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gn+8p, and gp.p, coupling constants in light cone QCD sum rules
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The decay constants for the strong off-shell B* — Bp and D* — Dp decays are calenlated in
the framework of light cone. QCD sum rules. The results are shown to be in agreement with the
predictions of the “classical” sum rules method, and with those of the vector dominance model.
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I. INFTRODUCTION

Determination of the various characteristics of the
heavy flavored hadrons experiments requires information
about the physics at large distance. Although the exclu-
sive decays of heavy flavored hadrons are often easier to
measure experimentally, for the interpretation of the data
one needs accurate estimations of form factors and other
matrix elements. There exists a number of nonperturba-
tive approaches for such calculations. Among these, the
QCD sum rules [1) are one of the most powerful methods.

The aim of this work is the determination of the
B*(D*) — B(D)p coupling constant in the framework
of QCD sum rules. Here we use an alternative to the
“classical” sum rules method, namely the QCD sum rules
on light cone [3]. This approach is interesting in several
respects: First, all the symmetries of the theory, such
as gauge, Lorentz, and conformal invariances [4,5], are
preserved in the coordinate space. Second, the covariant
light cone expansion in poweis of “c®”, which is com-
pletely different from the usual Wilson operator product
expansion (OPE) based on the T product of currents at
small distances, allows us to separate the higher twist ef-
fects. It is well known that the OPE on the light cone
is performed over the twist of the operators, instead of
dimensions, and the main contribution comes from the
operators with minimal twist. Matrix elements of nonlo-
‘cal operators sandwiched between a hadronic state and
the vacuum give hadron wave function of increasing twist.
The advantage of this approach is that it provides addi-
tional information about high-energy asymptotics of cor-
relation functions in QCD, which is accumulated in the
wave functions. The high energy behavior of these func-
tions is dictated by the approximate conformal invariance
of QCD.

This method was successfully applied for estimating
the decay rate of the radiative decay £ — py [6], nucleon
magnetic moments, the strong couplings g.n Gpwn [7]+
form factors of semlleptomc and radiative B-D meson de-
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cays (8], the couplings gp+Bx, gD*Dx {9], and the TAy*
form factors [10].

In the present paper we ca,lculate the strong coupling
constants, gp-p, and gp-p,, using the light cone sum
rule. The paper is organized as follows: In Sec. II we
derive the light cone sum rule for the B*(D*) — B(D)p
coupling constants. Section IIT is devoted to the analysis
of the sum rules and discussions.

II. CALCULATION OF THE gg.p, AND gp«p,
COUPLING CONSTANTS

According to the QCD sum rule ideology, for the cal-
culation of the gg.p, coupling constant it is necessary

to construct a suitable correlation function in hadronic

and quark-gluon languages. For this purpose, let us con-
sider the following correlator function information about
high-energy asymptotics of correlation function

F,=i ] d*ze'?®

x{p(g, ) T{P(x}vub(), b(O)ivsp () HO). (1)

Here 4 and b are the light and beauty quark fields.

When the p meson is on the mass shell, ¢ = m?, the
correlation function (1) depends on two variables, p? and

p+q)>. _

The correlator (1) in quark language can be calculated
in the deep Euclidian region where both variables p? and
(p + q)? are negative and large, so that the heavy quark
is sufficiently far off-shell. Therefore we can use the per-
turbative expansion of its propagator in the external field
with slowly varying fluctuations inside the p meson. The
leading contribution is represented by the diagram in Fig.
1. For the calculation of this diagram we use the free-
heavy quark propagator:

d*k e~ ke K+ me
(2m)4 7 mi — k2’

(2)

(O[T {b(x)b(0)}j0) = iSp(x) =

Substituting Eq. (2) in Eq. (1), for the leading contri-
bution, we get '
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FIG. 1. Diagrams contributing to the correlation function
Eq. (1). Solid lines represent quarks, wavy lines external
currents.

dikdiz e1',(1:) —k)x
(2m)4 mi — m2 — k?
x{p(g, O)la{z)vu (¥ + ms)ivsu(0)|0). )

Thus, in general we deal with matrix elements of gauge-
invariant nonlocal operators, sandwiched between the
vacuum and the meson states. These matrix elements
define meson wave functions on the light cone. From Eq.
(3) it follows that we need two matrix elements:

o(a, (@) 1uvaivsu(0)|0) @

F, =

and

(p(g, €)|[B{x)vuivsu(0)]0). (5)

For the calculation of the matrix element (4), we use the
Fierz identity

TuVa¥s = —CuarpTArp T Juas

and get
{p(g, )]E(z) Vurarsu(0)[0)

= —€uarp(P(2: €)1E(w)02,2(0)|0)
+9ua{o(g: )2 (x)15:(0)[0). (6)

