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1 Introduction

There has been significant progress on heavy hadron physics spectroscopy during the last
decade or so. Many new particles were discovered (see [1-9] and the references therein) part
of which are successfully described in framework of the quark model, while interpretation
of the remaining ones require to go beyond the quark picture. Among them the masses and
decay widths of some excited mesons such as D3(2400), D, (2573), B3(5747) and By, (5840)
with the quantum numbers J¥ = 2% are measured [8-10]. The properties of D-wave and
radially excited heavy light meson systems will also be examined in detail in the planned
experiments at LHC-b and KEK-B.

The strong decays of D-wave mesons, such as D2(2460) — D*Tn~, D7 —, DS (2460) —
Dozt [6, 12-14], D (2573) — DK™ [6], Ba(5747) — B*Fzn~, Bz~ [9, 10], and
B;Q (5840) — BTK~ [9, 10] have already been observed. The decay constants of the
tensor mesons D3(2460) and Dy, (2573) have been studied within the three-point QCD
sum rules method in [15]. In the same framework the strong constants of D;(2460) — D,
D%,(2573) — DK, B3(5747) — Bm, and Bg,(5840) — BK transitions have also been
calculated in [16]. Recently, the strong decay constants of the D3(2460) — D*,
D5, (2573) — DK, B3(5747) — B*m, and By, (5840) — B*K transitions have been stud-
ied in [17] in framework of the three-point QCD sum rules as well as the local QCD sum
rules methods.

In this paper, we will calculate the strong coupling constants of the aforementioned
decays of the tensor mesons D3(2460), Dg, (2573), B3(5747), and B, (5840) in framework
of the light cone QCD sum rules method. Light cone QCD sum rules are based on the
expansion over twist near the light cone 22 ~ 0, in contrast to the traditional QCD sum
rules where the operator product expansion is performed over dimensions of the operators.
The light cone QCD sum rules had been introduced to solve (or, at least partially) the
following problems of the traditional QCD sum rules: a) Operator product expansion
breaks down at large momentum transfers (as an example, one can refer the analysis of
the pion electromagnetic form factor in the traditional QCD sum rules method). Similar
problem also exists for heavy-to-light meson decays at large recoil. b) The pollution of
the sum rule by the so called “non-diagonal” transitions from the ground state to excited
states. Therefore predictions of the light cone QCD sum rules seem to be more reliable



compared to that of the 3-point traditional QCD sum rules method. The details of the
light cone QCD sum rules can be found in [18].

The paper is organized as follows. In section 2, the light cone QCD sum rules derived
for the coupling constants g; and g2 of the D5 — D, Dg, — DWEK, B5 — Bz, and
B, — B K transitions are given. Section 3 is devoted to the numerical analysis of the
aforementioned coupling constants, and present the values of the corresponding two-body
strong decays. In the rest of the section, comparison of our results with the ones available
in literature are presented. The section ends with our concluding remarks.

2 Light cone QCD sum rules for the strong coupling constants g; and g,

In this section we derive the light cone QCD sum rules for the strong coupling constants
g1 and g9 of heavy tensor to heavy pseudoscalar and vector mesons with the participation
of the light pseudoscalar mesons. To achieve this we first consider the following correla-
tion function,

Ly (o (p.0) =i [ dae™ (P(o) [ (2) T}, 0)]0) (2.1)

where

Ju@) = 5 [a@) B Q@) + 2o By Q)]

is the interpolating current of the heavy tensor meson, J; = ¢iv5Q, and J, = ¢7.Q are
the interpolating currents of the heavy pseudoscalar and vector mesons, respectively. P

denotes the light pseudoscalar meson, and ¢(Q) describe the light(heavy) quark. The

<
covariant derivative D, is defined in the following way,

B, () = 5[ B (@) Do ()],

Dy () = O () = X" A3 (@)
Dy (z) = 0, (z) + ig)\aAf;(:n) : (2.2)

where A® are the Gell-Mann matrices, and AZ(LL’) is the external gluon field, and in our
calculations we shall use the Fock-Schwinger gauge, i.e., ,A*(x) = 0. Since in this gauge
the gluon field can be expressed in terms of gluon field strength tensor

1
Ae = /0 dt Gy (t2)2”

1 1
= §$VG,,M(O) + gxax”DaGw +- (2.3)

In order to construct the sum rules for the strong coupling constants of the heavy
tensor meson to heavy pseudoscalar (vector) and light pseudoscalar mesons the correlation
function (2.1) has to be calculated in two different kinematical domains in accordance
with the QCD sum rules philosophy. The idea is straightforward. On the one hand, the
correlation function saturates at around p? ~ m%@ and (p+q)? ~ m2TQ (the hadronic part).

