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Abstract

We calculate the leading logarithmic QCD corrections to the matrix element of the
decay b → de+e− in the two Higgs doublet model with tree level flavor changing currents
(model III). We continue studying the differential branching ratio and the CP violating
asymmetry for the exclusive decays B → πe+e− and B → ρe+e− and analysing the de-
pendencies of these quantities on the selected model III parameters, ξU,D, including the
leading logarithmic QCD corrections. Further, we present the forward-backward asym-
metry of dileptons for the decay B → ρe+e− and discuss the dependencies to the model
III parameters. We observe that there is a possibility to enhance the branching ratios
and suppress the CP violating effects for both decays in the framework of the model III.
Therefore, the measurements of these quantities will be an efficient tool to search the new
physics beyond the SM.
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1 Introduction

Rare B meson decays, induced by flavor changing neutral current (FCNC) b→ s(d) transitions

are one of the interesting research area to test the Standard model (SM) at loop level. They are

informative in the determination of the fundamental parameters, such as Cabbibo-Kobayashi-

Maskawa (CKM) matrix elements, leptonic decay constants, etc. and useful for establishing the

physics beyond the SM, such as two Higgs Doublet model (2HDM), Minimal Supersymmetric

extension of the SM (MSSM) [1], etc.

Since the SM predicts the large Branching ratio (Br), which is measurable in the near

future, the exclusive decays induced by b→ sl+l− process become attractive. Such transitions

has been investigated extensively in the SM, 2HDM and MSSM, in the literature [2]- [15]. For

these transitions, the matrix element contains a term includes the virtual effects of the top

quark proportional to VtbV
∗
ts and additional terms describing the cc̄ and uū loops, proportional

to VcbV
∗
cs and VubV

∗
us respectively. Using the unitarity of CKM matrix, i.e. VibV

∗
is = 0, i = u, c, t,

and neglecting the factor VubV
∗
us compared to VtbV

∗
ts and VcbV

∗
cs, it is easy to see that the matrix

element involves only one independent CKM factor, VtbV
∗
ts. This causes that the CP violating

effects are suppressed within the SM [16, 17]. However, for b → dl+l− decay, all the CKM

factors VtbV
∗
td, VcbV

∗
cd and VubV

∗
ud are at the same order and this leads to a considerable CP

violating asymmetry between the channels induced by the inclusive b → dl+l− and b̄ → d̄l+l−

decays. These effects have been studied in the literature for the inclusive b → de+e− decay, in

the framework of the SM [18]. The difficulties of the experimental investigation of the inclusive

decays stimulate the study of the exclusive decays. However, the theoretical analysis of the

exclusive decays is complicated due to the hadronic form factors which can be calculated using

non-perturbative methods. The dispersion formulation of the light-cone constituent quark

model is one of the method which can be used to calculate the hadronic matrix elements. In

the literature, the form factors for b → de+e− induced exclusive B → (π, ρ)e+e− decays have

been calculated in the framework of this method [19, 20]. The CP violation effects for these

exclusive decays have been studied in the framework of the SM [21].

In this work, we present the leading logarithmic (LLog) QCD corrected effective Hamiltonian

in the 2HDM with flavor changing neutral currents (model III) for the inclusive b → de+e−

decay and calculate the differential Br of the exclusive B̄ → (π, ρ)e+e− process. Further, we

study the CP-violation asymmetry (ACP ) and forward-backward asymmetry (AFB) of dileptons

for the decay B̄ → ρe+e−.

The paper is organized as follows: In Section 2, we give the LLog QCD corrected Hamilto-
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nian responsible for the inclusive b→ de+e− decay and calculate the matrix element. In section

3, we present the Br and ACP of the exclusive B̄ → πe+e− decay and analyse the dependencies

of the Br and ACP on the couplings ξ̄Dbb, ξ̄
U
tt . In section 4, we study the Br ,ACP and AFB of

the exclusive B̄ → ρe+e− decay . Section 5 is devoted to our conclusions. In Appendix, we

summarize the essential points of the model III and give the explicit forms of some functions

we use in our calculations.

2 Leading logarithmic improved short-distance contri-

butions in the model III for the decay b → de+e− with

additional long-distance effects

In this section, we present the LLog QCD corrections to the inclusive b → de+e− decay ampli-

tude in the 2HDM with tree level neutral currents (model III). The LLog QCD corrections to

the b → de+e− decay amplitude can be calculated using the effective theory. In this method,

the heavy degrees of freedom, t quark, W±, H±, H1, and H2 bosons, in the present case, are

integrated out. Here H± denote charged, H1 and H2 denote neutral Higgs bosons. The proce-

dure is to match the full theory with the effective low energy theory at the high scale µ = mW

and evaluate the Wilson coefficients from mW down to the lower scale µ ∼ O(mb). In our

calculations we choose the higher scale as µ = mW since the current theoretical restrictions

[22, 23] show that the charged Higgs mass is enough heavy to neglect the running from mH±

to mW .

The effective Hamiltonian relevant for the decay b→ de+e− in the model III is

Heff = −4
GF√
2
VtbV

∗
td {

∑

i=1,...,12

(Ci(µ)Oi(µ) + C ′
i(µ)O

′
i(µ))

+ λu
∑

i=1,2,11,12

(Ci(µ)(Oi(µ)− O′u
i (µ)) + C ′

i(µ)(O
′
i(µ)− O′u

i (µ))} (1)

where O
(′)
i , O

u(′)
i , are the operators given in eqs. (2), (3) and C

(′)
i are the Wilson coefficients

renormalized at the scale µ. Here the unitarity of the Cobayashi-Maskawa matrix (CKM) is

used, i.e. VtbV
∗
td + VubV

∗
ud = −VcbV ∗

cd and the parameter λu is defined as:

λu =
VubV

∗
ud

VtbV
∗
td

Using Wolfenstein parametrization [24], λu can be written as

λu =
ρ(1 − ρ)− η2

(1 − ρ)2 + η2
− i

η

(1− ρ)2 + η2
+O(λ2)
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where ρ, η and λ ∼ 0.221 are Wolfenstein parameters. The parameter η (and therefore λu) is

the reason for the CP violation in the SM.

