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P

In the perturbative QCD approach, we investigate the B(B,) — D;(D(;))T and D(s)(D_'(*S))T decays,
which include the Cabibbo-Kobayashi-Maskawa-favored (CKM-favored) decays and the Cabibbo-
Kobayashi-Maskawa-suppressed decays, where T denotes a light tensor meson. From our calculations,
we find that the nonfactorizable emission diagrams and the annihilation-type diagrams are important,
especially for those color-suppressed channels. For those decays with a tensor meson emitted, the
factorizable emission diagrams vanish owing to the fact that a tensor meson cannot be produced through
the local (V — A) or tensor current. The numerical results show that the predictions for the branching
ratios of considered charmed B decays are in the range of 10~ to 1076 for those CKM-favored decays
(governed by |V,,|) and in the range of 107> to 1078 for those CKM-suppressed decays (governed by
|V.]). We also predict large transverse polarization contributions in many of the B(B,) — DZ‘S)(D_Z‘S))T

decay channels.
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L. INTRODUCTION

In recent years, several experimental measurements
about B decay modes involving a light tensor meson (7))
have been obtained [1]. These light tensor mesons include
the isovector a,(1320), the isodoublet K;(1430), and iso-
singlets f,(1270) and f5(1525) [1]. For the tensor meson
with J? = 2% both the orbital angular momentum L and
the total spin S of the quark pair are equal to 1. However,
their production property in B decays is quite similar to the
light vector mesons [2]. These rare B decays have been
studied in the naive factorization [3—7]. Due to the fact that
(0| j* | T) =0, where j* is the (V = A) or (§ = P) cur-
rent [3,4,8,9], the factorizable amplitude with a tensor
meson emitted vanishes. Therefore, the naive factorization
approach for this kind of decay cannot give the right
prediction. The recently developed QCD factorization
approach [8,9] and the perturbative QCD factorization
approach (PQCD) [10] overcome these shortcoming by
including the large nonfactorization contributions and the
annihilation-type contributions.

There is another category of B decays with a heavy D
meson and a tensor meson in the final states, which are
discussed in the factorization approach [11-16]. These B
decays include the Cabibbo-Kobayashi-Maskawa-favored
(CKM-favored) B decays through the b — ¢ transition, and
the CKM-suppressed B decays through the b — u transi-
tion. There are only tree operator contributions; thus no CP
asymmetry appears in the standard model for these decays.
Again, the factorizable diagrams with a tensor meson
emitted vanish in the naive factorization. To deal with the
large nonfactorizable contribution and annihilation-type
contribution, one has to go beyond the naive factorization.
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Recently, three pure annihilation-type decays B’ —
D; K%, B, — D), and B, — D™ a5, which give sizable
branching ratios, are calculated in the perturbative QCD
approach [17]. In this work, we shall extend the study to
all of the charmed B(B,) — DE;)(DE;))T decays in the
PQCD approach, which is based on the k; factorization
[18,19]. We know that the light quark in a B meson is soft,
while it is collinear in the final-state light meson, so a hard
gluon is necessary to connect the spectator quark to the
four-quark operator. So the hard part of the PQCD ap-
proach contains six quarks rather than four quarks. This is
called the six-quark effective theory or six-quark operator.
In the calculation of the factorizable diagrams and
the annihilation-type diagrams, end-point singularity will
appear to spoil the perturbative calculation. In the con-
ventional collinear factorization, people usually parame-
trize these singularities, thus making the theoretical
prediction weak. In the PQCD approach, the quarks’
intrinsic transverse momenta are kept to avoid the end-
point divergence. Because of the additional energy scale
introduced by the transverse momentum, double loga-
rithms will appear in the QCD radiative corrections. We
resum these double logarithms to give a Sudakov factor,
which effectively suppresses the end-point region contri-
bution. This makes the PQCD approach more reliable and
consistent. So in the perturbative QCD approach, one
cannot only give predictions for the decays with a tensor
meson emitted but also calculate the pure annihilation-
type B decays [20,21].

In charmed B decays, there is one more intermediate
energy scale, the heavy D meson mass. As a result, another
expansion series of mj/my will appear. The factorization
is only approved at the leading of mjp/mp expansion
[22,23]. It is also proved factorization in the soft collinear
effective theory for this kind of decay [24]. Therefore, we
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will take only the leading order contribution into account,
unless explicitly mentioned.

This paper is organized as follows. In Sec. II, we present
the formalism and wave functions of the considered B
meson decays. Then we perform the perturbative calcula-
tions for considered decay channels with the PQCD
approach in Sec. III. The numerical results and phenome-
nological analysis are given in Sec. I'V. Finally, Sec. Vis a
short summary.

II. FORMALISM AND WAVE FUNCTION

The B — DT decays are weak decays through charged
currents. At the quark level, there are only tree operator
contributions, and the related weak effective Hamiltonian
H, ¢ [25] can be written as

G
H,p = 7; Vi Vean[CL(m) Oy () + Co(w)05(w)], (1)

where V,, and V4, are CKM matrix elements. Cy,(u)
are the Wilson coefficients at the renormalization scale w.
01 () are the four-quark operators.

0y = (baug)y—a(gd(s)a)y—a
0, = (Eaua)V—A(Eﬁd(S)ﬁ)V—A’

where a and B are the color indices, (byup)y_n =
b, y*(1 — y°)ug. Conventionally, we define the combined
Wilson coefficients as

a, = Cz + C1/3,

2

a, = Cl + C2/3 (3)

For the B — DT decays, the decay rates will be enhanced
compared with the corresponding B — DT decays by
CKM matrix elements |V,,/V,,|>. At quark level, these
decays are governed by the effective Hamiltonian

G
Heff = Tg V:bvud(s)[cl (1”’)01(/-1“) + CZ(M)02(/-L)]’ (4)

with
0, = (BaCB)V—A(ﬁBd(S)a)V—A’
0, = (byco)v-aliigd(s)g)y—a-

In hadronic B decay calculations, one has to deal with
the hadronization of mesons. In this calculation, there are
three different scales: the W boson mass scale, the b quark

mass scale My, and the factorization scale \//_\M B, Where

A = My — my. The electroweak physics higher than the
W boson mass can be calculated perturbatively. The phys-
ics between the b quark mass scale and the W boson mass
scale can be included in the Wilson coefficients of the
effective four-quark operators, which are obtained by using
the renormalization group equation. The physics between
M and the factorization scale is included in the calcula-
tion of the hard part in the PQCD approach. The physics

(&)
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below the factorization scale is nonperturbative and
described by the hadronic wave functions of mesons,
which are universal for all decay modes. Therefore, the
decay amplitude can be explicitly factorized into the con-
volution of the Wilson coefficients, the hard scattering
kernel, and the light-cone wave functions of mesons char-
acterized by different scales, respectively,

‘A ~ [dxldedX3bldb]bzdb2b3db3

X THLC(6) P (xy, by) Dy, (X, b)) Py, (x3, b3)
X H(x;, by, 1)S,(x;)e 50], (6)

where b; is the conjugate variable of a quark’s transverse
momentum k;r, x; are the momentum fractions of valence
quarks, and ¢ is the largest energy scale in the hard part
H(x;, b;, t). C() are the Wilson coefficients with resumma-
tion of the large logarithms In(my /t) produced by the
radiative corrections. S,(x;) is the jet function, which is
obtained by the threshold resummation and smears the
end-point singularities on x; [26]. The last term, e 5?, is
the Sudakov form factor which suppresses the soft dynam-
ics effectively and suppresses the long distance contribu-
tions in the large b region [27,28]. Thus, the Sudakov form
factor makes the perturbative calculation of the hard part H
applicable at intermediate scale, i.e., mp scale.

