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We analyze the semileptonic rare decays of B meson to K1(1270) and K1(1400) axial vector
mesons. The B → K1(1270, 1400)ℓ

+ℓ− decays are significant flavor changing neutral current decays
of the B meson. These decays are sensitive to the new physics beyond SM, since these processes are
forbidden at tree level at SM. These decays occurring at the quark level via b → sℓ+ℓ− transition,
also provide new opportunities for calculating the CKM matrix elements Vbt and Vts. In this study,
the transition form factors of the B → K1(1270, 1400)ℓ

+ℓ− decays are calculated using three-point
QCD sum rules approach. The resulting form factors are used to estimate the branching fractions
of these decays.

PACS numbers: 11.55.Hx, 12.38.Lg, 13.20.Eb

I. INTRODUCTION

In standard model (SM), the flavor changing neutral current (FCNC) decays of B meson are forbidden at tree level
and occur only at loop level. These decays are good candidates for searching new physics (NP) beyond SM or the
modifications on the SM. Some of these rare FCNC decays of B meson; semileptonic and radiative decays into a vector
or an axial vector meson, such as B → K∗(892)γ [1–3], B → K1(1270, 1400)γ[4] and B → K0∗(892)e+e−(µ+µ−)[5,
6] have been observed. For the channel B → K∗(892)ℓ+ℓ−, the measurement of isospin and forward backward
asymmetries at BaBar are also reported[7–9]. For the radiative decays of B meson into K1(1270, 1400) axial vector
meson states, Belle reported the following branching fractions[10]:

B(B+ → K1(1270)
+γ) = (4.28± 0.94± 0.43)× 10−5,

B(B+ → K1(1400)
+γ) < 1.44× 10−5. (1)

The semileptonic B → K1(1270, 1400)ℓ
+ℓ− decays are significant FCNC decays of B meson, which occur via

b → sℓ−ℓ+ transitions at quark level. The semileptonic decay modes B → K1(1270, 1400)ℓ
+ℓ− have not been observed

yet, but are expected to be observed in forthcoming pp and e+e− accelerators, such as LHC[12] and SuperB[13]. In
particular LHCb experiment at the LHC could be the first place to observe such decays[14]. Observation of these decays
might also provide new opportunities for calculating Vbt and Vts; the elements of the Cabibbo-Kobayashi-Maskawa
(CKM) matrix. Recently, some studies on B → K1(1270, 1400)ℓ

+ℓ− decays have been made[15–23]. Theoretical
studies of the decays into final states containing K1(1270, 1400) axial vector states is rendered more complicated due
to the presence of K1 mixing. The properties of axial vector states are studied in [24]. In QCD, the real physical axial
vector K1 states, K1(1270) and K1(1400) are mixtures of ideal 13P1(K1A) and 11P1(K1B) orbital angular momentum
states, and their mixing is given as

(

|K1(1270)〉
|K1(1400)〉

)

= Mθ

(

|K1A〉
|K1B〉

)

, (2)
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where

Mθ =

(

sin θK1 cos θK1

cos θK1 − sin θK1

)

(3)

is the mixing matrix, and θK1 is the mixing angle[25]. The magnitude of the mixing angle is estimated to be
34◦ ≤ |θK1 | ≤ 58◦ [25, 27, 28]. More recently, the sign of θK1 , and a new window for the value of θK1 is estimated
from the results of B → K1(1270)γ and τ → K1(1270)ντ data as[16]

θK1 = −(34± 13)◦. (4)

In this study, the results of [16] is used. Recently, the proporties of low lying meson poles are analyzed in [26],
indicating that there might be two meson poles corresponding to pseudo scalar K1(1270) states. In this work we
assume the quark model picture, where there is only one pole, and no space for a second pole.
In this work, we calculate the transition form factors of B → K1(1270, 1400)ℓ

+ℓ− decays using three-point QCD
sum rules approach. We also estimate the branching fractions for these decays, with the final leptons being e+e−,
µ+µ− and τ+τ−, and compare our results with the ones in the literature.
This paper is organized as follows. In section 2, the effective Hamiltonian for B → K1(1270, 1400)ℓ

+ℓ− decays are
defined. The sum rules for these decays are derived in section 3. The explicit expressions for the form factors are also
presented in section 3. In section 4, the numerical analysis of the results, the estimated branching fractions, and also
the final discussions and remarks on the results are given.