The operator basis is similar to the one used for model III ([25] and references therein), which

is obtained by replacing s-quark by d-quark and adding new operators, i.e. O
u(′)
i , i = 1, 2, 11, 12:

O1 = (d̄LαγµcLβ)(c̄Lβγ
µbLα),

O2 = (d̄LαγµcLα)(c̄Lβγ
µbLβ),

Ou
1 = (d̄LαγµuLβ)(ūLβγ

µbLα),

Ou
2 = (d̄LαγµuLα)(ūLβγ

µbLβ),

O3 = (d̄LαγµbLα)
∑

q=u,d,s,c,b

(q̄Lβγ
µqLβ),

O4 = (d̄LαγµbLβ)
∑

q=u,d,s,c,b

(q̄Lβγ
µqLα),

O5 = (d̄LαγµbLα)
∑

q=u,d,s,c,b

(q̄Rβγ
µqRβ),

O6 = (d̄LαγµbLβ)
∑

q=u,d,s,c,b

(q̄Rβγ
µqRα),

O7 =
e

16π2
d̄ασµν(mbR +mdL)bαFµν ,

O8 =
g

16π2
d̄αT

a
αβσµν(mbR +mdL)bβGaµν ,

O9 =
e

16π2
(d̄LαγµbLα)(l̄γµl) ,

O10 =
e

16π2
(d̄LαγµbLα)(l̄γµγ5l) ,

O11 = (d̄LαγµcLβ)(c̄Rβγ
µbRα),

O12 = (d̄LαγµcLα)(c̄Rβγ
µbRβ),

Ou
11 = (d̄LαγµuLβ)(ūRβγ

µbRα),

Ou
12 = (d̄LαγµuLα)(ūRβγ

µbRβ) , (2)

and the second operator set which are flipped chirality partners of the first:

O′
1 = (d̄RαγµcRβ)(c̄Rβγ

µbRα),

O′
2 = (d̄RαγµcRα)(c̄Rβγ

µbRβ),

O′u
1 = (d̄RαγµuRβ)(ūRβγ

µbRα),

O′u
2 = (d̄RαγµuRα)(ūRβγ

µbRβ),

O′
3 = (d̄RαγµbRα)

∑

q=u,d,s,c,b

(q̄Rβγ
µqRβ),

O′
4 = (d̄RαγµbRβ)

∑

q=u,d,s,c,b

(q̄Rβγ
µqRα),
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O′
5 = (d̄RαγµbRα)

∑

q=u,d,s,c,b

(q̄Lβγ
µqLβ),

O′
6 = (d̄RαγµbRβ)

∑

q=u,d,s,c,b

(q̄Lβγ
µqLα),

O′
7 =

e

16π2
d̄ασµν(mbL+mdR)bαFµν ,

O′
8 =

g

16π2
d̄αT

a
αβσµν(mbL+mdR)bβGaµν ,

O′
9 =

e

16π2
(d̄RαγµbRα)(l̄γµl) ,

O′
10 =

e

16π2
(d̄RαγµbRα)(l̄γµγ5l) ,

O′
11 = (d̄RαγµcRβ)(c̄Lβγ

µbLα) ,

O′
12 = (d̄RαγµcRα)(c̄Lβγ

µbLβ) ,

O′u
11 = (d̄RαγµuRβ)(ūLβγ

µbLα) ,

O′u
12 = (d̄RαγµuRα)(ūLβγ

µbLβ) , (3)

where α and β are SU(3) colour indices and Fµν and Gµν are the field strength tensors of the

electromagnetic and strong interactions, respectively.

The initial values for the first set of operators (eq.(2)) [5, 25] are

CSM
1,3,...6,11,12(mW ) = 0 ,

CSM
2 (mW ) = 1 ,

CSM
7 (mW ) =

3x3 − 2x2

4(x− 1)4
ln x+

−8x3 − 5x2 + 7x

24(x− 1)3
,

CSM
8 (mW ) = − 3x2

4(x− 1)4
ln x+

−x3 + 5x2 + 2x

8(x− 1)3
,

CSM
9 (mW ) = − 1

sin2θW
B(x) +

1− 4 sin2 θW
sin2 θW

C(x)−D(x) +
4

9
, ,

CSM
10 (mW ) =

1

sin2 θW
(B(x)− C(x)) ,

CH
1,...6,11,12(mW ) = 0 ,

CH
7 (mW ) =

1

m2
t

(ξ̄UN,tt + ξ̄UN,tc
V ∗
cd

V ∗
td

) (ξ̄UN,tt + ξ̄UN,tc
Vcb
Vtb

)F1(y) ,

+
1

mtmb
(ξ̄UN,tt + ξ̄UN,tc

V ∗
cd

V ∗
td

) (ξ̄DN,bb + ξ̄DN,sb
Vts
Vtb

)F2(y) ,

CH
8 (mW ) =

1

m2
t

(ξ̄UN,tt + ξ̄UN,tc
V ∗
cd

V ∗
td

) (ξ̄UN,tt + ξ̄UN,tc
Vcb
Vtb

)G1(y) ,

+
1

mtmb

(ξ̄UN,tt + ξ̄UN,tc
V ∗
cd

V ∗
td

) (ξ̄DN,bb + ξ̄UN,sb
Vts
Vtb

)G2(y) ,

CH
9 (mW ) =

1

m2
t

(ξ̄UN,tt + ξ̄UN,tc
V ∗
cd

V ∗
td

) (ξ̄UN,tt + ξ̄UN,tc
Vcb
Vtb

)H1(y) ,
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CH
10(mW ) =

1

m2
t

(ξ̄UN,tt + ξ̄UN,tc
V ∗
cd

V ∗
td

) (ξ̄UN,tt + ξ̄UN,tc
Vcb
Vtb

)L1(y) , (4)

and for the second set of operators (eq. (3)),

C ′SM
1,...12(mW ) = 0 ,

C ′H
1,...6,11,12(mW ) = 0 ,

C ′H
7 (mW ) =

1

m2
t

(ξ̄DN,bd
V ∗
tb

V ∗
td

+ ξ̄DN,sd) (ξ̄
D
N,bb + ξ̄DN,sb

Vts
Vtb

)F1(y) ,

+
1

mtmb
(ξ̄DN,bd

V ∗
tb

V ∗
td

+ ξ̄DN,sd
V ∗
ts

V ∗
td

) (ξ̄UN,tt + ξ̄UN,tc
Vcb
Vtb

)F2(y) ,

C ′H
8 (mW ) =

1

m2
t

(ξ̄DN,bd
V ∗
tb

V ∗
td

+ ξ̄DN,sd) (ξ̄
D
N,bb + ξ̄DN,sb

Vts
Vtb

)G1(y) ,

+
1

mtmb

(ξ̄DN,bd
V ∗
tb

V ∗
td

+ ξ̄DN,sd
V ∗
ts

V ∗
td

) (ξ̄UN,tt + ξ̄UN,tc
Vcb
Vtb

)G2(y) ,

C ′H
9 (mW ) =

1

m2
t

(ξ̄DN,bd
V ∗
tb

V ∗
td

+ ξ̄DN,sd) (ξ̄
D
N,bb + ξ̄DN,sb

Vts
Vtb

)H1(y) ,

C ′H
10 (mW ) =

1

m2
t

(ξ̄DN,bd
V ∗
tb

V ∗
td

+ ξ̄DN,sd) (ξ̄
D
N,bb + ξ̄DN,sb

Vts
Vtb

)L1(y) , (5)

where x = m2
t/m

2
W and y = m2

t/m
2
H± . In eqs. (4) and (5) we used the redefinition

ξU,D =

√

4GF√
2
ξ̄U,D . (6)

