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The B_-> D(D*)T decays in
perturbative QCD approach
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rief introduction
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A ground state of two heavy

quarks system (bc)

& o
T denotes a light tensor

meson with J = 2%

N 2

a,(1320), K,"(1430),

-

[t provides us an ideal
platform to understand the

weak interaction of heavy
quark flavor.

f2(1270), f- 2’(1525)-

N %
“ o
<T|J*]0>=0(J"isthe
(V+A)current or (S+P) density.)

These decays are prohibited
in naive factorization.
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We use the PQCD approach, which is based on the

k; factorization.

» This method is usually applied in the hadronic two-body
decays of B meson. Due to the heavy mass of B, the process is
dominated by the exchange of hard gluons. Thus the process
is factorized into the hard part which can be calculated
perturbatively and the soft part which can be absorded into
wave function which is universal and nonperturbative.

> The end-point singularity in collinear factorization can be
avoided because of the transverse momentum.

> The nonfactorizable and annihilation diagrams are calculable
by using this approach.



Theoretical framework

The key step is to calculate the transition matrix
elements M x <D(*JT‘HEff‘BC>

The weak effective Hamiltonian can be written as

G
Hep = —= { > VaVax [Cr(p) O () + Co(p) O (1))

gq=u,c

0
v |3 c;wom] 3

i=3



0; (j =1, ..., 10) are the local four-quark operators:

» current-current (tree) operators
Of = (bags)v—a(73Xa)v-a

04 = (baqa)v—_a(qsXs)v_a.

» QCD penguin operators

O3 = (baXa)v_a Y (T345)v—a

Oy = (baX3)v-2a Z (@3Ga)v -4

Os = (baXa)v_a Z(@éil_%)1:’+.4-

q
O¢ = (baXp)v_a Z(i}__’-‘gi};)v—a-
qf



> electro-weak penguin operators

3 _
OT — E(baXa)V—A Z Eq’(quq;)v——FA: )
q
3 _
Og = E(baX,S)V—A Z Cqf (fj—ffgq;)mm

q

3 _
Oy = §(barXar)V—A Z qu(f?:gq:g)v—m
q

3 _
O19 = §(baX,B)V—A Z eq (T30 )v-a

q
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There are several typical scales

> When the energy scale is higher than the W boson mass, the
physics is the electroweak interaction which can be calculated
perturbatively.

> The physics between W boson mass scale and b quark mass scale
can be included in the Wilson coefficients C(t) of the effective
four-quark operators.

> The physics between b quark mass and the factorization scale is
included in the calculated hard part H(x,b)

> The physics below the factorization scale is nonperturbative and
described by the hadronic wave functions of mesons, which is
universal for all decay modes.
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The decay amplitude can be factorized into the convolution
of the Wilson coefficients, the hard scattering kernel and

the light-cone wave functions of mesons characterized by
different scales.

A ~ /(l’.i'ﬂl’.t'gf[.i';gbl(I’f’)lbgdbgbgfﬁ)g

xT'r [C-"(f)@,g(;rl. b1)Pary (9, bo)Pppy (25, by) H (7, b;, 1), (;;f-.]-_)(-:_“gm]



Wave Functions — ———— -

/

In the PQCD approach, the initial and final state
meson wave functions are the most important non-
perturbative inputs.

For B, meson, we only consider the contribution from
the first Lorentz structure, like B, (q = u, d, s) meson

(I}BC{"I‘} — _;:\:_‘ {F-'- mp. ] V5DB, ( b:l
For D(D*) meson, in the heavy quark limit, the two-
parton LCDAs can be written as

(D(p)|ga(z)cs(0)|0) = i / dx 7% [y5(P + mp)op(x,b)] 0B
(D*(p)|ga(z)Es(0)|0) = \/W/ dz "% |, (P + mp- )ph (., b)

+ (P + mpe ). (x b)] 5
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Wave Functions ————— p—
For tensor mesons, the £ 2 polarizations do not
contribute in the B, -> D(D*)T decays due to the
angular momentum conservation argument. Because
of the simplification, the wave functions for a generic
tensor meson are defined by

L, _ 9 €e U g,
OF = — |mrdipor(x) + ¢i PO () + mi———o5(7)
V6 L > v
b = — imrd, | Op(T) + ¢, \POE(z) + mrieu syt nf v OF ()]
V6
where , — @

P-v
and ¢ isthe polarization tensor.
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Numerical results & Discussion

There are 6 types of diagrams contributing to
B.-> D(D*)T decays.