By definition, the matrix element proportional to gu. in
Eq. (6) is equal to zero. The first term in Eq. (6},
following [2], can be defined as

{p(g, €)la(z)ox,u(0)|0)

1
= ilergo = o)} [ due™ T 7). (7

The matrix element (5) can be defined by the following
expression [11]:

{plg, )a(z)var5u(0)]0)

1
= (1/4)eparreado®r fom, j(; due” ™% g, (u, ,u.z). (8)

The function ¢ (u, 4?), whose leading twist is two, de-
scribes the distribution of the fraction of the total mo-

mentum carried by the quark in the transversely po-
larized p meson. In [11], it is shown that the function
g1 {u, #?) contains the contributions coming from the op-
erators of twist two and three. The twist-three opera-
tor contributions are due to the gluon exchange in Fig.
1, and it is described by three-particle quark-antiquark-
gluon wave functions of the transversely polarized vector
mesons (see, for example, [2,11]). In this work, we do not
consider these contributions and take into account only
the leading twist operators. In this accuracy, we take
g1 (u) = 6u(l — «) [11], in our numerical calculations.

In [11] it is shown that the contributions to the
transversal g, can be expressed in terms of the longi-
tidunal wave function ¢ with leading twist » = 2 defined
as

{0[2(0) vt ()| o( X, 2))

etz - — 2
Ppw.fpmpfo due™™F ¢||(u1ﬂ' )

Namely,

&gy [ 1 [ a8 ]

where 7 =1 — v,
In (7) and (8), u is the difference in the fractions of the
p meson momentum carried by the quark and antiquark,
and p is the renormalization point of the wave function.
Using Egs. (3), (7), and (8) we get for F),

d*zd* k —htu)e b
M(P q) f / eilpkt Q) m2 — k2

X {mb[_ prapTBQmeffpmpg_L ('UL, #* )]
+€ya)\pie.\qua.f:_¢.L (’H., ""2)}‘ ‘ (9)

Writing #3 in the momentum space as zg = —1'5‘35, and
performing the integrations over & and k variables, we
get

Fy = eyaﬁcqﬁeaPan (10)

where F is an invariant function of variables p? and (p +
g)?, and has the following explicit form:

oy _ [ gud Lefomeg. (v, 4?)
PO o+ av) )_fu d“{z [mZ = (p + qu)]?

1
mg —(p + qu)? } )

Now we apply the double Borel transformation

+2f:-¢l (u: uz)
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to Eq. (11). For this purpose we use the exponential representation:

L — ; ® n—1_ —aAd
T = (n—l)!/o o™ e da, (13)

Here we would like to present the technical details of our calculation. Let us first consider the first term in Eq. (11}:

-

1 ' mpfom,ogy (u, p?)
F =—/ dy—t—"— 14
T2 mi- (ot (14

In the denominator, going into the Eucledian region, we note
(p+ug)® = (1 —u)p” +ulp +¢)* + miu(l — u).

Then using Eq. (13), we get the expression
1 } e 2 2 2 2
- 5] du f dage~elmete" (-u)tEra) utmeu(-—uly, £ m g g(u, p?). (15)
0 0

Applying the double Borel transformation and using
Bag (pP)e = =) = §[1 — aM2(1 - u)]

(for more detail see [12]) we obtain
L S ' 24
= -2--/0 du./(; adadl — aM?(1 — u)]§(1 — aMu)e oM tmev(l=Wn, £ m g1 glu, u?).

After performing integrations over « and u we get the following expression:

. —_ 1 2 2 —_
e~ ity P Tmpu(l U)]! e

1
Fy = Smpfom,eg1g(u, 4°) M2M2 USSR

2

For the second term in Eq. {11), we follow the same procedure and we get the final result for the invariant function
Ftheor:

1 1 2 2 1
, heor __ — = + 1- 2 2y ol 2
Frtheor VIR 3Ty M tmpu(1-u)] [-émbfpmpgl(u,p ) + 200 (u, u®) f M’ u] e (16)
Y= M M3

Since the mass of B* and B mesons are practically equal, we can take M? = M'? = 2M (see also [11]). In this
case u = 1/2 and the invariant function F'P*°" becomes

. — sz (mi-tm3/4)
Ft eor(M,?) = _m—:i%z— {Emb.fpmpglg(l/z’#z)/Mf + 2f;31'¢J.(1/2$M2)} .
At this point we subtract the continuum contribution by replacing the exponential factor e=(mi+my/a)/Me by

gy /MI4mL[4) __ g=s0/M] [9] where 59 is the continuum threshold in the B channel, sp = 36 GeVZ. So, for the
theoretical part we get