Here the Wilson coefficients CSM
i (mW ) and CH

i (mW ) denote the SM and the additional charged

Higgs contributions respectively. The functions B(x), C(x), D(x), F1(2)(y), G1(2)(y), H1(y) and

L1(y) are given in appendix B. Note that in the calculations we neglect the contributions due

to the neutral Higgs bosons since their interactions include negligible Yukawa couplings (see

[26] for details).

Finally, the initial values of the Wilson coefficients in the model III (eqs. (4)and (5)) are

C2HDM
1,3,...6,11,12(mW ) = 0 ,

C2HDM
2 (mW ) = 1 ,

C2HDM
7 (mW ) = CSM

7 (mW ) + CH
7 (mW ) ,

C2HDM
8 (mW ) = CSM

8 (mW ) + CH
8 (mW ) ,

C2HDM
9 (mW ) = CSM

9 (mW ) + CH
9 (mW ) ,

C2HDM
10 (mW ) = CSM

10 (mW ) + CH
10(mW ) ,

C ′2HDM
1,2,3,...6,11,12(mW ) = 0 ,
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C ′2HDM
7 (mW ) = C ′SM

7 (mW ) + C ′H
7 (mW ) ,

C ′2HDM
8 (mW ) = C ′SM

8 (mW ) + C ′H
8 (mW ) ,

C ′2HDM
9 (mW ) = C ′SM

9 (mW ) + C ′H
9 (mW ) ,

C ′2HDM
10 (mW ) = C ′SM

10 (mW ) + C ′H
10 (mW ) . (7)

These initial values help us calculate the coefficients C2HDM
i and C ′2HDM

i at any lower scale

as in the SM ([27] references therein). The µ scale dependence of the coefficients in the LLog

approximation can be found in the literature [13, 28, 29, 30]. The operators O5, O6, O11, O
u
11,

O12 and Ou
12 ( O′

5, O
′
6, O

′
11, O

′u
11, O

′
12 and O′u

12) give contribution to the leading order matrix

element of b→ sγ and the magnetic moment type coefficient Ceff
7 (µ) (C ′eff

7 (µ)) is redefined in

the NDR scheme as:

Ceff
7 (µ) = C2HDM

7 (µ) +Qd (C
2HDM
5 (µ) +NcC

2HDM
6 (µ)) ,

+ Qu (
mc +mu

mb

C2HDM
12 (µ) +Nc

mc +mu

mb

C2HDM
11 (µ)) ,

C ′eff
7 (µ) = C ′2HDM

7 (µ) +Qd (C
′2HDM
5 (µ) +Nc C

′2HDM
6 (µ))

+ Qu(
mc +mu

mb

C ′2HDM
12 (µ) +Nc

mc +mu

mb

C ′2HDM
11 (µ)) . (8)

Since O
(u)
2 (O

′(u)
2 ) produce dilepton via virtual photon, their Wilson coefficient C2(µ) (C

′
2(µ))

and the coefficients C1(µ), C3(µ), ...., C6(µ) (C
′
2(µ), C

′
3(µ), ..., C

′
6(µ)) induced by the operator

mixing, give contributions to Ceff
9 (µ) (C ′eff

9 (µ)). In a more complete analysis, one has to take

into account the long-distance (LD) contributions, produced by real uū, dd̄ and cc̄ intermediate

states, i.e. ρ, ω and ψ(i), i = 1, ..., 6 (Table 1). These effects can be taken into account

by introducing a Breit-Wigner form of the resonance propogator and it gives an additional

contribution to Ceff
9 (µ) [8, 31] (C ′eff

9 (µ)). Finally the effective coefficients Ceff
9 (µ) [18, 30] and

C ′eff
9 (µ) are defined in the NDR scheme as:

Ceff
9 (µ) = C2HDM

9 (µ)η̃(ŝ) +



h(z, ŝ)− 3

α2
em

κ
∑

Vi=ψi

πΓ(Vi → ll)mVi

q2 −m2
Vi
+ imViΓVi





(3C1(µ) + C2(µ) + 3C3(µ) + C4(µ) + 3C5(µ) + C6(µ))

+ λu

{

h(z, ŝ)− 3

α2
em

κ
∑

Vi=ψi

πΓ(Vi → ll)mVi

q2 −m2
Vi
+ imViΓVi

− h(0, ŝ) +
16π2

9

∑

Vj=ρ, ω

f 2
Vj
(q2)/q2

q2 −m2
Vj

+ imVjΓVj

}

(3C1(µ) + C2(µ))

− 1

2
h(1, ŝ) (4C3(µ) + 4C4(µ) + 3C5(µ) + C6(µ))

− 1

2
h(0, ŝ) (C3(µ) + 3C4(µ)) +

2

9
(3C3(µ) + C4(µ) + 3C5(µ) + C6(µ)) , (9)
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and

C ′eff
9 (µ) = C ′2HDM

9 (µ)η̃(ŝ) +



h(z, ŝ)− 3

α2
em

κ
∑

Vi=ψi

πΓ(Vi → ll)mVi

q2 −m2
Vi
+ imViΓVi





(3C ′
1(µ) + C ′

2(µ) + 3C ′
3(µ) + C ′

4(µ) + 3C ′
5(µ) + C ′

6(µ))

+ λu

{

h(z, ŝ)− 3

α2
em

κ
∑

Vi=ψi

πΓ(Vi → ll)mVi

q2 −m2
Vi
+ imViΓVi

− h(0, ŝ) +
16π2

9

∑

Vj=ρ, ω

f 2
Vj
(q2)/q2

q2 −m2
Vj

+ imVjΓVj

}

(3C ′
1(µ) + C ′

2(µ))

− 1

2
h(1, ŝ) (4C ′

3(µ) + 4C ′
4(µ) + 3C ′

5(µ) + C ′
6(µ))

− 1

2
h(0, ŝ) (C ′

3(µ) + 3C ′
4(µ)) +

2

9
(3C ′

3(µ) + C ′
4(µ) + 3C ′

5(µ) + C ′
6(µ)) . (10)

where z = mc

mb
and ŝ = q2

m2
b

. In the above expression, η̃(ŝ) represents the one gluon correction to

the matrix element O9 with md = 0 [29] The functions η̃(ŝ), ω(ŝ), h(z, ŝ) and h(0, ŝ) are given

in appendix C. In eqs. (9) and (10), the phenomenological parameter κ = 2.3 is chosen to be

able to reproduce the correct value of the branching ratio Br(B → J/ψX → Xll̄) = Br(B →
J/ψX)Br(J/ψ → Xll̄) [10].