In the PQCD approach, in order to calculate the decay
amplitude, we should choose the proper wave functions for
the initial and final state mesons. The initial B meson is a
heavy pseudoscalar meson with two Lorentz structures in
its wave function. We have neglected the numerically sup-
pressed one in the PQCD approach [29]. The two rest
structures (7, 7Ys) and ys components remain as leading
contributions [2]. Then, ®; can be written as

, = Jigw T mp)ysdp)) )

For the distribution amplitude, we choose [29,30]

$s(x, b) = Ny2(1 — 2 exp[—%('”w—f)z - “’%;” 2],
®)

where Njp is the normalization constant. We will take
wp = (0.4 £0.04) GeV and fz = (0.21 = 0.02) GeV
for the B meson [8,9,18,29-31]. For the B, meson, because
of the SU(3) breaking effects, we choose wp =
(0.5 = 0.05) GeV [32] and f5 = (0.24 = 0.03) GeV.

For a tensor meson, the polarization tensor €, (A) with
helicity A can be expanded through the polarization vectors
€*(0) and €#(*=1) [8,9]:
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e*(£2) = e(x1)*e(x1)Y,

e*r(x1) = \/i[e(il)"e(O)” + e(0)*e(+1)"],

1 )
e*7(0) = \/%[6(4'1)”6(—1)” + e(—1)*e(+1)"]

+ \/36(0)'“ €(0)”.

In order to calculate conveniently, we define a new polar-
ization vector €7 for the considered tensor meson [2]:

ET,LL=_

€, ()P}, (10)
The new polarization vector €7(A) with helicity A can be
expressed as

fru(iz) = O

e (+ 1)—miB—<e<o> Py, (+1) (n

e, (0) = \f (€(0) - Py)e,,(0).

In this convention, the =2 polarizations do not contribute,
which is consistent with the angular momentum conserva-
tion argument in B decays. The €y is similar with the € of
vector state, regardless of the related constants [2]. This
convention makes the following perturbative calculations
simpler. After this simplification, the wave functions for a
generic tensor meson are defined by [2]
=]

Of=—| mrfi pr(x) + £ Pr(x) + m%ep'

1
7l
o — \/%[mrﬁ"ii $1) + £ PAT(x)

+ mTie,quo"}/S’yﬂ'e?j_npvo(b(;‘(x)]- (12)

Here n is the moving direction of the tensor meson, and
v is the opposite direction. We adopt the convention

€% = 1. The vector €,, = G;TZV
ization tensor. The twist-2 and twist-3 distribution ampli-

tudes are given by Refs. [2,8,9]

t f t
¢T(x) 2\/W¢||(-x): ¢T 2\/27‘Thh)(x)’
cg o T 4o _
¢T(x) _4\/;Tcd ( ) ;:()C) - 2\/;TC¢L(X)!
) d (@
¢T(x) zmgl (.X) d)T( )_ Smd gj_ ( )’

(13)

with the form
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¢, L(x) =30x(1 — x)(2x — 1),
hht)(x) = ;(2x — 1)(1 — 6x + 6x?),
hiP(x) = 15x(1 = x)(2x — 1),
g¥(x) = 20x(1 — x)(2x — 1),
gV (x) = 5(2x — 1), (14)

It is obvious that all of the above light-cone distribution
amplitudes of the tensor meson are antisymmetric under
the interchange of momentum fractions of the quark and
antiquark in the SU(3) limit (i.e., x <> 1 — x) [8,9]. This is
required by the Bose statistics and consistent with the fact
that <0 | j# | T> = 0, where j* isthe (V = A) or (S = P)
current.

For the D™ meson, in the heavy quark limit, the two-
parton light-cone distribution amplitudes can be written
as [33-36]

<D(p)|qa(z)5,g(0)|0>
= |, e TSP+ o)l D)

(D*(p)lq4(2)¢5(0)10)
- jl dxe™ P [¢, (P + mp)ph.(x, b)
\/Z—ch 0 L D Ay
+ £r(P + mp) L. (x, b)]p- (15)

For the distribution amplitude for the D™ meson, we take
the same as that used in Refs. [34-36].

bpx, b) = ¢“T><x b)

fD( )6)6(1

_ 2b2
- ] (16)

with Cp = 0.5 = 0.1, w = 0.1 GeV and fp = 207 MeV
[37] for the D(D) meson and Cp =0.4*0.1, o =
0.2 GeV and f, = 241 MeV [37] for the D(D;) meson.
We determine the decay constant of the Dfs) meson by

zm x)[1+ Cp(1 —2x)]

X exp[

using the following relation based on heavy quark effective
theory [38]:

D(J

Fr, = o (17)

mD(‘

III. PERTURBATIVE CALCULATION

In this section, we shall calculate the hard part H(z),
which is decay channel dependent. It includes the four-
quark operators and the necessary hard gluon connecting
the four-quark operator and the spectator quark [28]. We
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FIG. 1. Leading order Feynman diagrams contributing to the
B — DT decays in PQCD.

will express the whole amplitude for each diagram as the
convolution of the hard kernel and wave functions.

There are eight types of diagrams contributing to the
B — DT decays (b — ¢ transition), which are shown in
Fig. 1. They are governed by the CKM matrix element V,,,
which are usually called CKM suppressed decay channels.

¢ ¢ ¢
b g b b
2a 2b 2¢ 2d

2e
FIG. 2. Leading order Feynman diagrams contributing to the

2h
B — DT decays.

