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1. Introduction

Many exclusive hadronic B decay modes have been observed in branching ratios (BRs) and

CP asymmetries (CPAs) at B factories [1]. However, it is hard to give conclusive theoretical

predictions for most of the processes in the standard model (SM) due to the nonperturbative

QCD effects. Consequently, it is not easy to tell whether there are some derivations between

theoretical predictions and experimental measurements. To search for new physics, it is

important to look for some observables which contain less theoretical uncertainties. With

enormous B events, recently, the BELLE [2] and BABAR [3] Collaborations have measured

the purely leptonic decay of B− → τ ν̄τ as [4]

BR(B− → τ ν̄τ ) =
(

1.79+0.56+0.39
−0.49−0.46

)

× 10−4 (BELLE)

=
(

0.88+0.68
−0.67 ± 0.11

)

× 10−4 < 1.8 × 10−4 (90% C.L.) (BABAR)

= (1.36 ± 0.48) × 10−4 (BELLE + BABAR) (1.1)

This observation provides a possibility to detect new physics. It is well known that the SM

contribution to the decay branching ratio arises from the charged weak interactions with

the main uncertainty from the Cabibbo-Kobayashi-Maskawa (CKM) matrix element Vub

and the B-meson decay constant fB. The value of Vub has been constrained by the inclusive

and exclusive charmless semileptonic B decays, given by |Vub| = (4.39 ± 0.33) × 10−3 [1]

and |Vub| = (3.67 ± 0.47) × 10−3 [5], respectively. Obviously, when |Vub| is fixed, the decay
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of B− → τ ν̄τ could be used to determine fB , which should not be far away from that

calculated by the lattice QCD [6] as well as extracted from other experimental data, such

as ∆MB [5, 7]. Clearly, if there appears some significant derivation, it could imply the

existence of physics beyond the SM.

The most interesting new physics contribution to the decay is the charged Higgs effect

at tree level [8, 9]. Similar effect has also been studied in the inclusive [10] and exclusive [11]

semileptonic B decays. It is known that the charged Higgs boson exists in any model

with two or more Higgs doublets, such as the minimal supersymmetric standard model

(MSSM) which contains two Higgs doublets Hd and Hu coupling to down and up type

quarks, respectively. In the MSSM, it is natural to avoid the flavor changing neutral

current (FCNC) at tree level. However, due to supersymmetric breaking effects, it is

found that in the large tan β region, the contribution to the down type quark masses

from the nonholomorphic terms QDcHu generated at one-loop could be as large as that

from the holomorphic ones QDcHd [12, 13]. Subsequently, many interesting Higgs related

phenomena have been studied [14 – 18].

In this paper, we will study the charged Higgs contributions with the nonholomophic

corrections to the leptonic decays of B− → `ν̄` and the exlusive semileptonic decays of

B → P (V )`ν̄` where ` denote as the charged leptons and P (V ) stand for the pseudoscalar

(vector) mesons. In particular, we will investigate the differential decay rates and the

lepton angular distributions in the exclusive semileptonic modes to examine the charged

Higgs effects based on the constraint from the measurement on BR(B− → τ ν̄τ ).

The paper is organized as follows. In section 2, we derive the couplings of charged

Higgs to quarks by including the one-loop corrections to the Yukawa sector. In section

III, we present the formalisms for the decay rates of B− → `ν̄`, the differential decay

rates and angular asymmetries of B → P (V )`ν̄` in the presence of the charged Higgs

contributions. We display the numerical analysis in section 4. Finally, we summarize the

results in section 5.

2. Couplings of charged Higgs to quarks

In models with two Higgs doublets, the general Yukawa couplings with radiative corrections

for the quark sector under the gauge groups SU(2)L × U(1)Y can be written as [17]

−LY = Q̄L

[

Hd +
(

ε0 + εY YuY †
u

)

H̃u

]

YdDR + h.c. (2.1)

where QT
L = (U,D)L and DR denote the SU(2) doublet and singlet of quarks, respectively,

HT

d
= (φ+

d , φ0
d) and H̃u = −iτ2H

∗
u with HT

u = (φ∗0
u ,−φ−

u ) are the two Higgs doublets,

Yd(u) is the 3 × 3 Yukawa mass matrix for down (up) type quarks, and ε0,Y stand for

the effects of radiative corrections. Since only the down-type quark mass matrix can have

large radiative corrections, we will not address the parts related to Q̄LUR. Moreover, for

simplicity, we choose Yd to be a diagonal matrix Ydij = ydiδij while Yu is diagonalized

by V 0L
U YuV 0R†

U ≡ U = diag{yu, yc, yt} with V
0L(R)
U being unitary matrices. In terms of

the charged weak interaction, denoted by IW = ŪLγµDLW+
µ , the Cabibbo-Kobayashi-

