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Abstract

We investigate the structure of the Dy;(2460,2536)(J7 = 11) mesons via analyz-
ing the semileptonic B, — Dy l*l™, | = 7,pu,e and B. — Dy vi transitions in the
framework of the three—point QCD sum rules. We consider the Dg; meson in two
ways, the pure |c3) state and then as a mixture of two [3P;) and |'P;) states. Such
type rare transitions take place at loop level by electroweak penguin and weak box
diagrams in the standard model via the flavor changing neutral current transition of
b — s. The relevant form factors are calculated taking into account the gluon con-
densate contributions. These form factors are numerically obtained for |cs) case and
plotted in terms of the unknown mixing angle 6, when the D meson are considered
as mixture of two [>P;) and |!P;) states. The obtained results for the form factors
are used to evaluate the decay rates and branching ratios. Any future experimental
measurement on these form factors as well as decay rates and branching fractions and
their comparison with the obtained results in the present work can give considerable
information about the structure of this meson and the mixing angle 6.
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1 Introduction

The structure of the even—parity charmed D,; mesons has not known exactly yet and
has been debated in the quark model. The observation of two narrow resonances with
charm and strangeness, Dy(2317) in the invariant mass distribution of D, [1-6] and
D41(2460) in the D7 and Dyy mass distributions [3-8], has raised discussions about the
structure of these states and their quark contents [9, 10]. Analysis of the D, (2317) — D%,
D¢1(2460) — D~ and Dy, (2460) — Dy, (2317)y shows that the quark content of these
mesons are probably ¢s [11]. Among these mesons, the axial vector charm-strange meson
D, is more attractive ones, because the discovery of the D,;(2460)(J” = 1*) meson [2-
5] and its measured mass indicated a lower mass than expected in potential model (PM)
[12] and quark model (QM) [13,14] predictions. In other words, the Dy (2460) does not
fit easily in to the ¢§ spectroscopy [15]. However, some physicists presumed that this
discovered state is conventional ¢s meson [16-26]. Many different theoretical efforts have
been dedicated to the understanding of this unexpected and surprising disparity between
theory and experiment [27-35]. As a result of the above discussion, we will consider the
D,; meson in two ways, the pure |c5) state and also as a mixture of two [>P;) and |'P;)
states.

Heavy-light mesons are not charge conjugation eigen states and so mixing can occur
among states with the same J and different mass that are forbidden for neutral states.
These occur between states with J = L and S = 1 or 0 [15]. Hence, the mixing of the
physical Dg; and D’ states can be parameterized in terms of a mixing angle 6, as follow:

|Dy1) = sinb,|*P) + cosb|' Py,

D)) = cosb]>P)) — sinf,|'P). (1)
where, the spectroscopic notation 2*'L; has been used to introduce the mixing states.
Considering |?P,) = |Dy1) and |'P;) = |D,;2) with different masses and decay constants
[36], we can apply these relations for axial vectors Dg;(2460) and D (2536) mesons with
two different masses. i.e.,

|D41(2460) ) = sinds|Dg1) + cosby|Dg2),
|Ds1(2536) ) = cosls|Dg11) — sinfs|Dg2). (2)

The masses of D1 and Dg;2 states are presented in Table 1. These values have been
obtained in QM approach.

Ref 2] [13] [14]
D,y13P) 257 255 2.535

D,2('P)) 253 255 2.605

Table 1: Masses of 1'P; and 13P; heavy-light mesons in quark models.

Note that, in the heavy quark limit the physical eigen states D and D’; can be iden-

tified with Pll/ ? and Pf’ /2 with notation L, where j is the total angular momentum of the
light quark [37], corresponding to 65, = —54.7° [36].
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In this work, taking into account the gluon condensate corrections, we analyze the rare
semileptonic B, — Dy [Tl7, | = 7,pu,e and B, — D, vi transitions in three—point QCD
sum rules (3PSR) approach. Note that, the B, — (D*, D}, D4 (2460))vv transitions have
been studied in Ref. [38], but assuming the Dy only as ¢5. The B. — D, IT1~ /v [39)],
B, — D} I"1™, (¢ = d, s) [40] transitions have also been analyzed in the same framework.

The heavy B. meson contains two heavy quarks b and ¢ with different charges. This
meson is similar to the charmonium and bottomonium in the spectroscopy, but in contrast
to the charmonium and bottomonium, the B. decays only via weak interaction and has a
long lifetime. The study of the B, transitions are useful for more precise determination of
the Cabibbo, Kabayashi, Maskawa (CKM) matrix elements in the weak decays.

The rare semileptonic B, — Dgltl~ /v decays occur at loop level by electroweak
penguin and weak box diagrams in the standard model (SM) via the flavor changing neutral
current (FCNC) transition of b — si™l~. The FCNC decays of B, meson are sensitive to
new physics (NP) contributions to penguin operators. Therefore, the study of such FCNC
transitions can improve the information about:

e The CP violation, T violation and polarization asymmetries in b — s penguin chan-
nels, that occur in weak interactions,

e New operators or operators that are subdominant in the SM,

e Establishing NP and flavor physics beyond the SM.

To obtain the form factors of the semileptonic B. — Dg;(2460[2536]) transitions, first,
we will suppose the Dy (2460) and D;;(2536) axial vector mesons as the pure |¢§) state and
calculate the related form factors. Second, we will consider the D,; meson as a mixture of
two components |Dg1) and |Dg;2) states and calculate the form factors of the B, — Dg1
and B, — Dg 2 transitions. With the help of Eq. (2) and the definition of the form factors
which will be presented in the next section, we will derive the transition form factors of
B. — D;1(2460[2536]) decays as a function of the mixing angle ;. The future experimental
study of such rare decays and comparison of the results with the predictions of theoretical
calculations can improve the information about the structure of D,; meson and the mixing
angle 6;.

This paper is organized as follow. In section 2, we calculate the form factors for B, —
Dy, transition in the 3PSR. In section 3, the two-gluon condensate contributions as non-
perturbative corrections are calculated. The calculation of the decay rates for B, — Dy 11~
and B. — D, vv transitions are presented in section 4. Finally, section 5 is devoted to the
numeric results and discussions.

2 The form factors of B, — D, transition in 3PSR

In the standard model, the effective Hamiltonian responsible for the rare semileptonic B, —
Dgltl~ and B, — Dg v decays, which are described via b — s 7]~ loop transitions (see
Fig. 1) at quark-level, can be written as:

G FQ

Hepr = ——= Va Vi | C§ 5 7,1 — 45)b Tyl + Cro 57,(1 — 75)b Tr,uyst
27mv/2



— QCeff? 5 i0,,q" (1 + %)bﬁyﬂ ) (3)

where C’? C'ef I and (4 are the Wilson coefficients, G is the Fermi constant, « is the
fine structure constant at the Z mass scale and V;; are the elements of the CKM matrix.

C C
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v(l)
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Figure 1: The loop diagrams of the semileptonic decay of B. to Dy;. The electroweak
penguin and box diagrams are shown in parts (a) and (b), respectively.

These loop transitions occur via the intermediate u, c,t quarks. In the SM, the mea-
surement of the forward-backward asymmetry and invariant dilepton mass distribution in
b— ¢lTl~, (¢ = d,s) transitions provide information on the short distance contributions
dominated by the top quark loops [41]. The electroweak penguin involving the contribu-
tions of photon and Z bosons is shown in Fig. 1(a) and Fig. 1(b) presents the contribution
of the W box diagram. It is reminded that the b — s v transition receives contributions
only from Z-penguin and box diagrams.

The transition amplitude of B. — Dy ("1~ /vv decays is obtained sandwiching Eq. (3)
between the initial and final states, i.e.,

G ra

M = Vin Vs Cg (D sl(p/) | 3 ’Vu(l —5)b | BC(p»ZWg
212

+ Cro (D (p) | 3 7u(1 = 75)b | Be(p))lr,vst

e m / — . v Y)
—2 ¢! qb<D51(p) | 5 00" (1 +35)b | Be(p)ly,l| (4)

where, p and p’ are the momentum of initial and final meson states, respectively, and
€ is the polarization vector of the D, meson. Our aim is to parameterized the matrix
elements appearing in Eq. (4) in terms of the transition form factors considering the
Lorentz invariance and parity considerations.
2ABC—>D51 (q2)

Dg(p',e) |5 b| B, = V—sme*”o"ﬁ,

(Dalw.2) |5yt | B:p) = Tt ey
AP

Da(pe) |57b| Bulp)) = — iAPPa(g? e )
(Da(p'se) | 370 | Be(p)) 20 (q )(mBC+mD51)€“+ZmBC+mD31 P



AJ P (g?) (

S 8* s
—— P)dy

(Dai(p,€) | 50,mq"vsb | Be(p)) = 2 TP (¢%) icumape™ p™p”,

(Daa(p's€) | 30,,q"0 | Belp)) = Ty P (¢?)[e(mB, —mb,,) — ('p)F,]
2
TBe=Ds1 (2} (& . q p 5
+ T (¢°) (e"p)gu g — s (5)
where AP (¢%), i = V,0,1,2 and T 771 (¢?), j = V,0, 1 are the transition form factors,
P,=((@+7p),and q, = (p — p'),. Here, ¢* is the momentum transfer squared of the Z
boson (photon). In order to our calculations be simple, the following redefinitions of the

transition form factors are considered :