II. DEFINING B → K1(1270, 1400)ℓ
+ℓ− TRANSITIONS

In SM the B → K1ℓ
+ℓ− transitions occur via b → sℓ+ℓ− loop transition, due to penguin and box diagrams shown

in Fig. 1. The effective Hamiltonian for b → sℓ+ℓ− transition is written as[17]

H =
GFα

2
√
2π

VtbV
∗
ts ×

{

Ceff
9 s̄γµ(1 − γ5)bl̄γµl

+ C10s̄γµ(1 − γ5)bl̄γµγ5l

− 2Ceff
7

mb

q2
s̄σµνq

ν(1 + γ5)bl̄γµl

}

, (5)

where Ceff
7 , Ceff

9 and C10 are the Wilson coefficients, GF is the Fermi constant, α is the fine structure constant at
the Z scale, Vij are the elements of the CKM matrix and q = p − p′ is the momentum transferred to leptons. By
sandwiching the effective Hamiltonian in Eq. 5 between initial and final meson states, the transition amplitude for
B → K1ℓ

+ℓ− decays is obtained as

M =
GFα

2
√
2π

VtbV
∗
ts ×

{

Ceff
9 〈K1(p

′, ǫ)|s̄γµ(1− γ5)b|B(p)〉l̄γµl

+ C10〈K1(p
′, ǫ)|s̄γµ(1− γ5)b|B(p)〉l̄γµγ5l

− 2Ceff
7

mb

q2
〈K1(p

′, ǫ)|s̄σµνq
ν(1 + γ5)b|B(p)〉l̄γµl

}

, (6)

where p(p′) is the momentum of the B(K1) meson, and ǫ is the polarization vector of the axial vector K1 meson.
In order to calculate the amplitude, the matrix elements in Eq. 6 should be found. These matrix elements are
parameterized in terms of the form factors as

〈K1(p
′, ǫ)|s̄γµ(1− γ5)b|B(p)〉 =

2iA(q2)

M +m
εµναβǫ

∗νpαp′β − V1q
2(M +m)ǫ∗µ

+
V2(q

2)

M +m
(ǫ∗.p)Pµ +

V3(q
2)

M +m
(ǫ∗.p)qµ , (7)
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〈K1(p
′, ǫ)|s̄σµνq

ν(1 + γ5)b|B(p)〉 = 2T1(q
2)εµναβǫ

∗νpαp′β

− iT2(q
2)[(M2 −m2)ǫ∗µ − (ǫ∗.p)Pµ]

− iT3(q
2)(ǫ∗.p)

[

qµ − q2Pµ

M2 −m2

]

, (8)

where P = p+ p′, M ≡ MB, the mass of the B meson and m ≡ mK1 is the mass of the K1 meson. The Dirac identity

σµνγ5 =
−i

2
εµναβσαβ (9)

with the convention γ5 = iγ0γ1γ2γ3 and ε0123 = −1 requires that T1(0) = T2(0). The relation of the chosen form
factors with the ones in the literature [16, 17, 25] are presented in table I.

TABLE I: The relation of form factors used in this work, and used in literature[16, 17, 25].

this work [16] [17] [25]

A A g(M +m)

V1 V1 f/(M +m)

V2 V2 −a+(M +m)

V3
−2m(M+m)

q2
(V3 − V0) −a−(M +m)

T1 T1 −g+ −Y1/2

T2 T2 −g+ − g−
q2

M+m
Y2

T3 T3 g− + h(M +m) Y2

In this work the branching fractions of B → K1(1270, 1400)ℓ
+ℓ− transitions are also estimated. The partial decay

width of the B meson is found by squaring the amplitude in Eq. 6, and by multiplying the phase space factors as

dΓ

dq̂
=

G2
Fα

2M

214π5
|VtbV

∗
ts|2λ1/2(1, r̂, q̂)v∆(q̂) , (10)

where q̂ = q2/M2, λ(a, b, c) = a2 + b2 + c2 − 2(ab+ bc+ ca) and

∆(q̂) =
2

3r̂q̂
M2Re

[

− 12M2m̂lq̂λ(1, r̂, q̂)
{

(E3 −D2 −D3)E∗
1

− (E2 + E3 −D3)D∗
1

}

+ 12M4m̂lq̂(1− r̂)λ(1, r̂, q̂)(E2 −D2)(E∗
3 −D∗

3)

+ 48m̂lr̂q̂
{

3E1D∗
1 + 2M4λ(1, r̂, q̂)E0D∗

0

}

− 16M4r̂q̂(m̂l − q̂)λ(1, r̂, q̂)
{

|E0|2 + |D0|2
}

− 6M4m̂lq̂λ(1, r̂, q̂)
{

2(2 + 2r̂ − q̂)E2D∗
2 − q̂|(E3 −D3)|2

}

− 4M2λ(1, r̂, q̂)
{

m̂l(2− 2r̂ + q̂) + q̂(1 − r̂ − q̂)
}

(E1E∗
2 +D1D∗

2)