The first two diagrams of Fig. 1 are the factorizable
diagrams. Their decay amplitude can be factorized as a
product of the decay constant of the D*) meson and a
B-to-tensor meson transition form factor in the naive fac-
torization approach. In the PQCD approach, we calculate
these two diagrams and obtain the decay amplitude as

2 1 1/A
A, = —S‘fgwcpm‘gfl) jo dxydx; [0 bydbybsdby by, by) X (s s + 1) — (b3 (xs) + () rr(2; — 1]

Eef(ta)hef(xl’x3(1 - ’%), by, by) + 2rT¢KT(x3)Eef(tb)hef(x3yxl(l - V%)), bs, b1)}, (18)

with ry = =1, z,z‘)(“"t)(x,-) is the distribution amplitude of the tensor meson and Cy = % is a color factor. The
mpg T 3

2—;‘ and rp
functions h,¢, 1,;, S;, and E,; can be found in Appendix A.

For the diagrams in Figs. 1(c) and 1(d), which are nonfactorizable in naive factorization, the decay amplitudes involve
all three meson wave functions. The integration of b5 can be performed through & function §(b; — b3), leaving only the

integration of b; and b,:

32 1 1/A
Moy = =5 Commy [ dvidrads [ bidbybadbs by, b)dtes b2) X Ldyespns + (@) (x9) = Spxsrpe]
Bonp1 (X D)E o, (t.) + [pr(x3)(xa — x5 — 1) + (h5(x3) + L(x3))rrxs] - hoppa(xi, b)E,,(2,)}. (19)

For the factorizable annihilation-type diagrams in Figs. 1(e) and 2(f) the decay amplitudes involve only the final-state
meson wave functions, with the B meson factorized out:

2 1 1/A
A= SJ;CFwamé-[) dxzdx3j;) bydbyb3dby b p(x3, b3) X {[dr(xa)xs + 2rprrdy(x;)(x; + 1)]

ap(x2, X3(1 = 1), by, b3)Ey4(t,) — [r(x2)xy + rpre(d(x2)(2x; — 1) + ¢3(x2)(2x, + 1))]
hap(x3, Xo(1 = 1), b3, by) Eqp(2f)}. (20)

For the nonfactorizable annihilation diagrams in Figs. 1(g) and 1(h), all three meson wave functions are involved in the
decay amplitudes. The integration of b; can be performed by the & function 6(b, — b3) to give the decay amplitudes as

32 4 ! 1/A
Manf :?CFﬂ-me(; dxldxzdx3[() bydb bydbypg(xy, by)pp(xs, by)

X Alpr(x2)x, + rpre(df(x)(xy — x3) + d7(x2) (%2 + x5 + 2))] * hgppi (X1, X2, X3, by, b2)E g (2,)
— [br(x)xs + rpre(@f(x)(xs — x5) + d7(2) (g + x3))]* By, X0, X3, by, Do) E (24} (21)

The situation for the B — D*(D*)T mode is a little more complicated. Both the longitudinal polarization and the
transverse polarization contribute. Their decay amplitude can be given by
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A (€p, e7) = i AL +i(el) - L) AT + (eﬂmﬁn“v”eg‘“e?ﬁ)ﬂj\’, (22)

where AF is the longitudinally polarized decay amplitude and A7 and A" are the transversely polarized contributions.
€}, is the transverse polarization vector of D*(D*) and €l is the vector used to construct the polarization tensors of the
tensor meson.

For the B — D*T decay mode, the longitudinally polarized expressions of factorizable and nonfactorizable emission
contributions can be obtained by making the following substitutions in Egs. (18) and (19):

ép — ¢L*, fo— fp mp — Mp-. (23)
For annihilation-type diagrams, the longitudinal decay amplitudes are
L 2 4 ! /A L s
Ay =38 §C1VfB7TmeU dxgdx3f0 bydbyb3dby i (x3, b3) X {lpr(x2)x3 + 2rprrdy(x)(xz — 1)]

: haf(-x2) x3(1 — ”ZD), b, bB)Eaf(te) —[¢r(x)x, + ”D”T(d’sr(xz) - (btr(xz))] : haf(x3r X (1 — r%)), bs, bz)Eaf(tf)},

(24)
L 32 4 ! 1/A .
Manf :?CFW’"B[O dxldxzdx_gfo bldblededJB(xl’b])d’D(x?w b,)
XAlpr(x2)x, + rprr(d7(x)(xy — x3) + d7(x2) (%2 + x5 = 2))] * hgnpi (X1, X2, X3, by, Do) E g f(t,)
+ [—dr(x2)xs + rprr(d5(x)(x; — x3) = F(x2)(xa + X3))] + happa(xy, X2, X3, by, b2)Egy s (1))} (25)

The transversely polarized contributions are suppressed by rp, or 7, whose decay amplitudes can be given by

‘AZf = _4\/§7TCFm§fD*rD f()l dxydx; j:/A bydb bsydbsp(xy, by) X {[d’;()%) + rr(f(x3)(x3 +2) — dF(x3)x3)]

“E (t)hep(xy, x3(1 = rp), by, b3) + rp(d§(x3) + dF(3))Eof(t)hep (03, x1 (1 = 1), b3, by}, (26)
Al = Al (df < oY), 27)
1 1 1/A
M, = 16\[§chm§rD [/ dxidradns [ bidbibadbadytar, b1) @ ba) X A= BT e hens b1 Eeny 1)
+ [P7(x3)(xy + 1) + rp(Pf(xa)(1 — 225 + 2x3) — d§(x3))] * henpo(xiy D) Eenp(ta)} (28)
M= ML (5 < bp), (29)

1 1/A
AT = 43C, fymmyry ]0 dx,dxs jo bydbybsdbs ¢l (xs, bs) X {rr[ ()1 = x3) + d2(x,)(x; + 1)]

“hap(x2, X3(1 = 1p), by, b3)E4(1,) + [rpdT(xy) + re(d(x)(1 — x) — ¢%(x2)(x, + 1))]
“hap(x3, Xo(1 = 1p), b3, by)E (1)}, (30)

Al =—Al($F < o}), 31)

1 1 1/A
Mgnf=16\/;Cme§rDﬁ dxld)C2dX3/;] bldblbzdbz(i)B(xl,b1)¢£(x3,b2)

XA{[2rr @ (xa) + rp 1 (x2) (x5 = DAy (X1, X0, X3, b1, Do) E gy () — [rpX37(x2) Vg 2 (X1, X2, X3, b1, Do) E (1)}
(32)

M= —ML (dh — $9). (33)
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The complete decay amplitudes of each By — DyT
channel are then

A(B— D)
Gp 1
Ve
G
X[ay Ayp+ CoMypr—ary Ay — CoM,pl - (34)

A(B°— D)
_Gr 1
22

X [azﬂef + Czj\/lt’nf + aZﬂaf + sz

V;:b Vea
anf]’ (35)

G
DK =—EViV[ay A+ Co M, ] (36)

A(B'—
( N

A(B°—D%a;y)

G *
\/%Vub Vedlay Aop + CiLM g+ ay A yp + Co M 1],
(37)
0 + - _GF *
J{Zl(B —’Ds a2)—ﬁVuchs[a]ﬂef-i-C]j\/lenf], (38)
AB — DK =S5V v ey AL+ CyM
(B — Dj 2 )_ﬁ ub calaz af 2 anf]’
(39
A(B*—D%)
Gr_ .