1

-1 (m3tm? 1
g mrlmt "/4)—3_"0/M3] {Embfpmpglg(I/Z,pz)/Mf+2f:‘¢_j_(1/2,,u2)}. (17)

Note that » = 1/2 corresponds to the case where the probabilities of the fractions of the p meson momentum carried
by quark and antiquark are equal. -

Now we need the physical part of the sum rules. Satu.ra.tmg Eq. (1) by B* and B mesons we get the expression for
the physical part,
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mp- fp- famg

gB*Bp

Fu(p,9) = €uopodaspo o

Here ¢ and € are the four-momentum and the polariza-
tion vector of the p meson; p is the four-momentum of
B*(D*) meson. In deriving Eq. (18), we use the follow-
ing definitions:

(B* lBP} = gB'Bpff\aﬁcJ'chegpd'ef.’
(0[7.b1B*) = fa-mpeel

2
(Blbinsl0) = “2I2.

(19)
my

Applying the double Borel transformation to Eq. (18),
and equating the physical invariant function to the the-
oretical one, Eq. (17), we obtain the sum rule for the
coupling constant gg-p,:

o
—-—-—4M* ng, exp(m, + mZB/ZMf)Fth“r.
B

gB+BofB-fB = mam

(20)

In numerical calculations we use the following expres-
sions for the p meson wave functions [11]:

P {u; p?) = 6u(l —u)(l + aa(p)(€2 - 1/5) + -],  (21)
gl(uyﬂ'z) = 6u(1 - u)) (22)
where
2
az(p) = az(m)(%)”m’

and £ = 2u — 1, 8 = (11N, — 2n¢) and the anomalous
dimension v, is given by [13]

ch—l n+11
= 1+45 1.
T 2N + .Z_‘]
_]:2

The coefficients in the Gegenbauer expansion Eq. (21)
at low scale, a,(uo), should be determined by a certain
nonperturbative method, or should be extracted from the
experimental data. We use the model given in [2] for
p meson wave functions. At pZ = 1 GeV? this model
predicts

az(pk =1 GeV?) = —1.25,

Using this value, at 4? = m{ scale we find that az(p? =
m) = —0.85 at A(®) = 225 MeV. For the determination
of the coupling constant gp«p,, we make the following
replacements: b = ¢, B* = D*, B = D, and az(m?) -
as (mg)

III. NUMERICAL ANALYSIS AND DISCUSSION

The aim of the present work is to determine the cou-
pling constants gg~p, and gp+p,- In the numerical anal-

(% —mp2)[(p + 9)2 — m%]’

ysis we have used the following input parameters:

mp = 4.6-4.8 GeV [14, 15],
me = 1.3-1.4 GeV [1,14],
Mp~(p~) = 5.324 (2.10) GeV,
mpp) = 5.278 (1.864) GeV (18],
fr=02[2, f,=m,/{9.44m)"/% [1].

According to the QCD sum rules method we have to
find a region of M2 where gg- BofB+fB does not practi-
cally depend on M2, and at the same time the continuum
contribution remains under control, i.e., it constitutes
about 30-40% of the bare loop contribution.

The M? dependence of gg-p,fp: fz at so ~ 36 GeV
is presented in Fig. 2. The best stability region is
10 GeV2 < M2 < 20 GeV?, and the prediction is

gB-Bofp-fa = 0.33. (23)

Performing the similar calculations for gp.p,fp+fp we
get (Fig. 3)

in the stability region 4 GeV? < M2 < 6 GeV?, and at
80 = 6 GeVZ. Now let us compare the results (21) and
(22) with the predictions on these coupling constants in
the framework of “classical sum rules method.” In [17],

gB'BPfB*fB

1604 |

0.80
0.40 ]
0.00 FrrrrrrrrerereETe T T
0.00 5.00 1000 1500 20,00 25.00
M*(Gev?)
FIG. 2. The dependence of the coupling constant

gm+Bofm* o on the Borel parameter square M?. Solid line
corresponds to first set and dashed line to second set of values
of the leptonic decay constants.
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Joroplo To (1) f5 = 140 MeV [9,18],
0.70 3 fge = 160 MeV [18],
: Fp = 170 £ 10 MeV [9,18],
ol For = 240 + 20 MeV [9), (26)
s (2) fg =198 + 15 MeV [19,20,21],
: fa- = 213 MeV [19],
0.50 7 fo = 180 MeV [19,20,21],
fp- = 258 MeV [19]. (27)
040 “ Using Eqgs. {23) and (24) and the values of leptonic
decay constants we obtain
0.30 — (1) gB+B, = 15,
gp+pp = 14,
o0 b I — (2) 98-8, =9,
2.00 3.00 2.00 dpepp, = 12.

M7 (Gev?)