On the other hand, it can be evaluated in the deep Eucledian region where p?> < 0, and



(p + q)® < 0 by using the operator product expansion over twist (the theoretical part).
By matching these two representations, we derive the sum rules for the aforementioned
hadronic coupling constants.

We start our analysis by calculating the correlator function from the hadronic side. In-
serting a complete set of hadrons, carrying the same quantum numbers as the interpolating
currents Jy,,, and Js(;y, into the correlation function, and isolating the ground state contri-
butions of the heavy tensor and heavy pseudoscalar (vector) mesons, puts the correlation
function into the form

(01,0 |TQ) (P(0)Tol Po(Va)) (Pa(Vo)l 1L, l0)
pv(r) = 2 _ 2 2 _ 2 +o (2.4)
(p mTQ)(p me(VQ))

where Ty, Pg, Vg, and P stand for heavy tensor, heavy pseudoscalar, heavy vector and
light pseudoscalar mesons, respectively, and higher states and continuum contributions are
not shown explicitly.

The matrix elements in eq. (2.4) are defined as,

<0 ‘JMV| TQ(p)> = me%QGW(SJ?) y (25)
m2
(015 o)) = = Fa_ 26)
mg + Mg
(0111 Vg(p)) = fumyy & (p')

(PTQ|Po) = g1€is0" D" = g1€530°d°

(PTq|Vg) = 926" pacspd?pyéx

where ¢, is the polarization vector of the heavy tensor meson, fr, fg, fy are the decay
constants of the tensor, heavy pseudoscalar, and heavy vector mesons; g1 and go are the
hadronic coupling constants, and s is the polarization vector of the heavy vector mesons.
By performing the sum over the spins of the heavy tensor and heavy vector mesons in
egs. (2.4)—(2.9), for the correlation functions describing interaction of the heavy tensor,
heavy pseudoscalar (vector) and light pseudoscalar mesons we get,
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We now turn our attention to the calculation of the correlation function from the theoretical
side, i.e., in terms of the quark-gluon degrees of freedom. After contracting the heavy quark
fields, the correlation function can be written as,

ey = = [ o™ (P(@) fa0), By @)So(eiswa0) + (u s v)]0) . 212

where Sg(z) is the heavy quark propagator whose form in the coordinate representation
is given as,

So(x) = mg?{Kl <mQ\/_732)

o 5
= — + i~ K, (mQ\/ —x ) (2.13)
gsmo [ ] mqvV —x2>
1672 /0 " e

where K, is the modified Bessel function of degree n. The following relations for the

Ky (
G (uzx) (" + o)

+20" Ky (mQ\/ —x2> ] ,

derivatives of the Bessel functions will be used:

LK) = —3 [Kua(0) 4 K (0)]

dz
d n n
%(CL‘ K,)=—-2"K,_1(z),
d
%(x*"Kn) =—x "Kpyi(x). (2.14)

It should be noted here that the expansion of the quark operator up to twist four terms
is given in [19], which gets contributions from ¢Gq, gGGq, and gqgq nonlocal operators. In
the present work we consider operators with one gluon field, and neglect the contributions
of the operators §GGq and gqgq. Indeed taking into account of higher Fock-space compo-
nent requires simultaneous calculations of the corrections (with conformal spin j = 5) to
both two— and three-particle distribution amplitudes (DAs). The contribution of higher
conformal spin terms should be small. Therefore, neglecting the contributions of the ¢GGq
and §qqq operators can be justified on the basis of an expansion in conformal spin.



