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Abstract. Light-cone QCD sum rules are employed to compute the strong coupling constants: gg+pB*r,
9B, Bor and gp, +x, where (B, B*) and (Bo, B1) are negative and positive parity (07,17) and (0%,1%) gQ
doublets. The couplings are calculated both for finite values of the heavy quark mass and in the infinite
heavy quark mass limit, deriving sum rules for mqg — oo.

| Introduction

The recognition of the approximate symmetries of QCD,
explicitely or spontaneously broken, represents a basic
step for the understanding and the description of the strong
interactions in processes involving hadrons. A remarkable
example, in the sector of systems containing one heavy
quark, is the SU(2Ny) heavy flavour-spin symmetry hold-
ing in the infinite heavy quark mass limit: mg, — co. In
this limit, the masses of the Ny heavy flavoured quarks are
irrelevant in the interactions with the hadronic light de-
grees of freedom, since the heavy quarks only act as static
colour sources. Moreover, the decoupling of the gluon from
the spin s¢ of the heavy quark allows to relate the proper-
ties of the states belonging to the doublets obtained com-
bining sq with the spin s}’ of the light degrees of freedom.
The SU(2Ny) spin-flavour symmetry is explicitely broken
by the finite values of the heavy quark masses, and the
symmetry-breaking effects can be described using an ex-
pansion in the inverse masses of the heavy quarks [1,2].
At the opposite energy scale, for vanishing masses of
the up, down and strange quarks, QCD is invariant under
chiral SU(3) x SU(3)g transformations; this symmetry
is spontaneously broken, the Goldstone bosons being rep-
resented by the octet of light pseudoscalar mesons [3].
Both the heavy quark spin-flavour and the chiral sym-
metries can be realized writing an effective QCD lagrang-

ian, expressed in terms of hadronic fields [4]. The interac-
tions of the heavy sf = %7 and %+ mesons with the octet
of light pseudoscalar 0~ mesons can be described by the
lagrangian:
2
L =i Tr{Hw"Dup.Ha} + gﬂTr{a‘LZ@#ZT}

+Tr{Sb (Z ’U’MDMba — Opa A)Sa}
+ i g Tr{Hyy, s AL Ho} +i g Tr{Syv,v5A4 Sat
+ [i h Tr{Syyuvs Al Ho} + h.c)] (1)

The fields H, in (1) describe the negative parity JX =
(07,17) gQ doublets (with s’ = 17):

(1+¥)

H, =
2

[P;/L’YIL - P075] ) (2)
where the operators P;* and P, respectively annihilate
the 17 (BZ) and 0~ (B,) mesons of four-velocity v (a =
u,d, s is a light flavour index). In the infinite heavy quark
mass limit such states are degenerate in mass, due to the
vanishing of the chromomagnetic interaction of the heavy
quark spin with the spin of the light degrees of freedom
of the mesons. Hence, H, describes a doublet of states
with the light degrees of freedom with zero orbital angular
momentum with respect to the heavy quark. Analogously

[5], the fields S, describe a doublet of states having the
1+

light degrees of freedom with angular momentum s, = 3

(P-waves in the constituent quark model):

_ 1+

Sa 5

[DYy,v5 — Do) (3)

with DY, Dy annihilation operators for the states 1T and
0T, respectively. Notice that all the heavy field operators
in the lagrangian (1) contain a factor /mp and have di-
mension 3/2; the parameter A in (1) represents the mass
splitting between the positive and negative parity states.

The octet of light pseudoscalar mesons is included in
the effective lagrangian (1) using the exponential repre-

sentation: £ = e and ¥ = £2; the matrix M contains
the 7, K and 7 fields:

\/}To + \/%n mt
T — %770 + \/gn

KO

K+
KO

f\/gn

(4)
P



504

with f; = 132 MeV. Finally, the operators D and A in
(1) are given by:

D;J,ba = 6ba8;t + Vuba
(fTaﬂﬁ +£0,€7),,,
9 (ST(?,@“ - gaﬂgT)ba

= 0paOp + = (5)
(6)

The effective Lagrangian (1) can be generalized to in-

Ap,ba =

clude the interactions of heavy Sf = %Jr states, as well as
the interaction with the octet of low-lying vector mesons
[6].