\/Evuh cd[GZﬂef + CZMenf + aj ﬂaf + Cl Mcmf]’

(40)

A(B*—DK:")
G *
:T;Vub cx[a2ﬂef + CZMenf + alﬂaf + Clmanf]r

(41)

A(B*— D" )
Gl
BN A

Xlay A+ Ci My —a1 Ayp—Cr Myl (42)

AB*—D*f1)
Gy 1
V‘k
T
X[alﬂlef-i-Clﬂ\/lenf+a1ﬂaf+cl.7\/lanf], (43)

VL ed
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A (B* — DK = f;/gV;bV”[al./’zlaf € Moy
(44)
A (B* — Dfd)) = % \}—V:h Vilai A+ C M, f),
(45)
A (B*— D f}) = % \}—V:fb Velai Ay + Ci M, ],
(46)
A(B"—D{f3)= f;/gv:b Vlai Agr + CiMg,01],
(47)
A (B* — Dy K3°) = f;/gvubvcd[alﬂaf + Ci Mus)
(48)
A (BY— D%)) = % \/L_Vf;b Velaa A + CoMyf],
(49)
A B = DY) = T2V Vel Ay + G M)
(50)
A (B?— Df3) = % Vi Velay Ay + Co M, f],

(5D

A (B — D°K30) = VZ;, Vedlay A p + Co M, ¢,

f
(52)
A B = Dta;) =CEvE v [ay A, + C
( s az) \/E ub LS[a2 af 2 anf]r

(53)

G
AB)—D*Ky) =%

Na

V;:bvcd[alﬂef + Clmenfl

(54)

A(B— DI K;")
_Gr

2

Vi Veslay A CrM pp + ay A yp + Co M 1.

(55)
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S N
% J

3c 3d

ol

FIG. 3. Feynman diagrams contributing to the B — DT decays
with a tensor meson emitted.

From Eq. (A1), we know that
A(B) — DY f,) = A(B(,) — D™ f]) cost
+ A(B(;) — DY f3)sing,  (56)

A(B() — DY) = A(B(,) — DY f]) sind
— A(B) — DY fs)cosh, (57)

with 6 = 7.8°.

The diagrams for 5 — ¢ decays are shown in Figs. 2 and 3.
The CKM-favored decays are governed by the larger CKM
matrix element V,,, then with a larger branching ratio.
Because a tensor meson cannot be produced through the
(V = A) or tensor current, there are no factorizable emission
diagrams with a tensor meson emitted in Fig. 3. We collect
the decay amplitudes for each b — ¢ decay in Appendix B.

IV. NUMERICAL RESULTS AND DISCUSSIONS

The decay width of a B meson at rest decaying into
D(D) and T is

—

1P|

LB~ DODT) =
Tmy

|AB— DD,  (58)

where the momentum of the final state particle is given by

1Pl = LB\/[mg ~mp + mp) s — (mpy — mp)

2m
(59

For B — D*(D*)T decays, the decay width can be written
as

| Pl
8mTmy ,_

(B — D*(D*)T) = > | AB— DD

+,—,0

(60)
where the three polarization amplitudes A; are given by
A, = AL, A, =AT = AN, 61)

All of the input parameters, such as decay constants and
CKM elements, are given in Appendix A, if not given in
the previous two sections. The numerical results of branch-
ing ratios for the considered decay modes are summarized
in Tables I, II, III, and I'V. We also show the results from the
Isgur-Scora-Grinstein-Wise (ISGW) II model [14,15] in

PHYSICAL REVIEW D 86, 094001 (2012)

these tables for comparison, if applicable. For those decays
with a tensor meson emitted and most of the pure
annihilation-type decays, our results are the first-time theo-
retical predictions. For the theoretical uncertainties, we
estimate three kinds: The first kind of error is caused by
the hadronic parameters, such as the decay constants and
the shape parameters in wave functions of the charmed
meson and the B(; meson, which are given in Sec. II, and
the decay constants of tensor mesons given in Appendix A.
The second kind of error is estimated from the unknown
next-to-leading order QCD corrections with respect to a;
and nonperturbative power corrections with respect to
scales in Sudakov exponents, characterized by the choice
of the Agcp = (0.25 * 0.05) GeV and the variations of the
factorization scales shown in Appendix A. The third kind
of error is from the uncertainties of the CKM matrix
elements. It is easy to see that the most important theoreti-
cal uncertainty is caused by the nonperturbative hadronic
parameters, which can be improved by later experiments.

We know that all of these decays do not have contribu-
tions from the penguin operators. There are only four types
of topology diagrams: the color-allowed diagrams (T),
the color-suppressed diagrams (C), the W annihilation
diagrams (A), and the W exchange diagrams (E). All
decays are thus classified in the tables according to their
dominant contribution. Compared with B — D™T decays,
the B— D™T decays are enhanced by the CKM matrix
elements |V.,/V,,|?, especially for those without a strange
quark in the four-quark operators. So for most of the
B — D™T decays, the branching ratios are at the order
107 or 10~7; while for the B — D™T decays, the branch-
ing ratios are at the order 10™* or 1075,

As usual, the nonfactorizable emission diagrams with a
light meson emitted are suppressed, because the contribu-
tions from two diagrams cancel each other. However, when
the emitted meson is the D(D) or tensor meson, the situ-
ation is changed. Unlike the light meson, the difference
between the ¢(¢) quark and the light quark is very big in the
heavy D(D) meson [34,35]. The nonfactorizable diagrams
also provide non-negligible contributions. When the tensor
meson is emitted, the contributions from two nonfactoriz-
able diagrams shown in Fig. 3 strengthen with each other,
because the wave function of the tensor meson is antisym-
metric under the interchange of the momentum fractions of
the quark and antiquark [8,9]. Since the factorizable emis-
sion diagrams with a tensor meson emitted are prohibited,
the contribution of nonfactorizable emission diagrams play
the decisive role. For these color-suppressed decay chan-
nels, since the factorizable contribution is suppressed by
the Wilson coefficient a,(C, + C,/3) = 0.1, while the
Wilson coefficient for nonfactorizable contribution is
C, = 1.0, the nonfactorizable contribution plays the crucial
role in the amplitude. From Tables I, II, III, and IV, one can
see that for the color-suppressed decay modes, the pre-
dicted branching ratios in the PQCD approach are larger
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TABLE I. Branching ratios of B(;) — DT decays calculated in the PQCD approach, together
with results from the ISGW II model [14,15] (unit: 1077).

