2_ 213
(fe.(a) +f5.(a%)mifg [my—(1-u)g*~u(p+q)?]

ﬁH 2 29 - ~
SECA m3—(p+q)? o 2ou(@) T 2¢ (@)~ ¢y(@) ~ ¢yei) ]
. T M — (1= a;—Uaz)q’— (s + Uag) (p+0)?
+f —st. (4) (6)
so S—(p+0q)

Here the contributions of higher resonances and continuum

states above the threshadg are written in terms of disper- With Go(u)=—Jg,(v)dv andDa;=da;dazdasd(1-ay

sion integrations, and the spectral densiif¢s) andp'(s) 42 ~ag). Hereg, is am meson twist-2 light-cone wave

can be approximated by the quark-hadron duality ansatz. Wiinction, andgy(u), gz(u), ¢, (), ¢.(a;), ¢)(e;), and

can avoid the pollution from scalar resonances with (p‘(af,) are meson twist-4 light-cone wave functions. Their

=07 by choosings, near theB meson threshold and our detailed expressions are given in Sec. IV. Then we carry out

final results confirm this assumption. the subtraction procedure of the continuum spectrum by the
In the following, we briefly outline the calculation of the standard procedure and perform the Borel transformations

correlator in QCD theory and work in the large space-likewith respect to p-+q)?, and finally obtain the result
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m2f . 1 , light-cone wave function which is determined by the QCD
fo (9?)= %emB/Mz[ J due [my—a?(1-w/um? evolution equatiorj14]. Finally we get the result
mgfg A
, 6(1+p) m3 4
en(U) 2gy(u)  8my[gi(u)+Ga(u)] Ta(rg,ra,u)= 5| 1-In— 1, {[G(p)—G(ry)]
X + - (1-p) 5 P
u um? ulm4
0(a1+voz3 A) +[G(p)—G(r) I+ ———
dv (ry=ry)
(a1+va3) M2
L —I
% @~ [Mp—(1-a1—vag)a?/M%(a; +vag)] X [Glp)=Gril+ 7
~ ~ +(1—p)in(1-
X[2<pl<ai>+2m<ai>—so(ai>—¢|(ai>]]. X[G(p)—G(rp)]| +22 - E=PINE=P)
p
@) 4 (1-ryin(l-ry)
Here A =(m2—q?)/(so—q?) ands, denotes the subtraction 1-p ra
of the continuum from the spectral integral. For technical 3 4
details, one can see Ref§,11]. 0 °7P
(1-p)2 (1=u)(ry—ry)
lll. RADIATIVE CORRECTIONS IN ORDER  ay (1-p)in(1=p) (L=rp)ln(1-ry)
In this section, we calculate the perturbative contribution p ro

up to ag for twist-2 terms, while the corrections for twist-3
terms and beyond are neglected, as they are supposed to be
small. Applying Borel transformation for theg correction  with
terms is tedious, we can facilitate the calculation greatly by
writing down the following dispersion integral relation:

(12

p=r1+u(l’2—r1), LIZ(X):_foTIn(l_t)’

fa-(a%)= f pRC(q2,s)e(Ma-9M7gs,  (8) )

2mgfg G(p)=Liz(p)+|n2(1—p)—|n(l—p)( 1—In12) . (13
o

where
As in the calculation of the nonleading order evolution ker-
QCDy 2 oy I 5 nel of the wave functionp (u,u), we take the UV renor-
p(qts)=— 7f0 dug(WIMT(Q%s,u). (9  malization scale and the factorization scale of the collinear
divergences to be equl5—17. Our results are of the same
For example, with the zeroth order approximation, one carPirac structure as that of Reff8] but with different weight.
easily obtain The (MS) quark mass depends explicitly on the renormal-
ization scalew and implicitly on the renormalization scheme.
ImTO(qz,s,u)=—277m§5[m§—(1—u)q2—us]. (10 A renormalization scheme independent definition of the
quark mass within QCD perturbation theory is given by the
To orderag, the amplitude can be written as pole mass which is denoted g . As in Ref.[8], we re-

placem, by my using the well-known one-loop relation:

aSC,:
T(rq, ype Ti(rq,ro,u). (11 i Cr m{,‘z
m yp= —4+3In—2 ) (14
Here we introduce convenient dimensionless variables H
=g?/m¢ andr,=(p+q)%mZ. There are six Feynman dia- To O(ay), this replacement adds a term,
grams for determining the first order amplitudg in pertur-
bative expansion. For simplicity, we perform the calculation 4p m§2
in Feynman gauge. In the calculation, both the ultraviolet - (1-p)2 4=3In e (19

and collinear divergences are regularized by dimensional
regularization and renormalized in the modified minimalto the renormalized amplitudg,.