B.—D,
ABemDsi(,2) 24y 1(q2) A'Be=Dsi 2y —  pBe=Dsi(,2
1% () = —mB Fmp. 0 () = Ag (¢°)(mp. +mp,,),
c sl
B.— Dy Bc—Ds
A’Bc—>D51(q2) _ _Al (e A’Bc—>D31(q2) _ Ay (¢?)
! ch + mDsl ’ 2 ch + mDsl ’
TEPHP) = —2TFPA(), TEPA() =~ TP, - mb,),
TP () = = TEP ) (6)

To calculate the form factors within three-point QCD sum rules method, the following
three-point correlation functions are used:

AR P2 a) = @ [ died'ye e (0 | TP ()07 (@)] | 0),

WLPT(R R, ) = & [ dtedtye e (o | TP ) JE T 0) 7% @) [ 0), (7)

where JP1(y) = ¢v,7v5s and JP¢(z) = Cvysb are the interpolating currents of the initial and
final meson states, respectively. JY 4 = 5y,(1 — )b and JI P = 50,,¢"(1+75)b
are the vector-axial vector and tensor-pseudo tensor parts of the transition currents. In
QCD sum rules approach, we can obtain the correlation function of Eq. (7) in two sides.
The phenomenological or physical part is calculated saturating the correlator by a tower of
hadrons with the same quantum numbers as interpolating currents. The QCD or theoretical
part, on the other side, is obtained in terms of the quarks and gluons interacting in the
QCD vacuum. To drive the phenomenological part of the correlators given in Eq. (7),
two complete sets of intermediate states with the same quantum numbers as the currents
Jp,, and Jp, are inserted. This procedure leads to the following representations of the
above-mentioned correlators:

WA ) — L Dal N Dalehe) | 1] Bely ))(Bu(p) | J7" | 0)
(p? —mp,,)(p* —mi,)

+ higher resonances and contmuum states ,
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T-PT 0] JP | Da(p ) (D (v e) | JTFT | Bu(p))(Be(p) | TP | 0)
I, " (* 0%, %) = Ty )(p —

+ higher resonances and continuum states . (8)

The following matrix elements are defined in the standard way in terms of the leptonic
decay constants of the Dy; and B, mesons as:

y v fB.m,
(01 Jp,, | Da(p',€)) = foampac”, (0| Jp, | Belp)) = Wﬁ% (9)
Using Eq. (5), Eq. (6) and Eq. (9) in Eq. (8) and performing summation over the

polarization of Dy; meson we obtain:

2
V A o chch st mDs - 1'Be—Dyg 2 o, I8
W) = e ) < AT @ west™
c sl c

+ AL () g + AP (P Pup, + AIQBC_}D“(qz)qu,,} + excited states,

2
T—PT/, 2 .12 2\ _ fB.mp, JDamp, 'Be—Da1 (2 o, 18
e T8 ey s Rl AR
c sl c

— 3 T(;BC_’D“(Q2)QW —1 T{BC_’D“(qz)qu,,} + excited states.

To calculate the form factors, A'V, Aé, AL, AL, T{/, T(; and T;, we will choose the
structures, i€,,as0°0"”, 9w, Pubvs ¢upv, from HZ;A and €,,050°P"”, 19, and iq,p, from
7~PT yespectively.

On the QCD side, using the operator product expansion (OPE), we can obtain the
correlation function in quark-gluon language in the deep Euclidean region where p? <
(mp +m,)? and p,2 < (m? +m?). For this aim, the correlators are written as:

DA% 0% %) = i I eumapp™p” + 1) g + 1) " Pup, + 11y g,
Hff,, Prp? 0% q%) = 0y " euapp®” — i I g — i T Tqup,, (11)

where, each II; function is defined in terms of the perturbative and non-perturbative parts
as:

IL(p%, 0%, ¢°) = T (p?, %, ¢°) + T1"P" (p*, %, ¢%) . (12)

To obtain the perturbative part of the correlation function, we should study the bare
loop diagrams in Fig. 1. In calculating the bare loop contributions, we first write the
double dispersion representation for the coefficients of the corresponding Lorentz structures
appearing in each correlation function, as:

e = — /ds /d pl 55, 4°) zy + subtraction terms. (13)
(s —p

The spectral densities pf er(s, s',q?) are calculated by the help of the Gutkosky rules, i.e.,
the propagators are replaced by Dirac-delta functions

- —2imd(p* —m?) , (14)

(10)



expressing that all quarks are real.

the bare loop diagrams that describe b — s [T1™ transition in Fig. 1, ie., 7,(1 — 75)
and 0,,,¢"(1 + v5). First, we calculate the spectral densities related to 7,(1 — v5) vertex.

Straightforward calculations end up in the following results:

4Nc ]O(Sv Slu q2) {Bl(mb - mc) - B2(ms + mc) - mc} )

V—A
Pv

Then, the spectral densities related to 0,,¢"(1 + ~5) vertex are presented as:

pv (s, 8 )
ps (s, 8 )
pi (s, 5 q%)
where

[O(Sa 8,7 q2) =

Ma,b,c) =

A =

A —

u =

Bl =

Bg =

Al ==

+ o+

—2N, Iy(s, 8, ¢*) {A(m, +mg) — A'(my — m,) — 4A;(my — me)

+2m2(my — m. — my) + m(2mym, — u)}

2N, Io(s, s', ¢*){B1(my — 3m,) — Bay(m, + my) + 2A5(my — m,)

+2A3(my — me) — me}

2N, Io(s, s', ¢*){2As(my — m,) — 2A5(my, — m.) — By(my + m,)

+Ba(m. + mg) +me} .

1
ANV2(s, 8 q?)’
a® + b* + ¢* — 2ac — 2bc — 2ab,
(" +mg —my),
(s +mg —my),
s+ — ¢
mpsu _ A,
1
A(s, ', ¢?)
1

[2sA" — Aul,

———[(4s5'm? — sA”? — &' A* — w*m? + uAN)],

2X(s, ¢, ¢?)

2N, Iy(s, 8", q*) {me(my +my) + By [(my — me)(me +my) + 8]

A" Imy(me +my) — me(me +my) + s] — 2me(my — me)s’
2me(me + myg)s + 2me(my, + mg)u},

By [A = A" —my(me + mg) + me(me + mg) — 3]

(A2 — A3)(2s —u)},

(15)

2N, Iy(s,s',¢%) {241(25 — u) — A [my(me + my) — me(me +my) + 5]

Note that, there are two main vertexes related to

2N, Io(s, 5, ¢%) {me(my — ms) + By [A — memy —m? + my(me + my) — 8]

By [A' — memg —m?2 + my(me +my) — 8 1,



1

Ay = ) [855”m? — 255’ A — 652 A% — 2u?s'm?
b 6suAN — u?A”,
1
Az = 4ss'um? + 4ss' AN — 3sulA* — 3uA?s’ — uPm? + 2uPAAN).

)\2(87 S/, q2) [

and N, = 3 is the color factor.

The integration region in Eq. (13) is obtained requiring that the argument of three
delta vanish, simultaneously. The physical region in the s and s’ plane is described by the
following inequalities:
| < 258 + (s + 8 — ¢®)(mZ — s — m?) + (m? —m?)2

B AV2(mg, s, m2)AV2(s, s’ q%)
From this inequality, to use in the lower limit of the integration over s in continuum sub-
tractions, it is easy to express s in terms of &', i.e., sy, is as follow:

(m2 +¢* —mj — §')(mjs’ — ¢*m?2)

<+l (17)

S, —

(i — )z — ) o

3 Gluon condensate contribution

In this section, the non-perturbative part contributions to the correlation function are
discussed. Here, we will follow the same procedure as stated in [38-40,42]. The non-
perturbative part contains the quark and gluon condensate diagrams. For this aim, we
consider the condensate terms of dimension 3,4 and 5. It’s found that the heavy quark
condensate contributions are suppressed by inverse of the heavy quark mass and can be
safely omitted. The light s quark condensate contribution is zero after applying the dou-
ble Borel transformation with respect to the both variables p? and p’2, because only one
variable appears in the denominator. Therefore in this case, we consider the two gluon con-
densate diagrams with mass dimension 4 as non-perturbative corrections. The diagrams for
contribution of the gluon condensates are depicted in Fig. 2. To obtain the contributions
of these diagrams, the Fock-Schwinger fixed-point gauge, 2# A}, = 0, are used, where Aj is
the gluon field. In the evaluation of diagrams in Fig. 2, integrals of the following types are
encountered.

d'k 1

W) = | o s B R
d4k’ k‘u

Wb = | iy R R
d4]€ ]{7“]{7,,

) = | o R - P TR

These integrals can be calculated using the Schwinger representation for the Fuclidean
propagator

(19)

1
(k2 + m?)"

