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Investigation of the semileptonic transition of the B into the orbitally excited
charmed tensor meson

K. Azizi,"* H. Sundu,>" and S. Sahin**

'Department of Physics, Dogus University, Acibadem-Kadikdy, 34722 Istanbul, Turkey
2Department of Physics, Kocaeli University, 41380 Izmit, Turkey
(Received 6 May 2013; revised manuscript received 18 July 2013; published 9 August 2013)

The transition form factors of the semileptonic B — D3(2460)¢{(¢ = 7, u, ¢) decay channel are
calculated within the framework of the three-point QCD sum rules. The fit functions of the form factors
are then used to estimate the total decay width and branching ratio of this transition. The order of
branching ratio shows that this channel can be detected at the LHCb.
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L. INTRODUCTION

As it is well known, the semileptonic decays of the B
meson are very promising tools in constraining the stan-
dard model parameters, the determination of the elements
of the Cabibbo-Kobayashi-Maskawa matrix, understand-
ing the origin of the CP violation, and looking for new
physics effects. Over the last few years, the radially excited
charmed mesons have been the focus of much attention,
both theoretically and experimentally. In 2010, the BABAR
Collaboration reported their isolation of a number of
orbitally excited charmed mesons [1]. This report has
stimulated the theoretical works devoted to the semilep-
tonic decays of the B meson into the orbitally excited
charmed meson (for instance, see Refs. [2-5] and refer-
ences therein). As the decays of the B meson into orbitally
excited charmed mesons can provide a substantial contri-
bution to the total semileptonic decay width, such pro-
cesses deserve more detailed studies. Moreover, a better
knowledge on these transitions can help us in the analysis
of signals and backgrounds of inclusive and exclusive
decays of b hadrons.

In this article, we calculate the transition form factors of
the semileptonic decays of B — D3(2460)€7 in the frame-
work of the three-point QCD sum rules. This approach is
one of the attractive and applicable nonperturbative tools to
hadron physics based on the QCD Lagrangian [6]. As the
D3(2460) is a tensor meson containing derivatives in its
interpolating current, we start our calculations in the coor-
dinate space, and then we apply the Fourier transformation
to go to the momentum space. Based on the general phi-
losophy of the method, to suppress the contributions of the
higher states and continuum, we finally apply the Borel
transformation and continuum subtraction, which bring
some auxiliary parameters for which the working regions
are determined demanding some criteria. The transition
form factors are then used to calculate the decay width
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and branching ratio of the semileptonic decay channel
under consideration.

The BABAR Collaboration has recently measured the
ratios for the branching fractions of the B to charmed
pseudoscalar D and vector D* mesons at the 7 channel to
those of the ¢ and w channels [7]. The obtained results
deviate at the level of 3.40 from the existing theoretical
predictions in the standard model [7,8]. Hence, there is a
possibility that the semileptonic transitions containing
heavy b and ¢ quarks and the 7 lepton bring out the effects
of particles with large couplings to the heavier fermions [9].
The determination of these ratios of the branching fractions
in B to the charmed tensor D3 channel can also be important
from this point of view whether these anomalies in the
pseudoscalar and vector channels exist in the tensor channel
or not. We will be able to answer this question when having
the experimental data in this channel. By the aforemen-
tioned experimental progress on the identification and spec-
troscopy of the orbitally excited charmed mesons as well as
the developments at the LHC and by considering the orders
of the branching ratios in the tensor channel, we hope it will
be possible in the near future.

This article is arranged as follows. We derive the QCD
sum rules for the form factors, defining the semileptonic
B — D3(2460)€v transition in Sec. II. The last section is
devoted to the numerical analysis of the form factors,
calculations of the branching ratios of the transition under
consideration at different lepton channels, and our con-
cluding remarks.