The strong interactions between heavy H,, S, mesons
and the light pseudoscalar mesons, as described by (1),
are determined by three couplings: g, h and ¢’. The spin
symmetry implies that the couplings to light mesons (from
now on we refer to pions) do not depend on the particular
member of a doublet; for example, the couplings gg+ g«
and gp«pr, defined respectively by the matrix elements

(p,e2)m ()| B (p+q,€1) >

21
f — 9B*B*w€poapB€y 620pa qﬁ
s

< B*O
(7)

and
2mB
fr

(e is the B* polarization vector), coincide with the same
coupling g in the limit mj, — oo. Analogously, the constant
h describes the coupling to pions of whatever a member of
the H, doublet and a member of the S, one, whereas the
strong interaction of positive parity S, states with pions
is governed by the coupling ¢'.

Differences between the couplings of states belonging
to the same doublet are of order 1/mg. Such differences
play an important role in the heavy meson phenomenol-
ogy; for example, the difference between the pion-vector-
vector gp=p+, and the pion-pseudoscalar-vector gp«pr
coupling constant appears in the 1/mg correcting terms
to the effective lagrangian (1) [7], and must be taken into
account in the calculation of the heavy meson hyperfine
splitting [8,9].

In [10-12] the couplings g and h were computed using
QCD sum rules and the short-distance expansion [13], in
the infinite heavy quark mass limit. The short-distance
expansion was also adopted to calculate the couplings
9B*Br; 9B*B*x and gp,Br for finite masses of the heavy
quarks [14,10,11,9,15]; comparing the results derived in
the asymptotic regime and for finite masses, significant in-
formation was obtained on the size of 1/m¢ corrections.

A different approach to compute the strong couplings
was proposed in [16] and adopted in [11,17], using sum
rules based on the expansion near the light-cone [18-20]
1. The parameters ¢p-gx, ¢ BoBr Were determined by this

< Bp)m (q)|B* " (p+q.¢) >= 9B-Bre"q,  (8)

1 Applications of the light-cone sum rule method to semilep-
tonic heavy meson decays can be found in [21] and in references
therein
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Fig. 1. The correlator in (9)

N

technique for finite masses of the charm and bottom
quarks, and the couplings g and h were obtained extrap-
olating to mg — oo the results for finite m. and ms.

In this paper we derive light-cone QCD sum rules in
the limit mg — oo. This allows us to perform a systematic
comparison between the results of light-cone and short-
distance QCD sum rules, which can shed light on the crit-
ical parameters, the advantages and the drawbacks of both
the approaches. As we shall see, in the infinite heavy quark
mass limit a remarkable agreement between the two ap-
proaches is obtained, supporting our confidence on such
methods for the calculation of parameters which are sen-
sitive to the nonperturbative dynamics of QCD.

The plan of the paper is as follows. In Sect. Il we ap-
ply light-cone sum rules to calculate the coupling g and
gB+B*~; the numerical analysis of this channel is presented
in Sect.IIl, together with a comparison with the results
obtained for gg«pg. In Sect. IV and Sect. V we analyze the
couplings ¢’ and h, respectively; in particular, we consider
the process B; — Bgw. In Sect. VI we draw our conclu-
sions.

Il Light-cone QCD sum rules
for gg«p+» and g

Let us first consider the finite heavy mass case, and com-
pute the coupling gp+ g+, defined in (7). The correlator of
two vector currents J, = gv,b between the vacuum state
and a pion external state with momentum g¢:

HV p7
—z/dx«r 9)TId()3b(@), 5(0) 7 u(0)]|0 > e
= Ze/Lvaﬁp q F (9)

corresponds to the diagram depicted in Fig. 1. Considering
a pion on mass shell: ¢> = m2 (we set m, = 0), the
invariant function F depends on p? and (p + ¢)>.

Following the same idea underlying the usual QCD
sum rule method, a hadronic representation can be given
to the correlator (9) in terms of the lowest lying reso-
nance, the B* pole, of higher resonances and a continuum
of states. In a double dispersion relation for F' in the vari-
ables p? and (p + ¢)*:
/ dsds

(s —

had( S’)

p*)(s' = (p+9)?)