1 0 2,2
— d n—1 —Oé(k +m ) 20
T(n) /0 e e ’ (20)
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Figure 2: Contribution of gluon condensates for B. — D, transition.

After Borel transformation using:

By (M?)e™"" = §(1/M? — o) | (21)
we obtain
foabe) = — T ey o bt e — 41— e — b)
Y 1672 T (a)T (D) ()~ ! 2 ’ ’

A

L(a,b,c) = Ti(a,b,c)p, + L(a,b, o,
f,u,lj(av b7 C) = jﬁ(a7 b7 C)g,ul/ + j3(a7 b7 c)p,upl/ + f4(a7 b7 C>p,up:/ + f4(a7 b7 C>p:1,p1/ + f5 (CL, b7 C)p‘/up:/ .
(22)

I in Eq. (22) stands for double Borel transformed form of Eq. (19). In Schwinger repre-

sentation:
( )a+b+c+l

Em&m):@mﬂrm)()(%Mﬂ**HWM@**“Whm+b+c—&l—c—@,

7 o ( )a—i—b-‘,—c-‘rl 2\—a—b—1+m 2\T—a—c—m

Im(a,b,c)—zl67r2r(a) TOT ()(Ml) (M) U(a+b+c—51—c—0),
. atb+ct1

Is(a,b,c) = Z327r(2 F()a) DG )(Mf)3—“—b(M§)3‘“‘cuo(a +b+c—6,2—c—b). (23)



where k = 1,2, m = 3,4,5, M? and M3 are the Borel parameters in the s and s’ channel,
respectively, and the function Uy(a, b) is defined as

o0 B_
thfa) = [ duty-+ 312+ 23y |- P B |

where
34:]%;g[mﬂfww%wﬂ+ﬂﬂmﬂm%+nz—qﬂ,
B = s [(m2 + mdME + M+ )]
B, = A%%i%{% . (24)

Performing the double Borel transformation over the variables p? and p? on the physical
as well as perturbative parts of the correlation functions and equating the coefficients of

the selected structures from both sides, the sum rules for the form factors A;%~Pst are
obtained:

m% m2D /

c s1 s! s —s =—s

A;Bc—>Ds1 _ (ng +m.) e M7 o M3 { _ %/ 0 ds// Opy_A(S,S/,q2)€Mf6M22

fB.mp, foamp,, Ar? Jmz s
CV A
L2 N2 2

—ZMM@< G> - }, (25)

where 1 = V,0, 1,2 and for the form factors T;BCﬁD“, we get

m2 m /
Be Dgq s S0 —s —s
'B.—D (mb+mc 3 P 1 0 _ 3 T
T.Be=Ps1 — _ > ) e Mi ¢ Mj o yo ds’ p;.{“ PT(S,S,,q2)6MleM2
fB.mB foamp, T Jmz sy
CT PT
iM?M? @ -1 (26)
6

where 7 = V,0,1. The sy and SE) are the continuum thresholds in B, and D,; channels,
respectively and lower bound sy, in the integrals is given in Eq. (18). We present the explicit

V- A(T PT)

expressions of the coefficients C’ correspond to gluon condensates in Appendix—A.

Now, the AZ-BC_”:)“M2 nd TjB°_>D“1(2) form factors are obtained from the above equa-
tions replacing the fp,, by decay constant fp_ 1(2), and mp,, with mp_ (), i.e.,

2 2
ch ’mDsll(Q)

A;BCHD“:W) = — 2(mb+m6) eWe—Mzr{ 2/ ds/ pi (s, 8, q )6ﬁ1§e_2§
fB.mB_ fDa12)MDA1(2) A2 Jip2

V—-A
—iMmg< @>C6},




and

2 2
/ ch "D 511(2) 1
Tch—>Ds11(2) _ 2(mb+mc) e M7 o {_ _2/ dS/ pT PT S S/,q )ere
JB.MB, [Da12)MDG1(2) 472 Jm2
CT PT
- iMfM22< G2> 7} .
6

Using the straight forward calculations, the form factors of the A;
are found as follows:

Be—Dg1 (2460 mp, + Mpy1 ) mp, + Mp,,2 .
AP 51(2460) c s1 Agzc—msll sinf, + c s1 Aé3¢—>D312 cosby
ch + mDsl ch _I_ mDsl

B D1 (2460) - 4 TJBC—>D31(2460)

Be—Dy1 (2460 mp, +mp . mp, +Mmp :
Ai/c s1( ) — _"Be ' TSt A?c—)Dsll SZ’TLQS + "B T TPt AiBic—>D512 COSQS ’
ch _'_ TnDsl1 ch _'_ mD512
— D1 (2460 mp, +Mp1 . mp, +Mmp,,2
TO c 51( ) — < c sl T()Bc—>D311 SZTLQS _I_ c sl T()Bc-)Dsl2 00895 ,
ch _'_ mDsl ch _'_ mDsl

B Ds1(2460)

Jr = ch_mﬂl sinfs + Tjj,gc_”js12 cosb, . (29)

where ¢/ =V, 1,2 and j' = V, 1. Note that, the A” e D (2536) o q TJBC%D“(%%) form factors
are obtained from the above equations by replacing the sinfly — cosfs and costl, — —sinb,.

4 Decay widths

Now, we present the dilepton invariant mass distribution for the B, — D,vv and B, —
D, 1l decays. Using the parameterization of the B, — D, transition in terms of form
factors and also Eq. (3), the dilepton invariant mass distribution of the B, — D4 vv decay
can be written as [43]:

AU (Be = Davp) _ 3Gmp VeVl D @) P o | %o g | (3
dq? 2875 sintly, Pt 3

where s = ¢*/m3,_, x; = m7 /mi,. The parameters D(x;), ¢, , o1 and 3 are defined by

Ty 2+ Tt 35(715 —6
D = = 1
() 8 (:ct 7 (zy —1)2 n:):t> ’

¢Ds1 = (1 - TDs1>2 —2s (1 + TD51) + 827

o = (1= yipa)t A

2 + ¢Dsl ’ABc%Dsl 2

1+ 5, )2 Y

Bc—>D5
51 _ (1 — \/TD51)2 ‘ABC_>DSl 2 B S ’ Be—Dy1|? ¢D s1 '
drp,, 0 (1+ /D, )? drp,, (1 + /T, )?

11— 1— /foo
+= < o 1) D1 pe (AP P grBe=Dary (31)

2 TDg 1 + v T'Dgy
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where rp,, = m3,_ /m% . The differential decay rates for B, — Dgll are found to be
(44, 45]:

A0 (BF = Dal*l") _ Ghy [VaViPa? 2m? O,
dq2 = 295 Uqb%ﬂ 1‘|‘q—2 S a3 + 3153 +4t 6 ,

(32)
where t = mj/m% , v = /1 — 4m?/¢? and the expressions of oy, B3 and § are given as:

2, O (1 4+ rp )T P Pst 9
0 = (- yT)? ||ogt agers - PO VDT

2
+ ‘CloAOBc%D‘ﬂ

S
y € c s1 |2
¢D51 eff pBe—Ds1 __ 2mbC7ff(1 + VTDSI)TV 7D Be—Dg |?
Tar e | | Ay s + |Crody :
Ds1
(33)
5 e c s1 ]2
_ - VD) || mers 4B 2, C7' (1 + \frp, )Ty P Be—Da |2
ﬁg C19 AO + ClOA()
47’D51 S
5 e c s1 |2
_ s eff ABe—=Ds1 __ mec7ff(1 + v 76D31)TV oD B.—D. |?
(1 4 W)g C’9 AV s + CIOAV
sl
¢Dsl

Ay € c— D
CeffABc*Dsl _ 2mbC7ff(1 + V TDSI)Tl B
9 1 s

2
2
C ABC—>D51
+4TD51(1 + vV TD51)2 + ‘ 1044 ]

L (s ) LT g ) et gBeDa 20, C5? ! (1 + \frp ) Ty P
2\ rp., 1+ /T, v s

2, CE (1 + frp ) TP
S

X lcgf f ABeDar _ ] + \Clo\2Re(A§C—>D51A’{BC—>D51)} . (34)

and

|Col BesD
— _ 2 A c sl
2(1+ /7p.,)? Oo,, 1AV

20 (51 4, ) — 5] [ATD

P = 3(1 = rp, AT

2 + ¢D318|A2Bc_>Dsl 2

4TD51 4TD31
¢Ds1 (1 B TDsl) Bc—Ds1 A*Bc—Dgs1 Be—Dgs1 A*%Bc—Dgs1 Bc—Ds1 A*¥Bc—Dg1
Dsl

where my, = my,/mpg,.