+ q̂
{

6r̂q̂(3 + v2) + λ(1, r̂, q̂)(3 − v2)
}{

|E1|2 + |D1|2
}

− 2M4λ(1, r̂, q̂)
{

m̂l[λ(1, r̂, q̂)− 3(1− r̂)2]− λ(1, r̂, q̂)q̂
}{

|E2|2 + |D2|2
}]

, (11)

and r̂ = m2/M2, m̂l = m2
l /M

2 and v =
√

1− 4m̂l/q̂ is the final lepton velocity. The following definitions are also
used.

D0 = (Ceff
9 + C10)

A(q2)

M +m
+ (2mbC

eff
7 )

T1(q
2)

q2
,



4

D1 = (Ceff
9 + C10)(M +m)V1(q

2) + (2mbC
eff
7 )(M2 −m2)

T2(q
2)

q2
,

D2 =
Ceff

9 + C10

M +m
V2(q

2) + (2mbC
eff
7 )

1

q2

[

T2(q
2) +

q2

M2 −m2
T3(q

2)

]

,

D3 = (Ceff
9 + C10)

V3(q
2)

M +m
− (2mbC

eff
7 )

T3(q
2)

q2
,

E0 = (Ceff
9 − C10)

A(q2)

M +m
+ (2mbC

eff
7 )

T3(q
2)

q2
,

E1 = (Ceff
9 − C10)(M +m)V1(q

2) + (2mbC
eff
7 )(M2 −m2)

T2(q
2)

q2
,

E2 =
Ceff

9 − C10

M +m
V2(q

2) + (2mbC
eff
7 )

1

q2

[

T2(q
2) +

q2

M2 −m2
T3(q

2)

]

,

E3 = (Ceff
9 − C10)

V3(q
2)

M +m
− (2mbC

eff
7 )

T3(q
2)

q2
.

(12)

III. SUM RULES FOR B → K1(1270, 1400)ℓ
+ℓ− TRANSITIONS

In this section the sum rules for the form factors of B → K1(1270, 1400)ℓ
+ℓ− transitions are found. In QCD sum

rules approach, to obtain the matrix elements in Eqs. 7 and 8, one can start from the three-point correlation functions

ΠA,a
µν (p2, p′2) = i2

∫

dx4dy4e−ipxeip
′y〈0|T [JA

ν (y)Ja
µ(0)J

†
B(x)]|0〉,

ΠT,a
µνρ(p

2, p′2) = i2
∫

dx4dy4e−ipxeip
′y〈0|T [JT

νρ(y)J
a
µ(0)J

†
B(x)]|0〉, (13)

where JA
ν = s̄γνγ5d and JT

νρ = s̄σνργ5d are axial vector and tensor interpolating currents creatingK1 states, JB = b̄γ5d

is the interpolating current of B mesons, and Ja
µ = JV−A,T+PT

µ are the vector and tensor parts of the transition

currents with JV−A
µ = b̄γµ(1− γ5)s and JT+PT = b̄σµ̺q

̺(1 + γ5)s.
The correlators are calculated in the following way. First, they are saturated with two complete sets of inter-

mediate states with same quantum numbers of the initial and final state currents. These calculations in terms of
the matrix elements of K1(1270) and K1(1400) states form the phenomenological part of the QCD sum rules. The
phenomenological parts of the correlators (Eq. 13) can be written as

ΠA,a
µν (p2, p′2) = −

〈0|JA
ν |K1(1270)(p

′, ǫ)〉〈K1(1270)(p
′, ǫ)|Ja

µ |B(p)〉〈B(p)|JB |0〉
R1R

−
〈0|JA

ν |K1(1400)(p
′, ǫ)〉〈K1(1400)(p

′, ǫ)|Ja
µ |B(p)〉〈B(p)|JB|0〉

R2R
+ higher resonances and continuum states,

ΠT,a
µνρ(p

2, p′2) = −
〈0|JT

νρ|K1(1270)(p
′, ǫ)〉〈K1(1270)(p

′, ǫ)|Ja
µ |B(p)〉〈B(p)|JB|0〉

R1R

−
〈0|JT

νρ|K1(1400)(p
′, ǫ)〉〈K1(1400)(p

′, ǫ)|Ja
µ |B(p)〉〈B(p)|JB|0〉

R2R

+ higher resonances and continuum states, (14)

where R = p2−M2, R1 = p′2−m2
K1(1270)

and RB = p′2−m2
K1(1400)

. The matrix elements for the B meson is defined
as

〈B(p)|JB |0〉 = −i
FBM

2

mb +md
. (15)



5

In QCD sum rules, each correlator function has its own continuum. Due to this fact, obtaining the matrix elements
〈K1(1270)(p

′, ǫ)|Ja
µ |B(p)〉 and 〈K1(1400)(p

′, ǫ)|Ja
µ |B(p)〉 from two correlator reduces the reliability of the sum rules.