F(p*, (p , (10)
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the spectral function p"*? gets contributions from B* and
from higher states; therefore, it can be modeled as

had(

P15, ) = - pexmiye f3-0(s — m.)3(s' —m.)

fr
+p%™ (s5,5)0(s — 50)0(s" — sp) (11)
where p°™(s,s’) includes the contribution of the higher
states and of the continuum above the effective thresholds
S0, S4; the B* leptonic constant fp~ in (11) is defined as

< 0|dv,b|B*°(p,€) >= mp- fp-€, - (12)
We neglect in the dispersion relation (10) possible subtrac-
tion terms, which play no role in the Borel transformed
sum rules, as shown in the following.

For large positive values of —p? and —(p + ¢)? the
function F(p?, (p + ¢)?) can be computed in QCD. This
task is afforded expanding the T-product in (9) near the
light-cone (2% = 0) in terms of non local operators, whose
matrix elements are defined by wave functions associated
with operators of increasing twist. According to the nota-
tions in [16], the catalog of the relevant matrix elements,
up to twist 4, is:

7(q)|d(z)7,15u(0)]0 >

1
= —ifrxqy /o du €97 (o, (u) + 2291 (u) + O(x*))

x2q ! iuqx
+f7r(x,u - ql‘#)/o du e gQ(U) ) (13)
7(q)|d(x)ivsu(0)[0 >
>
- ni?jﬁ;hzfg du e pp(u) , (14)
7(q)|d(2)0,75u(0)[0 > (15)
= i(qux, — qyx“)fi(fﬂ—l—md/ du e p, (u) .

The wave function ¢, is associated with the leading twist
2 operator, g1 and g» correspond to twist 4 operators, and
pp and @, to twist 3 ones. Due to the choice of the light-
cone gauge =" A, (z) = 0, the path-ordered gauge factor
Pexp (igs fol duxt A, (uz)) has been omitted. Notice that
the coefficient in front of the r.h.s. of (14), (15) can be
written in terms of the light quark condensate < wu >
fam 2

— = —— < Uu >.
. . My + My f7r

The pion matrix elements of quark-gluon operators can
also be parameterized in terms of wave functions [16]:

using the PCAC relation:

7(q)|d(2)Tapv59s G (u)u(0)]0 >
= Zf37r qudadvp — qy(IaguB) (qHQBgua - qu@gu(x)]
/Do‘z P3r () etarlontvos) (16)

7(q)]d(x) 77595 Gap(vx)u(0)[0 >
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wa) o=
q- do\ 981 q-

(17)
q iqx(a va
e (gap = a5.) / Davsip (g )eie (@1 +vas)
and

m(q)|d(2)7,9sGap (va)u(0)[0 >
i1 o 22) 0o

T
/Dazgol

(q@ﬂfﬁ — 4pTa /DOMPH ) igz(ayt+vas) .

vs)]
q-x

zqm(al +vas)

(18)

The operator éag is the dual of G4p: éag = %eag(;pG‘Sp;
Day; is defined as Da; = dagdasdasd(l — oy — as — ag).
The function @3, is twist 3, while all the wave functions
appearing in (17), (18) are twist 4. The wave functions
o(xi, 1) (u is the renormalization point) describe the dis-
tribution in longitudinal momenta inside the pion, the pa-
rameters z; (), x; = 1) representing the fractions of the
longitudinal momentum carried by the quark and the an-
tiquark.

The wave function normalizations immediately follow

from the definitions (13)—(18): fo du pr(u fo du o, (u)
=1, fol du g1(u) = 52/12 fo du Gg( ) 52/18 (with
Gs defined as Ga(u) = —fo dv ga(v fDaZ(pl(ozi) =

[ Daig () =0, [ Da;gy (o) = — [ Doy () = 62/3,
with the parameter J defined by the matrix element:
W(Q)|dgsGau7au|0 >= i52f7\'qu'

In the limit © — oo the wave functions assume an
asymptotic form which is approximately symmetric in the
variables x; and hence represents an almost equal distri-
bution of the pion momentum between its constituents.
This asymptotic wave function can be calculated by ex-
ploiting the conformal invariance of QCD in the short dis-
tance region. On the other hand, to investigate the general
properties of the wave functions and their deviation from
the asymptotic form, non perturbative methods are re-
quired. Usually, the momenta of the wave functions are
determined by QCD sum rules, and then the wave func-
tions themselves are reconstructed [16,20]. In a calculation
of the type presented here, however, the complete form of
the pion wave functions is not required, since only the val-
ues in particular points, namely near the symmetric point
ug = 1/2, are needed. Therefore, the uncertainty in the
results is only related to a finite number of input param-
eters, as it will be shown in the following.