Because the tensor meson can not be produced through local (V &= A)

current and (S £ P) density.
Pl NA

c

nonfactorlzable emission dlagrams

P& >E RE i

factorizable annihilation diagrams nonfactorlzable anmhllatlon diagrams
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/ Branching ratios (unit:10-%) and direct CP asymmetries
(unit:%) of B, — DT decays

Decay Modes  Class Br 4?}
BoD A TENAENE carlEoingm
B DT A SLoTBIENAE oatietienn
B.—D%j A 1105536 20.11 =026 182557 Th s Lo'a0
B.— DYK3" A 316756 7513 .63 0.0

B, — D*f, A 151555 Z000 “0'16 —9. 7150 150 T i
Be—D¥fy AP 00125000: 0005 Toone  —475 501 TthY
B. — D}aj C 0.0047%5 0007 Toooi2 “0.0o0a  — 20470737 7195 05
B.— D{K3® A 1.90%0'50 052 0,07 —1.00%5:% 7050 C0:03
B.—Dffs AP 1877430 20.44 0,06 253204 Z0m2 05
B.—Dify A 40.9% 157 2417 Lo —0.11%5,05 “5.06 2000
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Branching ratios (unit:10-%), direct CP asymmetries (unit:%)
and the percentage of transverse polarizations Ry (unit:%)
of B, = D*T decays calculated in the PQCD approach.

Decay Modes  Class Br ~lf,_f-f}. Rt
BooDVf A TMEEREUH  sonfEUUNT o
B~ DVK;t A ISURIEIAG _o1st@Ean s
BooD7d A aTHEMENE runEHUAN o
B.— D**K3" A 1581508 160 1000 0.0 80.3
B.— D"y A 3387090 022 "0.96 —2470 0 S o, 697
Be—D*™f; A 00917505 0o0s o000 562515 Teso g 453
B Dita)  C 000U AN ssiHNEAn
BooDIRY A SOUTRURNLT 2Rl s
B.—Ditfa A 3.607:38 To.51 0.0 200716 "0 Toa0 984
B, — D;—I—}Lé A 1904-30.5 +19.6 +6.14 —0,036—'_0'004 +0.011 +0.008 Q95

—28.1 -13.2 —-3.88

—0.003 -0.012 —-0.001
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Theoretical Uncertainties — =

For the theoretical uncertainties in our calculations,
we estimated three kinds of them:

> The first errors are caused by the hadronic parameters of mesons’
wave functions, such as the decay constants and the shape
parameters of light tensor meson, charmed meson and the Bc
meson.

» The second errors are estimated from the uncertainty of Aycp, =
(0.25 & 0.05) GeV and the choice of the hard scales which vary
from 0.8t to 1.2t, which characterize the unknown next-to-leading
order QCD corrections.

» The third error is from the uncertainties of the CKM matrix
elements.

[t is easy to see that the most important theoretical
uncertainty is caused by the non-perturbative
hadronic parameters.
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Properties = =
For all considered B, -> D(D*)T decays, the factorizable
emission diagrams do not contribute, because the tensor
meson can not be produced through local (V = A) current
and (S &= P) density. But these decays can get
contributions from nonfactorizable and annihilation
diagrams.

In fact, most of these decays are dominant by the W
annihilation diagrams (A) as classified in the tables.

(enhanced by the large CKM elements V 4))

There are only four decay channels, which are dominated
by the color suppressed (C) or penguin (P) diagrams.
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~_ Branching Ratios \/

In order to reduce the effects of the choice of input
parameters, we define the ratios of the branching ratios

between relevant decay modes:

- Br(B. — D™"%)

9 isospin symmetry

Decay Modes

Br

Br(B. — D®+a3)

1 Br(B.— DW'K;")  Br(B.— DY

as)

Br(B. — DT K30 (fﬁf-z- (fie3)Ved

Br(B. — DT ) fh, () Ves
2
Br(B, — D™ f») 1 f},Vea 1
| Br(B.— D*K3") V2 fE.Ves 20°
Br(B, — D** f,) AZNE
_ Br(B. — D*+K3") V2 frezVes 40°

SU(3) symmetry

Br(B. — DWUK3V) ~ Br(B, — D+ f,)

)Qm

B, — D'
B.— D'K;™
B.— D"d}
B.— DTK3’
B.— D*f;
B.— D*f}
B. — D;rag
B.— DIK}°
B.— Df fy
B.— Dff}