An alternative way to obtain the transition matrix elements is to express K1(1400) and K1(1400) states in terms
of K1A and K1B which are G-parity eigenstates as defined in Eq. 2[15, 16].In this work, G-parity is used as a
generalization of C parity defined for qq̄ mesons to qq̄′ multiplets as done in[15].
The matrix elements 〈K1(1270)|Jµ|B〉 and 〈K1(1400)|Jµ|B〉 in Eq. 6 can be written in terms of matrix elements

〈K1A|Jµ|B〉 and 〈K1(1400)|Jµ|B〉 states as[24]

(

〈K1(1270)|Jµ|B〉
〈K1(1400)|Jµ|B〉

)

= Mθ

(

〈K1A|Jµ|B〉
〈K1B|Jµ|B〉

)

(16)

where Jµ are any of the transition currents. Due to this relation, the form factors parameterizing
〈K1(1270, 1400)|Jµ|B〉 matrix elements can be expressed in terms of the form factors parameterizing 〈K1(A,B)|Jµ|B〉
matrix elements as follows

(

ξf1270
i

ξ′f1400
i

)

= Mθ

(

ςfi,A
ς ′fi,B

)

(17)

where fi is defined as the form factors {A, V1, V2, V3, T1, T2, T3} respectively for i = 1, 2, ..., 7, and f1270
i , f1400

i , fi,A
and fi,B denotes the form factors parameterizing 〈K1(1270)|Jµ|B〉, 〈K1(1400)|Jµ|B〉, 〈K1A|Jµ|B〉 and 〈K1B|Jµ|B〉
matrix elements respectively. The values for factors ξ, ξ′, ς and ς ′ are given in table II, where m1 ≡ mK1(1270),
m2 ≡ mK1(1400), mA ≡ mK1A and mB ≡ mK1B . The masses of K1A and K1B states are defined as[16]

m2
K1A

= m2
K1(1400)

cos2 θK +m2
K1(1270)

sin2 θK

m2
K1B

= m2
K1(1400)

sin2 θK +m2
K1(1270)

cos2 θK . (18)

TABLE II: The values for factors ξ, ξ′, ς and ς ′ for the form factors.

fi ξ ξ′ ς ς ′

A,V2, V3 1/(M +m1) 1/(M +m2) 1/(M +mA) 1/(M +mB)

V1 (M +m1) (M +m2) (M +mA) (M +mB)

T1, T3 1 1 1 1

T2 (M2 −m2
1) (M2 −m2

2) (M2 −m2
A) (M2 −m2

B)

Inserting Eqs. 2 and 16 in Eq. 14, and applying double Borel transformations, the phenomenological parts of the
correlators are found in terms of G-parity eigen states as

Π̂A,a
µν (p2, p′2) = −e

−M2

M2
1 e

−m2
1

M2
2

{

〈0|JA
ν

[

s2|K1A(p
′, ǫ)〉〈K1A(p

′, ǫ)|+ c2|K1B(p
′, ǫ)〉〈K1B(p

′, ǫ)|

+sc

(

|K1A(p
′, ǫ)〉〈K1B(p

′, ǫ)|+ |K1B(p
′, ǫ)〉〈K1A(p

′, ǫ)|
)]

Ja
µ |B(p)〉〈B(p)|JB|0〉

}

−e
−M2

M2
1 e

−m2
2

M2
2

{

〈0|JA
ν

[

c2|K1A(p
′, ǫ)〉〈K1A(p

′, ǫ)|+ s2|K1B(p
′, ǫ)〉〈K1B(p

′, ǫ)|
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−sc

(

|K1A(p
′, ǫ)〉〈K1B(p

′, ǫ)|+ |K1B(p
′, ǫ)〉〈K1A(p

′, ǫ)|
)]

Ja
µ |B(p)〉〈B(p)|JB|0〉

}

Π̂T,a
µνρ(p

2, p′2) = −e
−M2

M2
1 e

−m2
1

M2
2

{

〈0|JT
νρ

[

s2|K1A(p
′, ǫ)〉〈K1A(p

′, ǫ)|+ c2|K1B(p
′, ǫ)〉〈K1B(p

′, ǫ)|

+sc

(

|K1A(p
′, ǫ)〉〈K1B(p

′, ǫ)|+ |K1B(p
′, ǫ)〉〈K1A(p

′, ǫ)|
)]