The expansion of the correlator (9) near the light-cone
produces the following expression for the invariant func-
tion F:

FCP (2, (p+q)?)

. ! @ﬂ(u)
=t /0 dumi — (p + uq)?
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B 1 " 4 2ml2)
f”/o a [m3 — (p + uq)?]? [1+m2—(p+uq)2]
x(g1(u) + Ga(u))
fﬂm72'r ! ” ‘PU(U)
+2mb6(mu+md)/o a [mg — (p + uq)?]?
o1 (a;) — P1(a)
/ dv/DOzz Tt gl £ vas) PP (19)

_4f7r/0 (v—l)/0 dagip(ag)

p-q
{mb [p+q(1+ (v—1)az)]?}3
4

fw/ dv/ dOés/1 " dord(ar, az)

-+ Q(al +vag)]?}

1
—|—2f7r/ vdv/Dai 5
0 {mb -

where zﬁ(ag) = dtf Yday, (ﬁ(oq, az) =

;! dt¢(t,a3)7 and ¢ = o1 — @1+ ¢ — ¢ Taking
into account the wave function normalizations we recover,
in the soft pion limit ¢ — 0, the expressions obtained in
[9].

The sum rule for g« g+, follows from the approximate
equality of the expressions (10) and (19). Moreover, invok-
ing duality arguments, the contribution of the continuum
in (10) corresponds to the QCD contribution. This allows
to isolate the pole contribution to (10). The equality be-
tween (10) and (19) can be improved performing a double
Borel transform in the variables —p? and —(p+¢)?2. Defin-
ing M? and M2 as the Borel parameters associated to the
channels p and p + ¢, respectively, and using the formula:

o (i)

[p + gl +vaz)]?}?

ala

(1)
B2 B
MEPME Tm — (p + ug)2)?
(M2)2—l mQ + q2(1 _ Uo)
= M12M22 exp( b M2 )5(U_u0) (20)
. MM M?
with M? MZ 4 M2 and ug YRR we get
FOOP(ME, M)
_ f7r 6—%%{]\4—2 (u )+ mbmgr (u )
- M2M2 Pr{Uo 3(mu+md) Po(Uo

—4(1 + FZ) [91(uo) + G2(uo)]

1— a1 d
[
Ug—a1

x (a1, 1 —oq — a37a3>

1— 041
Ug — a1
+2/ dOé]/ D)
ug— o 03

x| (a,1 —a; —az,az3)

SOL - SDL)
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[zzi(ll_—uz;w _ /i do wfla;)}
_[/Ouo da3¢(u0 ;243,043) /Olda3¢(ugg0¢3)”

On the other hand the Borel transformed hadronic repre-

sentation of the function F reads:

F(M M3 ) 2 mQB*fl%*gB*B* _mB*(M2+M2)
D A AT

’
s

/dsds' cont(g e M M3 (22)

As shown in (22), the Borel transformation exponentially
suppresses, for small values of the parameters M2, M2,
the contribution of higher states and of the continuum;
moreover, possible subtraction terms in (10), which de-
pend only on p? or (p+ q)?, are removed by the indepen-
dent borelization in the two channels. This is a feature
which renders light-cone sum rules quite appealing, as far
as the calculation of the strong couplings is concerned.
As a matter of fact, the determination of the strong cou-
plings by, e.g., short-distance rules is usually performed in
the soft pion limit ¢ — 0, thus preventing the possibility
of an independent borelization in the two B* channels.

Considering the symmetry of the correlator (9) (Fig. 1),
it is natural to choose M = M3, and then uy = 1/2, to-
gether with so = s(,. Such a choice corresponds to a quark
and an antiquark of the same momentum inside the pion.
In this condition the subtraction of the continuum can be
performed, in the leading twist term, with the substitution
e=mh/M? _y e=mi/M? _ g=so/M? [16], a recipe we follow
considering that the numerical contribution of the higher
twist terms is small.