FIG. 3. The same as in Fig. 2 but for the gp+p,fo+ fp
case.

we find that

gp~Bpfa-fp = 0.40,
gp+ppfp-fp =041, (25)

We see that the results obtained in these two ap-
proaches (the light cone and the classical sum rule) are
close. The differences are due to the higher twist effects.

For determination of the coupling constants from Eqgs.
(23) and (24), we use the following two sets of values for
the leptonic decay constants:

For the calculations of the decay constants in the first
set, we used the values of ¢- and b-quark masses as m, =
1.3 GeV and mp = 4.8 GeV, and m, = 1.42 GeV and
myp, = 4.6 GeV for the second set.

Finally, we would like to compare our results with
the predictions of the vector dominance model (VDM).
For the gg-5, and gp-p, coupling constants, VDM pre-
dicts a value gg-B, = gp*pDp = f% = 16 [22], where
fr = 133 MeV is the pion decay constant. We see that if
we choose the first set of values of the leptonic decay con-
stants fg and fp, our predictions for gg-p, and gp+p,
coupling constants are in very good agreement with the
VDM predictions.

In conclusion, the coupling constants gp+g., g8*BK~,
gp«Di+, and gp-p. can be easily obtained by using the
similar calculations.

[1] M. A, Shifman, A. L. Vainstein, and V. L. Zakharov, Nucl.
Phys. B147, 385 (1979); L. J. Reinders, H. R. Rubin-
stein, and S. Yazaki, Phys. Rep. 127, 1 (1985).

[2] V. L. Chernyak and A. R. Zhitnitsky, Phys. Rep. 112,
173 (1984).

[3] V. L. Chernyak and A. R. Zhitnitsky, JETP Lett. 26,
510 (1977); Sov. J. Nucl. Phys. 31, 544 (1980); A. V.
Efremov and A. V. Radyushkin, Phys. Lett. 94B, 245
(1980); Theor. Mat. Fiz. 42, 147 (1980); G. P. Lepage
and S. J. Brodsky, Phys. Lett. 87B, 359 (1979); Phys.
Rev. D 22, 2157 (1980).

[4] V. M. Braun and I. B. Filyanov, Z. Phys. C 48, 239
(1990).

[5] 1. I. Balitsky and V. M. Braun, Nucl. Phys. B311, 541
(1988).

[6] I. L. Balitsky, V. M. Braun, and A. V. Kolesnichenko,
Nucl. Phys. B312, 509 (1989).

7] V. M. Braun and I E. Filyanov, Z. Phys. C 44, 157
(1989).

(8] V. M., Belyaev, A. Khodjamirian, and R. Ruckl, Z. Phys.
C 80, 349 (1993); V. L. Cheryak and I. R. Zhitnitsky,
Nucl. Phys. B345, 137 (1990); P. Ball, V. M. Braun,
and H. G. Dosch, Phys. Rev. D 44, 3567 (1991).

(9] V. M. Belyaev, V. M. Braun, A. Khodjamirian, and R.
Ruckl, Phys. Rev. D 51, 6177 {1995).

[10] V. M. Belyaev, Z. Phys. C 65, 93 (1995).

[11] A. Ali, V. M. Braun, and H. Siroma, Z. Phys. C 83, 437
(1994).

[12] V. A. Nesterenko and A. V. Radyushkin, Sov. J.
Nucl. Phys. 39, 811 (1984); V. A. Beylin and A. V.
Radyushkin, Nucl. Phys. 260, 61 (1985).

[13] M. A. Shifman and M. L. Vysotsky, Nucl. Phys. B1886,
475 (1981).

(14} S. Narison, Report No. CERN-TH 7444/94 1994 (unpub-
lished).

[15] M. B..Voloshin, Report No. ITEP-21, 1980 (unpub-
lished). ‘ ‘

{16] Particle Data Group, L. Montanet et al., Phys. Rev. D



360 T. M. ALIEV, D. A. DEMIR, E. ILTAN, AND N. K. PAK 53

50, 1343 (1994). Paver, Phys. Lett. B 269, 204 (1991).

[17] T. M. Aliev, B. A, Demir, E. Iltan, and N. K. Pak, Z. [20] E. Bagan et al., Phys. Lett. B 278, 457 1992).
Phys. C (to be published). [21] M. Neubert, Phys. Rev. D 45, 2451 (1992).

[18] T. M. Aliev and V. L. Eletsky, Sov. J. Nucl. Phys. 38, [22] Fayyazuddin and Riazuddin, Phys. Lett. B 337, 189
936 (1983). (1994).

[19] P. Colangelo, G. Nardulli, A. A. Ovchinnikov, and N.



	I. INTRODUCTION
	II. CALCULATION OF THE gBBr AND gDDr
	III. NUMERICAL ANALYSIS AND DISCUSSION