In the derivations of ρ and ω meson resonance effects, we used the q2 dependence of the

coupling fVj through the expression [32]

fVj (q
2) = fVj(0)

(

1 +
q2

PVj (0)
(P ′

Vj
(0) + P̃Vj (q

2))

)

, (11)

where the coupling fVj is defined as < 0|q̄γµq|Vj(q2)|0 >= fVj (q
2)ǫµ, PVj(0) and P

′
Vj
(0) are the

subtraction constants (Table (2)). The function P̃Vj (q
2) is [32]

P̃Vj (q
2) =

1

16π2r

(

−4 − 20

3
r + 4(1 + 2r)(

1− r

r
)1/2Arctan(

r

1− r
)1/2

)

, (12)

where r = q2/4m2
q and mq is the mass of the quark which produces the meson. This expression

is valid in the region 0 ≤ q2 ≤ 4m2
q . For the q2 values, q2 > 4m2

q, we use the assumption [32]

fVj (q
2) = fVj (m

2
Vj
) (Table(2)).

Finally, neglecting the down quark mass, the matrix element for b→ de+e− decay is obtained

as:

M = −GFαem

2
√
2π

VtbV
∗
td

{

(

Ceff
9 (µ) d̄γµ(1− γ5)b+ C ′eff

9 (µ) d̄γµ(1 + γ5)b
)

ēγµe

+
(

C10(µ) d̄γµ(1− γ5)b+ C ′
10(µ) d̄γµ(1 + γ5)b

)

ēγµγ5e (13)

− 2

(

Ceff
7 (µ)

mb

q2
d̄iσµνq

ν(1 + γ5)b+ C ′eff
7 (µ)

mb

q2
d̄iσµνq

ν(1− γ5)b

)

ēγµe

}

.
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ψ mψ (GeV ) Γ(ψ → l+l−) (GeV)

J/ψ 3.097 5.28 10−6

ψ(2) 3.686 2.35 10−6

ψ(3) 3.770 2.64 10−7

ψ(4) 4.040 7.28 10−7

ψ(5) 4.160 7.80 10−7

ψ(6) 4.420 4.73 10−7

Table 1: Masses of ψ mesons and decay widths Γ(ψ → l+l−) used in the calculations.

fV (0)(GeV ) fV (m
2
V )(GeV ) PV (0) P ′

V (0)

ρ 0.162 0.17 −0.7498 −0.0430
ω 0.166 0.180 −0.7744 −0.0430

Table 2: The decay couplings and the substraction constants for ρ and ω mesons.

3 The exclusive B̄ → πe+e− decay

3.1 The formulation

Now, we continue to present the differential decay rate and CP violating asymmetry in the

process B̄ → πe+e−. To calculate the decay width, branching ratio, etc., for the exclusive B̄ →
πe+e− decay, we need the matrix elements 〈π

∣

∣

∣d̄γµ(1± γ5)b
∣

∣

∣ B̄〉, and 〈π
∣

∣

∣d̄iσµνq
ν(1± γ5)b

∣

∣

∣ B̄〉.
Using the parametrization

< π(pπ|d̄γµ(1± γ5)b|B̄(pB) > = (2pB − q)µf+(q
2) + qµf−(q

2) ,

< π(pπ|d̄iσµνqν(1± γ5)b|B̄(pB) > = −{(2pB − q)µq
2 − (m2

B −m2
π)qµ}v(q2) , (14)

where pB and pπ are four momentum vectors of B and π mesons respectively and q = pB − pπ,

we get the double differential decay rate:

dΓ(B̄ → πe+e−)

d
√
s dz

=
G2
Fα

2
emm

5
B |VtbV ∗

td|2 λ1/2
√
s

210π5
Ωπ (15)

Here

Ωπ =

{

|(Ceff
9 + C ′eff

9 )f+(q
2) + 2(Ceff

7 + C ′eff
7 )v(q2)mb|2 + |(C10 + C ′

10)f+(q
2)|2

}

(1− z2) (16)

and z = cosθ , θ is the angle between the momentum of the electron and that of B meson in

the center of mass frame of the lepton pair,

λ = 1 + t2 + s2 − 2t− 2s− 2ts , (17)
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where t =
m2
π

m2
B

and s = q2

m2
B

.

For the form factors f+(q
2) and v(q2), we use the results due to the dispersion formulation

of the light-cone constituent quark model [20]

f+(q
2) =

f+(0)

(1− q2

m2
f+

)2.35
,

v(q2) =
v(0)

(1− q2

m2
v
)2.31

(18)

where f+(0) = 0.24, v(0) = 0.05 and mf+ = 6.71 GeV , mv = 6.68 GeV .

Let us now turn to the CP-violating asymmetry, which is defined as

ACP =

dΓ(B̄→πe+e−)
d
√
s

− dΓ(B→π̄e+e−)
d
√
s

dΓ(B̄→πe+e−)
d
√
s

+ dΓ(B→π̄e+e−)
d
√
s

. (19)

The wilson coefficient Ceff
9 is the origin of the CP violating asymmetry since it is a function of

λu =
VubV

∗
ud

VtbV
∗
td

. With the parametrization

Ceff
9 = ξ1 + λuξ2 ,

C ′eff
9 = ξ′1 + λuξ

′
2 , (20)

and using eq. (19) we get

ACP = −2Im(λu)
∆π

Ωπ
λ (21)

where

∆π =

{

Im(ξt∗1 ξ
t
2)f+(q

2) + 2mbIm(ξt2)(C
eff
7 + C ′eff

7 )

}

v(q2)|f+(q2)| (22)

and

ξt1 = ξ1 + ξ′1

ξt2 = ξ2 + ξ′2 (23)

In our numerical analysis we used the input values given in Table (3).