subtraction IS) scheme with totally anticommutings. To To proceed further according to E() we calculate the
be more precise, the collinear divergences in the hard amplimaginary part of the hard scattering amplituderfgr 1 and
tude are factored out and absorbed in the evolution of the;<1:
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(1=rp)In(ry—1)

1 (1) Cr 2 m? o (1)
——=IMT(rq,ro,u,pu)=—75——1 8(1—p)| 27— 6+3 In——2 Li(ry)+2 Liy| — | +In“r,+2
T 2 w? ) )
m*2
—21IM2(1=r)+21In(1=r4) = 2 In(1—ry)n—0—21n(r,— 1)+ 2 In(r,— 1)
o
mj * In(p—1) 1 b’
—2In(r2—1)ln—2 +0(p—1)| 8———| +2|Inry,+——2-2In(r,—1)+In—
n -1, r2 u?
1 1 1 1 1- 1-r -1 In
X—— +2 (———)+ Pio ! (Inﬁ—ZInp )—4—p
p—1ll, ra=plp 13 p? (ri=ra)(ra=p)\ 12 r.—1 p-1
o el Inp—2In(p—1)+1 |mg2 cot—p| 2l e+ 2210, 1)
-2——————— | Inp—2In(p— —In— - nro+——2In(r,—
(ri—=rz)(p—rq) P P w? P 20, 2
|r'fl§2 ! 1 17r 1N INr,+1—2In(r,—1) |m;§2
~In ~ — nr+1-2In(ro—1)—In—| [ {,
w? ) p=1l, Tamp 13 (ri=ra)(rz—p) 2 2 w?
(16)
|
here, the operatiort+ is defined by and to nonleading orddNLO) [19],
F(x)|+=lim(F(x)0(1—x—n) (U )
7—0

as( ) n )
=6u(1—u), a,(uo) exp{ _f (M)da 2((5))
= ag(ug

17
—S(1-x—1) fo ”F(y)dy), 17

as(pm)
x| C¥2u-1)+ === di(uw)cdH2u—-1)|,
and thus remove the spurious divergences. The above expres- n | ) 4 k§>:n n(#)CicH )

sions have a little difference compared with the correspond-
ing ones in Ref[8] for coefficients of thes(1—p) term.

Substituting Eq(16) into Egs.(8)—(9), we can obtain the
desired sum rule irO(a) for the form factorfg_ in the
leading twist-2 approximation.

(19

with ap=1. Arguments based on conformal spin expansion
allows one to neglect higher terms in this expansion and we
taken=4. The coefficient®,(ug) =2/3 anda,(uy)=0.43

at the scaleuy=500 MeV have been extracted from a two-
point QCD sum rule for the moments ¢f,(u) [4,18]. The
coefficientsdﬁ(,u) are due to mixing effects, induced by the

Let us choose the input parameters entering the sum rufigct that the polynomial€¥%(2u—1) weight by u(1—u)
for f5.(g?) first. To begin with, let us specify the pion wave are the eigenfunctions of the LO, but not of fiL.O) evo-
functions. For the leading twist-2 wave functign (u,x), lution kernel. The QCD beta-functiof and the anomalous
the asymptotic form is exactly given by perturbative QCDdimensiony" of the n-th momenta,(x) of the wave func-
¢, (U,u—x)=6u(1—u) [14,18, nonperturbative correc- tion have to be taken in NL(Q20]. We can substitute the
tions can be included in a systematic way in terms of thecorresponding values into the above equation and obtain
approximate conformal invariance of QCD and expanded in

IV. LIGHT-CONE AMPLITUDES AND NUMERICAL
RESULTS

terms of Gegenbauer polynomials’(2u—1) with weight a(up)=0.35, a,(up)=0.18 (LO);
u(l—u).
To leading orde(LO), a,(up)=0.218, ay(uy)=0.084 (NLO), (20
<p7(u,,u.)=6u(1—u)2 an( o) at the scaleup,= \/sz—m2b~2.4 GeV, which characterizes
n the mean virtuality of théd quark. The new analysis of the
) 8o experimental data on thgy* 7 and 7 electromagnetic form
X (&) c¥2u—1); (18  factor indicates that the twist-2 wave function is close to its
as( to) " asymptotic form23]. In this paper, we use both nonasymp-
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0s b [‘(':-)C\)NV::/F f"’:h “so‘_:°"e°t'°"s’ ] so=33GeV2,mb=4.7GeV;
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07| e asymptotic WF with e_ corrections. [ 06 0 2 0
--------- §,=35GeV",m =4.9GeV

