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Radiative Weak Annihilation B—D ;, y Decays
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Abstract ; Starting from the low energy effective Hamiltonian for W-annihilation, we derive the effective ian for weak anni-
g 8Y g1

hilation bremsstrahlung processes at the quark level and then apply it to the radiative weak annihilation decays B—D (). Com-
parisons with other predictions are also given. Our results indicate that these decays should be detected at B-factories and LHC.
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0 Introduction

In the forthcoming years,more and more data of B decay processes will be available at Tevatron, CLEO and
the B-factories, more and more ever regarded rare decays of B meson with branching ratios of 10" or 107% are
possible to be measured, bring the necessity of estimating these decay processes in advance. In this paper, we
focus on the radiative weak annihilation processes B—D "y and B—D"y, collectively B—D (,,y decays.

These decays were first studied as a probe of V,, in Ref. [ 1] and the branching ratios were estimated to be
4 x107° for B—D vy and 2 x 10 for B—>D"y. At the same time,as two radiative weak annihilation processes,
they were also investigated in Ref. [2] and the calculated branching ratios are 1 x 107 and 7 x 10 ~* for B—
D,y and B—D" y,respectively. There exists vast differences between these two predictions. To clarify which is
of the correct order, we argue that the effective Lagrangian method developed by Cheng!®’ | which works well when
both initial and final hadrons contain a heavy quark,is applicable to these processes and use the factorization hy-
pothesi'®! , which is known to work well for nonleptonic weak decays of heavy mesons,to evaluate the hadronic

matrix elements and decay amplitudes. Our results favor the later.
1 Local Effective Hamiltonian for B—D ,y Decays

At the lowest level, these decay are induced only by weak W-annihilation diagram(Fig. 1) with the emitted
photon coupling to any of the charged lines. Because the diagram with the photon emitted from the W-boson is
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suppressed by a factor G, we consider only the case with the photon
emitted from quark lines.

The QCD corrected effective weak Hamiltonian for W-annihilation
processes bu—qc(q =d,s) is given by
Gr

Hy =
)

ViV (€0, + C,0,) (1)

with
0, = (;b)V-A(ZIC)V—Av 0, = (aC)V—A(;]b)v-A (2)

At the scale u =m, ,the renormalization scheme independent Wilson coefficient functions C, and C, take
C, =1.1502, C, =-0.3125

Fig.1 W-annihilation diagram

[5,6]

(3)

For the photon emission process bu—gqcy ,the amplitudes mediated by the operator O, (Fig.2) are (up to a

G
factor J—;Vub V.C)
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where k and & are the photon momentum and polarization vector,respectively. Similarly the amplitudes mediated

C.
by the operator 0, (Fig.3) are (up to a factor —V,, V.C,)
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Fig.2 W-annihilation diagram via O, Fig.3 W-annihilation diagram via O,
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If we parameterize the quark momentum in terms of their velocities as done in Ref. [3]

- _ — ' _ '
Py = myv,p, = mv,p, = My ,p. = my

(6)

here the light quark mass appearing in (4),(5) and (6) are of the constituent type. Obviously, this parameter-

ization (6) does not provide a complete description of the Fermi motion inside the bound state but just average

effects, however as will see later, it does eliminate the photon’s coupling to the convection currents

the effective interaction local and gauge invariant. Therefore, it greatly simplifies the calculation.

and makes

With the parameterization given in (6), we find that the contributions from the convectional currents add up

to zero,and the amplitude arises entirely from the magnetic moments of the quarks. Then we have
Ay = A+ A+ A+ A
ie my— v -
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where m; =m, +m, and m;=m_+m,. After Dirac algebra operation,the results can be simplified as
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From the above discussions, we can find that the effective Hamiltonian for photon emission process bu—qcy can

be written as

_ _ G R
FHg(bu— qey) = _FVuchq(CIQ] + C,0,)
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1
ﬁ;w = ? ﬂvuﬁpuﬁ (12)

2 Decay Amplitudes

To calculate the hadronic matrix elements and the decay amplitudes, we use the factorization method™!.

Then the decay amplitudes can be written as
A(B—Dgyy) = <D, | 4l B>

=52£ - cq(C +NC )#—n? <D, | (_I'y”(l ~¥s)el 0 ><0l uy, (1 -y5)bl B >
o S R [t PR R Y (13)
Using the expression for one-body matrix elements
<01 4,1 P(p) >=1ip,, <01V, 1 V(p,m) > = ifymm, (14)
therefore
<Dy 1 gy, (1 =y5)el 0 > <01 uy, (1 -y5)bl B(p) > =~ fafp,, Mp,,m,P, (15)

then the decay amplitudes can be written as the following gauge invariant form

AUB(p) =Dy (q,m)y(k,e)1 = i6,upe NP W (K) + (e - mp -k — & kn-p)f,(K) (16)

with

A ()

(e ] o
where

K = Eﬂ#@?ﬁ)—(cl "’Nl‘cz)Vuch;foD(,) (18)

J2 mg - Mpe, ¢
3 Numerical Results and Discussion

The decay width implied by the amplitude (16) in the B rest framework is given by

1 (mz - DG))

F(B—=Diyy) =g~ UL+ LID (19)
B

In order to get the numerical results, we adopt the following parameters
(1) Meson masses (GeV)!"
my =5.279, my, =2.11, m,. =2.01
(2) Constituent quark masses'*’
m, =338 MeV,m, =322 MeV,m, =510 MeV,m, = 1.6 GeV,m, =5 GeV
(3) Decay constants of mesons ( GeV)
fo =170, f,. =200, f,. =200
(4) CKM matrix elements
—308x10'3 vy =022, V, =0.9745

where V,, is chosen from IVM V“ | ~3 x107 as done in Ref. [1].

(5) Choices of N,

In QCD theory, N, =3. Because we use the factorization method and do not take into account the non-factor-
ization effects,here N, is regarded as a phenomenological parameter and takes three different values N, =2,3, 0
as done in hadronic B meson decays!®'"’.
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(6) Lifetime of B meson'”
7(B™) =1.65 x 107%s
Our numerical results are collected in Table 1. For comparisons,we also give the predictions available.
Table 1 Branching ratios calculated by Eq. 19

Decays N, =2 N, =3 N, =o Ref.[1] Ref. [2]
B—D'y 7.84x10"° 8.68 x10° 1.08 x10 % 2x10°° 7x10°°
B—D,"y 1.96 x10 7 2.17x1077 2.62x1077 4x10°° 1x1077

From our numerical results we can see that, no matter the value of V,, the estimated branching ratios are of

the order 10 ~* and 10”7 for B—D "y and B—D, "y, respectively, which agree with Ref. [2] despite a very dif-

ferent calculation method, and are very different from Ref. [ 1]. Therefore we can conclude that the results of

Ref.

[2] may be of the right order. As discussed in Ref. [2], these decays may be detected at the B-factories

and Large Hadronic Collider (LHC), we wait the experimental observation. Once observed, these decays will

present an interesting probe for CKM matrix elements V,; as discussed in Ref. [1].

In conclusion, using the effective Lagrangian method and the factorization hypothesis, we evaluate the decay

branching ratios B—D ,, "y and confirm the results of Ref. [2] in a totally different method.
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