3.2 Discussion

In this section, we would like to study the q2 dependencies of the differential Br, and ACP of

the decay B̄ → πe+e−, for the selected parameters of the model III (ξ̄UNtt, ξ̄
D
Nbb) , using the

9



Parameter Value

mc 1.4 (GeV)
mb 4.8 (GeV)
α−1
em 129
λt 0.04
Γtot(Bd) 3.96 · 10−13 (GeV)
mBd

5.28 (GeV)
mρ 0.768 (GeV)
mπ 0.139 (GeV)
mt 175 (GeV)
mW 80.26 (GeV)
mZ 91.19 (GeV)
ΛQCD 0.214 (GeV)
αs(mZ) 0.117

sinθW
√
0.2325

Table 3: The values of the input parameters used in the numerical calculations.

constraints [27] coming from the ∆F = 2 (F = K,D,B) mixing ,the ρ parameter [33] and the

measurement by CLEO collaboration [34],

Br(B → Xsγ) = (2.32± 0.07± 0.35) 10−4 . (24)

In the calculations, we take ξ̄Ntc << ξ̄UNtt, ξ̄
D
Nbb and ξ̄DNij ∼ 0 where i or j are first or second

generation indices (see [26] for details). Under this assumption the Wilson coefficients C ′
7, C

′
9

and C ′
10 can be neglected compared to unprimed ones and the neutral Higgs contributions are

suppressed.

In figs. 1 and 2 we plot the differential Br of the decay B̄ → πe+e− with respect to the

dilepton mass q2 for the fixed values of ξ̄DN,bb = 40mb and charged Higgs mass mH± = 400GeV

at the scale µ = mb. Fig. 1 represents the case where the ratio |rtb| = | ξ̄
U
N,tt

ξ̄D
N,bb

| << 1. It is shown

that the differential Br obtained in the model III is smaller compared to the one calculated in

the SM. Fig. 2 (3) devoted to the case where rtb >> 1 for the fixed value of ξ̄DN,bb, ξ̄
D
N,bb = 40mb

(ξ̄DN,bb = 90mb). The differential Br in the model III increases at this region (rtb >> 1) and it

enhances strongly compared to the SM with the increasing ξ̄DN,bb (Fig. 3).

Now we present the values of Br for the B̄ → πe+e− decay in the SM and model III, without

LD effects. After integrating over q2, we get

Br(B → πe+e−) = 0.62× 10−7 (SM) (25)
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and for the model III

Br(B → K∗l+l−) =































0.27× 10−7 (|rtb| << 1 , ξ̄DN,bb = 40mb)

0.54× 10−7 (rtb >> 1 , ξ̄DN,bb = 40mb)

2.65× 10−7 (rtb >> 1 , ξ̄DN,bb = 90mb) .

(26)

Here, the strong enhancement of the Br can be observed for rtb >> 1, especially with increasing

ξ̄DN,bb. Note that, in the calculations of Br and the differential Br, we used the Wolfenstein

parameters, ρ = −0.07, η = 0.34.

Figs. 4 and 5 show the q2 dependence of ACP for the Wolfenstein parameters ρ = −0.07, η =

0.34, fixed values of ξ̄DN,bb = 40mb and charged Higgs mass mH± = 400GeV at the scale µ = mb,

for |rtb| << 1 and rtb >> 1 respectively. The CP violation in the model III for |rtb| << 1 and

ξ̄DN,bb = 40mb is slightly greater than the one in the SM. However, it decreases for rtb >> 1

and becomes extremely smaller compared to the one calculated in the SM with increasing ξ̄DN,bb

(Fig. 6).

We also present < ACP > for two different Wolfenstein parameters in two different dilepton

mass regions

(ρ, η) SM model III model III model III
ξDbb = 40mb ξDbb = 40mb ξDbb = 90,mb

|rtb| << 1 rtb >> 1 rtb >> 1 q2 regions

(0.3, 0.34) 2.20 10−2 2.21 10−2 1.58 10−2 0.72 10−2 I

0.63 10−2 0.63 10−2 0.48 10−2 0.24 10−2 II

(−0.07, 0.34) 0.99 10−2 1.18 10−2 0.82 10−2 0.36 10−2 I

0.32 10−2 0.32 10−2 0.24 10−2 0.11 10−2 II

Table 4: The average asymmetry < ACP > for regions I ( 1GeV ≤ √
q2 ≤ mJ/ψ − 20MeV )

and II (mJ/ψ + 20MeV ≤ √
q2 ≤ mψ′ − 20MeV )

In conclusion, we analyse the dependencies of the differential Br, Br, ACP and the average

CP-asymmetry < ACP > on the selected model III parameters ( ξ̄DN,bb, ξ̄
U
N,tt ) for the decay

B̄ → πe+e−. We obtain that the strong enhancement of the differential Br (Br) is possible in

the framework of the model III and observe that ACP is sensitive to the model III parameters

(ξ̄DN,bb, ξ̄
U
N,tt).

4 The exclusive B̄ → ρe+e− decay
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4.1 The formulation

In this section ,we analyse the differential decay rate, ACP and AFB in the process B̄ → ρe+e−.

At this stage, we need the matrix elements 〈ρ
∣

∣

∣d̄γµ(1± γ5)b
∣

∣

∣ B̄〉, and 〈ρ
∣

∣

∣d̄iσµνq
ν(1± γ5)b

∣

∣

∣ B̄〉.
Using the parametrization of the form factors as in [35], the matrix element of the B̄ → ρe+e−

decay is obtained as [36]:

M = −Gαem
2
√
2π
VtbV

∗
td

{

ℓ̄γµℓ
[

2Atotǫµνρσǫ
∗νpρρq

σ + iB1 totǫ
∗
µ − iB2 tot(ǫ

∗q)(pB + pρ)µ − iB3 tot(ǫ
∗q)qµ

]

+ ℓ̄γµγ5ℓ
[

2Ctotǫµνρσǫ
∗νpρρq

σ + iD1 totǫ
∗
µ − iD2 tot(ǫ

∗q)(pB + pρ)µ − iD3 tot(ǫ
∗q)qµ

]