Having the expression of the heavy quark operator at hand, we now calculate the cor-
relation function from the QCD side. The expression of the correlation function in deep
Eucledian domain, p?> — —o0o (p + q)?> — —oo, can be obtained by using the operator
product expansion. It follows from eq. (2.12) that, in order to calculate the correlation
function from the QCD side, the matrix elements of the nonlocal operators between vac-
uum and one-particle light pseudoscalar meson states are needed. The matrix elements
(P(q)|q(x)T'i¢'(0)| 0) are parametrized in terms of the (DAs) [20, 21] and they are deter-
mined as,

3 1 .
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where

2
mp Mgy, + My,

) ﬁpzi)

pp = fp———
Mg, + My, mp

and ¢; and ¢y are the quarks in the meson P, Do = dogdaydagd(l — ag — aqg — o). Here
op(u) is the leading twist-two, ¢p(u), ¢5(u), T (a;) are the twist-three, and A(u), B(u),
Al (i), Aj(a;), V(o) and V(y) are the twist-four DAs, respectively. Their explicit
expressions are given in the next section.

Using egs. (2.12), (2.13) and (2.15) the theoretical part of the correlation function can
be calculated in a straightforward manner. By equating the coefficients of the respective
Lorentz structures calculated from the hadronic and QCD sides of the correlation function,
and performing Borel transformation for the variables —p? and —p? = —(p + ¢q)?, to
suppress the continuum and higher states contribution, we obtain the sum rules for the
strong coupling constants ¢g; and gs,

2
fPQ P, —m2, /M2 —m?2, /M2 _ 2_ 2 ~th.(P,
e _Hs me?:)nglAie 7o /M1 g M +/d31d52p}1”(51,32)e s1/M—s2/M; =11, ( Q)’
Q q
2 2 2 2
3 —mg, /M —my_ [M; h —s1/M2—so /M2 _ T7th.(VQ)
fvgmvg frmp,gaBie "7 e TVRTTE 4+ [ dsidsapy (s, s2)e s1/Mi—sy/My _ [pVQ)

(2.16)

where tilde in (2.16) means Borel transformed invariant function. The second term on
the left hand side of eq. (2.16) corresponds to the contributions of the higher states, as
well as the continuum. In order to calculate this contribution, the hadron-quark duality
ansatz is employed, i.e., above some threshold in the (s1, s2) plane, and then the hadronic
spectral density is equal to the spectral density obtained from QCD side. Using this ansatz,
the continuum subtraction can be performed by using the procedure given in [22]. In
performing the continuum subtraction procedure we have used the fact that, the initial and
final heavy baryon masses are close to each other, so that we can set M2 = M3 = 2M?, and
in this limit we get ugp = 1/2, where we shall use further numerical analysis. Omitting the
technical details of the subtraction procedure we note that, in the case M? = M3 = 2M?
and at the point ug = 1/2, the subtraction procedure can be performed by using the
following formula,

1

M2 —mé JM? L
‘ T'(n)

%0 —s/M? 2 \n—1
dse (s=mg)", (n>1),

2
Q
from which we obtain

M2e~ma/M? _y pp2 [efm%/szso/MQ] )

For the higher twist terms which are proportional to the zeroth or to the negative
powers of M?, continuum subtraction is not performed, since their contribution is expected
to be small (for more details, see [22]). The expressions of 4; and B; in the above-expression



are as follows,

1, for the g,q, structure,

1
2m2 <m%Q+m%_m%Q) , for the g.p,+qup, structure,
T
2
2 2 2

2
——mp+
3P

for the g, structure
2 ) jn )
12ﬂ1T

416 3

2,2
1 |1 2 mpmr
v [ (mQTQ—G—m%—m?DQ) —|—PQ] , for the p,p, structure.
Tq

Ve

1, for the e paquaqy (€Y Daquqy) structure,
B={ 1

2
4mTQ

vant

<m?pQ+m%—m%Q) , for the e p,p,q, (€7 papuqy) structure.