II. QCD SUM RULES FOR TRANSITION FORM
FACTORS OF B — D}(2460)(v

This section is dedicated to the calculation of the form
factors of the B — D3(2460){7 transition applying the
QCD sum rules technique. The starting point is to consider
the following tree-point correlation function:

X0 | Taz0IEOI (0110 (1)
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where 7 is the time-ordering operator and J%(0) =
c(0)y,(1 — y5)b(0) is the transition current. Also, the
interpolating currents of the B and D3(2460) mesons are
written in terms of the quark fields as

JP(x) = a(x)ysb(x) (2)

Jff;(y) = %[ﬁ(y)va D) + i) yDa)c®]  (3)

where the Tbﬁ(y) denotes the four-derivative with respect
to y acting on the left and right, simultaneously, and is
given as

D) = 5IDs0) — Dy )

with

I)g(y) = dg(y) — l— ACAG(y), 5
T)g(y) =30y + l* ACAG(y),

where A% are the Gell-Mann matrices and A‘[g(x) is the

external gluon fields. These fields are expressed in
terms of the gluon field strength tensor, using the
Fock-Schwinger gauge (x#A%(y) = 0),

|

ol JaB(O) | D3(p', OXD3(p', €) | J5(0) | B(p)XB(p) | T}(0) | 0>
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Following the general idea of the QCD sum rule
approach, the aforementioned correlation function is cal-
culated via two different ways: once in terms of hadronic
degrees of freedom, called the phenomenological or physi-
cal side, and the other in terms of QCD degrees of freedom,
called the theoretical or QCD side. By matching these two
representations, the QCD sum rules for the form factors are
obtained. To stamp down the contributions of the higher
states and continuum, we will apply a double Borel trans-
formation with respect to the momentum squared of the
initial and final states and will use the quark-hadron duality
assumption.

A. Phenomenological side

On the phenomenological side, the correlation function
is obtained inserting two complete sets of intermediate
states with the same quantum numbers as the interpolating
currents J® and JP: into Eq. (1). After performing four-
integrals over x and y, we get

s =

where - - -

(p* — m3)(p"

o (7)

mD (2460))

represents contributions of the higher states and continuum and e is the polarization tensor of the D3(2460)

tensor meson. To proceed, we need to define the following matrix elements in terms of decay constants and form factors:

(O1J50) | D3P, ) = m, fi:€ap

meB
B _JBTB
(B(p) 1 7}(0) 10) = i
(D3(p', €) | JE(0) | B(p)) = h(g¥)e uurne™” PoP q, — iK(gP)€},, P
— i€}, P*P[P, b (q*) + q.b(q%)] (8)
[
2 2 2 2 f
where h(g?), K(g°), b, (g*), and b_(g?*) are transition form fD;meD;m%

factors, and f D; and fp are leptonic decay constants of D}
and B mesons, respectlvely By combining Egs. (7) and (8)
and performing a summation over the polarization tensors
using

. 1 1 1
EU‘BEVH = ETD”,TB(Q + ETUAQT,BV - gTaBng, (9)
with
I 5,/
PaDyv
Tor = —8ar t S (10)
My (2460)

the final representation of the physical side is obtained as

then _
B 8(my, + m,)(p® — mp)(p™ — mi,)

2
X {g[‘AK(qz) + A'b_(4*)]9,8pa
2
+ g[(A - 4m2D,£)K(q2) + A/b+(q2)]PMgﬁa
+i(A - 4m2D;)h(q2)s,\VBMP)‘PaqV
+ AK(qz)qqgﬁ,u + other structures} + -

(11

where
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- 2 2 _ 2
A=my+ 3mD;(2460) q°,
A =m} — Zm%(mi);(z%o) + ¢?)
2 _ oy
+ (mD;(z460) q°)*. (12)

We will use the explicitly written structures to find the
aforementioned form factors.