}

, (27)

where ǫ∗µ is the polarization vector of ρ meson, pB and pρ are four momentum vectors of B

and ρ mesons, q = pB − pρ and

Atot = A+ A′ ,

B1 tot = B1 +B′
1 ,

B2 tot = B2 +B′
2 ,

B3 tot = B3 +B′
3 ,

Ctot = C + C ′ ,

D1 tot = D1 +D′
1 ,

D2 tot = D2 +D′
2 ,

D3 tot = D3 +D′
3 . (28)

Here

A = −Ceff
9 g(q2) + 2Ceff

7

mb

q2
g+(q

2) ,

B1 = −Ceff
9 f(q2) + 2Ceff

7

mb

q2

(

(m2
B −m2

ρ)g+(q
2) + q2g−(q

2)
)

,

B2 = Ceff
9 a+(q

2) + 2Ceff
7

mb

q2

(

g+(q
2) +

q2h(q2)

2

)

,

B3 = Ceff
9 a−(q

2) + 2Ceff
7

mb

q2

(

g−(q
2)− (m2

B −m2
ρ)h(q

2)

2

)

,

C = −C10 g(q
2) ,

D1 = −C10 f(q
2) ,

D2 = C10 a+(q
2) ,
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D3 = C10 a−(q
2) ,

(29)

and

A′ = −C ′eff
9 g(q2) + 2C ′eff

7

mb

q2
g+(q

2) ,

B′
1 = C ′eff

9 f(q2)− 2C ′eff
7

mb

q2

(

(m2
B −m2

ρ)g+(q
2) + q2g−(q

2)
)

,

B′
2 = −C ′eff

9 a+(q
2)− 2C ′eff

7

mb

q2

(

g(q2) +
q2h(q2)

2

)

,

B′
3 = −C ′eff

9 a−(q
2)− 2C ′eff

7

mb

q2

(

g−(q
2)− (m2

B −m2
ρ)h(q

2)

2

)

,

C ′ = −C ′
10 g(q

2) ,

D′
1 = C ′

10 f(q
2) ,

D′
2 = −C ′

10 a+(q
2) ,

D′
3 = −C ′

10 a−(q
2) ,

(30)

For the formfactors g(q2), a−(q
2), a+(q

2), g+(q
2), g−(q

2), h(q2), and f(q2) we use the dispersion

formulation of the light-cone constituent quark model [20] in the following pole form

g(q2) =
0.036

(

1− q2

(6.55)2

)2.75 , a+(q
2) =

−0.026
(

1− q2

(7.29)2

)3.04 ,

a−(q
2) =

0.03
(

1− q2

(6.88)2

)2.85 , g+(q
2) =

−0.20
(

1− q2

(6.57)2

)2.76 ,

g−(q
2) =

0.18
(

1− q2

(6.50)2

)2.73 , h(q2) =
0.003

(

1− q2

(6.43)2

)3.42 ,

f(q2) =
1.10

(

1− q2

(5.59)2
+ (

q2

(7.10)2
)2
) , (31)

Using eq.(27), we get the double differential decay rate:

dΓ

dq2dz
=

G2α2
em |VtbV ∗

ts|2 λ1/2
212π5mB

{

2λm4
B

[

m2
Bs(1 + z2)

(

|Atot|2 + |Ctot|2
)

]

+
λm4

B

2r

[

λm2
B(1− z2)

(

|B2 tot|2 + |D2 tot|2
)

]
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+
1

2r

[

m2
B

{

λ(1− z2) + 8rs
}(

|B1 tot|2 + |D1 tot|2
)

− 2λm4
B(1− r − s)(1− z2) {Re (B1 totB

∗
2 tot) +Re (D1 totD

∗
2 tot)}

]

− 8m4
Bsλ

1/2z

[

{Re (B1 totC
∗
tot) +Re (AtotD

∗
1 tot)}

]}

, (32)

where z = cosθ , θ is the angle between the momentum of electron e and that of B meson in the

center of mass frame of the lepton pair, λ = 1 + t2 + s2 − 2t− 2s− 2ts, t =
m2
ρ

m2
B

and s = q2

m2
B

.

We continue to present the CP-violating asymmetry, which is defined as in eq. (19) with

the replacement of π → ρ. Using the same parametrization as in eq. (20) we get

ACP = −2Im(λu)
∆ρ

Ωρ
λ (33)

where

∆ρ = Im(ξt∗1 ξ
t
2)

{

4 sm2
B g

2(q2) +
f 2(q2)

λm2
B

(6s+
λ

2t
) +

m2
Bλ

2t
a2+(q

2) +
(1− s− t)

t
f(q2) a+(q

2)

}

+
2Ceff

7

s
Im(ξ2)

{

− 4
(1 +

√
t)√

t
mb s g(q

2) g+(q
2)− mb

2mB

(

(1− t)g+(q
2) + s g−(q

2)
)

(1 +
√
t)

(

2 f(q2)

λmB

(6s+
λ

2t
) +mB a+(q

2)
1− t− s

t

)

+
mb

2mB t

(

mB λ a+(q
2) +

f(q2)

mB

(1− t− s)

)

(

g+(q
2) +

sm2
B

2
h(q2)

)}

(34)

and

Ωρ = λ{4m2
Bs(|Atot|2 + |C|2tot) +

1

m2
Bλ

(6s+
λ

2t
)(|B1tot|2 + |D1tot|2)

+
λ

2t
m2
B(|B2tot|2 + |D2tot|2)− λ

1− t− s

t
Re(B1totB

∗
2tot +D1totD

∗
2tot)} . (35)

Finally, we present AFB which can give more precise information about the Wilson coefficients

Ceff
7 , Ceff

9 and C10. It is defined as:

AFB(q
2) =

∫ 1

0
dz

dΓ

dq2dz
−
∫ 0

−1
dz

dΓ

dq2dz
∫ 1

0
dz

dΓ

dq2dz
+
∫ 0

−1
dz

dΓ

dq2dz

(36)

After the standard calculation, we get

AFB = 12 λ1/2
Re(C10 + C ′

10)

Ωρ

{

s f(q2) g(q2)Re(Ceff
9 + C ′eff

9 )− mb

mB
(Ceff

7 + C ′eff
7 )

(

mB (1 +
√
t) g(q2)

(

(1− t)g+(q
2) + s g−(q

2)
)

+ g+(q
2) f(q2)

1 + t

mB (1 +
√
t)

)}

(37)
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4.2 Discussion

In this section, we study the q2 dependencies of the differential Br, ACP and AFB of the decay

B̄ → ρe+e− for the selected parameters of the model III (ξ̄UNtt, ξ̄
D
Nbb). In the calculations, we

use the same restrictions for the model III parameters. (see section 3)

In figs. 7 (8) we plot the differential Br of the decay B̄ → ρe+e− with respect to the

dilepton mass q2 for the fixed values of ξ̄DN,bb = 40mb and charged Higgs mass mH± = 400GeV

at the scale µ = mb, for the ratio |rtb| = | ξ̄
U
N,tt

ξ̄D
N,bb

| << 1 (rtb =
ξ̄U
N,tt

ξ̄D
N,bb

>> 1). The differential Br,

obtained in the model III, is smaller compared to the one calculated in the SM, for |rtb| << 1.