Decay Modes Class This Work SDV [14] KLO [15]
BY — D% ¢ 0.555038 8132008 0.34

B — D'f, ¢ 2.055051 0357032 0.36

B — Df} C 0.038.2001320.006-0.003 0.0071

B® — DK’ C ALSETER 12 11
B’ — D*a; T 15222808 % 12

B"— Diay T 52106018 380 180
B" — Df K3~ E 0.6153 331505 E

B* — D C 1952085 0404 0.73

B* — DK+ C 373733850 13 12
B* — D*al T 9.4014 381151179 6.5

B* — D*f, T 1297631109018 6.9

B* - D' f} T 0.24% 80570057503 14

B* — D*K® A 5,271 1 {8 66 066

Bt — D*al T 2807 1153738 200 o4
B* =D f, T 299119578y 220 100
B* — DI f) T, A 41271 R0 43 12
B* — DI R A 0.341 015100004

B, — D%} E 3.8711757 009705

B, — D°f, E 6.2617153" 1197038 0.15

B, — Df} ¢ 25.5433H4%33 10

B, — DK% C L4250 3357015 0.46

B,— D*ay E 8.067 363 1150~ 100

B, — DK} T 1L223840500048 8.3

B,— DK}~ T 206755756055 260

than those of Refs. [14,15]. For B — D°f,, our predicted
branching ratio B(B® — D°f,) = 9.46 X 1077, which is
larger than other approaches and agrees better with the
experimental data (12 =4) X 107> [1]. In addition, the
annihilation diagrams can also provide relatively sizable
contributions. Our results show that the contributions from
annihilation diagrams are even at the same order as the
emission diagrams in some decay modes. Some of the pure
annihilation-type decays are already discussed in Ref. [17]
with large branching ratios.

For those color-allowed decay channels, the Wilson
coefficient for factorizable contribution is a; = (C,;/3 +
C,)=1, while for the nonfactorizable contribution it is
C; = —0.3. The contribution of nonfactorizable diagrams
is highly suppressed by the Wilson coefficient. The decay
amplitude is dominated by the contribution from factoriz-
able emission diagrams, which can be naively factorized as
the product of the Wilson coefficient a, the decay constant
of the D meson, and the B-to-tensor meson form factor. In
this case, our predicted branching ratios basically agree

with the predictions of the naive factorization approach in
Ref. [14]. The small difference is caused by parameter
changes and the interference from nonfactorizable and
annihilation diagrams. For those decays with a tensor
meson emitted (for example, B0—>D’a§r ), since the
factorizable emission diagrams are prohibited, the pre-
dictions cannot be given within the naive factorization
framework. But these decays can get contributions from
nonfactorizable and annihilation-type diagrams, which
can be calculated in the PQCD approach. The branching
ratios of these decays are predicted for the first time in
Tables I, II, III, and IV.

Similar to the relation B(B° — D)%) > B(B’ —
D*0w) [22], we also get B(B® — D*4)) > B(B® —
D®0f,). This can be explained by the interference
between contributions from the emission diagram (C)
and contributions from annihilation diagrams (E). The
interference can also explain why B(B* — D®*f,) >
B(B* — D™ a)). The relative sign of the annihilation
diagrams (A) with respect to the emission diagrams (T)
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Branching ratios (unit: 1077) and the percentage of transverse polarizations Ry

(unit: %) of B(;) — D*T decays calculated in the PQCD approach, together with results from the

ISGW II model [14,15].

Branching Ratio

Decay Modes Class This Work SDV [14] KLO [15] Ry

B — D4} C 1.3420 83403501 0.50 . 4751018
B — Df, C 27071304803 0.53 . 263351
B® — D*f] C 0.052+0:023+0.008+0.007 0.01 . 26130013
BDUKP o 60SUEIeY 19 18 2
B’ — D*"a; T 21,61 0012484290 18 ... 28F 16+ L7
B — D**a; T 688321 +55+94 367 291 26545703
B® — D K3~ E 0.57 13 011007 12576533
B — D*aj C 4.46F201H0.73+0.58 1.1 41138+23
BY — DK;* C 7211383 L8+ 10, 21 19 35+40+90
B* — D**a) T 14.01831F1.93+1.80 9.6 25+13+03
BT — D' f, T 1517883+ 142+200 10 .. 25%13+18
B — Dt f} T 0.291013+003+0.02 0.21 2571318
B* — D" K" A 1824371121535 82735535
B* — D;*dj T 330135158 196 155 26755707
BT — DI f, T 3851203431422 207 167 25+ 4*01
B* =Dt f} A 216G 4.0 2.0 83133119
B* — D20 A 1.25+036+006+0.16 81715131
B, — D"} E 2.687 051 063 033 e . 21736753
B, — D*f, E 50671637058 06 0.24 o 14539138
B, — D™f} C 36.21153735 6o 16 o 17537008
B, — D*K30 C 2.067 59310334022 0.7 ... 21130408
B,— D*"a; E 5367135713 0 21736753
B, — D" K3~ T 14,870 035 177 12 e 26715703
B, — D" Ki~ T 3321172420436 261 ... 34rlerls

is negative for the a, meson and positive for the f, meson.
The interference is constructive for B — D™* £, and
destructive for Bt — D™*a.

For decays involving fg) in the final states [for example,

B" — DO\], there are no contributions from the 55 com-
ponent. The branching ratios have the simple relation
derived from Eq. (Al):

_ B(B— Df}) _ sin*6
"TBB-Df,) cosd

(62)

This provides a potential way to measure the mixing angle
of f, and f%; for example, r = 0.02 with 6 = 7.8°.

For B — D*(D*)T decays, we also calculate the per-
centage of transverse polarizations

. AT+ A
A+ AL+ AT

Ry (63)

The numerical results shown in Tables II and IV are only
indicative, because the transversely polarized contributions
are suppressed by ry or rp+ to make it more sensitive to
meson wave function parameters and higher order correc-
tions [34]. According to the power counting rules in the
factorization assumption, the longitudinal polarization
should be dominant due to the quark helicity analysis
[39,40]. This is true for those color-favored decay chan-
nels, such as B — D*~ay, B — D* K", BY — D" af,
and BY — DI"K;".

However, for those color-suppressed (C) B — D*T
(b — ¢ transition) decays with the D* emitted, the percent-
age of transverse polarizations are about 70%, while for
color-suppressed (C) B — D*T (b — i transition) decays
with the D* meson emitted, the percentage of transverse
polarizations are only at the range of 20 to 30%. For
B — D*T decays, we know that the ¢ quark and the u quark
in the D* meson produced through the (V — A) current are
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TABLE III.  Branching ratios of B,y — DT decays calculated in the PQCD approach, together
with results from the ISGW II model [14,15] (unit: 1075).