Maskawa (CKM) matrix is V 0 = V 0L
U . From eq. (2.1), we know that due to the appearance
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of εY , the down-type quark mass matrix, expressed by

MD =
[

1 + tan β
(

ε0 + εY V 0†UU †V 0
)]

Ydvd ,

= Mdia
D + δMD , (2.2)

is no longer diagonal, where

Mdia
Di = ydivd[1 + tan βεi] ,

δMDij = ydjvd tan βεY y2
t V

0
tij , (2.3)

with vd(u) = 〈φ0
d(u)〉, tan β = vu/vd, V 0

tij = V 0∗
ti V 0

tj and εi = ε0 + εY y2
t δi3. Here we have

neglected the contributions of yu(c) due to the hierarchy yu ¿ yc ¿ yt.

In order to diagonalize the mass matrix of eq. (2.2), we need to introduce new unitary

matrices V
L(R)
D so that the physical states are given by

dL = V L
D DL, dR = V R

D DR, (2.4)

and the diagonalized mass matrix is mD = V L
D MDV R†

D . Subsequently, we have the rela-

tionships

mDm†
D = V L

D MDM †
DV L†

D ,

m†
DmD = V R

D M †
DMDV R†

D . (2.5)

Since the off-diagonal terms in eq. (2.2) are associated with εY which is much less than

unity, we can find V
L(R)
D by the perturbation in εY . At the leading εY , the unitary matrices

could be expressed by V L
D ≈ 1 + ∆L

D and V R
D ≈ 1 + ∆R

D. By eq. (2.5), we easily obtain

∆L
Dij[i6=j] =

Mdia
Di (δM †

D)ij + δMDijM
dia
Dj

|Mdia
Di |2 − |Mdia

Dj |2
,

∆R
Dij[i6=j] =

Mdia
Di δMDij + (δM †

D)ijM
dia
Dj

|Mdia
Di |2 − |Mdia

Dj |2
. (2.6)

We note that mDm†
D ≈ Mdia

D Mdia†
D .

After getting the unitary matrices V
L(R)
D , we now discuss the charged Higgs couplings.

According to eq. (2.1), the Yukawa couplings for the charged scalars are written as

−LH+

Y = ūLV 0YdDRφ+
d + ūLV 0

(

ε0 + εY V 0†UU+V 0
)

YdDRφ+
u . (2.7)

In terms of eq. (2.4), the charged scalar interactions become

−LH+

Y = ūLV 0YdV R†
D dR

(

φ+
d − 1

tan β
φ+

u

)

+
1

vd tan β
ūLV mDdRφ+

u . (2.8)

With the new physical states, the CKM matrix is modified to be V = V 0V L†
D . Consequently,

the first term of eq. (2.8) could be expressed by the corrected CKM matrix as V 0YdV R†
D =

V V L
DYdV R†

D . Taking the leading effects of εY , we get

V L
DYdV R†

D =
(

1 + ∆L
D

)

Yd

(

1 − ∆R
D

)

≈ Yd + ∆L
DYd − Yd∆R

D (2.9)
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where

(

∆L
DYd −Yd∆R

D

)

ij[i6=j]
= − εY tan βy2

t

vd (1 + tan βε3) (1 + tan βε0)
V 0†

i3 V 0
3j . (2.10)

Since eq. (2.10) depends on the CKM matrix elements at the lowest order, by V = V 0V L†
D ≈

V 0(1 − ∆L
D), we obtain the relation to the corrected CKM matrix elements as

V 0†
i3 V 0

33 = V †
i3V33

1 + tan βε3

1 + tan βε0
. (2.11)

It is known that the charged Goldstone and Higgs bosons are given by [19]

G+ = cos βφ+
d + sin βφ+

u

H+ = − sin βφ+
d + cos βφ+

u . (2.12)

Hence, with eqs. (2.8)−(2.11), the effective interactions for the charged Higgs coupling to

b-quark and q with q = (c, u) can be written as

LH+

Y =
(

2
√

2GF

)1/2
Ṽqbmb tan βq̄LbRH+ + h.c. (2.13)

with

Ṽqb = Vqb

[

1

1 + tan βε3
− εY y2

t

sinβ cos β(1 + tan βε0)2

]

. (2.14)

It is easy to check that when ε0 and εY vanish, the couplings return to the ordinary results

with Ṽqb = Vqb.