However, it increases at the region rtb >> 1 and enhances strongly compared to the SM with

the increasing ξ̄DN,bb (Fig. 9), similar to the decay B̄ → πe+e−. To be complete, we present the

values of Br for the B̄ → ρe+e− decay in the SM and model III, without the LD effects. After

integrating over q2, we get

Br(B̄ → ρe+e−) = 0.91× 10−7 (SM) (38)

and for the model III

Br(B̄ → ρe+e−) =































0.44× 10−7 (|rtb| << 1 , ξ̄DN,bb = 40mb)

1.5× 10−7 (rtb >> 1 , ξ̄DN,bb = 40mb)

3.2× 10−7 (rtb >> 1 , ξ̄DN,bb = 90mb) .

(39)

The strong enhancement of the Br is observed for rtb >> 1, especially with increasing ξ̄DN,bb.

Note that we used the Wolfenstein parameters, ρ = −0.07 , η = 0.34, in the calculation of Br

and differential Br.

Figs. 10 and 11 show the q2 dependence of ACP for the Wolfenstein parameters ρ =

−0.07, η = 0.34, the fixed values of ξ̄DN,bb = 40mb and charged Higgs mass mH± = 400GeV

at the scale µ = mb, for |rtb| << 1 and rtb >> 1 respectively. The CP violation decreases in

the region rtb >> 1, especially with increasing ξ̄DN,bb (Fig. 12). Now, we give < ACP > for two

different Wolfenstein parameters in two different dilepton mass regions

Finally, we discuss AFB of the process under consideration. Figs. 13 and 14 show the q2

dependence of AFB for the Wolfenstein parameters ρ = −0.07, η = 0.34, the fixed values of

ξ̄DN,bb = 40mb and charged Higgs mass mH± = 400GeV at the scale µ = mb, for |rtb| << 1 and

rtb >> 1 respectively. For rtb >> 1 (Fig. 13) AFB changes its sign almost at s = 0.34, however

for rtb >> 1 (Fig. 14) it is positive without LD effects. Therefore the determination of the sign

of AFB in the region 0 ≤ s ≤ 0.25 (here the upper limit corresponds to the value where AFB

change sign in the SM) can give a unique information about the existence of the model III.
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(ρ, η) SM model III model III model III
ξDbb = 40mb ξDbb = 40mb ξDbb = 90,mb

rtb << 1 |rtb| > 1 |rtb| > 1 q2 regions

(0.3, 0.34) 2.00 10−2 1.90 10−2 1.50 10−2 0.51 10−2 I

0.60 10−2 0.57 10−2 0.53 10−2 0.25 10−2 II

(−0.07, 0.34) 0.97 10−2 1.00 10−2 0.77 10−2 0.34 10−2 I

0.32 10−2 0.29 10−2 0.27 10−2 0.14 10−2 II

Table 5: The average asymmetry < ACP > for regions I ( 1GeV ≤ √
q2 ≤ mJ/ψ − 20MeV )

and II (mJ/ψ + 20MeV ≤ √
q2 ≤ mψ′ − 20MeV ).

In conclusion, we analyse the selected model III parameters ( ξ̄DN,bb, ξ̄
U
N,tt ) dependencies

of the differential Br ,ACP and AFB of the decay B̄ → ρe+e−. We obtain that the strong

enhancement of the differential Br is possible in the framework of the model III and observe

that ACP and AFB are very sensitive to the model III parameters (ξ̄DN,bb, ξ̄
U
N,tt).

5 Conclusion

We study the exclusive processes B̄ → πe+e− and B̄ → ρe+e− which are induced by the

inclusive b→ de+e− decay. In such type of decays, it is informative to analyse the CP violating

effects, in addition to the quantities like Br, AFB. The origin of the CP violation in the SM

is the parameter λu =
VubV

∗
ud

VtbV
∗
td

. In the model III, the couplings ξUij and ξDkl
1 can also create the

CP violation in case they are not real. However, in our work disregard this possibility not to

enlarge the number of free parameters and we assume that the only CP violating effect comes

from the CKM matrix elements, similar to the SM.

Now, we would like to summarize the main results of our analysis:

• The Br of the exclusive decays B̄ → πe+e− and B̄ → ρe+e− are sensitive to the model

III parameters. In the region rtb >> 1, a strong enhancement of the Br is observed with

increasing ξ̄Dbb in both decays eqs. As an example, BrnoLD(Model III) ∼ 3BrnoLD(SM)

for ξ̄Dbb = 90mb (25,26) and (38,39). Therefore their experimental investigations are a

crucial test for the physics beyond the SM.

• We calculated < ACP > for two different invariant mass region (see Table (4) and (5)).

We observe that < ACP > decreases with increasing ξ̄Dbb for rtb >> 1 in both regions. For

1Here i, j and k, l denote up and down quarks respectively.
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rtb >> 1 and ξ̄Dbb = 90mb, < ACP > is rather smaller compared the one in the SM, for

both regions (region I and II), i.e. < ACP >model III ∼ %30 < ACP >SM .

• We calculated AFB for the B̄ → ρe+e− decay and observe that it does not change sign

in the model III if the LD effects are excluded. This shows that the determination of the

sign of AFB in the region 0 ≤ s ≤ 0.25 will be informative to see the effects of the model

III, if it exists.

As a conclusion, the experimental investigation of the quantities we present here, will be an

efficient tool to search for new physics beyond the SM.
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Appendix

A The essential points of the model III.