—0.71-0.17-0.18

31 (_]{-10.3 +2.81+0.86

1.10

8.76 —2.86 —0.54
+0.42 +0.09 -0.23
—0.36 =0.11-0.26

1 6+11,3 +3.1041.01

—-9.69 -2.13-0.63

1 51+iﬁl.58 +0.12+0.14

—0.48 -0.09 -0.16

0,006 0,004 0,001
0.012Z 5005 Zo'003 Z0.002

0.0047°

1.90

0.0011 4+0.0016 +0.0006
0.0007 —0.0012 —0.0004

+0.67 +0.204-0.09
—0.59 -0.22-0.07
0.43 40.454-0.06

Was
1877050 Z0'a4 0,06
40.0+1L9+432+1.20

—10.7-4.17-0.81

17



//JggguhnentTést“**\~§§?\\//4%/////%/

Most of the predicted branching ratios are in the order of
10-°% or even bigger.

The most promising decay modes for experiment

B. - D*K3°| Br = 3 x 1078

B(DT =K-—nt7%) ~10%
B(K3" — K7) ~ 50%

Be— DKL) Bo— Dt f Br ~10~*
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Direct CP Asymmetries
The direct CP asymmetries are all very small, because
the contributions from penguin operators are too

small to compare with the contributions from tree
operators.

But there is one exception

ecay Modes lass r
Decay Mod Cl B Adim,

+ g1 +0.006 +0.004 +0.001 A=~ =+16.9410.249.7
BC — D fz A.'P 0'012—{}.0{]5 —0.003 —-0.002 47 2901 —4.8 -0.7

fo = fismf — fjcosf, with fj = %( wi + dd), f5 = s5

The tree contributions from f,?term are suppressed by the

mixing angle , to be at the same level with penguin

contributions from f,° term. The interference is sizable.
(the mixing angle 0 is small)
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Transverse Polarization .f /

The percentages of the transverse polarization are
large because of
> W annihilation diagrams dominant decays

> Tensor meson S=]=1

S(L L1 —1) S(1L0)L(1,—1) S(L1)L(1.0)  S(1.0)L(1,0)
Lr_ —— —— —— —_——
\ < —— —— —— ——
e
1 -'l—! A +1 Ag
except
Decay Modes  Class Br —lg—*j_r, Ry

b
-1

-+ 0 ~ g +0.0008 +0.0022 +0.0006 o« +0.24 4052 41.09
Bi“- — DH Qg C O‘OO'JI—G.GGGU —0.0015 —0.0004 3‘81—0.1?—[).-’31 —0.51 1
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“Summary

In this work, we investigate those B -> D(D*)T decays
in the perturbative QCD approach, based on kT
factorization, where T denotes a light tensor meson.

We find that the annihilation amplitudes are
dominant in these decays, which are calculable in the
pQCD approach.

The branching ratios of many decays are in the order
of 107° or even bigger, which can be detected in the
ongoing experiments.
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“Summary

Most of the direct CP asymmetries are very small
because the penguin contributions are too small to
compare with the tree contributions.

We also predict large ratios of transverse polarizations
around 70% or even bigger for those W annihilation
dominant decays.
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fT t fT t
ér(x) = chbu(m), T = thﬁ}( 7).
. fL () GT(py — AT
. fT v) fr 2)
Qi’T(I)_QFQL() op(x) = SV2N. dr 91(33)
op,L(x) = 30:1:(1 —x)(2x —1),
B (x) = —(21:— 1)(1 = 6z +62%), b’ (z) = 152(1 — z)(22 — 1),

¢\ (x) = 202(1 = 2)(2x = 1), ¢(x) = 52z — 1),
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op(x,b) = 2\/% fp6z(l —z)[1 + Cp(l —2z)|exp [

with Cp = 0.5 £0.1,w = 0.1 GeV and fp = 207 MeV [64] for D(D) meson and C'p =
0.4+0.1,w =02 GeV and fp, = 241 MeV [64] for D (D,) meson. For D* meson, we take

the same model as the D meson and determine the decay constant by using the following

relation based on heavy quark effective theory (HQET) [65].
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M (£2) = e(£1)e(£1),

\/g e(£1)"e(0)” + €(0)e(£1)"],

e (£1)

0) = | S AP + el=1Pe(+1)] + | 200

1 1

e'(0) = \@mT(kD + k3, ko — k3. 0. 0), €(x£1) = ﬁ(o, 0, 1, £1),
1

r(A) = ()P,

€(0) - Ppe,(£1)

eru(£2) =0, epu(£l) = N . eru(0) =




(T(P,N)|V,]0) = aesM P + be"™M" B, = 0,

(T(P.A)]AL]0) = EWPJPUE?:; =0,

N ps _
€ PP =0

e (\) = e (\),
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A(B. — a{DU) =