In the MSSM, the one-loop corrections to ε0 and εY are given by [13]

ε0 =
2αs

3π

µMg̃

M2
d̃L

F2

(

M2
g̃

M2
d̃L

,
M2

d̃R

M2
d̃L

)

, εY =
1

(4π)2
µAu

M2
ũL

F2

(

M2
g̃

M2
d̃L

,
M2

d̃R

M2
d̃L

)

(2.15)

with

F2(x, y) = − x ln(x)

(1 − x)(x − y)
− y ln(y)

(y − 1)(x − y)
,

where µ is the parameter describing the mixing of Hd and Hu, AU denotes the soft tri-

linear coupling and Mf̃ with f = g, uL, dR, dL represent the masses of the corresponding

sfermions.

3. Formalisms for the decays B− → `ν̄` and B̄ → P (V )`ν̄`

In this section, we study the influence of the charged Higgs on the leptonic B− → `ν̄` decays

and semileptonic B̄ → P (V )`ν̄` decays, which are governed by b → q`ν̄` with q = (c, u) at

the quark level. The effective Hamiltonian for b → q`ν̄` with the charged Higgs contribution

is given by

Heff =
GF Vub√

2

[

q̄γµ(1 − γ5)b ¯̀γµ(1 − γ5)ν` − δH q̄(1 + γ5)b ¯̀(1 − γ5)ν`

]

(3.1)

– 4 –



J
H
E
P
1
0
(
2
0
0
6
)
0
5
3

with

δH =
Ṽub

Vub

mbm` tan2 β

m2
H+

. (3.2)

Based on the effective interaction in eq. (3.1), in the following we discuss the relevant

physical quantities for various B decays.

3.1 Decay rate for B− → `ν̄`

In terms of eq. (3.1), the transition amplitude for B− → `ν̄` is given by

〈`ν̄`|Heff |B−〉 =
GF√

2
Vub

[

〈0|ūγµ(1 − γ5)b|B−〉¯̀γµ(1 − γ5)ν`

−δH〈0|ū(1 + γ5)b|B−〉¯̀(1 − γ5)ν`

]

. (3.3)

Since the process is a leptonic decay, the QCD effect is only related to the decay constant

of the B meson, which is associated the axial vector current, defined by

〈0|ūγµ(1 − γ5)b|B−〉 = −ifBpµ
B . (3.4)

By equation of motion, one has

〈0|ūγ5b|B−〉 ≈ −ifB
m2

B

mb
(3.5)

for the pseudoscalar current. From eqs. (3.3), (3.4) and (3.5), the decay rate for B− → `ν̄`

with the charged Higgs contribution is expressed by

ΓH+

(B− → `ν̄`)

ΓSM (B− → `ν̄`)
=

∣

∣

∣

∣

1 − δH
m2

B

m`mb

∣

∣

∣

∣

2

(3.6)

where

ΓSM(B− → `ν̄`) =
G2

F |Vub|2
8π

f2
Bm2

`mB

(

1 − m2
`

m2
B

)2

. (3.7)

3.2 Differential decay rate and angular asymmetry for B̄ → P`ν̄`

By using the effective interaction for b → q`ν̄` in eq. (3.1), we write the decay amplitude

for B̄ → P`ν̄` to be

M(B̄ → P`ν̄`) = 〈`ν̄`P |Heff |B̄〉 =
GF Vqb√

2

[

〈P |q̄γµ(1 − γ5)b|B̄〉¯̀γµ(1 − γ5)ν`

−δH〈P |q̄(1 + γ5)b|B̄〉¯̀(1 − γ5)ν`

]

. (3.8)

To get the hadronic QCD effect, we parametrize the B̄ → P transition as

〈P (pP )|q̄γµb|B̄(pB)〉 = fP
+ (q2)

(

Pµ − P · q
q2

qµ

)

+ fP
0 (q2)

P · q
q2

qµ , (3.9)

– 5 –



J
H
E
P
1
0
(
2
0
0
6
)
0
5
3

〈P (pP )|q̄ b|B̄(pB)〉 ≈ fP
0 (q2)

P · q
mb

, (3.10)

with P = pB +pP and q = pB −pP . To calculate the decay rate, we choose the coordinates

for various particles as follows:

q2 = (
√

q2, 0, 0, 0), pB = (EB , 0, 0, |~pP |),
pP = (EP , 0, 0, |~pP |), p` = (E`, |~p`| sin θ, 0, |~p`| cos θ) , (3.11)

where EP = (m2
B − q2 − m2

P )/(2
√

q2), |~pP | =
√

E2
P − m2

P , E` = (q2 + m2
`)/(2

√

q2) and

|~p`| = (q2 − m2
` )/(2

√

q2). It is clear that θ is defined as the polar angle of the lepton

momentum relative to the moving direction of the B-meson in the q2 rest frame. The

differential decay rate for B̄ → P`ν̄` as a function of q2 and θ is given by

dΓP

dq2d cos θ
=

G2
F |Vub|2m3

B

28π3

√

(1 − s + m̂2
P )2 − 4m̂2

P

(

1 − m̂2
`

s

)2

×
[

ΓP
1 + ΓP

2 cos θ + ΓP
3 cos2 θ

]