5 Numerical analysis

In this section, we present our numerical analysis of the form factors A; , (i = V,0, 1,2) and
T; ,(j = V,0,1). From the sum rules expressions of the form factors, it is clear that the
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main input parameters entering the expressions are gluon condensates, elements of the CKM
matrix Vi, and Vi, leptonic decay constants fg,, fp.,, fp.,1 and fp,,2, Borel parameters
M} and M2 as well as the continuum thresholds sy and sf,. We choose the values of the
condensates (at a fixed renormalization scale of about 1 GeV), leptonic decay constants ,
CKM matrix elements, quark and meson masses as: (2G?) = 0.012 GeV* [46], | Vy |=
0.77+9% | Vie |= (40.6 £2.7) x 1073 [47], C&/ = —0.313, O/ = 4.344, Cyp = —4.669
[48,49], fp., = (225 £ 25) MeV, fp.,1 = (240 £ 25) MeV, fp.,o = (63 +7) MeV [36,50],
fB. = (350 £25) MeV [51-53], my(1 GeV) = (10473%) MeV, m, = (1.27t8;?{) GeV, my =
(4.7£0.07) GeV', mp,, (2460) = (2459.6£0.6) MeV, mp,, (2536) = (2535.35+£0.34+0.5) MeV
and mp, = (6.276 + 0.004) GeV [54].

The sum rules for the form factors contain also four auxiliary parameters: Borel mass
squares M7 and M3 and continuum thresholds sy and sf,. These are not physical quantities,
so the the form factors as physical quantities should be independent of them. The parame-
ters so and sp, which are the continuum thresholds of B, and Dg; mesons, respectively, are
determined from the condition that guarantees the sum rules to practically be stable in the
allowed regions for M? and M?Z. The values of the continuum thresholds calculated from
the two—point QCD sum rules are taken to be sy = (45 — 50) GeV? and s, = (6 — 8) GeV?
46,55, 56]. The working regions for M7 and M} are determined requiring that not only
the contributions of the higher states and continuum are small, but the contributions of
the operators with higher dimensions are also small. Both conditions are satisfied in the
regions 10 GeV? < M? < 25 GeV? and 4 GeV? < M2 < 10 GeV?. First, we would like to
consider the Dy meson as the pure |c5) state. The values of the form factors at ¢*> = 0 are
presented in Table 2. The sum rules for the form factors are truncated at about 10 GeV?2, so

ABem P40 0y |93 40,07 || AZTP1@39) 0y | _0.22 4 0.06

AO c—D1(2460) (O) 0.09 + 0.02 AO c—D51(2536) (O) 0.07 = 0.02

Al «—D41(2460) (O) 0.16 + 0.05 Al c—Ds1(2536) (O) 0.17 £0.05

AR D150 gy |0 96 40,08 || AP35 0y | 0.8 4 0.09

TEPaC00) 99y | 012 4£0.03 | TP () | 0,14+ 0.04

T C—>Ds1(2460)(0) 0.11 + 0.03 TOBc—>Dsl(2536)(0) 0.14 + 0.04

T! C—>Ds1(2460)(0) 014+ 0.04 Tch—>Ds1(2536)(0) —0.16 + 0.05

Table 2: The value of the form factors of the B, — Dy (2460) and B. — D, (2536)
transitions at ¢> = 0, M = 15 GeV? and M2 = 8 GeV?, when the D, meson are
considered as the pure |c5) state .

to extend our results to the full physical region, 0 < ¢* < (mp, —mp,,)* GeV?, we look for
a parameterization of the form factors in such a way that in the region 0 < ¢* < 10 GeV?,
this parameterization coincides with the sum rules predictions. Our numerical calculations
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show that the sufficient parameterization of the form factors with respect to ¢ is as follows:

a

b

fz‘(qz) =

My

Q- 2"

2 \2©
m?it )

(1-

(36)

The values of the parameters a,b and my; are given in the Table 3. To calculate the

a b mya a b myy
ABemPa160) 2y | 13 010 5.30 | AB7Pa@59 2y | 012 010 5.22
A(J]3C—>Dsl(2460)(q2) 0.05 004 5.98 A(J]3C—>Dsl(2536)(q2) 0.04 0.03 5.99
ABeoDa60) 2y 1 909 0.07  5.95 || APPSO (02y | 909 0.08 5.98
ABeoDaI60) 2y 1016 010 5.15 || AZPa®89(2) | 017 011 5.17
TEoPaI00) 2y 1 908 0.04  5.22 || TP (42) | 0.09 005 5.05
TEoPa00) 2y | 010 0.01 5.85 || TPP®0(2) | 011 0.03  5.96
TR Pa00) 2y | 009 0,05 5.22 | TP 2y | 008 -0.07 5.14

Table 3: Parameters appearing in the fit function for the form factors of the B, — Dg;(2460)

and B, — D4 (2536) transitions at M? = 15 GeV? and M3 = 8 GeV? .

branching ratios of the B. — Dy (2460[2536])I71~ /v decays, we integrate Eqgs. (30, 32)
over ¢* in the whole physical region and use the total mean life time 75, = (0.46 & 0.07) ps
[54]. Our numerical analysis shows that the contribution of the non-perturbative part (the
gluon condensate diagrams ) is about 12% of the total and the main contribution comes
from the perturbative part of the form factors. The values for the branching ratio of these
decays are obtained as presented in Table 4, when only the short distance (SD) effects are
considered. It should be noted that, the long distance (LD) effects for the charged lepton

MODS

BR

MODS

BR

B, — D,1(2460)vp

(3.26 +1.10) x 1077

B. — D41 (2536)viv

(2.76 £ 0.88) x 1077

B, — D4(2460)ete™

(5.40 + 1.70) x 107

B, — D,1(2536)e*e

(2.91 4+ 0.93) x 107

B. — D (2460) ™ ™

(2.27 +£0.95) x 107

B. — D (2536) " pu~

(1.96 + 0.63) x 107

B. — D (2460)7 17~

(1.42 £ 0.45) x 108

B, — D;1(2536)7+ 7~

(0.68 4+ 0.21) x 1078

Table 4: The branching ratios of the semileptonic B, — Dy(2460)IT]~ /uv and B. —
D41(2536)I71~ /up decays with SD effects.
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modes are not included in the values of Table 4. With the LD effects, we introduce some
cuts close to ¢> = 0 and around the resonances of J/v¢ and ¢’ and study the three regions

as follows:
I: Vi < @ < My — 020,
IT: My +0.04 < \Jg> < My —0.10,
IIT: My 4002 < \/¢ < mp, —mp, (37)

where /g2, = 2m;. In Table 5, we present the branching ratios in terms of the regions
shown in Eq. (37). The errors are estimated by the variation of the Borel parameters M7

MODS I I7 117

BR(B, — D,;(2460)e*e™)

(4.40 + 1.35) x 1076

(1.62 +£0.52) x 1077

(1.01 £0.35) x 1077

BR(B, — D,;(2536)e*e™)

(2.65 +0.82) x 107

(0.90 4 0.28) x 107

(0.81 £0.25) x 1077

BR(B. — D (2460)u™u™)

(1.76 £ 0.58) x 10

(1.614+0.53) x 1077

(1.0140.35) x 1077

BR(B. = D41 (2536)u* 1)

(1.00 4 0.31) x 1076

(0.96 + 0.29) x 107

(0.68 £ 0.21) x 107

BR(B. — D4 (2460)7777)

undefined

(5.20 +1.61) x 109

(8.12 4 2.75) x 1079

BR(B. — D (2536)7777)

undefined

(4.16 £ 1.29) x 107

(6.56 + 2.16) x 10~

Table 5: The branching ratios of the semileptonic B, — D (2460)ITl~ /uv and B. —
D41(2536)I71~ /up decays including LD effects.

and M3, the variation of the continuum thresholds sy and s}, the variation of b and ¢ quark
masses and leptonic decay constants fp, and fp,,.

Now, we would like to analyze the form factors obtained when we considered the D
meson as a mixture of two [3P;) and | P;) states (see Eq. 29). The transition form factors
of B, — D4(2460[2536])IT1~ /vy at ¢* = 0 in the interval —180° < 6, < 180° are shown in
Figs. 3 and 4. From these figures, we see that all form factors have the following common
behaviors: 1) they have extrema at the same mixing angles and 2) they come across at
two points. The dependence of the form factors B. — Dg(2460) and B, — D,(2536)
transitions on the mixing angle, 6, and the transferred momentum square, ¢, are plotted
in Figs. 5, 6 in the regions 0 < ¢*> < (mp, — mp,,)* GeV? and —180° < 6, < 180° for ¢*
and mixing angle, respectively. Using Eqgs. 30 and 32 we analyze the decay widths and the
branching ratios related to considered decays. For this aim, we denote the variations of the
decay widths with respect to ¢ and 6, in the regions 4m? < ¢*> < (mp, — mp,)* GeV?
(I =7, pu,e)and —180° < #; < 180° and branching ratios only in terms of mixing angle 6, in
Figs. 7-10. The results for electron and muon are approximately the same, so we consider
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Il =p, 7. In Fig. 11, as an example, we only depict the variation of the branching ratio of
B. — D41(2460)vv decay in terms of the mixing angle. The figures 9 and 10 depict a regular
variation of the branching ratios for [T~ case with respect to the mixing angle, while we
see an irregular variation of the branching ratio of the B, — D,;(2460)vv transition with
respect to the 6,.