The expressions of the ﬁ:h'(PQ) and ﬁ;h'(VQ) are listed below:

1) Coefficient of the g, q, structure

~th.(P 2 2 .02 g2 1 1
T(P) = emip/AM? g =mg /M {48M2fpm%m?éA(UO) - mM2{12f7>mQ907>(u0)

+ pip[60m (o) — (1= 7B2) (866 (o) + 6, (0) )|} + o fpmBmai(B)

+ 432171@

2) Coefficient of the p,q, + p.gq, structure

~th.(P 2 2 02 A2 1 1
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+ i [66p (o) — (1= ) (46 o) + 6 (u0)) | } + 5 S (B)

_l’_
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3) Coefficient of the g,, structure

~ —m2 /M2 1 -
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4) Coefficient of the p,p, structure

~ 2 /M2 1 -
T (P) = gmip/AM? g =mig /M { - %MZMD [6¢7>(u0) - (1= M%)%(UO)]
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where
M o MPM3

OS2 T MZ+ M

The function i (f(u)) appearing in the expressions above is defined as:
1

() = / duf(u).

uo

It should be noted here that, in the above expressions the light quark masses m,,, my

and myg are all set to zero, while in the numerical calculations the mass mg of the strange

quark is taken into account.

3 Numerical analysis

This section is devoted to the numerical analysis of the sum rules for the strong coupling

constants g; and go.

The main input parameters of the light cone QCD sum rules are the distribution

amplitudes (DAs), whose expressions are given below [20, 21],
op(u) = 6ui [1 +alC1(2u—1) + a§C§/2(2u - 1)] ,

1
T (o) = 36017304504(10452] [1 + w3§(7a9 — 3)] ,
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+ 2a*(10 — 15a + 6u%) In @ + wa(2 + 13ua)] | (3.1)
where C¥(z) are the Gegenbauer polynomials, and
1
hoo = voo = =34,
21 9 p
aio = §774w4 - %az )
21
U10 = oW
3
hot ’P
01 4?74w4 20
7 3
h1o 73
= /w4 + == 20
go=1,
18 20
g2 =1+ a3 + 603 + o,
9
94 = —%agj — bnzws . (32)

The values of the parameters a71), af, N3, N4, w3, and wy entering eq. (3.2) are listed in

table 1 for the pseudoscalar 7, K and 1 mesons.
In performing the numerical analysis, in addition to the above-mentioned parameters,

the decay constants of the heavy tensor, heavy pseudoscalar (vector) and light pseudoscalar



T K
al’ 0 | 0.050

ay (set-1) | 0.11 | 0.15

ay (set-2) | 0.25 | 0.27

73 0.015 | 0.015
74 10 0.6
w3 -3 -3
Wy 0.2 0.2

Table 1. Parameters of the wave function calculated at the renormalization scale u = 1GeV.

mesons, and masses of the quarks are necessary. The decay constants of the heavy tensor
mesons are calculated in [16, 17, 23] and their numerical values are fp; = (0.018 £ 0.007),
fp§2 = (0.023 £ 0.011), fg; = 0.011, fng = 0.013, fp- = 0.24GeV, fp- = 0.16 GeV [22].

In the present work we use the M S values of the quark masses given the Particle Data
Group [8]: mc(me) = (1.275+0.025) GeV, mp(mp) = (4.18 £0.03) GeV, and m4(2 GeV) =
(0.095+0.005) GeV. The masses of the heavy mesons are calculated in framework of the the
QCD sum rules, having the values, mp; = (2.460 £ 0.009) GeV, mp; = (5.73 £ 0.06) GeV,
mp; = (5.84 +0.06) GeV, which are all very close to their experimental values.

There are three extra parameters entering into the sum rules expressions, namely,
the continuum threshold sy and the Borel mass parameters M? and M2. In the present
analysis we set M = M2 = 2M?, and this choice corresponds to ug = 1/2. The continuum
threshold sy is determined from an analysis of the two-point correlation function which
leads to the following results: sop; = (8.5 £ 0.5) GeV?, S0,y = (9.5 %+ 0.5) GeV?, 50,85 =
(39.0 + 1.0) GeV?, soBy, = (41.0£1.0) GeV? [16, 17].