Decay Modes Class This Work SDV [14] KLO [15]
B" — D% C 12,3533 7393705 8.2 4.8
B’ — D°f, C 9.467335735370% 8.8 53
B~ Dfy c 01830435802 017 0062
B® — D°K3° C L4504 0337000 0.81 0.68
B~ D a; T 9081153 313

5= D K3 T L1605 0t

B" — Dy Ki* E 6.06% | 200037 . .
B* — D% T, C 41.5%18e 13933 18 10
B* — DK;* T, C 33343080 0.87 0.73
B, — D%a) E 0. 115004 00 +00t .

B, — D°f, E 0.14F 0040014001 0.0099

B, — D'f} C 1367033022008 0.67

B, — DK} c 2037085 1

B,— D aj E 0.23 558603 001

B, — D;a; T 11375335 s 0%

B, — D; K" T.E L9706 087008

TABLE IV. Branching ratios (unit: 107°) and the percentage of transverse polarizations Ry
(unit: %) of B(;) — D*T decays calculated in the PQCD approach, together with results from the
ISGW 1II model [14,15].

Branching Ratio

Decay Modes Class This Work SDV [14] KLO [15] Ry

B — D*a) C 39.3* 13612004210 12 7.8 73735730
B — D*f, C EL AR AR 13 84 70736763
B — Df} C 0.727939+0.02+0.04 0.26 0.11 70530424
BY — D*K30 C 5.321169+079+032 1.3 1.1 711 8+88
B — D*~aj T 29.6FJL5058+1.62 .. . 3702404
B*— D" K;* T LIS 04800 e o 7503703
B° — DI K3t E 4.551]:324048+025 .. ... 22139478
B* — D"af T,C  80.6:391 39744 26 17 8375103
B* — DK;* T, C 6.8113-3610.34+042 1.4 1.2 57414l
B, — D"a) E 0.09+3.030.01+0.01 ... .. 26140162
B, — D*°f, E 0.21*508+001+ 001 0.016 . 11+(8+22
e = I o T
B, — DK C 7011385210438 17 e 68117783
B, — D" a; E - 0085558700601 = = 26754583
B,— D{ a3 T L BN A - = 615103
BoDi Ky LB LTVERNGRS S I 1155
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right handed and left handed, respectively. So the D*
meson is longitudinally polarized. But the helicity of the
¢ quark can flip easily from right handed to left handed,
because the ¢ quark is massive. Therefore, the D* can be
transversely polarized with the polarization A = —1. The
recoiled tensor meson can also be transversely polarized
with polarization A = —1 due to the contribution of orbital
angular momentum. Thus, the transversely polarized con-
tribution can be sizable. For B — D*T decays, the emitted
D* meson can also be transversely polarized, but the
polarization is A = +1. The reason is that the # quark in
the D* meson is right handed, while the ¢ quark can flip
from left handed to right handed to make a D* meson with
A = +1. The recoiled transversely polarized tensor meson
with polarization A = +1 needs contributions from both
orbital angular momentum and spin, so the situation is
symmetric. But the wave function of the tensor meson is
asymmetric. Therefore, the transversely polarized contri-
bution is suppressed, because of Bose statistics.

As discussed in Ref. [35], the W annihilation diagrams
give a very large contribution of transverse polarizations.
In our calculations, we also find very large transverse
polarizations: up to 80% for the W annihilation (A) type
B — D*T decays, such as B¥ — D**K3°, B* — D{* K30,
and B* — D" f} decays. This can be understood as the
following [41]: For the D* meson, the “light quark-
antiquark™ pair created from a hard gluon are left handed
or right handed with equal opportunity. So the D* meson
can be longitudinally polarized or transversely
polarized with polarization A = —1. For the tensor meson,
the antiquark from the four-quark operator is right handed,
and the quark produced from a hard gluon can be either left
handed or right handed. So the tensor meson can be
longitudinally polarized or transversely polarized with
polarization A = —1, because of the additional contribu-
tion from the orbital angular momentum. The transverse
polarization can become so large with additional interfer-
ence from other diagrams. Although annihilation-type
diagrams, the W exchange diagrams (E), contribute little
to transverse polarizations, this is consistent with the
argument in B — D*V decays [34,35]. Examples are
B, — D49, B, — D4, B, — D*°f,, B,— D™f,,
B,— D**a;, B,— D*"ay, B®— D{"K;~, and B —
D;”K5*, with only 10-20% transverse polarization
contributions.

V. SUMMARY

In this paper, we investigate the B,y — D¥T, D®T
decays within the framework of the perturbative QCD
approach. We calculate the contributions of different
diagrams in the leading order approximation of mp/mg
expansion. We find that the nonfactorizable and
annihilation-type diagrams provide large contributions,
especially for those color-suppressed channels and the
decays with a tensor meson emitted. We predict the

PHYSICAL REVIEW D 86, 094001 (2012)

branching ratios and the ratios of the transverse polarized
contributions and find that the branching ratios for
B(,) — D™T decays are in the range of 1075 to 1073,
and of 10™* to 107 for B(,) — D™T decays. For those
color-suppressed B(;) — D*T decays, the transversely
polarized contributions from nonfactorizable diagrams
are very large. For those W annihilation-type B — D*T
decays, the transverse polarized contributions from factor-
izable annihilation diagrams are as large as 80%.
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APPENDIX A: INPUT PARAMETERS
AND HARD FUNCTIONS

The masses and decay constants of tensor mesons are
summarized in Table V. Other parameters such as the QCD
scale Ai{/[_:s4 = (0.25 GeV and the b quark mass m, =
4.8 GeV. For the CKM matrix elements, here we adopt
the Wolfenstein parametrization A = 0.808, A = (0.2253,
p =0.132, and 57 = 0.341 [1].

Like the 1 — n’ mixing, the isosinglet tensor meson
states f,(1270) and f5(1525) are also a mixture of
fi= 715(”ﬁ + dd) and f§ = s5:

fh = fisinf — f5cosh,

(AD)
with the mixing angle 6 = 5.8° [44], 7.8° [45], or
O £ 1)° [1].

The functions 4 in the decay amplitudes consist of two
parts: the jet function S,(x;) and the propagator of virtual
quarks and gluons. The former is gained by the threshold
resummation [26]. For factorizable emission diagrams
Figs. 1(a) and 1(b), the h function can be given by

hef(xl’x3r by, b3)
= Ko(x1x35mgb 1 {0b, — b3 Ko(\/x3smpby)Io(\/x3mpbs)
+ 0(bs — by)Ko(x3mpbs)Io(\/x3mpb)}S,(x3).
(A2)

f2 = ficosh + f3 sind,

TABLE V. The masses and decay constants of light tensor
mesons [8,42,43].