, (3.12)

ΓP
1 = fP2

+ (q2)P̂ 2
P + m̂2

`s

∣

∣

∣

∣

1 − s − m̂2
P

s
fP
+ (q2) + C2

∣

∣

∣

∣

2

,

ΓP
2 = 2m̂2

` P̂
2
P

[

fP
+ (q2)C2 −

1 − s − m̂2
P

s
fP2
+ (q2)

]

,

ΓP
3 = −fP2

+ (q2)P̂ 2
P

(

1 − m̂2
`

s

)

, (3.13)

where s = q2/m2
B , m̂i = mi/mB and

P̂P = 2
√

s|~pP |/mB =
√

(1 − s − m̂2
P )2 − 4sm̂2

P ,

C2 = fP
+ (q2) +

(

fP
0 (q2) − fP

+ (q2)
) 1 − m̂2

P

s
− δH

1 − m̂2
P

m̂`m̂b
fP
0 (q2) (3.14)

Since the differential decay rate in eq. (3.12) involves the polar angle of the lepton, we

can define an angular asymmetry to be

A(q2) =

∫ π/2
0 d cos θdΓ/(dq2d cos θ)−

∫ π
π/2 d cos θdΓ/(dq2d cos θ)

∫ π/2
0 d cos θdΓ/(dq2d cos θ) +

∫ π
π/2 d cos θdΓ/(dq2d cos θ)

. (3.15)

Explicitly, for B̄ → P`ν̄`, the asymmetry is given by

AP (s) = − ΓP
2

2ΓP
1 + 2/3ΓP

3

. (3.16)

3.3 Differential decay rate and angular asymmetry for B̄ → V `ν̄`

Similar to eq. (3.8), for B̄ → V `ν̄`, we need to know the form factors in the B → V

transition. As usual, we parametrize the transition form factors to be

〈V (pV , ε)|q̄γµb|B̄(pB)〉 = i
V V (q2)

mB + mV
εµαβρε

∗αP βqρ,
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〈V (pV , ε)|q̄γµγ5b|B̄(p1)〉 = 2mV AV
0 (q2)

ε∗ · q
q2

qµ + (mB + mV )AV
1 (q2)

(

ε∗µ − ε∗ · q
q2

qµ

)

−AV
2 (q2)

ε∗ · q
mB + mV

(

Pµ − P · q
q2

qµ

)

. (3.17)

By equation of motion, we have

〈V (pV , ε)|q̄γ5b|B̄(pB)〉 = −2mV

mb
ε∗ · qAV

0 (q2) . (3.18)

Consequently, the decay amplitude is expressed by

M(B̄ → V `ν̄`) =
GF Vub√

2

[

Tµ
¯̀γµ(1 − γ5)ν` + 2

ε∗ · q
mB

L1
¯̀ 6 pV (1 − γ5)ν`

+m`
ε∗ · q
mB

L2
¯̀(1 − γ5)ν`

]

(3.19)

where

Tµ = i
2V V (q2)

mB + mV
εµαβρε

∗αpβ
Kqρ − (mB + mV )AV

1 (q2)

(

ε∗µ − ε∗ · q
q2

qµ

)

,

L1 =
AV

2 (q2)

1 + m̂V
, L2 =

1 − (1 − m̂2
V )/s

1 + m̂V
AV

2 (q2) − 2m̂V

(

1

s
− δH

m̂`m̂b

)

AV
0 (q2) . (3.20)

The differential decay rate for B̄ → V `ν̄` as a function of q2 and θ is given by

dΓV

dq2d cos θ
=

G2
F |Vub|2m3

B

28π3

√

(1 − s + m̂2
V )2 − 4m̂2

V

(

1 − m̂2
`

s

)2

×
[

ΓV
1 + ΓV

2 cos θ + ΓV
3 cos2 θ + ΓV

4 sin2 θ
]

(3.21)

where

ΓV
1 = s

[

2

(

V V (q2)

1 + m̂V

)2

P̂ 2
V +

(

3 +
P̂ 2

V

4sm̂2
V

)

(1 + m̂V )2AV 2
1 (q2)

]

+sL2
1

[

E2
V

m2
V

− 1

] [

P̂ 2
V

(

1 +
m̂2

`

s

)