The Yukawa interaction in the general case of 2HDM (Model III) is

LY = ηUijQ̄iLφ̃1UjR + ηDij Q̄iLφ1DjR + ξUijQ̄iLφ̃2UjR + ξDij Q̄iLφ2DjR + h.c. , (40)

where L and R denote chiral projections L(R) = 1/2(1∓ γ5), φi for i = 1, 2, are the two scalar

doublets, ηU,Dij and ξU,Dij are the matrices of the Yukawa couplings. The Flavor Changing (FC)

part of the interaction can be written as

LY,FC = ξUijQ̄iLφ̃2UjR + ξDij Q̄iLφ2DjR + h.c. , (41)

with the choice of φ1 and φ2

φ1 =
1√
2

[(

0
v +H0

)

+

( √
2χ+

iχ0

)]

;φ2 =
1√
2

( √
2H+

H1 + iH2

)

. (42)

Here the vacuum expectation values are,

< φ1 >=
1√
2

(

0
v

)

;< φ2 >= 0 , (43)

and the couplings ξU,D for the FC charged interactions are

ξUch = ξneutral VCKM ,

ξDch = VCKM ξneutral , (44)

where ξU,Dneutral
2 is defined by the expression

ξU,DN = (V U,D
L )−1ξU,DV U,D

R . (45)

Note that the charged couplings appear as a linear combinations of neutral couplings multiplied

by VCKM matrix elements (more details see [37]).

2In all next discussion we denote ξ
U,D

neutral as ξ
U,D

N .
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B The necessary functions appear in the calculation of

the Wilson coefficients

The functions B(x), C(x), D(x), F1(2)(y), G1(2)(y), H1(y) and L1(y) are given as

B(x) =
1

4

[

−x
x− 1

+
x

(x− 1)2
ln x

]

,

C(x) =
x

4

[

x/2− 3

x− 1
+

3x/2 + 1

(x− 1)2
ln x

]

,

D(x) =
−19x3/36 + 25x2/36

(x− 1)3
+

−x4/6 + 5x3/3− 3x2 + 16x/9− 4/9

(x− 1)4
ln x ,

F1(y) =
y(7− 5y − 8y2)

72(y − 1)3
+
y2(3y − 2)

12(y − 1)4
ln y ,

F2(y) =
y(5y − 3)

12(y − 1)2
+
y(−3y + 2)

6(y − 1)3
ln y ,

G1(y) =
y(−y2 + 5y + 2)

24(y − 1)3
+

−y2
4(y − 1)4

ln y ,

G2(y) =
y(y − 3)

4(y − 1)2
+

y

2(y − 1)3
ln y ,

H1(y) =
1− 4sin2θW
sin2θW

xy

8

[

1

y − 1
− 1

(y − 1)2
ln y

]

− y

[

47y2 − 79y + 38

108(y − 1)3
− 3y3 − 6y + 4

18(y − 1)4
ln y

]

,

L1(y) =
1

sin2θW

xy

8

[

− 1

y − 1
+

1

(y − 1)2
ln y

]

.

(46)

C The functions which appear in the Wilson coefficients

Ceff
9 and C ′eff

9

The function which represents the one gluon correction to the matrix element O9 is [29]

η̃(ŝ) = 1 +
αs(µ)

π
ω(ŝ) , (47)

and

ω(ŝ) = −2

9
π2 − 4

3
Li2(ŝ)−

2

3
ln ŝ ln(1− ŝ)− 5 + 4ŝ

3(1 + 2ŝ)
ln(1− ŝ)−

2ŝ(1 + ŝ)(1− 2ŝ)

3(1− ŝ)2(1 + 2ŝ)
ln ŝ+

5 + 9ŝ− 6ŝ2

6(1− ŝ)(1 + 2ŝ)
, (48)
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h(z, ŝ) arises from the one loop contributions of the four quark operators O1, ..., O6 (O
′
1, ..., O

′
6)

h(z, ŝ) = −8

9
ln
mb

µ
− 8

9
ln z +

8

27
+

4

9
x (49)

−2

9
(2 + x)|1− x|1/2







(

ln
∣

∣

∣

√
1−x+1√
1−x−1

∣

∣

∣− iπ
)

, for x ≡ 4z2

ŝ
< 1

2 arctan 1√
x−1

, for x ≡ 4z2

ŝ
> 1,

h(0, ŝ) =
8

27
− 8

9
ln
mb

µ
− 4

9
ln ŝ+

4

9
iπ , (50)

where z = mc

mb
and ŝ = q2

m2
b

.
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Figure 1: Differential Br as a function of q2 for fixed ξ̄DN,bb = 40mb in the region |rtb| << 1, at
the scale µ = mb for the process B̄ → πe+e−. Here solid line and corresponds to the model III
with LD effects, dashed line to the model III withouth LD effects and dotted dashed line to
the SM withouth LD effects.
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Figure 2: The same as Fig 1, but at the region rtb >> 1.
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Figure 3: The same as Fig 2, but for fixed ξ̄DN,bb = 90mb value.
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Figure 4: ACP as a function of q2 for fixed ξ̄DN,bb = 40mb in the region |rtb| << 1, at the scale
µ = mb, for the process B̄ → πe+e−. Here solid line corresponds to the model III with LD
effects, dashed line to the SM withouth LD effects and dotted dashed line to the SM with LD
effects.
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Figure 5: The same as Fig. 4, but at the region rtb >> 1 .
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Figure 6: The same as Fig 5, but for fixed ξ̄DN,bb = 90mb value. .
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Figure 7: Differential Br as a function of q2 for fixed ξ̄DN,bb = 40mb in the region |rtb| << 1, at
the scale µ = mb for the process B̄ → ρe+e−. Here solid line and corresponds to the model III
with LD effects, dashed line to the model III withouth LD effects and dotted dashed line to
the SM withouth LD effects.
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Figure 8: The same as Fig. 7, but at the region rtb >> 1.
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Figure 9: The same as Fig. 8, but for fixed ξ̄DN,bb = 90mb value.
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Figure 10: ACP as a function of q2 for fixed ξ̄DN,bb = 40mb in the region |rtb| << 1, at the scale
µ = mb, for the process B̄ → ρe+e−. Here solid line corresponds to the model III with LD
effects, dashed line to the SM withouth LD effects and dotted dashed line to the SM with LD
effects.

0.2 0.4 0.6 0.8
s

-0.05

0.05

0.1

Acp

Figure 11: The same as Fig 10, but at the region rtb >> 1 .
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Figure 12: The same as Fig 11, but for fixed ξ̄DN,bb = 90mb value. .
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Figure 13: AFB as a function of q2 for fixed ξ̄DN,bb = 40mb in the region |rtb| << 1, at the scale
µ = mb for the process B̄ → ρe+e−. Here solid line and corresponds to the model III with LD
effects, dashed line to the SM withouth LD effects and dotted dashed line to the SM with LD
effects.
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Figure 14: The same as Fig. 13, but at the region rtb >> 1.
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