In this way we get the sum rule for gg«p=,:

f%*gB*B*w
- %J;TzB*eniB; {(e:g — e M2 )M? pr(up)
e omym?
+e~ a2 [m Po(uo)
_4(1 + 78 s ) + Gl

1—aq dOé
dOél
ug—x1
(oL — 1) 041,1*041*0437013)
uofal

1— Otl
+2 / dOLl / P)
up—a a3

x| (a1, 1 —a; —az,az3)

[M/l dos 72’(043)}
1—wug

1 — o}

—ag,a3) /dag U;)[,OL%)}}.
3

[0 dag
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The numerical analysis of this sum rule is described
in the next section. Here we want to show that (23) has
the right behaviour in the limit m; — oo [16], and that
an analytical expression can be derived in the asymptotic
regime.

In the limit m; — oo the B* meson mass can be related
to the b quark mass by the relation mp« = mﬁ—/H—O(i),
where A represents the binding energy of the light degrees
of freedom in the static b quark chromomagnetic field.
Moreover, the B* leptonic constant depends on m; as:

fo =
low energy parameter remaining constant in the infinite
myp limit. Rescaling the Borel parameter: M? = 2m,E,
and the continuum threshold sy = mz + 2mypyo, with F
and yo independent of the heavy mass, we recover from
(23) a sum rule holding in the asymptotic limit:

\/meb (modulo logarithmic corrections), with F' a

< uu >

g = er% { (1 - 67%)&%(“0) - W@a(uo)

(24)

which is the analogous of the sum rule derived for g [10]
by the short distance expansion. Notice that the sum rule
(24) is not hampered by the problem of the subtraction
of the so-called “parasitic” contributions, which must be
carefully treated in the short-distance calculation [10]; as
a matter of fact, it results from two independent boreliza-

tions with parameters F; and Fs, with ug = ﬁ and
_ BBy
E= E1+E>°

Finally, for m; — oo, it is worth observing that the
light-cone sum rule for gp«p, [16] coincides with (24), as
required by the heavy spin symmetry.

Il Numerical analysis for gg«p-, and g

The numerical analysis of (23), (24) requires a set of light-
cone pion wave functions. Actually, if the choice uy = 1 is
made, only the value of the wave functions in the middle
point is needed.

Different sets of wave functions are available in the
literature. Here we use the functions derived in [20] and
adopted in [16] to compute the coupling gp+pr. At the
b-quark mass scale the values of the various functions ap-
pearing in (23), at ug = 3, are: pr(up) = 1.219, ¢, (ug) =
1.463, g1 (ug) = —3.37 x 1073 GeV? and Ga(ug) = —1.8 X
1072 GeV?; these two last numbers correspond to the
choice 6%(my) = 0.17 GeV2. The expressions for the func-
tions ¢ and ¢ can be found in [16]; their contribution to
the sum rule corresponds to a small fraction (of the order
of 1072) of the final result.

Using my = 4.6 GeV [22], < tu >= —(240 MeV)3
and the threshold sy in the range sy = 33 — 35 GeV? we
get the result depicted in Fig.2. The duality domain in
M?, where the continuum contribution is small (less than
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6 8 10 12
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Fig. 2. Stability curve for f&. gp+m*x. The curves corre-
spond to the threshold so = 34 GeV? (continuous line),
so = 35 GeV? (dashed line), so = 36 GeV? (dotted line)

0025 7T T T T T T 7T T
>
)]
(©)
~ 0.02
£
[a]
o
o

L B B B 727 C B B

[ |
TN T TS A S TS I Y Y N

25 3 35 4

0.01
2

M (GeV?)
Fig. 3. Stability curve for f5. gp*p+~. The curves correspond

to so = 6 GeV? (continuous line), so = 6.5 GeV? (dashed line),
s0 =7 GeV? (dotted line)

30 %), can be chosen as M? = 6 — 12 GeV2. The result is:

[2e gp-per = (85 1.5) x 1072 GeV? | (25)
where the uncertainty is due to the variation with the
threshold sy and the Borel parameter M2. We do not in-
clude the uncertainty on the wave functions, which we
consider as external input parameters.

Equation (23) can also be used to compute the cou-
pling gp«p+x. Using m. = 1.35 GeV and 5o = 6—7 GeV?2,
taking into account the variation of the wave functions
with the renormalization scale, we derive the result in
Fig. 3. In the range M2 =2 — 4 GeV? we get:

f3. gp-per = (1.840.3) x 1072 GeV? . (26)
The results (25), (26) favourably compare with the out-
come of short-distance QCD sum rules [9]: f3.9p+p r =
(9.4 £ 1.8) x 1072 GeV?, f3.gp<p+~r = (1.7 +0.4) x
1072 GeV2.