In summary, We analyzed the semileptonic B, — D,;(2460[2536])(T1~, | = e, u, 7 and
B. — D41(2460[2536])vv decays in the framework of the three-point QCD sum rules. First,
we assumed the Dy (2460) and Ds;(2536) axial vector mesons as the pure |cs) states. In this
case, the related form factors were computed. The branching ratios of these decays were
also estimated with both the short distance (SD) and long distance (LD) effects, for the
charged lepton modes. Second, Dj;(2460[2536]) mesons were considered as a combinations
of two states |2P;) = |D,1) and |' P}) = |D,;2) with different masses and decay constants.
We evaluated the transitions form factors and the decay widths of these decays with respect
to the mixing angle 0, and the transferred momentum square ¢?. The dependence of the
branching ratios on #, was also presented. Detection of these channels and their comparison
with the phenomenological models like QCD sum rules could give useful information about
the structure of the D,; meson and the mixing angle 6.
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Appendix—A

In this appendix, the explicit expressions of the coefficients of the gluon condensate entering
the sum rules of the form factors A;%7* (i = V,0,1,2) and TJ-BC_’D“, (j =V,0,1) are

given.

VoA _
Cy =

—101;(3,2,2)mp>me2 4+ 10 11(3, 2, 2)myp>m.® + 10 Ir(3, 2, 2)my2me® + 10 I(3, 2, 2)my*m,.>
110 11(3, 2, 2)mym.* + 10 121(3, 2, 2)my?m. — 30 1(3, 2, 1)my®me + 60 11 (1, 4, 1)mp>me
+60 I5(1, 4, D)my>me — 20 I5(3,2, 1)ymy2me + 10 11713, 2, 2)my2m, — 20 1o(3, 2, 1)my*me
+60 10(1 4, Dymy2me + 10773, 2, 2)my2me + 20 11(2, 2, 2)myme? + 10 I5(3, 2, 1)mym,2
+10 Il( , D)ymym.? + 40 12(2 3, 1)ymym.? — 10 10(3 2, 1)mym.? + 20 f1(2,3,1)mbmc2
—20 1 1}(3 2, 2)mpme + 30 I (4,1, Dymym.? — 10 15(3, 2, 2)m.® — 10 11(3, 2, 2)m,”
—1015(3,2,2)m.> + 20 1,(3,2, )my® + 10 1;(2, 2, 2)my,® — 20 1,(2, 3, 1)my,>

—60 11(1 4, 1)my? — 10 1°1(3,2,2)my® — 30 I (4,1, 1)m.® + 20 1(3, 2, 2)m,?
+1015(3,2, 1)m.> — 10 I5(3,1,2)m.> — 20 Iy(2, 2, 2)m.> — 20 I5(2, 2, 2)m,>

—20 11(2 2,2)m.> — 30 Io(4,1, 1)me® — 30 Iy (4, 1, D)m.> + 20 13,2, 2)m,?
~1015(3,1,2)mc + 20 1(3,2,2)m2 — 50 11(2,2, 1)my, + 20 111 (2,3, 1)m,,

—20 7°M(3,2, 1)my, + 20 11(1, 2, 2)my, + 60 Io(1, 3, 1)my, — 20 [(2,2, 1)my,

—20 7(3,1, 2)my — 20 16(2, 2, 1)my + 30 11(2, 1, 2)my, + 100 Lx(1, 3, 1)my

+10 1%(3,2,2)my, — 20 192, 2, 2)my, + 40 11272, 3, 1)my, + 20 [1(1, 3, 1)my,
+30 (2,2, Dym. + 30 19(3, 1, 2)me + 20 113, 2, Dyme + 10 101 (3,2, 1)m
+20111(3,2, 1)ym, — 10 11°%(3,2, 2)m, + 20 11*Y(3, 1, 2)m. + 20 I["Y(2, 2, 2)m,
+20 15(2,2, 1)me — 30 1,(2, 1, 2)m, + 10 Io(3, 1, 1)m, + 20 1V (2, 2, 2)m

—20 Io(1,2,2)m. — 20 Iy(1,2,2)m. + 30 1Y (3,1, 2)m, — 10 [,(3, 1, )m

+20 101(2,2,2)m, — 10 15(3,1, 1)m, — 20 [1(2, 1, 2)m. — 30 [y(2,1,2)m

—10 1%(3,2,2)m, + 20 1,(2,2, 1)m, — 20 I, (1,2, 2)m, — 10 [1*%(3, 2, 2)m,

—2016(3,2,2)m.® — 40 I5(3, 2, 1)m.® — 20 [5(3, 1, 2)m.> + 40 I9(3,2, 2)m.?
—40 16(2,2,2)me® — 60 Is(4,1, 1)m.® + 5 1o(3, 1, 1)ym.> — 30 1V (1,4, 1)m,?
+2014(2,2,2)my> + 5 1p(2,2, 1)my,> — 120 I(1, 4, 1)my® + 40 I4(2, 3, 1)m,>

+15 1013, 2, 1)my® — 20 I(1, 3, 1)my? + 10 17(2, 3, 1)ymy® — 515%(3, 2, 2)my?
+10171(2,2,2)my* — 515(1,2,2)m,® — 20 11(3, 2, 2)my® + 20 1Y(3,1, 2)m
420 16(2,2, 1)me + 40 1°7(2,2,2)m. — 20 1%(3,2, 2)m, + 20 I5(3,2, 1)m,?

+5 1093, 1, 1)me + 5 1o(1, 1, 2)me + 20 Ig(2, 1, 2)me + 40 I5(3, 1, 1)me
+515(1,2, Dme — 510(2,1, Dme — 10 13(2, 3, 1)my, — 10 17(3,1,2)m

—10 1M1, 3, 1)my — 15 1o(1, 2, 1)my, — 40 (2,2, 1)ymy + 15 1012, 2, 1)my
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C

V—-A
1

+20 101(1, 2, 2)my, — 40 I6(1, 3, 1)my, — 40 I5(3, 1, 1)my, + 40 121(3,2, 1)m

—20 12,2, 2)my, + 20 11%(3, 2, 2)my, — 40 1(3,1, 2)my, — 15 (1,1, 2)m,,

—15 1072, 2, 2)my, + 15 19(2, 1, 1)my, — 20 (2, 1, 2)my, + 25 101(2, 1, 2)m

+10 1093, 1, 1)me — 15 1°%(3, 2, 1)y, — 20 Ig(1, 2, 2)my, — 40 12,3, 1)my,

—20 11(3,2, 1)my, — 5 10(3, 2, 2)meSmy, + 10 Iy(2, 2, 2)mePmy? + 20 I6(3, 2, 2)mPm,”
—10 Io(2,3, Dymc my + 15 1177(3,2, 2)m my, + 20 I6(3, 2, 2)me my — 15 15(2, 2, 2)me my,
—510(3,2, 1)mcmy, — 15 In(4, 1, 1)motmy — 5 10(3, 2, 2)mmy* + 5 15(3, 2, 2)me my®

15 15(3, 2, 2)m my? — 30 Io(1, 4, 1)memy® — 5 1°(3, 2, 2)memy® + 10 I(3, 2, 1)memy”
+1015(2, 3, 1)m2my® — 10 In(3, 2, 1)me2my, — 20 Ig(3, 2, 2)m.2my® + 30 Iy(1, 4, 1)m2my®
—10 1M(3, 2, 2)mmy? + 5 1o(3, 2, D)mePmp? + 15 Io(4, 1, DmePmp? + 20 I5(2, 2, 2)m2my,
+10 109(3, 1, 2)m2my — 40 1073, 2, 2)m.2my, — 15 1173, 2, 2)m2my

+10 Io(1, 3, )me2my + 20 1) }(3 2, D)me2my — 20 Io(1, 2, 2)m.2my, — 15 Iy(2, 1, 2)mo2m,
—4015(2, 3, me2my + 15 104, 1, Dm2my, + 30 107(2, 2, 2)me2my, + 60 I5(4, 1, 1)m2my,
—10 Io(3, 1, D)me2my + 20 Is(3, 1, 2)me2my + 15 1o(2, 2, Dyme2my, + 20 11012, 3, Dym2my,
+40 16(3, 2, Dme2my, — 10 107(2, 2, 2)memy? — 20 Ig(3, 2, 1)memy? + 20 10(3, 2, 2)memy?
+15 1(2, 1, 2)memy + 5 1o(3, 1, Dmemy? — 20 11(3, 1, 2)memy? — 20 Ig(2, 2, 2)memy?
—30 Io(1, 3, 1)memy? + 120 I5(1, 4, 1)memy? + 10 Io(1, 2, 2)mems® — 5 1°7(3, 2, 1)memy?
—101y(2,2, 1)memy + 5 173, 2, 2)memy?