B. QCD side

On the QCD side, the correlation function is calculated
by expanding the time-ordering product of the B and
D3(2460) mesons’ currents and the transition current via
operator product expansion (OPE) in the deep Euclidean
region in which the short- (perturbative) and long-distance
(nonperturbative) contributions are separated. By inserting
the previously represented currents into Eq. (1) and after
contracting out all quark fields applying the Wick’s
theorem, we obtain

_3
2) = Tl fd4xfd4ye_i”’xeipl‘y

XATISH(x = ¥) 7 Dp(0)SL(3)y (1 — ¥5)
X Sy(—xy*ys]+[B < al}. (13)

CD
H?wzﬁ(q
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To proceed, we need the expressions of the heavy and light
quarks propagators. Up to the terms considered in this
study, they are, respectively, given as

. N K+ m
1] 4 ik x c . e
Spx) = (2 p [d ke {k2 — %6,1 + }, (14)
and
ij X m qq) .m
S400 = i35m0y~ 123 % T (1 - ’Tq’()‘s"f

2
g1 - % )py +a8)
After putting the expressions of the quarks propagators
and applying the derivatives with respect to x and y in
Eq. (13), the following expression for the QCD side

of the correlation function in coordinate space is
obtained:

iX—%) _ aw)

HQCD( 2) = PN d*k d4k1 [d4 —sz] eir’y e 1 e {ik Tr[( -
nap ol Iyl Bpp, YW —my) @ —m) P 2R -y 12

o (A= ) a6~ )
_ (x192y m(2)<uu>)7a(]f +m.)y, (1 — vs) (K + mb)?’s:l n Trl:(zl 2( (XJ’_By)6 _ . zﬁy)4>
+ (x 96y)B 2(uu>)')’a(/( +m)y, (1 —ys)(k + mh)?’s] +[B < a]}, (16)

where N, = 3 is the color factor To perform the integrals,
first, the terms containing —z)n are transformed to the
momentum space [(x — y) — 7], then, the replacements
X, — ITM and Yu = —i dp, are made. The four-integrals
over x and y give us two Dirac Delta functions, which
help us perform the four-integrals over k and k;. The last
four-integral over ¢ is performed using the Feynman
parametrization and

(tz)’3
[ d' (2 + L)~

_ 1772(—1)'3 T'(B+2)(a—B—2)
B LT (a)[~L]*F2

a7

As a result, the QCD side of the correlation function is
obtained in terms of the corresponding structures as

22 (g% = (5" (¢?) + 11" (42)) g0 8 5,
+ (115" (g?) + T15°""(¢%)) . & pa
+ (15" (g?) + 5" (¢*)P . g e
+ (15" (¢2) + I3 (¢*) e avpu PAP oy
+ other structures, (18)

where the perturbative parts [1?*"(¢?) are given in terms of
double dispersion integrals as

7"(g2) = fds[ds € _p’(s s q )p/2)' (19)

The spectral densities p;(s, s', g*) are given by the imagi-
nary parts of the T1°"(¢?) functions, i.e., p;(s, s, ¢*) =
L Im[I17*"(¢%)]. After lengthy calculations, the spectral
densmes corresponding to the selected structures are
obtained as
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1 1—x 1
pi(s, s, g% = ](; dx[o dy{64772(x — [m,(x +y — 1)3(8x> — 8y? + 6x — 6y — 6) + 3m (8x> + 6x*(4y — 3)

—6x(y — 1)2(3 + 2y + 4y?) — 2(2 + 3y + 4y2)(y — 1)° + 2x3(1 — 18y + 8y?) + x2(22 — S5y — 16y3))]},

1 1—x —
= [ o]
pa(s, s, q°) j;xo | T

+ 3m.(2x° = 3x(y — 1*(1 + 2y?) — (y — 1)3(1 + 2y?) + x3(5 — 12y + 4y?)