+ 4m̂2
`m̂

2
V

]

−2s
(

1 − s − m̂2
V

)

[

E2
V

m2
V

− 1

]

(1 + m̂V )AV
1 (q2)L1

+m̂2
`s

2

[

E2
V

m2
V

− 1

]

L2
2 + 2m̂2

`s(1 − s − m̂2
V )

[

E2
V

m2
V

− 1

]

L1L2 ,

ΓV
2 = 16P̂V V V (q2)AV

1 (q2) + 2m̂2
`(1 − s − m̂2

V )P̂V

[

E2
V

m2
V

− 1

]

L2
1

+ 2m̂2
`sP̂V

[

E2
V

m2
V

− 1

]

L1L2 −
m̂2

`

2sm̂2
V

(1 − s − m̂2
V )2P̂V (1 + m̂V )AV

1 (q2)L1

− m̂2
`

2m̂2
V

(

1 − s − m̂2
V

)

P̂V (1 + m̂V )AV
1 (q2)L2 ,
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ΓV
3 = −s

(

1 − m̂2
`

s

)[

E2
V

M2
V

(1 + m̂V )2AV 2
1 (q2) + P̂ 2

V

(

E2
V

m2
V

− 1

)

L2
1

]

+
P̂ 2

V

2m̂2
V

(

1 − m̂2
`

s

)

(1 − s − m̂2
V )(1 + m̂V )A1(q

2)L2

ΓV
4 = −s

(

1 − m̂2
`

s

)

[

P̂ 2
V

(

V V (q2)

1 + m̂V

)2

+ (1 + m̂V )2AV 2
1 (q2)

]

with P̂V = 2
√

s|~pV |/mB =
√

(1 − s − m̂2
V )2 − 4sm̂2

V . In addition, from eqs. (3.15) and

(3.21), we obtain the angular asymmetry for B̄ → V `ν̄` to be

AV (s) = − ΓV
2

2ΓV
1 + 2/3

(

ΓV
3 + 2ΓV

4

) . (3.22)

4. Numerical analysis

In the numerical calculations, the model-independence inputs are used as follows: GF =

1.166 × 10−5 GeV−2, mb = 4.4 GeV, and mB = 5.28 GeV. In addition, to reduce the

unknown parameters in eq. (2.15) for the MSSM, we set |µ| ≈ |AU | ≡ µ̄ and Md̃L
≈ Md̃R

≈
MũL

≈ Mg̃ = MS so that the loop integral is simplified to be a constant with F (x, y) = 1/2.

Subsequently, the one-loop corrected effects are simplified as

ε0 ≈ ±αs

3π

µ̄

MS
, εY ≈ ± 1

2(4π)2
µ̄2

M2
S

, (4.1)

where the signs depend on µ and AU , respectively. Hence, we have four possibilities for the

sign combinations in ε0 and εY . Clearly, based on the assumption, besides tan β and the

charged Higgs mass, now only one new parameter, denoted by X = µ̄/MS , is introduced

in the charged Higgs couplings. To study the charged Higgs effects at a large tan β region,

we fix tan β = 50.

4.1 B− → τντ

According to eq. (3.7), it is clear that the BR for B− → τντ in the SM depends on two

main parameters fB and Vub. To see their contributions, we calculate the BR with different

values of fB . For each value of fB , we consider two sets of Vub, i.e., (4.39± 0.33)× 10−3 [1]

and (3.67 ± 0.47) × 10−3 [5], extracted from the inclusive and exclusive semileptonic B

decays, respectively.

We present the results in figure 1(a) where the squares (circles) in the central values

denote those calculated with the bigger (smaller) value of Vub and the solid line displays

the central value of the data, while the dashed lines are the upper and lower values with

1σ errors, respectively. From the figure, we notice that with the smaller Vub, the value of

fB = 0.216 ± 0.022 GeV given by the unquenched lattice is still favorable [20]. To reduce

the uncertainty from the CKM matrix element, we propose a quantity, defined by the ratio

R(B− → τντ ) =
BR(B− → τντ )

BR(B̄ → π+e−ν̄e)
. (4.2)
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Figure 1: (a) BR (in units of 10−4) and (b) R calculated by LFQM (dot-dashed) and LCSRs

(dot-dot-dashed) for the decay of B− → τ ν̄τ with respect to fB, where the squares and circles

stand for |Vub| = (4.39 ± 0.33) × 10−3 and (3.67 ± 0.47) × 10−3 and the solid and dashed lines

represent the central value and the 1σ errors of the data, respectively.