—40 1"M(2,3,1)my + 20 11%%(3, 2, 2)my, — 40 13(2, 2, 1)my, — 20 11(1, 2, 2)m,

—2011(2,1,2)my — 40 12,3, 1)my, — 20 17(3,2, 1)my, — 20 15(2, 1, 2)my,

—20 11(2,2,2)my, — 20 I5(1, 2, 2)my, — 20 L4(1, 2, 2)my, — 10 1122, 3, 1)

+5 19%(3,2,2)my — 515(3,2,2)ms® — 515(3,2,2)me® — 20 I5(3,2, 2)m,

—151,(3,2,2)m.> — 45 1,(3,2, 1)ms® — 20 I;(3,1,2)m.> — 20 I5(3, 2, 1)mc3

—151,(4,1,1)m.> — 25 15(3,2, 1)m.> — 40 14(3,2, 1)m.* — 10 I5(2, 2, 2)m,>

—451,(4,1,1)m.> — 20 (3,2, 2)m.’ — 519(3,1,2)m:> — 40 I5(2, 2, 2)m,.*

+10 101(3,2,2)m.* — 30 [1(2, 2 2)mc +40 1(3,2,2)m.* — 60 I5(4,1,1)m?

—1515(4,1,1)m.> — 515(3,1,2)m> — 10 1y(2,2,2)m:> — 20 I,(3, 1, 2)m,>

—40 I5(3,2, 1)m. + 30 13, 2, 2)m.? + 40 11*(3, 2, 2)m.® — 60 [,(4, 1, 1)m.>

—2015(3, 2, 2)m2my> + 20 14(2, 2, 2)m2my — 20 1y(2, 3, 1)me2my + 40 14(3, 2, 1)m>my,

—40 1"1(3,2, 2)m2my, — 20 15(2, 3, 1)mc2my, + 60 I4(4, 1, 1)m2my, + 60 I5(4, 1, 1)mc>my,

+20 I5(3, 1, 2)m2my + 20 I5(2, 2, 2)m2my + 5 11(3, 2, 2)memy, + 20 I5(3, 2, 2)mo my,

L2, 2Ymetmy + 5 10(3,2, 2)m > my? + 20 14(3, 2, 2)m S me? + 5 15(3, 2, 2)m>my,?
2, 2)m my? + 20 I5(3, 2, 2)mePmy? — 20 1,(3, 2, 2)m.2my® — 5 1,(3, 2, 2)m2my,

L2, DYmemy + 15 1,(4, 1, 1Yme2my, + 5 1o(3, 2, D)m2my + 10 11(3, 1, 2)m2my,

.3, 1)m2my, — 10 1°7(3,2, 2)m2my + 35 1(3, 2, 1)m2my + 20 14(3, 1, 2)ms®my
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—40 1213, 2, 2)m2my, — 40 I5(2, 3, D)me2my — 20 I5(3, 1, 2)m.? + 10 11°(3, 2, 2)m.?

40 13(2,3, D)my? + 20 I5(2, 2, 2)my® — 5 11°9(3, 2, 2)me® + 40 1,(2, 3, 1)my?

—20 11"(3,2,2)my* — 120 I5(1, 4, 1)my?® + 20 I5(3, 2, 1)my® — 120 14(1,4, 1)m;?

+2014(3,2, 1)my> + 10 I3(2, 3, 1)my,® — 30 I1(1, 4, 1)my,> — 40 1,(2, 2, 2)m,>

140 I5(3, 2, 1)m2my, — 40 14(2, 3, 1)m2my + 20 11°9(3, 2, 2)ymemy? + 5 10(3, 2, 2)memy?

—2014(2,2,2)memy? — 30 11(3,2, 1)memy? 4+ 90 Iy (1, 4, 1)memy? 4 120 I3(1, 4, 1)mgmy?

+20 11(3, 2, 2)memy? + 120 14(1, 4, Dymemy? + 10 11(3, 2, 1)my,® — 20 1(3, 2, 2)my?

+40 15(3,1, Dme — 5 16(2, 2, 1)me + 10 107(2, 2, 2)me + 20 1(2, 1, 2)me + 40 I27(3, 2, 1)m.

+20 1013, 1,2)me + 10 12Y(2, 2, 2)me + 20 I5(2, 2, 1)m. — 20 11%%(3, 2, 2)m.

+40 12,2, 2)me + 5 15(3, 1, Dme + 20 14(2, 2, 2)my® + 30 Io(1, 4, 1)memy?

+511(3,1,2)memy — 15 1o(3,2, 1ymemy? + 5 151(3, 2, 2)memy? — 10 15(3, 2, 1)memy

+30 I5(1, 4, D)ymemy?® — 20 14(3, 2, 1)memy? + 15 1°7(3, 2, 2)memy? — 10 1(2, 2, 2)memy?

—20 15(3,2, Dymemy? — 20 I5(2, 2, 2)memy? — 15 11°%(3,2, 2)m, — 10 [1(2, 1, 2)m.

—5 13,2, 2)m, + 5 11(2,2, 1)m, + 40 11> (3,2, 1)m, + 10 I*(3,2, 1)m.

+15 109(3,1, 2)m, + 20 1" ”(3, 1,2)m, + 35 1°9(3,2, 1)m. + 30 111 (3,1, 2)m
—517(3,2,2)me + 40 12,2, 2)me 4+ 20 I5(2, 1, 2)me — 15 1y(2,1,2)m

—40 1M(3,1, 2)my, — 40 14(3,1, 1)my — 10 11°(3, 2, 1)my, — 40 14(2, 2, 1)my,

+20 1%7(3,2, 2)my, — 40 I5(1, 3, 1)my, — 40 11°9(3, 1, 2)my, + 10 11(1, 3, 1)my

—101o(2,2, 1)my — 20 1Y(2, 2, 2)my, — 10 1,(2,2, 1)my, — 10 11°7(3, 1, 2)m,

410 Io(1, 3, )y — 20 111(3, 2, 1)my, — 20 10%(3, 2, 2)me — 10 19(3, 1, 1)m,

40 14(3,1, 1)me — 15 15(2, 1, 2)me + 20 14(2,2, Dme + 15 11(3, 1, Dme + 15 1213, 1, 2)m.

+15 109(3,2, 1)m, — 40 I3(3, 1, 1)my — 20 1(2, 1, 2)my, + 10 Io(1, 3, 1)my, — 30 [1(2, 2, )my,

—4014(1,3,1)my + 30 1112, 2, 2)m..

i
3
1
2

A/\AA

15 I5(4, 1, D)me2my, — 40 127(3, 2, 2)m2my, — 40 14(3, 2, D)me2my, — 10 1,(2, 3, 1)ms>m,
1+20 15(3,1, 2)m2my + 60 I3(4, 1, )m2my, — 20 Ii(2, 2, 2)m2my, + 40 I5(3, 2, 1)m.2my,
+40 11°9(3, 2, 2)me2my — 60 I4(4, 1, Dyme2my + 40 1,(2, 3, 1)m2my, + 20 13(2, 2, 2)mmy
—510(3,2, 1)me2my, + 15 1,(3, 2, 1)me2my, — 20 1,(2, 3, 1)m2my — 40 I5(2, 3, 1)m2my,
—20 1,(3, 1, 2)m.2my, + 10 13,2, 2)m? + 60 1,(4, 1, 1)m.® — 20 [3(3, 1, 2)m.?
+4014(2,2,2)m.> — 15 11(4,1, 1)m.> — 40 I5(3,2, 1)m.> — 40 I5(2, 2, 2)m,>

—151,(4,1, D)m. — 5 15(3,2, 1)me® + 10 I°Y(3, 2, 2)me® + 5 15(3, 1, 2)m,>

—10 11(3,2,2)m® — 10 [1(2,2, 2)me® + 10 Iy(2, 2, 2)m.* — 10 [5(3, 1, 2)m.>
—51,(3,1,2)m + 15 Iy(4, 1, 1)m.® — 20 13(3, 2, D)m® + 20 11*(3, 2, 2)m,?

—30 (1,4, D)ymy?® — 20 1213, 2, 2)my® + 40 I5(2, 3, 1)my® + 5 15(3, 2, 1)m.2my,

—20 1M(3,2, 2)mems? + 5 1x(3, 1, 2)memy® — 20 13(3, 2, 1)memy? + 20 14(2, 2, 2)memy
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—51,1(3,2,2)memy? — 10 I5(3, 2, L)memy? + 15 In(3,2, 1)memy? + 20 11 (3, 2, 2)memy?
ey — 30 Io(1, 4, 1)memy? + 120 I5(1, 4, Dymemy? + 5 1°9(3, 2, 2)memy?