1

ST [m,(x +y — 1)°(2x* — 2y> + 6x — 6y — 3)

+6xt(y — 1) + x*(1 + 4y — 4y3))]},

1 I—x 1
p3(s, 5", ¢%) = [0 dx[o dy{32772(x T [m,(2x* + 2y? + x(6 + 4y) + 6y —3)(x +y — 1)

+ 3m.(2x° + 2x*(5y — 3) + (y — 1)*(1 + 2y) + x(y — 1)2(3 — 4y + 10y?) + x3(7 — 24y + 20y?)

+ x2(20y% — 36y + 20y — 5))]},

pa(s, s’ ¢*) = 0. (20)

For the nonperturbative parts, we get

m‘g + 4m%m% + Zm%(mg — g% + (m2 — ¢*)? ml%m%(m%7 +m2 — g%

Hllmnpert(qz) _ {

64r2r'? 327273
N mzmc + m,%m% + 2mbmg + mﬁ — m%q2 _ m% + dmym, + m% — q2
32113 64rr'?
N m} + 2mym, + mym? — m3q> N 3m3 + 2mym, + 3m2 — 3q° N ms
3273 642y 323
m?2 1 1 1 m2 + 2mym, +m2 —q> 1 1
+ c + _ 2/ _< b b!tc c _+_) ),
32/ 3242 3242 32rr/}m0<uu> 1677 16r 161 @)
2 -
Hrzlonpert(qz) =0, Hgonpert(qg) _ m§<l"lb‘>y
rr
2 2 2 4+ m?— qz 1 (itu)
Hnonpert 2y — _ { me mj my c _ } 200u) + i , 21
4 (a°) B2 " 325 64122 32,24 )™M0 f) "Torr b

where r = p?> — m? and ' = p"? — m2.

To obtain sum rules for the form factors, the coefficients of the same structures from both sides of the correlation
functions are matched. To suppress the contributions of the higher states and continuum, we apply a double Borel
transformation with respect to the initial and final momenta squared, using

B\ 1 1 - (— 1)m+n e*mi/Mze_mg/M/z 1 (22)
(p? = m3)" (0" —md"  [mlTn] ey TPy
where M? and M'* are Borel mass parameters. We also use the quark-hadron duality assumption, i.e.,
plihersates (s, o1, g2) = pOPE(s, 51, g2)A(s — s0)0(s' — sp), (23)

where s, and s{, are continuum thresholds in the initial and final mesonic channels, respectively. After these procedures, the
following sum rules for the form factors are obtained:
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mz

8(my +m "y D s s/ 1 1-x I
K(¢>) = g 12’ Z) 5 eMZeM’Z{fO ds | " ds’f dxf dyen?en”
foD;mD;(mgq —mpg— 3mBmD;) (my, +m,)? (m.+m,)? 0 0

o

1
. [256774(x +y—1)> (2my(x +y — 1) (4x* — 4y* + 3x — 3y — 3) + 3m(8x° + 6x*(4y — 3)

—6x(y — 1’3 +2y +4y?) —2(y — 1)}(2 + 3y + 4y?) + 2x*(1 — 18y + 8y?) + x*(22 — 5y — 16y3))):|

- m%[@‘m)
M2

25 2 2 2
mi{iiu 3ms +2mym, +3mz — 3
X O[L(s,s', q*)] + e en | == (i, + 2mym + mz = ¢%) + °6<4 ><2 + 20 b o q
_mi+dmym, +mE— g mp+ 2m3m, + mim? — m2q* _mym + mymE + 2mym} + mi — miq?
M/2 M4 MI4
_my + dmpmd + 2mim?% + m¢ — m2q? —myq* + gt N mym, + mym3 — mym2q>
M2M/2 MZM/4 ’

m2

b- (") 120m, % ) el [ as [t v [ [ aveiter
(g?)=— en’en’ s s X yem? en’
Fofpymmps(miy + (mp, — g% = 2m(m}, + g%)) mrm> Jonerme " Jo o Jo