It is clear that the ratio of R(B− → τντ ) in eq. (4.2) could directly reflect the charged Higgs

effect in B− → τντ as the charged contribution to B̄ → π+e−ν̄e is suppressed. However,

we introduce new theoretical uncertainty arising from the transition form factor fπ
+(q2)

defined by eq. (3.9). To see the influence of uncertainty on the ratio R(B− → τντ ), we use

two different QCD approaches of the light-front quark model (LFQM) [21] and light cone

sum rules (LCSRs) [22] to estimate the form factor. With |Vub| = 3.67× 10−3, we get that

the former predicts BR(B̄ → π+e−ν̄e) = 1.25× 10−4 while the latter BR(B̄ → π+e−ν̄e) =

1.55×10−4, which are consistent with the data of (1.33±0.22)×10−4 [5]. From the results,

we see that the error from the uncertainty of fπ
+(q2) on the R(B− → τντ ) could be around

20% which is still less than the error of 40% from Vub. To be more clear, in figure 1(b) we

display the ratio R(B− → τντ ) by LFQM (dot-dashed) and LCSRs (dot-dot-dashed) in

the SM, where the solid and dashed lines denote the central value and errors of the current

data R(B− → τντ ) = 1.02 ± 0.40, respectively.

In terms of eq. (4.1), we now study the influence of the charged Higgs. First of all, to

understand how the charged Higgs affects B− → τ ν̄τ directly, we display BR(B− → τ ν̄τ )

as a function of the charged Higgs mass in figure 2(a), where we have taken X = 1,

fB = 0.19 GeV and |Vub| = 3.67 × 10−3. Since there is a two-fold ambiguity in sign for

each (e0, eY ), the solid, dotted, dashed and dot-dashed lines correspond to the possible

sign combinations denoted by (+,+), (+,−), (−,+) and (−,−), respectively. From the

figure, we see that the decay B− → τ ν̄τ could exclude some parameter space. To remove the

uncertainty of Vub, in figure 2(b) we show the effects of the charged Higgs on R(B− → τντ ).

In order to make the new physics effects more clearly, we define another physical quantity

as

A(B− → τντ ) =
R(B− → τντ ) − RSM(B− → τντ )

R(B− → τντ ) + RSM(B− → τντ )
. (4.3)

Although the quantity R(B− → τντ ) still depends on fB and fπ
+(q2), the new quantity
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Figure 2: (a) BR (in units of 10−4) and (b) R for B− → τ ν̄τ as a function of MH+ and (c)[(d)]

A(B− → τ ν̄τ ) with respect to BR(B− → τ ν̄τ ) [R(B− → τ ν̄τ )], where the solid, dotted, dashed

and dot-dashed lines correspond to the possible sign combinations of (e0, eY ) denoted by (+, +),

(+,−), (−, +) and (−,−), respectively, and the data with errors are included.

A(B− → τντ ) reduces their dependences. That is, if a nonzero value of A(B− → τντ )

is measured, it shows the existence of new physics definitely. We present the charged

Higgs contributions to A(B− → τντ ) with respect to BR(B− → τντ ) and R(B− → τντ )

in figure 2(c) and (d), respectively, where we also display the current bounds. Clearly,

A(B− → τντ ) ∼ 10% is easy to reach by the charged Higgs effects in the MSSM. We note

that the new physical quantity A(B− → τντ ) is not sensitive to the signs in e0 and eY .

Similarly, we show the results with X = 0.5 in figure 3.

4.2 B̄ → (π+,D+)`ν̄`

Besides the CKM matrix element, the main theoretical uncertainty for B̄ → P`ν̄` is from

the B → P transition form factors. For numerical estimations, we employ the results of

the LFQM [21] in which the form factors as a function of q2 are parametrized by

fP (q2) =
fP (0)

1 − aq2/m2
B + b(q2/m2

B)2
, (4.4)

and the fitting values of parameters a and b are shown in table 1. To check the contributions

of the input form factors in the SM, we present BRs for B̄ → (π+, D+)`ν̄` in table 2, where

we have used |Vub| = 3.67×10−3 and |Vcb| = (41.3±0.15)×10−3 [5]. It is clear that for the

light lepton production, the results are consistent with the data. Since the new coupling

of the charged Higgs is associated with the lepton mass, it is easily to understand that the
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Figure 3: Legend is the same as figure 2 but X = 0.5.

fP (q2) fP (0) a b fP (q2) fP (0) a b

fπ
+(q2) 0.25 1.73 0.95 fπ

0 (q2) 0.25 0.84 0.10

fD
+ (q2) 0.67 1.25 0.39 fD

0 (q2) 0.67 0.65 0.00

Table 1: The transition form factors for B → (π, D) calculated by the LFQM [21].