—1015(2,2,2)m

+30 11(1, 4, D)ymemy® — 120 Ly(1, 4, 1)memy? + 5 17(3, 2, 2)memy? — 20 I5(2, 2, 2)memy?
+20 14(3, 2, 1)ymemy? — 10 11(3 2, 1)memy? + 30 12(1,4, 1)memy? + 20 f3(2, 2,2)my’>
—201,(2,2,2)m,® — 5 101(3,2,2)m,® — 40 14(2, 3, 1)my® + 120 [,(1, 4, 1)m,?
—201,(3,2, 1)mp> 4+ 10 15(2,3, 1)my,” + 10 I5(3,2, 1)my® — 120 I5(1, 4, 1)m,®

+2015(3,2, 1)m,? + 20 I7(3, 2, 2)me + 10 11°Y(3,2, 1)m, — 40 1" (2,2, 2)m

+510(2,2, 1)ym, + 15 1°%(3,1,2)m. — 5C15(3, 2, 2)m. — 15 1°%(3,2, 1)m
+51077(3,2,2)m, — 40 I,(3, 1, )me + 15 19(2, 1, 2)me + 5 15(3, 1, 1)me.
40 I5(3,1, 1)me + 5 11(3, 1, 1)m. — 20 1Y (3,1,2)me + 10 1(3, 1, )me
420 15(2,2, Dyme + 15 127(3,2, 1)m, — 20 1,(2, 2, 1)m. + 20 [,(2, 1, 2)m.
+10 7°M(2,2,2)m, + 20 12Y(3,1,2)m, — 20 [4(2, 1, 2)m, + 20 [5(2,1,2)m
—40 1°Y(3,2, 1)m, + 40 13,2, Dme. — 5 11%(3, 2, 2)me + 40 IV (2,2, 2)m,.
+515(2,2, 1)ym, + 10 112, 2, 2)me — 15 11(2, 1, 2)m. — 15 11(3,1, 2)me
—10 12,2, 2)m, — 20 1%(3,2,2)m, + 10 1;(1, 3, 1)my + 20 L,(1, 2, 2)m,
—40 1013, 1,2)my + 40 11°7(3, 1, 2)my, — 20 1n(2, 1, 2)my, + 20 1193, 2, 1)my,
—10 7(3,2, 1)my, — 20 I5(1, 2, 2)my, — 10 12(2, 3, 1)my, — 40 I5(1, 3, 1)my,
+510%(3,2,2)my + 10 1p(2, 2, 1)my — 20 15(2, 1, 2)my, — 10 11(2, 2, 1)m
—10 15(2,2, 1)my — 10 Io(1, 3, 1)my — 20 11223, 2, 2)my, — 40 1272, 3, 1)m
—2015(1,2,2)my + 20 14(2, 1, 2)my, — 40 I5(3,1, 1)my, — 10 Io(1,3, 1)my
—10 1(3,1,2)my, — 20 1°Y(2, 2, 2)m , + 40 f4(1 3, 1)my + 40 [4(3,1, D)y,
+20 I107(3, 2, 2)my, — 40 I5(2, 2, 1)my, + 20 1101(2, 2, 2)my, + 40 112(2,3, 1)my,
—20 1M(3,2, 1)my, + 40 14(2, 2, 1)my, + 25 16(3, 2, 1)m,> — 60 I5(4, 1, 1)m.>
+10 I5(3, 1, 2)m2my, + 20 1(3, 2, 2)m.> 4 5 19(3, 2, 2)m.> — 5 1,(3,2,2)m,°
—2015(3,2,2)m.> — 51,(3,2,2)m > — 40 I[*"(3,2,2)m.® — 10 [,(2, 2, 2)m,>
+40 1,(3,2, D)me® + 40 I(3,2,2)me? + 20 14(3,1,2)m.> + 5 15(3, 2, 2)mc my,
—2014(3,2,2)m.* mb+20 I5(3,2,2)m. m b+5f1(3 2,2)m my? — 5 1o(3, 2, 2)mmy?
(3,2,2)
(3,2, 2)m,

Y )

)

+20 Iy me. m,, — 20 14(3,2, 2)m S mp? + 5 1,(3, 2, 2)m S mp? — 515(3, 2, 2)m,2my*
1201, my® — 20 I5(3, 2, 2)m2my® — 10 13,2, 2)m 2my, + 20 Iy(2, 3, 1)m.2my

Y )

Y )

10 1,(3, 2, 2)my*m.2 — 20 I,(1,1,2) + 10 1" ”(2, 2,1) —1017(3,2,1)
—1019(3,2,2)mp>m,> — 10 1,(3,2, 2)my*mc® — 10 1,(1,2,1) — 10 Iy(1, 1,2)

—60 11 (1,4, 1)my*me — 10 127(3,2, 2)myPm. — 60 Io(1, 4, 1)my®me + 20 1,(3, 2, 1)my>me
+20 11(3, 2, D)my*me — 10 13,2, 2)myPm, — 10 11%Y(3, 2, 2)my>me — 60 (1, 4, 1)mp>me.
+20 15(2, 3, 1)my*me — 10 I5(3, 2, 2)my>m.® + 10 I,(3, 2, 2)mym,.® + 10 1,(3, 2, 2)mym,”

) 7
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+10 ]0(3,2,2)7m,mc + 20 15(3,2, 1)my°m, — 20 f1(2 3, )my°m. + 10 11(3, 1, 2)my m,
120 Io(2, 3, 1)my*me — 10 11(3, 2, 2)mp>me* + 10 1°7(3,2, 2)my* — 20 11(3, 2, 1)m

+60 11(1,4, 1)my* — 10 1y(3,1,2)me* — 10 11(3,1,2)m.* + 10 [,(3,2, 1)

+10 1p(3,2, Dme* + 10 121(3,2, 1)my? + 60 1,(1, 3, 1)me? + 20 11°(3, 2, 1)my
~1011(2,2,2)my" + 20 Ip(2, 3, Dymym® — 20 113, 2, 2)mym,® + 20 11(2, 2, 2)myme
+10 15(3,2, Dymyme® + 20 Ih(2, 3, D)mym,® + 10 11(3,2, D)ymym® + 20 Iy(2, 2, 2)mym,
+2011(2,3, myme® + 30 Io(4, 1, Dymyme® + 20 11(3,2, 2)my>m.2 + 10 1(3, 2, 1)my*me
—201;(3,2, 1)mp>m.2 — 30 I, (4, 1, 1)mym2 + 20 Io(3, 2, 1)mym,® + 30 I; (4, 1, 1)mym,>
+30 15(4, 1, 1)meme® 4+ 20 1y(2, 2, 2)mpme® — 20 11(2, 2, 2)my?m.2 — 40 Ir(1, 3, 1)myme
—30 (2,2, 1)mym. — 70 11(2, 2, Dymyme — 10 13,2, Dymyme — 20 1072, 2, 2)mym.
—20 12,2, 2)myme + 20 Iy(1, 2, 2)myme + 10 1723, 2, 2)myme + 10 11%3(3, 2, 2)mym..
—20 1M(3, 2, 1) myme + 20 (1, 2, 2)mym, — 20 11°7(2, 3, 1)ymym, — 20 I5(2,2, 1)myme
—20 113, 1, 2)myme + 20 I5(2, 1, 2)mym, — 40 Io(1, 3, Dmyme — 20 I(3, 1, 2)mym,
—20 12,3, 1)mym. — 10 1°(3, 2, 1) myme + 20 19(2, 1, 2)myme + 10 17(3, 2, 2)myme.
—1019(1,2,1) — 20 I,(1, 2, 2)my,% + 10 Iy(2, 2, 1)my? +20]101(3,1,2)mb
—3011(2,1,2)m,2 + 20 1172, 2, 2)my,2 + 30 1o(2, 2, 1)my? — 10 1%(3, 2, 2)my

+10 101(3,1,2)m2 — 20 [p(2, 1, 2)m.% — 10 1Y(3,2, 1)me? — 20 [1(2, 1, 2)m.

+6011(2,2, 1)my® — 30 I5(1,2,1) — 20 1713, 2, 2)mymc® + 20 11(2, 1, 2)mym.

—20 12,3, 1)mym, + 20 I (1, 2, 2)mym. — 10 1;(3, 1, D)ymyme — 20 173, 1, 2)mym.
—20 12,2, 2)mym, — 40 I, (1, 3, Dymym, — 20 11°9(3,2, 2)mym.? — 10 193, 2, 1)m,2
+10 7°Y(3,1,2)m.2 — 20 [,(2, 2 1)mc +1015(3,1, 1)me® + 10 I(3,2, 1)m,.2
—10 7(3,1,2)m2 + 10 [,(3, 1, 1)m.

—1510(2,2,2)m. my? — 15 Iy(4,1,1)m.* mb +515(3,1,2)m.° mb —51y(3,2,1)mmy
—510(3,2,2)m>my” + 5 1o(3, 2, 2)mo my* + 510(3 2,2)m S my”® — 5 1o(3, 2, 2)mSmy?

+30 12,2, 2)m2my? — 15 In(2, 1, 2)m>2my? — 15 117 (3, 2, 2)m.2m,,?

—20 1o(2,2, Dmc*my, + 10 1773, 2, Dymmy + 10 1o(2, 1, 2)m my, — 30 Io(1, 4, D)memy
—5109(3,2,2)mems” + 10 I(3,2, D)ymemy? + 10 Ip(2, 3, 1)mems® — 10 Io(3, 2, )mc2my*
+30 Io(1, 4, immy* + 15 Iy(4, 1, DmPm,?® — 10 1073, 2, 2)mcPmy

—10 Io(2, 3, 1)mmy® + 10 Iy(2, 2, 2)m>my® + 15 1°7(3, 2, 2)me*my?