Of course, we need to find such a region of M? where the strong coupling constants ¢
and go are insensitive to the variation in M?2. The upper bound of M? is determined from
the condition that the higher states and continuum contributions constitute, say, 30% of
the total result. The lower bound of the Borel mass parameter M? is determined from
the condition that the contribution of the highest term with the power 1/M? remains less
than 25% of the contribution coming from the highest power of M?2. These two conditions
lead to the following working regions of M?: 2GeV? < M? < 4GeV? (for D} and Dg,)s
4GeV?2 < M2 < 7GeV? (for B; and 15’32).

Having determined the working regions of M?, we now calculate the strong coupling
constants g1 and go for the ToPgoP and ToVoP vertices, respectively. By performing
numerical analysis we obtain the values of the coupling constants g; and go which are
presented in tables 2 and 3. In these calculations we use two different sets of parameters
that appear in the expressions of the DAs.

In table 3 “no stability” means that there is no region of the Borel parameter M?
where the results for the strong coupling constants are insensitive to its variation.

~10 -



[15] [16] present work

Guv Pubv qudv Puqv + Puqyu
set-1 set-2 set-1 set-2 |set-1|set-2| set-1 set-2

D —Drt |15.3[4.63|16.5/12.3| 39+13 | 40+3 | 114+1|124+1]0.10|0.08| 17+5 | 17+6
Ds, — DK"|18.3|5.76 |12.2| 9.9 | 78 +20 | 74+5 | 10+1|104+1]0.10[0.13 | 194+6 | 9+ 3

B — Brt 39.3(17.1| 90£25 | 88£20|70+£15|73+£20{0.30 | 0.15|40+£12|36 &= 12
Bs, — BKY | — | — [26.3|12.9 [400 + 100|360 + 50 |58 = 12|55+ 12| 0.25 | 0.30 | 24 +8 | 22+ 8

Guv |PuPv | Guv | PuPv

Table 2. The values of the strong coupling constants for the Ty PoP vertices for different Lorentz
structures.

[16] present work
Evrpo MDD | EvrpapH PP D" ol k' Corar P4’
set-1 set-2 set-1 set-2
Dg — D*T 4.00 0.73 4.4+ 1.0 |no stability | 0.42 + 0.10 | no stability
Dgz — D* KT 2.98 0.79 4.4+ 1.0 |no stability | —0.37 + 0.13 | no stability
BS — BT~ 3.87 — 5.9 + 2.0 | no stability| 0.22 4 0.05|no stability
Bgv2 — B*TK~ 2.89 — 3.0 £ 1.0 |no stability | 0.28 = 0.06 | no stability

Table 3. Same as in table 2, but for the T VP vertices.

From these tables we deduce the following conclusions:

e The value of the strong coupling constant depends very strongly on the choice of the

corresponding Lorentz structure, especially for the Ty — PP transition.

e We also observe that the value of the strong coupling constant for the Ty — PP
transition ranges in a rather wide region from 0.3(0.15) to 290(400) for the By —
B~xt (Bg, — B°K®). In the case of Dyg,) — DT~ (DYK?) transitions the values
of the corresponding coupling constants vary in the range 0.15 to 78.0. These results
also show that the strong coupling constants are very sensitive to the values of the
input parameters appearing in the DAs.

The huge differences in the values of the strong coupling constants g; and go can
be understood in the following way. It is well known that the Lorentz structures having
maximum number of momenta exhibit good convergence of the OPE compared to the
structures containing less number of momenta. Therefore the prediction of the g,,,, structure
on the coupling constant is not reliable compared to the other structures which contain
maximum number of momenta. The origin of different values for the coupling constant
predicted by the amepopq" and <€p[,mqﬁ pPq” structures (for the set 1) can be attributed
to the fact that the ratio of the sum rules is crudely proportional to mTQ/ Am, where
Am = mg, — my,.

As far as the coupling constant g; is concerned, the structures g,, and p,p, do not
contain leading twist term, and therefore predictions of these structures are not reliable.
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It follows from table 1 that the most reliable value for the Ty PoP vertex follows from
the g,p, + qup, structure, from which we get,

17+5, DY — Drn—,
19+6, DY — DK™,
40+12, BY - B nt,
2448, By — B°K".

g1 (3.3)

Using the set 1 values of the parameters of the wave functions, for the strong coupling
constants of the Ty — VP transitions (for the structure 6pga7p/3ppq") we obtain,

44410, DY - D*+r—,
44+10, DY — DK™,
59420, BY — B~ 7",
3.0+1.0, By, = B*K"™.