Tensor [mass(MeV)] fr MeV) f% MeV)
f»(1270) 102 £ 6 117 =25
f5(1525) 126 £ 4 65+ 12
a,(1320) 107 =6 105 £ 21
K5(1430) 118 =5 77+ 14
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The hard scales are determined by

t, = max{\/x3(1 — rp)mp, 1/by, 1/bs},
tb = max{vxl(l - rzD)mB: ]/bl: ]/b3}

The jet function appears in the factorization formulas
as [26]

(A3)

21+2¢P(3/2 + ¢)
Jl(1 + ¢)
where ¢ = 0.5. For the nonfactorizable diagrams, we omit
the S,(x), because it provides a very small numerical effect
to the amplitude [46].
The evolution factors E,/(t,) and E,/(t,) in the matrix
elements (see Sec. III) are given by

E ¢ (1) = a (1) exp[—Sp(r) — Sr(1)].

The Sudakov exponents are defined as

S,(x) = [x(1 =), (A4)

(AS5)

PHYSICAL REVIEW D 86, 094001 (2012)

5

— "B S dim _
SB(r)—s(xl ﬁ,b1)+3 fl Lyl (40

mp t din _
Sp) =s(xp B o) +2 | Ly (ap), (A7
(1) s(xD " )+ fwﬂma (@) (A7)

Sp(r) = s(xT %, b) + s((l — xT)%, b)

t di
w2 [ Py, (A8)
/b M
where the s(Q, b) can be found in Appendix A in Ref. [19].
Xr(py is the momentum fraction of the “(light) quark™ in
the tensor (D) meson.

For the rest of the diagrams, the related functions are
summarized as follows:

te = max{y/x1x3(1 — B)mp, by — xalxs(1 = B)mp, 1/by,1/b5}

(A9)

tg = max{\/x1x3(1 — r3)mg, \/lxl + x, = () + x3(1 = r3)) + rimg, 1/by, 1/b,},

E.p(t) = ay(t) - exp[—Sp(t) — Sp(t) = S7(D] |p,=p,

(A10)

Pngi(x1, X9, %3, b1, by) = [0(by — by)Ko(yfx1x3(1 = ”%))mez)Io(\/xlxs(] — rp)mpb,)

+6(by — by)Ko(yx1x3(1 = rp)mgb)Io(yx1x3(1 = rf)mpb,)]- {

with j = 1,2 and H{"(z) = Jo(2) + iYo(2).

D} = (x; — xp)x3(1 — r})m3,

t, = maxiyfs(1 — r3)mg, /by, 1/bs},

Eqp(1) = a(1) - exp[=S7(1) = Sp(0)],

i

D} =

=5 (1D myb,), D2<0;
Ko(Dijbz), D? >0,
(A11)

(x +x, = D3 + x3(1 = r2)) + 13,

tp= max{\[xz(l — r5)mg, 1/b,, 1/b3},

(A12)

(A13)

(Al4)

2
haf(xa, X3, by, b3) = (—) Hél)(\/x2x3m3b2)[0(b2 - b3)H(()1)(\/Eme2)JO(\/x_3me3) + 0(bs

2

- bz)H(()l)(\/x_sme3)Jo(\/x_3me2)] * S(x3).

(A15)

t, = max{yxx3(1 — r)mp, 41 — (1 = x3)(1 = x; — x,(1 = r3))mp, 1/by, 1/bo},

(A16)

= max{\/x2x3(1 — rp)mg, \/X3|X1 — x,(1 = rp)lmg, 1/by, 1/b,},

Eqnp = ay(1) - expl—Sg(1) — Sp(t) — Sp(0)] 1,5,

(A17)
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T
hanfj(xl, Xy, X3, by, by) = 7[9([71 - bz)H(()l)(Fmel)Jo(Fmez)

iz O (I mgby), F2<0,
+ 000y — BB FEmyby)(Fmgby 1] 2 10 WIS o (A18)
Ko(F;mph,), sz >0,
with j = 1, 2.
F? = x,x5(1 — 13), FI=1-(1-x3)1—x —x(1—-7r3)), F2 = x3(x; — x,(1 = 13)). (A19)
For B — D™T decays,
fé(f) =12 = 1 = x3, X3 = x2), R = Pangjles = (1 = x3)(1 = r5), X1 = 1) = x,), (A20)
t;(h) = lg(h)(x3 — (1 —x3)(1 - V%), x(1 — V%)) — X3),
£ = max{w/x1x3m3, \/le — (1 = x)(1 = 73)|x3mp, 1/by, l/bz},
(A21)
£= max{w/x1x3m3, \/lxl — xo(1 = r3)|x3mp, 1/by, l/bz},
E}, ¢(x1, X3, x3, by, by) = [0(by — by)o(x1x3mpby ) Ko(\/X1X3m5D))
ZH WG Imyby),  G* <0,
+ 0(by — by)lo(x1x3mpby) Ko(\xixzmpby)]{ 270 B (A22)
Ko(Gmpgb,), G2 >0,

with G? = (x; — x,(1 — r3))x3m3.

APPENDIX B: FORMULAS FOR B — D“T DECAY AMPLITUDES

For B — DT decays, the expression of the factorizable emission contributions (A,y) is the same as Eq. (18). For
nonfactorizable emission diagrams, the amplitudes are given by

32

1 1/A
Moy = =5 Cmm [ driduadys [ biabibadbadytsi bl b2)

XAlpr(x3)(1 = x3) + (D7(x3) = D7 (x3))rrxs] - henpo (s, B)E,f(2g)
T [—br(x3)(xy + x3) + (D7(x3) + DT (x3)rrxs] - heppi (s, B)Ee,p(2,)}. (BI)

The decay amplitudes of factorizable annihilation contributions (A ,;) can be obtained by making the following
substitutions in Eq. (20):

Xp = 1 —x3, X3 = X, ¢¥’s)(x2) - d’(Tm)(l — x3), dp(x3, b3) = dplxy, by). (B2)

While for the nonfactorizable annihilation contributions, the decay amplitude is

32 4 ! 1/A
S Crmm [ dvidusdy, [ bidbybadbs byl b) ot b)

X{Lpr(xa)xy + rpre(@g(xs3)(xs — x5 = 3) + dF(x3)(xa +x3 = D)= hi), ry (X1, %0, X3, b1, b)) Egy (1)
L) = 1)+ rprp(@7(xa)(en = x3 + 1) + @7(x3) (xy +x3 = )], 10 (31, X5, X3, b1, by) Eqf (1)) (B3)

Manf:

For those two nonfactorizable emission diagrams in Fig. 3, the decay amplitude is
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32 1 1/A
M, =5 Commy [ dxidradrs [ bidbibadbs by, b)dols b