1
X +y =133 = 6x —2x> + 6y +2y*) = 3m (6x*(y — 1
[128W4(x+y_1)3<mb<x y = 1?3 = 6r =2 + 6y +2%) = 3m(6x*(y — )

=3x(y = 1D*(1+2y?) — (y — 131 +2y?) + 35— 12y + 4y?) + x*(1 + 4y — 4y®) + 2x5)):|0[L(s, s, g)]

—m2
"0 fufpympmp; (mg + 3m%§ + q%)

— e e u”
12(m;, + m,)

K<q2>},

o5 o

m2
lz(mh + mu) " &{[80 S6 1 1—x E—
ewen” ds[ ds’f dxf dyew’ en”
Fofpymmp; (miy + (mp, — g% — 2m(m}, + g%)) mrm> Jonerme " Jo o Jo

1
X |:12S7T4(x Fy— 1) (my(x+y— 1)3(2x% + 2y2 +6x + 6y +4xy — 3) + 3mc(2x5 — 6t + 10x4y

+(y = 121 +2y?) + x(y — 1)*(3 — 4y + 10y?) + x*(20y* — 36y* + 20y — 5)

)

b+(q2) ==

_ 2
mdauy 7 2 o % fpfpympmp:(mp, —my + q%)

e en? — e e P
12(m;, + m,,)

07— 24y + 20y2>>>]e[L<s, 5] - K<q2>},

2
I”D* 5 )

—m

8my + m,) R
— (m2. — m2 + 2)eMeM e em
foD;mBmD§ mD; mpg T4

o v

h(g*) =

(auy  mau)[ 2 2 m: o om2 omi-—mi+tq?
IR N A R VA T v |

(24)

where Borel mass parameters M> and M'*> and continuum thresh-
olds sy and s,. We shall find their working regions such
that the form factors weakly depend on these parameters.
— sxy — s'xy — sy (25)  The continuum thresholds are not completely arbitrary,
but they are related to the energy of the first excited state
in the initial and final mesonic channels. Our calculations
show that, in the intervals 31 GeV? =< s, = 35 GeV? and

In this part, we numerically analyze the obtained sum 7 GeV? = s, = 9 GeV?, our results weakly depend on the
rules for the form factors in the previous section and obtain ~ continuum thresholds. The working regions for the Borel
their variations in terms of ¢>. For this aim, we need some  mass parameters are determined by requiring that not only
input parameters for which the values are given in Table I.  the contributions of the higher states and continuum are
Besides these input parameters, the sum rules for the form  sufficiently suppressed but also the contributions of the
factors contain four auxiliary parameters, namely, the  operators with higher dimensions are relatively small;

L(s,s', q*) = s'x — s'x* — mix — mjy + sy + ¢*xy

III. NUMERICAL RESULTS AND DISCUSSIONS
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TABLE I. Input parameters used in calculations [10-14].
Parameters Values
m, (1.275 = 0.025) GeV
my, (4.65 = 0.03) GeV
m, 0.00051 GeV
my 0.1056 GeV
m, 1.776 GeV
M (2460) (2.4626 = 0.0007) GeV
mpg (5.27925 = 0.00017) GeV
fs (210 = 40) MeV
D3 (2460) 0.0317 = 0.0092
Gr 1.17 X 107 GeV 2
Vep 412*1.1)x 1073
Olau(1 GeV)|0) —(0.24 = 0.01)® GeV?
m3(1 GeV) (0.8 £ 0.2) GeV?
Ts (1641 £8) X 1075 5

i.e., the series of sum rules for the form factors are
convergent. As a result, we find the working regions
10 GeV? = M? = 20 GeV? and 5GeV?=M"”?=15GeV>.
To show how the form factors depend on the auxiliary
parameters, as examples, we depict the variations of the
form factors K(g?) and b (¢?) at g> = 0 with respect to the

10—
50=35GeV?, 5)=9GeV2, M?=10GeV? e
0.8+ 50=33GeV?, 5)=8GeV?, M?*=10GeV?  ====== E
50=31GeV?, 5,=7GeV>, M"?*=10GeV> ——
= 0.6r ]
J
=
>
M 04 e e ]
0.2+ b
00 " " " 1 " " " 1 " " " 1 " " " 1 " " "
10 12 14 16 18 20

M*(GeV?)