92 (3.4)

We now compare our results on the strong coupling constants with those predicted by
the 3-point QCD sum rules method. For the structure g,, our prediction for the coupling
constant gpsp+,- is approximately two times larger compared to the one predicted in [15]
and [16]. For the Bo — B~ 7" and Bg, — BK? transition coupling constants our results
are two to more than ten times larger than the ones predicted in [16]. Our predictions on the
TVoP coupling constants for the structures apgmpﬂppq”(epamqﬁ p”q°) are approximately
eight times larger(ten times smaller), respectively compared to the ones predicted by [16].

At the end of this section we present the results for the decay widths of all transitions

under consideration, whose expressions are gives as,

5
Dy pop— 1171
Qre 60mm32. '’
Q
2175
_ 957l
FTQVQ'P = 407 (35)
where
1 4 4 4 2 2 2 2 2 2\1/?2
|p] = —— (mTQ + mp, +mp — 2my, mp, — 2mp,mp — 2mPQm7>) . (3.6)

2mTQ

Note that the |117|5 dependence is an indication of the fact that the decay takes place at the
D-wave level. The results for the decay widths can be summarized as follows.

e In the case for the transitions of the heavy tensor mesons to heavy pseudoscalar and
light pseudoscalar mesons (for the p,q, + p,q, structure), the widths are,

' (D§(2460) - DPr~) = (8.6 £5.2) x 1072 GeV,
T (D§2(2573) = D0K0> — (4.4 +2.4) x 1073 GeV,
T (BY(5747) — B 7)) = (3.7£2.4) x 107° GeV,
I' (BY,(5840) — B°K’) = (8.6 £5.7) x 107° GeV . (3.7)
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e In the case for the transitions of the heavy tensor mesons to heavy vector and light
pseudoscalar mesons (for the apgmpﬁ pPq° structure), they are

I (D9(2460) — D*T77) =
r (79;2(2573) — DK =
(BS( BTAT) = B ) =

I' (B, (5840) — B*K"] =

5.2+2.3) x 1073 GeV,
2.30 + 0.85) x 1073 GeV,

(
(
(4.0 £2.7) x 1073 GeV,
(6.94+4.6) x 107° GeV .

It follows from the experimental data that [8], the ratios are

I'(D2(2460) — D7)
I'(D3(2460) — D*+7-)
I'(By(5747) — Bt ™)
[(By(5747) — B*trn)

=155,

=0.91,

as well as from the BaBar Collaboration data [24]

I'(D2(2460) — D7)

= 0.62 = 0.03 £ 0.02.
[(D5(2460) — D+7—) + [(D5(2460) — D7)

When we calculate the same ratios from eqs. (3.6) and (3.7), we obtain that,

I(D5(2460) — D7)

1644124
['(Dy(2460) — D7) ’
T(By(5747) — B~ )
—0.934+0.85
T(B2(5747) — B—n+) )
and T'(Dy(24 D+
(D5(2460) — D7) — 0.67+0.50.

['(D2(2460) — Dr7—) + I'(D2(2460) — D7)
We see that our prediction on the ratio of the decay widths (for the central values of the
considered decays) are in good agreement with the experimental results, as well as they
are quite close to the results in [16] and [17].

Few words about the perturbative O(as) corrections are in order. These corrections
increase the correlation function of the coupling constant of the B* — Br transition about
50% in the light cone QCD sum rules [25]. If we assume that this increase in the correlation
function is correct, it is expected that the coupling constant increases with the same order,
i.e., g; — 1.5g;. This increase in the coupling constant doubles the values of the decay
widths as well.

In conclusion, we calculate the strong coupling constant of the heavy tensor meson to
heavy pseudoscalar (vector) and light pseudoscalar mesons in framework of the light cone
QCD sum rules method. It is seen that the values of the hadronic decay constants depend
very strongly on the choice of the Lorentz structure. Furthermore, using the determined
values of the coupling constants we also estimate the corresponding decay widths. A
comparison of our predictions on these hadronic coupling constants with the results of the
3-point sum rules is presented.
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