Mode B̄ → π+`−ν` B̄ → π+τ−ντ B̄ → D+`−ν` B̄ → D+τ−ντ

SM (1.25±0.23)10−4 (0.85±0.15)10−4 (2.29±0.12)% (0.69±0.04)%

Experiment [5] (1.33±0.22)10−4 (2.12±0.20)%

Table 2: BRs for B̄ → π+`−ν̄` with |Vub| = (3.67 ± 0.47) × 10−3 and B̄ → D+`−ν̄` with |Vcb| =

(41.3 ± 1.5) × 10−3 in the SM.

effects of the charged Higgs will not significantly affect the light leptonic decays. Hence, in

our analysis, we will only concentrate on the τ decay modes.

Since B̄ → (π+, D+)τ ν̄τ have not been observed yet, we take R(B− → τ ν̄τ ) = 1.02 ±
0.40 as a constraint. To reduce the theoretical uncertainty from the CKM matrix elements,

we consider the ratio

RP =
BR(B̄ → Pτν̄τ )

BR(B̄ → P`ν̄`)
(4.5)
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Figure 4: (a)[(c)] denotes the Rπ[RD] and (b)[(d)] displays Dπ[D] with respect to MH+ for X = 1,

where the circle, square, triangle-up and triangle down represent the sign combinations of (e0, eY )

such as (+, +), (+,−), (−, +) and (−,−).

instead of BR(B̄ → Pτν̄τ ). In addition, to illustrate new physics clearly, we also define

DP =
RP − RSM

P

RP + RSM
P

. (4.6)

If a non-zero value of DP is observed, it must indicate the existence of new physics. Hence,

according to eq. (3.12), RP and DP for P = (π+, D+) with X = 1 are displayed in figure 4,

where the circle, square, triangle-up and triangle-down symbols correspond to the possible

signs for e0 and eY , expressed by (+,+), (+,−), (−,+) and (−,−), respectively. Similar

analysis with X = 0.5 is presented in figure 5. By the figures, we see that the input

R(B− → τ ν̄τ ) has given a strict constraint on the signs of e0 and eY and the parameters

of X = |µ|/MS and MH+ . Even so, we still can have O(10%) deviation in DP when MH+

is less than 400 GeV.

Note that apart from the BR related quantities, the angular distribution asymmetry

defined in eq. (3.16) could also be used to examine the effects beyond the SM [23]. We dis-

play the contributions of the charged Higgs with X = 1 to AP in figure 6 (7) for B̄ → π+τ ν̄τ

(B̄ → D+τ ν̄τ ). In the figures, (a), (b), (c) and (d) correspond to MH+ = 160, 230, 650

and 850 GeV, the solid, dotted, dashed and dot-dashed denote the sign combinations of

(e0, eY ) = (+,+), (+,−), (−,+) and (−,−), and the dash-dotted-dotted line stands for

the SM result, respectively. From the figures, it is clear that the charged Higgs contribu-

tions in the light MH+ region could significantly affect the angular asymmetries. We note

that due to the constraint R(B− → τντ ) = 1.02 ± 0.40, some sign combinations have been

excluded with the same MH+ .
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Figure 5: Legend is the same as figure 4 but X = 0.5.
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Figure 6: Angular asymmetries for B̄ → π+τ ν̄τ with MH+ = (a) 160GeV, (b) 230GeV, (c)

650GeV and (d) 850GeV, where the solid, dotted, dashed, dash-dotted lines correspond to the

sign combinations of (e0, eY ), expressed by (+, +), (+,−), (−, +), (−,−), respectively, and the

dash-dotted-dotted lines represent the SM results.

4.3 B̄ → (ρ+,D∗+)`ν̄`

The form factors in B → (ρ, D∗) are parametrized by

fV (q2) =
fV (0)

1 − aq2/m2
B + b(q2/m2

B)2
(4.7)
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Figure 7: Legend is the same as figure 6 but for B̄ → D+τ ν̄τ .

fV (q2) fV (0) a b fV (q2) fV (0) a b

V ρ(q2) 0.27 1.84 1.28 Aρ
0(q

2) 0.28 1.73 1.20

Aρ
1(q

2) 0.22 0.95 0.21 Aρ
2(q

2) 0.20 1.65 1.05

V D∗

(q2) 0.75 1.29 0.45 AD∗

0 (q2) 0.64 1.30 0.31

AD∗

1 (q2) 0.63 0.65 0.02 AD∗

2 (q2) 0.61 1.14 0.52

Table 3: The transition form factors for B → (ρ, D∗) calculated by the LFQM [21].