PHYSICAL REVIEW D 88, 036004 (2013)

variations of the related auxiliary parameters in their
working regions in Figs. 1 and 2. From these figures, we
see that the form factors weakly depend on the auxiliary
parameters in their working regions.

Using the working regions for the continuum thresh-
olds and Borel mass parameters as well as other input
parameters, we proceed to find the behavior of the form
factors in terms of ¢2. Our calculations show that the form
factors are truncated at g> ~5 GeV?. To estimate the
decay width of the B — D3(2460){7 transition, we have
to obtain fit functions of the form factors in the whole
physical region, m? < g*> =< (mp — mD;)Z. We find that
the sum rules predictions for the form factors are well
fitted to the following function:

J(g*) = foexp [01 q_i + Cz(q—j)z], (26)

fit M

where the values of the parameters f, c¢;, ¢,, and m%it are
presented in Table II. In the following, we will recall this
parametrization as fit function 1. To compare our results
with the other parametrization, we also use the following
fit functions to extrapolate the form factors to whole
physical regions (see Refs. [15-18]):

1MWW——
L 50=35GeV?, 5,=9GeV?, M*=15GeV?  —mmm
0.8+ 50=33GeV?, 5,=8GeV>, M?>=15GeV?  ====== q
r 50=31GeV?, 5,=7GeV?, M*=15GeV> ——
s 06p b
A —_
S L
| e b
0.2 b
0 0 L " 1 " " " 1 " " " 1 " " " 1 " " " 1 "
6 8 10 12 14
M?(GeV?)

FIG. 1 (color online). Left: K(¢2 = 0) as a function of the Borel mass M? at fixed values of the sy, s}), and M"". Right: K(¢2 = 0) as a
function of the Borel mass M” at fixed values of the 50» sg, and M2.

0.00 T T T T
-0.011 1
I | X |7
>
Q
Q -0.03F ]
)
N: —0.04f 50=35GeV?, 5=9GeV?, M"?=10GeV? ———— ]
= 50=33GeV?, 5,=8GeV?, M"?=10GeV? —-oomn
=
-0.05¢ 1
50=31GeV?, 5,=7GeV?, M"*=10Ge V>
-0.06 - . . .
10 12 14 16 18 20

M?(GeV?)

0.00 T . . . .
-0.011 ]
[ —

T 12
5 E
L
Q -0.03—— -
=]
N:_ —0.04} 50=35GeV?, 54=9GeV?, M>=15GeV? —mm e ]
3 50=33GeV2, 5(=8GeV?, M?=15GeV? ------
= —0.0sf 5o=31GeV?, 5)=7GeV?, M*=15GeV? ]

-0.06 . L . . ,

6 8 10 12 14
M"*(GeV?)

FIG. 2 (color online). Left: b (¢ = 0) as a function of the Borel mass M? at fixed values of the s, s}, and M”. Right: b, (¢> = 0)
as a function of the Borel mass M at fixed values of the s, s, and M.
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TABLE II. Parameters appearing in the fit function 1 of the form factors.
fo i €2 m,
K(g%) 0.54 £0.14 0.70 £ 0.07 0.41 £0.02 27.88 = 0.01
b_(g%) 0.007 = 0.002 GeV 2 0.14 = 0.04 10.70 = 0.82 27.88 £ 0.01
b, (g% —0.03 £ 0.01 GeV~? 1.20 = 0.15 22.52 = 1.68 27.88 = 0.01
h(q?) —0.010 = 0.003 GeV 2 1.19 £ 0.13 1.12 = 0.08 27.88 = 0.01
TABLE IIl. Parameters appearing in fit function 2 of the form factors.
fo a b
K(g% 0.54 =£0.14 0.75 =0.03 —0.014 = 0.006
b_(g%» 0.007 = 0.002 GeV 2 0.95 = 0.04 —3.14 = 1.34
b.(g») —0.03 £ 0.01 GeV? 1.41 + 0.06 —4.63 = 2.05
h(q?) —0.010 = 0.003 GeV~2 1.27 = 0.05 0.058 = 0.002
TABLE IV. Parameters appearing in fit function 3 of the form factors.
fo A B
K(g?) 0.54 £0.14 —0.15 = 0.06 0.31 £0.03
b_(g%) 0.007 = 0.002 GeV 2 —0.36 = 0.16 —7.72 = 0.86
b, (g») —0.03 = 0.01 GeV~? 1.89 £ 0.81 —2.39 +0.27
h(q?) —0.010 = 0.003 GeV 2 0.25 = 0.10 —0.35 £ 0.04