The analogous couplings B* Bw, D* Dm, computed us-
ing the same set of parameters, are:

fefBs 9B<Br = (7.9 4+ 1.0) x 1073 GeV?
fofp- gp+pr = (1.5 £0.2) x 1072 GeV?
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Fig. 4. Stability curve for A and for F 2g. The curves cor-
respond to the threshold yo = 1.2 GeV (continuous line),
yo = 1.3 GeV (dashed line), yo = 1.4 GeV (dotted line)

to be compared with the short-distance based calcula-
tion [10} foB* 9B*Br = (70 + 15) x 1073 GeV? and
foD* 9dD*Dx = (12 Zl: 03) X 1072 G€V2.

The analysis of the asymptotic sum rule (24) allows
to derive g and, by taking the logarithmic derivative in
1/E, the parameter A. Using yo = 1.2 — 1.4 GeV and
E = 0.8 —2.0 GeV, we get, from the curves depicted in
Fig. 4:

A=0.40=£0.07 GeV
F2g = 0.031 £ 0.006 GeV? ;

(29)
(30)

the analogous result obtained in [10] is F2g = 0.035 +
0.008 GeV3.

The calculation of the couplings can be done, using
(25-28), once the leptonic constants are known. Since the
correlator (9) has been computed at the leading order in
ag, it is consistent to use the leptonic constants deter-
mined at the same order. Then, one can use [23]: fp« =
190+10 MeV, fp- =220+£24 MeV, fp = 150+£20 MeV,
fp =170+ 10 MeV, with the results:

g-pen =024+0.05, gp-per=0.31+0.08 (31)
gB<Br =028 £0.05, gp-pr =040+0.07. (32)

To derive the value of g, in the limit m; — oo, one can
linearly extrapolate the above results:

a
gppen =g (14 m—Q) (33)
gppr =9 (1+ i) ; (34)
mqQ
obtaining:
g=0.214+0.07 , a=0.6+0.9GeV (35)
g=0.23+0.08 , b=1.0+1.0GeV  (36)
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from gp«p+r and gpspr, respectively. The results (35),
(36) show that the same value for g is obtained by extrap-
olating to my — oo the values obtained for gp«p+, and
gp+pr. One can conservatively quote g = 0.22 4+ 0.10 as
the result of the extrapolation. It is also worth observing
that, although the fit does not accurately fix the param-
eters a, b, the 1/mg corrections are rather sizable in the
case of the charm quark.

Let us now consider the calculation of g from (30).

Using the determination in [24]: F' = 0.30£0.05, obtained
neglecting radiative O(as) corrections, one gets:

g=0.34+0.10 , (37)
a result which, although higher in the central value, is
compatible with the outcome of the fit.

It is interesting to consider the inclusion of O(a;) cor-
rections in the leptonic constants, to investigate at least
partially the role of the perturbative corrections in the de-
termination of g. Using, therefore, fp- = 213 + 34 MeV,
fp~ = 258 £ 26 MeV, fp = 180 £ 30 MeV, fp =
195 £ 20 MeV [23], one gets:

gp-B+r = 0.19+£0.04 ,
dB*Br — 0.21 £0.06 ;

gp-pem = 0.23£0.05 (38)
9p-pr = 0.30 £ 0.06 , (39)

ie.:

g=0.17£0.06 , a=0.6+0.8GeV
g=0.17=£0.08 , b=10+14GeV

(40)
(41)

The inclusion of the O(a) terms in the leptonic constants
does not spoil the prediction that the same ¢ is obtained
from the B* B*m and B* Bw channels. The numerical value
of g results modified at the level of 30%.

Several determinations of the coupling g can be found
in the literature [10,9,15,16, 25, 26], with values varying up
to g = 1. The analysis reported here points towards small
values of g, in agreement with the outcome of the rela-
tivistic potential model [25], which shows that the nonrel-
ativistic result g = 1 is reduced (g ~ 1/3) if a relativistic
treatment of the light quarks is adopted.