Mode B̄ → ρ+`−ν` B̄ → ρ+τ−ντ B̄ → D∗+`−ν` B̄ → D∗+τ−ντ

SM (3.18 ± 0.56)10−4 (1.73 ± 0.31)10−4 (5.60 ± 0.29)% (1.41 ± 0.07)%

Exp [5] (2.6 ± 0.7)10−4 (5.34 ± 0.20)%

Table 4: BRs for B̄ → ρ+`−ν̄` with |Vub| = (3.67 ± 0.47) × 10−3 and B̄ → D∗+`−ν̄` with

|Vcb| = (41.3 ± 1.5) × 10−3 in the SM.

with a and b given in table 3. Based on these form factors and eq. (3.21), the BRs in

the SM are shown in table 4. It is clear that for the light lepton production, the BRs

are consistent with the current experimental data. By using the same form factors to the

processes asscoated with the τ production, if any significant deviation from the predictions

of the SM is found, it should indicate new physics.
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Figure 8: (a)[(c)] denotes Rρ[RD∗ ] and (b)[(d)] displays Dρ[D∗] as functions of MH+ for X = 0.5

with R(B− → τ ν̄τ ) = 1.02 ± 0.40. Legend is the same as figure 4.

Similar to the decays B̄ → (π+, D+)`ν̄`, we define

RV =
BR(B̄ → V τν̄τ )

BR(B̄ → V `ν̄`)
and DV =

RV − RSM
V

RV + RSM
V

. (4.8)

The contributions of the charged Higgs are presented in figure 8 with X = 0.5. To constrain

the free parameters, we have taken R(B− → τ ν̄τ ) = 1.02 ± 0.40. From the results, we see

that the charged Higgs contributions to DV are only at few percent. In addition, we also

display the angular asymmetries for B̄ → (ρ+, D+∗)τ ν̄τ in figures 9 and 10. We find that

the influence of the light charged Higgs on Aρ is larger than that on AD∗. However, the

contributions from the heavy charged Higgs are the same as the predictions in the SM.

Finally, we make some comparisons in B̄ → Pτν̄τ and B̄ → V τν̄τ . For B̄ → P`ν̄`,

according to eq. (3.12), one finds that the dominant effects for the BRs, which do not

vanish in the limit of m` = 0, are ∝ fP2(q2)P̂ 2
P . Although the terms directly related to

the lepton mass in the form of m̂2
`f

P2
+ (q2), for the τ modes, the mass effects could have

O(10%) in order of magnitude. Since the new charged Higgs contributions appear in the

terms associated with m̂2
`f

P2
0 (q2), it is expected that in average the influence of the charged

Higgs could be as large as O(10%), which is consistent with the results shown in the figure 4.

Furthermore, since the lepton angular asymmetry is associated with m̂2
`f

P
+, 0(q

2), we can

understand that AP , shown in the figures 6 and 7, could be significantly affected by the

charged Higgs couplings. However, the situation is different in the decays B̄ → V τν̄τ .

Since the vector meson carries spin degrees of freedom, besides longitudinal parts which

are similar to B̄ → Pτν̄τ , there also exist transverse contributions. Therefore, the effects

∝ m̂2
`f

P2
0 (q2) become relatively small. This is the reason why the results in figures 8, 9
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Figure 9: Legend is the same as figure 6 but for B̄ → ρ+τ ν̄τ .
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Figure 10: Legend is the same as figure 6 but for B̄ → D∗+τ ν̄τ .

and 10 are not sensitive to the charged Higgs effects. We conclude that the charged Higgs

contributions on B̄ → V `ν̄` are much less than those on B̄ → P`ν̄`.
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5. Conclusion

Motivated by the recent measurement on the decay branching ratio of B− → τ ν̄τ , we

have studied the exclusive semileptonic decays of B̄ → (π,D, ρ,D∗)+`ν̄` in the MSSM. In

particular, we have examined the charged Higgs effects from nonholomorphic terms at the

large value of tan β. To extract new physics contributions, we have defined several physical

quantities to reduce uncertainties from the QCD as well as the CKM elements. Explicitly,

for the allowed region of the charged Higgs mass, with the constraints from BR(B− → τ ν̄τ )

we have shown that A(B− → τ ν̄τ ) and Dπ,D ∼ 10% are still allowed, whereas Dρ,D∗ are

small. Moreover, we have demonstrated that the angular asymmetries of Aπ,D could be

significantly enhanced in the light MH+ region, whereas those of Aρ,D∗ are insensitive to

the charged Higgs contributions. It is clear that if one of the above physical quantities is

observed, it is a signature of new physics, such as the charged Higgs.
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