(1) fit function 2:
fo

where the parameters a, b, A, and B and the values of the
corresponding form factors at g> =0 are given in

(g = k ey (27)  Tables III and IV, respectively.
q .
1= G(Z—é) + b(,fl—%) The dependences of form factors on ¢? at different fixed
values of auxiliary parameters are depicted in Figs. 3 and 4.
§ . These figures include the sum rules results (up to the
(i) fit function 3: truncated point) as well as the results obtained using the
) fo above-mentioned three different fit functions. From these
flg*) = [~ D1 - A + BEST (28)  figures, it is clear that, in the case of the form factors K(g2),
( @) (m?) (mTZB) b (¢?) and b_(g?), all three fit functions reproduce the sum
0 2 4 6 8 0 2 4 6 8
0.70 : : : 0.70 -0.020 : : ; -0.020
—— QCD sum rule e
- - —fit function 1 i
----- fit function 2 e
0.654 |----- fit function 3 e 40.65 -0.015 -0.015
/// )
3
S 0.601 40.60 9 .0.0101 -0.010
x o
0.55 40.55 -0.005 -0.005
0.50 . . . 0.50 0.000 . : , 0.000
0 2 6 0 2 4 6 8

q

2

FIG. 3 (color online). Left: K(¢?) as a function of g2 at M?> = 15 GeV2, M = 10 GeV?, sy = 35 GeV?, and s, = 9 GeV?. Right:
h(g?) as a function of g2 at M? = 15 GeV2, M" = 10 GeV?, 5, = 35 GeV?, and s}, = 9 GeV2.
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FIG. 4 (color online). Left: b (¢?) as a function of ¢* at M> = 15 GeV2, M” = 10 GeV?, 5, = 35 GeV?, and s}, = 9 GeV2. Right:
b_(g?) as a function of ¢? at M2 = 15 GeV2, M” = 10 GeV?, s = 35 GeV?, and s = 9 GeV2.

rules results up to the truncated point; however, we see small
differences between the predictions of these fit functions at
higher values of ¢ except for the form factor K(g?) that all
fit functions give the same results. In the case of the form
factor h(g?), parametrization 1 well fits to the sum rule
result, but we see considerable differences of the prediction

of this parametrization with those of fit functions 2 and 3,
especially at higher values of g°.

Now, we proceed to calculate the decay width and
branching ratio of the process under consideration.
The differential decay width for the B — D3(2460){v
transition is obtained as [19]

ar  A(m3, m%’é’ q%) 7> — m2\2 JA(mE, mi,., ¢*)GV?, 1
@ 2 | 3m2A(m2, m2e, Vo (DT + (m2 + 24
dq* 4’”’%’; ( q° ) 384m3 24* miAmp, mip:, g7 )Vo(q )] + (m + 247)
1 A(m3, m3., %) 2 )
X |3 (my — mp. = ¢*)(mg — mp:)Vy(q*) — ————=——V1(q?) + = (m} + 2¢H) AM(m3, md.. ¢%)
mD; 2 mpg sz 3 2
y AlgY) (mp — mp:)V, (¢ |? A(g?) (mp — mD;)Vl(qz) : 29)
where
A(CIZ) = —(mp — mD;)h(qz),
K(q%)

VZ(CIZ) = (mg — mD;)bJr(qz),

2 Mg
Vo(q ) = m

2

— Mp mpg + mpx q
——=Vi(¢?) — B Va(q?) — b_(q%),
D’ Mpz D:

2

2m

2

Ma, b, ¢) = a®> + b* + ¢ — 2ab — 2ac — 2bc.