IV Light-cone sum rules for gg, g, and g’

The same method described in the previous sections can
be used to determine the coupling ¢’, which weightes in
the lagrangian (1) the strong interaction between positive
parity heavy mesons and pions. For a finite mass of the
heavy quark, the coupling gp, ,~ can be obtained from
the correlator of a scalar Jg = ¢@) and an axial J¥ =
qy" 5@ current:

Gu(p,p+q)
:Q/M<wwwwmmwmamW%MWM>am

=GO+ )+ 6y, (42)
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since the invariant function G(!) gets contribution from
the poles By and Bj. Defining

2‘/m30m31
figBlBow €-q
s

(43)
with mp, and mp, the masses of the positive 17 and 0%
states, respectively, and

7(q)Bo(p)|B1(p + ¢, €) >=

2
_ m
< 0[bu|By >= ooy, (44)
mp
< 0ldv,vsb|Bi(p,€) >= fp,mp, €, (45)

we get the Borel transformed sum rule for gp, p,~:

3 5
2fB1 mél fBOméo
Jamyp

{(MW — =5 /MY M2 £ o (o)

9B, By~

2 2
mB ey,

=e 2M2

2 2 7\'m2
femmi/M le[ ! (1 —uo)pp(uo)

——
fxmz dp,
e o (2000 = (=) g 0)
(21 = wodantun) + G ()
12 4mbf7r [gl (UO + Gy (Uo)] (46)

M
1— a1
7mbf7‘{'\/ dal/
UuUg—a1
X(=p + @ +2p1L — 201 )(a1,1 — a1 — a3, a3)

1=uo o
*2M2f37r{/ 738037r(u071*1t0*043,043)

1= dog
/ dal/ 2 <)037r(051a1_0[1_a3aa3):|‘|}
Ug—a1

In the infinite heavy quark mass limit, it is easy to derive
from (46) the sum rule for ¢’, using the scaling law fp, =
Pt
Vi

g = In f” {(1—e #)2E frpn (u0) (47)

J% < 1}3 Z oo (up) — %[gl(uo) - G2(Uo)]}-

Eis the Borel parameter; A’ is the binding energy for the
S¢ = * doublet: A’ =m B, o — M, and it can be obtained
by the logarithmic derivative of (47).

Before performing the numerical analysis of (46), we
notice a potential numerical problem related to the pres-
ence of terms of opposite signs and similar sizes contribut-
ing to the sum rule. An example is represented by the first
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Fig. 5. Stability curve for A’ and for F*2¢’. The curves cor-
respond to yo = 1.3 GeV (continuous line), yo = 1.4 GeV
(dashed line), yo = 1.5 GeV (dotted line)

two terms in (46), respectively proportional to ¢, and @p.
For intermediate values of the heavy quark masses there
is no evidence of a hierarchical structure among the con-
tributions from different twists; moreover, cancellations
between various terms result in a critical dependence on
the values of the wave functions, which have their own un-
certainties. On the other hand, in the infinite heavy quark
mass limit such a problem does not occur, and therefore
(47) provides us with the possibility of determining ¢’
more reliaby.

Using mp, = mp, = 5.7 GeV and sg = 36 — 38 GeV?
we get

IB.fBy 9B Bor = (1.2 4£0.4) x 1073 GeV? . (48)
A determination of gp, p,» immediately follows, using the
leptonic constants of By and By computed in [23]: fp, =
180 + 30 MeV, fp, = 180 + 30 MeV (the corresponding
constants in the charm case are fp, = 240+20 MeV and
fp, =170 £20 MeV). We get:
9B,Byw = 0.05 £0.02 . (49)
Going to smaller heavy quark masses, the coupling gp, p,~
decreases. However, the cancellation between different
terms becomes more and more important, and the result
becomes critically dependent on the values of the wave
functions.

The asymptotic sum rule (47), depicted in Fig.5 and
obtained varying yo in the range yo = 1.3 — 1.5 GeV/, and
the Borel parameter E in the range £ = 1.0 — 2.0 GeV/,
provides the result:

A =0.89+0.05 GeV
Ft2¢ = 0.022 +0.003 GeV?
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Using FT = 0.46 + 0.06 GeV 2 [23] the last equation cor-
responds to:
g =0.1040.02 (52)

The comparison between (49) and (52) gives an insight
on the role of the heavy quark mass corrections in the case
of the determination of the strong coupling ¢'.

V Light-cone QCD sum rule for gg, g+~ and h

To complete our analysis of the couplings appearing in (1)
we consider the parameter h corresponding to the cou-
plings B1B*m and BoBw. The coupling gp,p~- has been
computed by light-cone and short-distance QCD sum rules
n [11], while a determination of gp, p~» can be found in
[17]. Here we want to derive an expression for h.