410 Io(1,2, 2)memy® + 15 19(2, 1, 2)mems® — 20 103, 1, 2)memy?® + 10 172, 3, 1)memy?
—510(2,2, 1)memy® — 10 107(2, 2, 2)memy® — 20 I(1, 2, 2)m.2my

+15 13,2, 1ym2my? — 5 1(3, 1, 1)m2my? + 30 10(1 3, )me2my?

+15 109(3, 1, 2)m2my? — 30 1o(2, 1, 1)memy + 10 10Y(3, 1, Dmems, — 515023, 2, Dmemy,
—10 12,1, 2)memy, — 50 I(1, 2, 1)ymemy + 10 Io(1, 1, 2)memy, + 5 1023, 1, 2)mem,
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+20 12,2, 1)memy — 70 Io(1, 3, Vymemy® + 5 1023, 2, 2)mems® + 5 1o(3, 1, 1)memy?
—201"(1,2,1) = 5 11°%(3,2, 1)my? — 15 1p(1, 1, 2)my,2 + 30 (2, 1, 2)m,?
—1510%(3,1,2)mp? — 30 11(1, 3, 1)my2 + 10 In(1,2, D)my® — 15 1772, 1, 2)

+20 109(1, 2, 2)my? — 15 10%(2, 2, 2)my2 + 20 [n(2, 1, D)my + 30 112, 1, 2)m,.2

—30 12,2, 1)m> +10[001(3,1,1)mb —510M(2,2,1)my? + 20 I(1, 2, 1)m,2
—~151%(3,1,2)m2 + 15 17(3, 2, 1)m.2 — 20 I(1, 1 2)m62+15f0(2 1 1)

—30 1M1, 4, 1)my* + 15 Ip(1,1,1) 4 10 1o(2, 2, D)my,* + 10 1(2, 2, 2)m,

+10 13,2, )ymy* — 5177(3,2, 2)my* + 15 171(3, 1, 2)m,* — 516(1, 2, 2)my"
—1510(2,1,2)m.* — 15 11"1(3,2, D)m.* — 515(3, 1, 2)me® + 5 19(3, 2, 1)m,S

+1510(2,2, Dmt +20 1597 (1,1,2) + 15 127(2, 2, 1)

CIFT = +101y(3,1, ymemy + 1017 (2,2, 2)memy — 10 17(2, 2, 2)mmy

—3515(2,2, Dymemy — 10 1072, 2, 2)memy, — 10 Ip(1,1,2) + 20 [1(1, 2, 2)m,>
+15 1094, 1, 1)m2 + 25 129(3, 1, 2)m2 — 15 [p(2, 1, 2)m.2 — 51,(3, 1, 1)m.>
—15 13,1, 2)m2 + 30 I)"1(2,2,2)m.2 + 15 1,(2,1,2)m.2 + 30 I1(2, 2, 2)m,.2
+5 1013, 2, 1)m2 = 15 1°1(3, 2, 1)m.2 + 15 1°%(3, 2, 2)m.2 — 15 1"%(3, 2, 2)m, 2
110 1,(2,2,1)m2 + 10 I5(3,1, 1)m.? — 5 1y(3, 2, 2)mc*my® — 5 I5(3, 2, 2)mc>m,
+515(3,2,2)mmy — 15 11(4, 1, DmePmy + 10 1,(2, 2, 2)mBmy, — 1511772, 2, 2)
~1511(2,1,2)memy — 5 19(3,2, Dymemy + 5 1023, 2, 2)memy, — 10 10(3, 2, 1)memy,
—15 13,1, 2)memy + 15 1°9(3, 1, 2)memy, + 10 In(1, 2, 2)memy, — 10 1°9(2, 3, 1) memy,
+511(3, 1, Dymemy + 30 1272, 1,2) — 20 192, 1, 2) + 10 /1°%(3, 1, 2)
5 10(3,1,1) — 1011(1, 2, 2)memy, + 10 Io(1, 2, 2)memsy — 15 113, 1, 2)memy,
—1510%(3,1,2) + 30 L(1,3,1)my? + 20 15(2,2, D)my2 + 5 15(3, 1, 1)my”
—5197(3,2,2)mp? — 10 127(3, 2, 2)me + 10 102, 2, 2)me? + 5 16(2, 2, 1)my?
—30 1M1, 4, 1)mp? — 10 11(2,2, D)my? — 5 1o(1, 2, 2)me? + 5 11°%(3, 2, 2)my?
+10 709(3,2, 1)mp? — 10 11°7(2, 2, 2)my? — 15 Io(1, 2, 2)my? + 30 1191, 4, 1)my?
—5192,2,1) = 5 12,2, 1) + 20 1°1(1,2,2) — 15 15(2, 1, 2)my2 — 30 1 (1, 4, 1)m,?
+15 1013, 1, 2)my2 + 20 12,2, 2)my? — 10 13,2, 1)ymy2 + 15 11713, 2, 1)my 2
+511(1,2,2)m,? + 15 11°%(2,2,2) — 15 17(2,2,2) + 10 13,1, 1)
+15 109(2,2,1) = 51°%(3,2,2) + 5 119(3,2,2) — 515(3,2,2)m.5 — 5 15(3,2, 2)m.°
+51,(3,2,1)m — 10 1y(3,2, D)m,* — 15 (4,1, 1)m.* — 15 1,(2,2,2)m,*
+1511(2,2,2)mct + 15 (4,1, 1)ym,* + 15 1713, 2, 2)m.* — 15 1°Y(3, 2, 2)m, !
—1510(2,2,2)m.* + 5 1,(3,2, 2)m S my, + 5 1y(3, 2, 2)me°my, — 5 1,(3, 2, 2)m, my,
+515(3,2, 2)mo my? — 5 11(3, 2, 2)m mp? + 5 1,(3, 2, 2)m S my® + 5 1,(3, 2, 2)m,S
—511(3,1,2)m my, + 10 11°Y(3, 2, 2)mmy + 10 [1(2, 3, 1)mmy, — 10 101(3, 2, 2)mBmy,
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+5 f0(3, 1,2)m S my — 5[1(3 2, 1)ym: my — 10 11(2 2,2)me my, + 512(3, 1,2)m my

15 Io(4, 1, 1)mPms + 10 I(3, 2, Dme3my — 10 11°9(3, 2, 2)mAme + 5 115(3, 2, 2)my,
—1515(4, 1, )mt + 5 1,(3,1,2)m*t — 10 (3,1, 2)m.* — 519(3,1,2)m.*
15(2,2,2)mEmy + 5 1,(3,2, 1)m S my, — 10 I,(2, 3, D)m S my — 10 1,(2, 2, 2)m2my?
—2015(3,2, 1)m2mp? + 30 In(1, 4, D)m:2my 4+ 10 1,(3, 2 1)mc2m,2 —515(3,2 1)mc2m,2
+10 1013, 2, 2)m2my? + 30 Lr(1, 4, 1)mp* — 15 Ir(4, 1, D)yme2me? + 30 Io(1, 4, 1)m2my?
+515(3,2, Dymemy® + 5 11°7(3,2, 2)memy® + 5 12(3, 1, 2)memy® — 30 I(1, 4, 1)mgmy?
—10 I5(2, 3, 1)memy® — 5 15(3, 2, 1)my* — 30 Io(1, 4, 1)memy® + 10 Iy(2, 3, 1)memy®

+10 109(2, 3, 1)memy, — 40 Io(1, 3, D)ymemy + 15 Io(2, 1, 2)memy, — 10 Ix(2, 2, 2)my*

where

[ NG g NG gy
[[ (a bC) (Ml) (MZ) d(M2) d(M2

v [(Mf)i (M3) (., c)] ,
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Figure 3: The dependence of the form factors on 6, at ¢*> = 0 for B, — D,;(2460) transition.
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Figure 4: The dependence of the form factors on 6, at ¢*> = 0 for B, — D,;(2536) transition.
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Figure 5: The dependence of the transition form factors on ¢* and 6, for B, — D1(2460)
transition. In these figures, x = 6, and y = ¢°.
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Figure 6: The dependence of the transition form factors on ¢* and 6, for B, — D,;(2536)
transition. In these figures, x = 6, and y = ¢°.
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Figure 7: The decay width for B, —
figure shows decay width of B, Dy
D41(2536)put ™. In these figures, z = 6,

\
= 12.7

Figure 8: The decay width for B,
figure shows decay width of B, (
D41(2536)77 7. In these figures, z = 0,, y = ¢*> and z = I'(B. — Dy 7777) x 1072,

Dgmt7~ with respect to 6, and ¢>. The left
1(2460)777~ and right figure belongs to B, —

1
S
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Figure 9: The branching ratios of B, — Dy u™ ™ with respect to 6.
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Figure 10: The branching ratios of B, — D, 777~ with respect to 6,.
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Figure 11: The same as Figs. 9, but for B, — Dgvi.
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