“o 05
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o
N
= 04

03 e
0 2 4 6 2 8 10 12 14 o s .-' \ . \ ) \ . \ ) L ) L \ )
q GeV 0 2 4 6 2 8 10 12G V214 16
FIG. 1. f5_(9?) with s,=33 Ge\?,my=4.7 GeV. q e

o , .
totic and asymptotic form for ther twist-2 light-cone wave FIG. 2. Tg,(a") in LO WF with o corrections.

functions and compare the results.
The subleading twist-4 contributions are presently know
only in zeroth order inxg [21,22. As the twist-3 contribution

The standard manipulation yields three self-consistent sets of
Tesults:

is eliminated, we need only the twist-4 wave functions: fg=218 MeV, m,=4.7 GeV, s,=33 Ge\’;
¢, (@)=308%(a1— ) af[ 5+2e(1-2a3)], fa=212 MeV, m,=4.8 GeV, s,=34 Ge\’;
@, (a)=308%a3(1— as)[ 1 +2e(1-2a3)], fg=206 MeV, m,=4.9 GeV, s,=35 Ge\’. (23
()= 1208%€( oy — ap) ajazas, The correspondingis=0 results:

(e = — 1208 arapas E+ (1 3as)], fg=163 MeV, m,=4.7 GeV, s,=33 Ge\’;
_ _ _ fg=158 MeV, m,=4.8 GeV, s,=34 Ge\’
gr(u)=3e2uu’+ e 5 uu(2+13uu) + 10u®

I U(2— 3u+ £07)+ 100 I U(2— 30+ 50)], fg=153 MeV, my,=4.9 GeV, s,=35 Ge\’. (24)

From the above results we can see thgtas=0)/fg(as

#0)~76%, in other words,as corrections increase the

value of fz about 30%. They will be used as inputs in nu-

merical analysis of the sum rule fég, (g?). As for the B

with 62(u,)=0.17 GeVf ande(up,)=0.36. Unlike the case meson maseg and the pion decay constait, we take the

of the twist-2 wave functions, these twist-4 wave functionspresent world average valueng=5.279 GeV, andf ..

seem to be very difficult to test by experiment, for they usu-=0.132 GeV. The continuum subtractieg is about 33—

ally are of negligible contributions in the sum rules. 35 GeV* and the pole mass for the quark is taken asn,
Another important input is the decay constanBaneson =4.7-4.9 GeV. Here we make some comments about the

fg. To keep consistent, we have to calculate the two-pointontinuum subtractios,. The special chiral current leads to

sum rule forfg up to the corrections of ordets. Here we  cancellations between the condensates, the dominating con-

use the two-loop expression for the running coupling con4ributions come from the perturbative parts and the nonper-

stant with N;=4 and AY=234 MeV corresponding to turbative parts only play tiny roles. The lowest pseudoscalar

as(M5)=0.112[20] for comparing with the results in Ref. resonance appears at the energy threshold abeun

[8]. As the value ofu is concerned, we take the value ~28 Ge\2. Though theB meson has a narrow decay width,

2.4 GeV which corresponds to the average virtuality of thethe values taken in Ref11], s,=30-33 GeV, are too low

correlation function which is given by the Borel mass param-due to the large difference between the corresponding results

eter M2. In the present case a chiral current correlator isfor the values offg .

adopted to delete the contributions from the twist-3 wave We exploit the sum rule numerically in the following:

functions, we consider the following two-point correlator:

10 . — —
gz(u)=§52uu(u—u), (21)

fefa,(0)=60.5 MeV, fg (0)=0.277,
H(q2)=if d*x€9(0[q(x)(1+ ys)b(X), m,=4.7 GeV, s,=33 Ge\;
b(0)(1-y5)q(0)[0). (22 fgfs.(0)=56.8 MeV, fg (0)=0.268,
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1.0 ————————— T

09 |- 4

08l ) ]
A $,=33GeV",m =4.7GeV; 1
o7l | ------ s,=34GeV’,m =4.8GeV; A

- s,=35GeV’,m =4.9GeV o
06| o ° <

0.5

()

04

0.3

0.2 " 1 " 1 " 1 n 1 L 1 " 1 " 1 "
0 2 4 6 2 8 10 12 14,16
q GeV

FIG. 3. fg_(g? in LO WF with a;=0.
m,=4.8 GeV, s,=34 GeV’;
fafa,(0)=53.4 MeV, fg (0)=0.259,
m,=4.9 GeV, s,=35 Ge\?, (25)
for ag#0 in LO.
fgfs,(0)=59.6 MeV, fg (0)=0.273,
m,=4.7 GeV, s,=33 Ge\?, (26)
for ag#0 in NLO.
fefs.(0)=47.3 MeV, fg (0)=0.290,
m,=4.7 GeV, s,=33 GeV’;
fafa,(0)=44.1 MeV, fg (0)=0.279,

m,=4.8 GeV, s,=34 GeV’;