Let us define gp, g+~ by the matrix element

< B*(p,e)m(q)|B1(p +q,n) >

=9Br(€ - n)—+(p-n)(qg-€)F ; (53)
’I”I’LB1
9B, B*r 1s related to the coupling h in (1) by:
2h
(54)

9B,B*m = —JT\/mBlmB* 5
s

whereas the structure F' is subleading in the mg — oo
limit. To calculate gp, g« one has to consider the corre-
lator of an axial and a vector current:

uu pvp =+ Q)
.y / dz < 7 (q)|T1d()yb(x), B(O0)y5u(0)][0 > ¢i#
=Hg,, + HY )pupl, 4o (55)

The 1+ and 1~ poles contribute to the invariant function

H(O), which must be considered to derive gp,p«r. One
obtains the Borel transformed sum rule:
7m?3*+m‘291
9B, B*rx(mpB, —mp~)fp,mp, fe=mp~e” 27
m2 4
:fﬂ{(ew’é—e i) (et o)
+7mb ma M?pp(u )) — e~/ M? 2m?go (o)
e + g @plUo g2 (U0
2
+20% (14 5 ) (Gy(uo) + g3 (wo)] (56)

UQ d
+ME [/0 203 (SDH + @) (uo — az, 1 — ug, )
1
das _
+/ 204 ¢‘|)(u071_u0—0537043)
0

1— o
/ da1/ Y <P|\ (a1,1 —ay — a37043)] .
ug—oq

Differently from the calculation of g and ¢’, the de-
termination of A does not concern a symmetric correlator

— (g —
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Fig. 6. Stability curve for FEh. The curves correspond to
yo = 1.3 GeV (continuous line), yo = 1.4 GeV (dashed line),
yo = 1.5 GeV (dotted line)

(Fig.1). However, also in this case the choice ug = 1/2
allows us to use the same values of the pion wave func-
tions employed for g,¢’, which reduces the uncertainty

related to the wave functions. Considering that ¢!, (%) =
g2 (%) = G;(%) =g (%) =0, in the limit m; — co one
obtains from (56) the expression:

2,2
A oA m E
FJth:_fTri7T

My +mg A — A

(1= ™/ P)e 5 op(uo)
(57)
Equation (57) coincides with the expression that can be
obtained from the sum rule for g, g, [11].
The numerical results from (56), using the same set of
parameters chosen in the previous Sections:

fB.fB9B B r =1.9£0.4 GeV? |

foyfogpyDom = 1.2 £0.2 GeV? (58)
produce the following values for gp, p+r:
9B, B*x =06 £15 , gpyper =23+5 . (59)
The linear extrapolation to mp — co: hp, pxr = h(1+ mLQ)
determines the coupling h:
h=-07+03 |, d=0.0£0.7 GeV (60)

The same result comes from (57); as a matter of fact,
choosing yg = 1.3 — 1.5 GeV and the mass parameters
A, A’ derived in the previous sections, the result (Fig. 6):

F EFY h=—0.083 £ 0.005 GeV? (61)

corresponds to
h =-0.60£0.13 , (62)

in agreement with the determination h = —0.56 + 0.28
obtained in [11] from gp,pr-
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VI Conclusions

The strong couplings of heavy mesons to pions are ex-
pected to obey symmetry relations in the mg — oo limit,
when QCD displays invariance under rotations in the
heavy quark spin and flavour space. In this limit, it can be
shown that the number of independent couplings reduces
to a set of effective parameters.

We employed light-cone sum rules to evaluate the cou-
phngs gpP*P*ms gP*Pimy P Py (P = Da B) both for finite
values of the heavy quark mass and in the infinite mass
limit. This procedure allowed us to observe that the light-
cone sum rule method reproduces the right m¢ scaling
behaviour for the physical quantities. Moreover, we veri-
fied that the asymptotic results agree with usual QCD sum
rules based on the short distance expansion. This compar-
ison enforces our confidence in the reliability of both the
variants of the QCD sum rule tecnique (e.g. short distance
based and light cone sum rules), which are among the few
available instruments to investigate non perturbative as-
pects of QCD.

Acknowledgements. We thank G.Nardulli and N.Paver for in-
teresting discussions.
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