{Vu*bv‘ﬂdMenfcl + I/LEVC&(M ap + Mﬂﬂf )
WJ[MEHJ«(CE. + Co) + MEE(Cs + Cr) + MEF (ag + axo)
({16 + ag) + M,mf(cg + Cy) + M{mf(C% + 7))}

\[

A(B. = K57D%) = A(Be = a5 D°) |y, v VsV Virs Vissad K

Gr 1
\/g {V't:b udMen_fC2 - EEVM(MG_;’ ap + Ma,nf )

_ tb%d[ enf( 03 + 3{]10/2) =+ Meﬂ,f( 05 + 07/2)
M2 (3Cs/2) — MEf(ag + aro) — MT (ag + as)
aﬂ.f(C3 T Cg) Manf(c5 T 07)]} 3

A(B. = ayD™) =

29
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: _,‘_.-; —

A(BC — KE*DD—I_) — {%Ems(Maf ap + Maﬂ.f )
—VEV& IMEL(Cy — C/2) + MET(Cs — Cr/2) + MEF (ag + ag
+MT (ag + as) + ML (Cs + Co) + MEL(Cs + Cr)]}

Grp 1

V22
—VipVia[MEG(Cy + 20, — Co /2 + Cro/2) + M5 (Cs — C7/2)

Mmf(QCﬁ + Cs/2) + Mgy (as + aro) + Mif (ag + as)
anf(C3 - Cg) + Manf(c5 + CT)]} /

A(Bﬂ — ng—i_) {V‘l:b udMEﬂfCZ + V* Cd(Maf ay + Ma;nf )

30



\

A(B. — f3D7) =

f = {—VpVia[MEE(Cy — Cro/2) + MEE(C6 — Cs/2)]}

Gr 1

A(B, = ayD7) = NoiVe

{VJB%SMenf I/t;ms [Me*n.f?}clu/z + MenfBCS/Q]}

A(Bc — R;UD:) = {V Vcd(Mﬂf ay + Minfcl) tEVﬁd[Mif(a‘i + {11{])

Gp
\/*
Ma ({15 + {13) -+ M{mf(C;g -+ Cg) + Mﬂnf(05 + C-;.-)]} .

Gp 1

Vs
ML (2C + Cs/2)]}

‘A'(BC — fED:) — {V;bVHSMenf 1/;;1/;53 [Men_f(204 + 010/2)
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G
= TF {KE%S(M ay + Man,_fcl) - L@;%S [Menf(c5 - 07/2)

ﬁvtm,,,,f(o3 +Cy— Co)2 — Cho/2) + MEE(Cs — Cs/2)

(a4 + aypp) + Mﬂf (ag + ag) + Mmf(cg + Cy)
Manf(CE) + CT)]} )

A(B. = DY fy) = A(B. — D™ f) cos + A(B. — D™ f3) sin 6.
A(B. — DY) = A(B, — D™ f#)sin6 — A(B. — D™ f3) cos 6,

:CQ_‘_C]_/S} {122014—02/3,
=i+ Ci/3,1=3,5.7.9, a;=C;+C;_1/3, j =4.6.8.10.
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A

P

_ 9
(B, — DT') = S, |A(B. — DT)|
1
|ﬁ\ = G5 [mQBC — (mp + mT)Q] [mQBC — (mp — mT)Q].
mBE

The amplitudes of B, — D*1" decay can be decomposed as

Alep.er) = iAN +i(é5 - X)) A + (€uapnt v’ e el™) AP,

ﬁ*\

N(B. — D'T) = m, (| AY [P 2] A P + | AP ),

2(| A + |A7%)
AN + 2(J A2 + |AP[?)

Ry =
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A2 = 0.25, mp, = 6.286. fp, = 0.480,

7B, = 0.46ps, wp. = 0.6, my = 4.8, m. = 1.5.

Tensor(mass(MeV)) fr(MeV) f+(MeV)

f2(1270) 102 = 6 117 £ 25
15(1525) 126 = 4 65 £ 12
a9(1320) 107 = 6 105 +£ 21

K3 (1430) 118 £ 5 == !
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B — DI fs

B. — D**K}° Br~10~3
Iﬁ Dt - K—mtnt
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