After performing integration over g? in Eq. (29) in the
interval mj = q> = (mp — mp:)>, we obtain the total
decay widths and branching ratios for all leptons and three
different fit functions presented in Table V. The errors in
the results belong to the uncertainties in the determination

of the working regions for the auxiliary parameters as well
as errors in the other input parameters. From this table, it is
clear that, for the e and u channels, all fit functions give
roughly the same results. In the case of 7, fit functions 2
and 3 have approximately the same predictions, but they
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TABLE V. Numerical results for the decay widths and branching ratios at different lepton

channels for different fit functions.

Fit function 1

T (GeV)

Br

B — D3}(2460)77,
B — D;(2460) 7,
B — D3(2460)e7,

Fit function 2

B — D;(2460)7p,
B — D;(2460)u v,
B — D3(2460)ep,

Fit function 3

B — D}3(2460)77,
B — D3(2460) 7,
B — D}(2460)ep,

(6.52 +£2.20) X 10717
(4.04 = 1.18) X 10716
(4.05 £ 1.19) x 107'°

I (GeV)
(4.09 = 1.28) x 10717
(4.06 = 1.26) x 10710
(4.08 = 1.28) X 107'¢

I' (GeV)
(4.80 = 1.60) X 10717
(4.18 + 1.32) X 10716
(4.20 = 1.32) X 10716

(0.16 £ 0.06) X 1073
(1.00 = 0.29) X 1073
(1.01 + 0.30) X 1073

Br
(0.10 = 0.03) X 1073
(1.01 £ 0.32) X 1073
(1.02 = 0.32) X 1073

Br
(0.12 = 0.04) x 1073
(1.04 = 0.34) X 1073
(1.05 £ 0.34) X 1073

give results roughly 38% smaller than those of fit function
1. As it is expected, the values for the branching ratios in
the cases of e and w are very close to each other for all fit
functions. The orders of branching fractions show that this
transition can be detected at the LHCb for all lepton
channels. Note that there are experimental data on the
products of branching fractions for the decay chain
B(B — D3€v)B(D; — D) provided by the Belle [20]
and BABAR [21,22] collaborations:

B(BT— D3t"" vy)B(D;— D) =2.2+0.3 = 0.4 Belle,
B(B" — D5"" 9y)B(D5— D) =1.4+0.2 0.2 BABAR,
(31)

where I’ = ¢ or u. Considering the recent experimental
progress especially at the LHC, we hope we will have
experimental data on the branching fraction of the semi-
leptonic B — D3(2460){7 transition in the near future,
the comparison of which to the results of the present
work can give more information about the nature and
internal structure of the D3(2460) tensor meson.

At the end of this section, we would like to calculate
the ratio of the branching fraction in the case of 7 to that of
the e or w. From our calculations, we obtain that

_ B— D3(2460)77,
B — D3(2460)¢' 7
0.16 £ 0.04 fit function 1,
=4 0.10 = 0.02 fit function 2, (32)
0.11 £0.02 fit function 3.

R

As we previously mentioned, the standard model predic-
tions in the B to pseudoscalar and vector charmed
mesons deviate at the level of 3.40 from the experimen-
tal data. Our result on R in the case of tensor charmed
current can be checked in future experiments.
Comparison of the experimental data with the result of
this work will illustrate whether these anomalies in the
pseudoscalar and vector channels exist also in the tensor
channel or not.
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