1.0 ————r——————1——1——

09 i a2(u)=0,a4(u)=0; ]
) ) p— a2(1)=0.12,a4()=0; ]

S (- a2(u)=0.09,a4(u)=0; ]
071 | —m- a2(u)=0.15,a4(1)=0. i

FIG. 4. f5_(g?) with s,=33 GeV?,m,=4.7 GeV; a; correc-
tions.
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M —————7

1.0 - E

0.9 - .
—— with @, corrections;

--------- with «_=0. .
S

0.8 -

0.7 |-

0 2 4 8 238 10 12 14 16
q GeV

FIG. 5. f5_(g?) with a2(u)=0.12a4(u)=0.
fefa,(0)=41.2 MeV, fg (0)=0.269,
m,=4.9 GeV, s,=35 Ge\?, (27)

for «g=0 in LO. From the above results we can see that
fefa,(0)(as#0)/fgfgs, (0)(@s=0)~130%, in  other
words, a corrections increase the value Iff 5 _(0) about
30%. Due to the same corrections to the decay constant, the
resulting netay corrections are very small, say, fég_(0)
less than 3%. The large correction figgf 5 (0) is cancelled

by the corresponding value fég . They are compatible with
the values obtained in Rdf8], for as=0,f5,(0)=0.30; for
as#0,f5.(0)=0.27. Our numerical results show that the vi-
brations for the form factofg,_(0) are about-0.01 around
the center values, foras#0,fg,(0)=0.27; for a
=0,f5.(0)=0.28 with LO wave functions. It is shown in
Fig. 1 that the form factof 5_(q?) with «, corrections lies
below the uncorrected one for LO wave functioiVF); the
quantities of theag corrections increase withy?, at g°
=15 Ge\?, numerically lesser than 20% for LO wave func-
tions; the curve for NLO wave function lies a little above the
corresponding one for LO wave function; the curve for
asymptotic wave function witlwg corrections is almost the

1.0 —————— 1T

06 |- 4

f', (0)

04| -

02 4

n ) 1 n 1 n 1 n 1 1
4 8 8 10 2 12 14 18 218
M GeV

FIG. 6. f}_(0) as a function of Borel parametit?.
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same as the uncorrected one for LO wave functiong?at rections to twist-2 terms in a light-cone QCD sum rule
>8 Ge\?; the deviation of the curves for the, corrected framework. Due to the special structure of the chiral current,
LO wave function and asymptotic wave function from eachthe contributions oty corrections to twist-2 terms are of the
other is notable. In Figs. 2 and 3, we plot the (q?) as a same Dirac structure as that of REF] with different weight.
with different boundary conditions. From the two figures, weCertainties due to the twist-3 light-cone wave functions
can see that the vibrations 6, (0) are small, numerically Which are not understood as well as the twist-2 light-cone
about+0.01 around the center values both for tagcor- ~ Wave function are av_orded. Furthermore, the possrblg pollu-
rected and uncorrected form factor. In Fig. 4 we use thdlOn from wrong parity 0 mesons is deleted by suitable

parameters obtained in R§23] as input, from the figure we C€hoice of continuum subtraction paramesgr the final re-
can see that the curve f6f,_(g?) with a, corrections varies sults are supposed to be with less uncertainties. The results
according to ther twist-zwlight-cone \jvave functions. the Presented here will be beneficial to the precision extracting

largest deviation of the values from each other is less thaff the CKM rrlatrrx elementVy,| from _the exclusive pro-
15%. In Fig. 5, we plot thég_(q?) with boundary condition cessesB—m{v (I=e,u), by confronting the theoretical
So=233 Ge\?,m,=4.7 GeV both fore, corrected and uncor- predictions with the experimentally available data. Although
rected form factor using the parameters obtained in[2&].  the as corrections td'gfg,, are large, about 30%, the similar
Again, we can see that the net correction is small. There corrections td g canceled them, and the resulting net correc-
is a platform forf;_(q) as a function of the Borel param- tions to form factorfg(q*) are small. Our results are com-
eter M2 for M2=8-14 Ge\? which verifies the value we Patible with the observations made in R8]. Compared
took M2=12 Ge\? in calculation. For example, the product With the results obtained in Ref8], our results are with
f (0) is plotted as a function d¥1? in Fig. 6. The uncer- lesser uncertainties due to the elimination of the twist-3
tainties due to the Borel parametiet? can thus be dimin- light-cone wave functions.

ished or eliminated.
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