XA{[pr(x)(x, — 1 + er3):|hznf(xl) (1 = x2), X3, by, Do) E ()
+ [pr(x2)(xy + x3 = rpx3) I, 1 (x1, o, X3, by, by) Eyf (1)} (B4)
For B — D*T decays, the expressions of the longitudinally polarized contributions of the emission diagrams can be

obtained from those corresponding B — DT decays by substitution in Eq. (23). For the annihilation-type diagrams, the
decay amplitudes are

AL = S\ECFwam‘}g [ dsdns [ badbsbsdbs gl b1 = 35) = rrr(@is) + @ (x3)]

“hap(1 = x3,%5(1 = 1), by, b3)E (1) + [— pr(x3)xy + 2rprrdpi(xs)(x; — 1)]
“hap(x, (1= x3)(1 = 1p), b, by)Eqp ()}, (B5)

L 32 s ! 1/A L
Manf:?CFWmB deldxzdx3 . bydbbydby ¢ p(x, by)pp(xs, b))

X{Lpr(x3)xy — rpre(dh(xz)(1+ x5 — xp) + d5(x3) (2 + x5 — 1)) ] h'mﬂ (X1, %2, X3, b1, by) E (1)
+[pr(x3) (3 = 1) = rprp(@f(x3)(xa = x3 + 1) + h5(x3) (xa + x3 = 1)1 1l 19 (X1, X0, %3, b1, bo) E (2} (B6)

The transversely polarized contributions are suppressed by rp or ry. For the factorizable emission diagrams, the
expressions are the same as Eqs. (26) and (27). For the nonfactorizable emission diagrams, the decay amplitudes are

1 1 1/A
Mgnf = 16\/;CerDm%/;) dxldxzdx3'/0 bldblbzdb2¢3(x1, b1)¢£(X2, bz)

X {[(;b;(xS)(xZ - 1) + rT(¢%(x3) - ¢%(x3))]henf2(xi’ bi)Eenf(td)

+ [ 7 (x3)xy + 2r7(xy + x3)D5(x3) e p1 (i D) E oy (2,)}, (B7)
M, = M, (5 — Sp). (BS)

For factorizable annihilation diagrams, the transverse decay amplitudes are

ALy = ~a3Cpfymmiry [ dvadxs [ badbabsdbs bl b T = rr(@axs — B(as)(as — )]

“hap(1 = x3, (1 = 1), ba, BR)E (1) + rld%(x3)(xz + 1) + ¢§(x3)(x, — 1)]
“hap(xg, (1 = x3)(1 = 13), by, bo)E (1)}, (B9)

AY, = ~aV3Ckfymmiyny [ dxsdss [ badbabsdbs b bH(-rpdfoe) = (eI — () — )]

“hap(1 = x3, X5(1 = 1), by, b3)Ep(2,) + relp(x3)(xy + 1) + @¥(x3)(xy — 1)]
“hap(xa, (1= x3)(1 = 1), b3, by)E 6 (2f)}. (B10)

While for the nonfactorizable annihilation diagrams, the transverse decay amplitudes are

1 1 1/A
Mgnf = 16\/;CFWm%rDj; dxldxzdx3[0 bldblbzdb2¢3(x1’b1)¢zT)(x2y b,)

X A[rpdpT(x3)(xa — 1) + 2rp 7 (x3) 1, p (X1, X2, X3, by, Do) E 4y p(8)
— [rpx2 7 (x3) 1R, 12 (x1, X3, X3, by, Do) E (1))}, (B11)
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N 1 4 ! /A T
Manf 16 §CF7TmBrD d.xldedX3 b]db]bzdbzd)B(xl, b])d)D()Cz, bz)
0 0
XA[—rpdr(x3)(xa = 1) + 2rp pF(x3)1h,, 1y (X1, X3, X3, by, b2) E (1)
+ [rpxap7(x3) 10, 12 (x1, X3, X3, by, Do) E (1)} (B12)

The nonfactorizable emission decay amplitudes for B — D*T with a tensor meson emitted, as shown in Fig. 3, are

32 1 1/A
Mﬁﬁf = —?CmeB(rD - 1)[0 dxldX2dX3j; bldblbzdbzd)g(xl, b1)¢lb(X3, bl)

X {Lpr(x)(xy — 1+ rplxy —x3 — 1))]hﬁ,,f(xl, (1 = xy), x3, by, bz)Eenf(tg)
+ [pr(x)(xy + x3 + ’”sz)]hgnf(xl, X, X3, by, bQ)Eenf(tfj)}) (B13)

1/A
Ni,ff 16\/;CF7TmBrTf dxldx2dx3[0 bydbbydby pp(xy, b)) 1 (x3, by)

X {[(¢T(x2) + d’r(xz))(xz - 1)]h2nf(xl! (1 = x2), x3, by, b2)Eenf(t2)

+ [— G (x2)xy + dh(x)(2rp — 1)xy + 2rpx3)] - hgnf(xl, X2, X3, by, D) E 1 (£3)}, (B14)
MEr =~ M (b = bY). (B15)
With the functions obtained in the above, the amplitudes of all B— DT decay channels can be given by
_ Gr 1
ﬂ(BO_’DOa(z)) _\/_f\/— :(b ud[a2‘ﬂaf + C2~Manf - aZ‘Aef - CZMenf]: (B16)
o, pory_0rF 1 o
AB—Df])= BN Vidlay Aop+ Co My +ar Ay + C, M, ), (B17)
_ Gr .
A (B° — DK;") = TZ VipVuslaa Aoy + CyMeyf] (BI8)
A B = Dap) = CEVE VM 4 ay A+ Cy M) (B19)
a, NG cb Y udlC1 gnf a, Agf 2Manfl
./’ZL 0 [ GF s 3
(B = D™ K3") = =V, Vi [Ci M3, /] (B20)
V2
0 — gt Gr
A (B — Dy K;") = \/EVLqud[aZﬂaf + Co M grl (B21)
- G
A (B — D) = \/—g ViVidar Aoy + C M,y + C M3, ], (B22)
— G
A (B — DK:*) = \/gvcbvm[azﬂle, + O M+ C M, ] (B23)
0 "0 GF 1 #
A (Bs — D fz \/— \/—Vcb us[GZAaf + C2 anf]’ (B24)
0 30,0 Gr 1 ..
A (Bs —D (12) - T \/—Vcb us[a2ﬂaf + CZ anf]r (BZS)
A (BO - Dofz) - \/5 V:b us[ClZﬂef + C2 enf]r (B26)
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- Gr
A (BY— D°K30) = 7 Vi Vidlas A p + Co M, (] (B27)
0 -+ GF *
ﬂ (BS e D a2) = ﬁVchVus[aQﬂaf + CZManf]’ (B28)
0 -+ GF # 3
./,Zl (Bs s Ds 612 ) = E cqud[CIMéilf]’ (B29)
0 — GF % 3
A (B)— D;K3*) = ﬁvcbvm[azﬂlaf + O My + CLM, () (B30)
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