Ja
µ |B(p)〉〈B(p)|JB|0〉

}

−e
−M2

M2
1 e

−m2
2

M2
2

{

〈0|JT
νρ

[

c2|K1A(p
′, ǫ)〉〈K1A(p

′, ǫ)|+ s2|K1B(p
′, ǫ)〉〈K1B(p

′, ǫ)|

−sc

(

|K1A(p
′, ǫ)〉〈K1B(p

′, ǫ)|+ |K1B(p
′, ǫ)〉〈K1A(p

′, ǫ)|
)]

Ja
µ |B(p)〉〈B(p)|JB|0〉

}

,

(19)

where s ≡ sin θK1 and c ≡ cos θK1 . M
2
1 andM2

2 appearing in Eq. 19 are Borel mass parameters and Π̂ denotes the Borel
transformation of Π. The double Borel transformation with respect to the variables p2 and p′2 (p2 → M2

1 , p
′2 → M2

2 )
is given as

B̂
[

1

(p2 −m2
1)

m

1

(p′2 −m2
2)

n

]

→ (−1)m+n 1

Γ(m)

1

Γ(n)
e−m2

1/M
2
1 e−m2

2/M
2
2

1

(M2
1 )

m−1(M2
2 )

n−1
. (20)

The matrix elements ofK1(A,B) states are defined in terms of both G parity conserving and violating decay constants
discussed in [24]. The G parity conserving decay constants are given as

〈K1A(p
′, ǫ)|s̄γµγ5d|0〉 = ifK1AmAǫ

∗
µ,

〈K1B(p
′, ǫ)|s̄σµνγ5d|0〉 = f⊥

K1B
[ǫ∗µp

′
ν − ǫ∗νp

′
µ], (21)

and the G parity violating decay constants are given as

〈K1A(p
′, ǫ)|s̄σµνγ5d|0〉 = ifK1Aa

⊥K1A

0 [ǫ∗µp
′
ν − ǫ∗νp

′
µ],

〈K1B(p
′, ǫ)|s̄γµγ5d|0〉 = if⊥

K1B
mB(1GeV )a

‖K1B

0 ǫ∗µ, (22)

where fK1A(≡ fA) and f⊥
K1B

(≡ fB) are the decay constants of K1A and K1B mesons, and a⊥K1A
0 and a

‖K1B

0 are
the zeroth Gegenbauer moments. Since the Gegenbauer moments are zero in SU(3) limit[15], the G parity violating
matrix elements are expected to be small. In [24], their values are predicted to be consistent with zero. In this
work, they will be neglected. After defining the matrix elements 〈K1(A,B)|Jµ|B〉 and inserting in Eq. 19 the following
assumptions are made.

e

−m2
1

M2
2 s2|K1A(p

′, ǫ)〉〈K1A(p
′, ǫ)|+ e

−m2
2

M2
2 c2|K1A(p

′, ǫ)〉〈K1A(p
′, ǫ)| ∼ e

−m2
A

M2
2 |K1A(p

′, ǫ)〉〈K1A(p
′, ǫ)|

e

−m2
1

M2
2 c2|K1B(p

′, ǫ)〉〈K1B(p
′, ǫ)|+ e

−m2
2

M2
2 s2|K1B(p

′, ǫ)〉〈K1B(p
′, ǫ)| ∼ e

−m2
B

M2
2 |K1B(p

′, ǫ)〉〈K1B(p
′, ǫ)|

(e

−m2
1

M2
2 − e

−m2
2

M2
2 )sc

(

|K1A(p
′, ǫ)〉〈K1B(p

′, ǫ)|+ |K1B(p
′, ǫ)〉〈K1A(p

′, ǫ)|
)

∼ 0.

(23)

The numerical values of the masses of K1 states given in numerical discussions satisfy m1 < mA < mB < m2. And

also the minimum value of the Borel mass parameter M2
2 guarantees e

−m2
1
+m2

2
M2

2 > 0.94. Due to this considerations the
assumptions made in Eq. 23 effects the results of the form factors by less than 3%. After employing the assumptions
defined in Eq. 23, the phenomenological parts of the correlators are written in terms of G-parity eigenstates as

Π̂A,a
µν (p2, p′2) = −e

−M2

M2
1 e

−m2
A

M2
2 〈0|JA

ν |K1A(p
′, ǫ)〉〈K1A(p

′, ǫ)|Ja
µ |B(p)〉〈B(p)|JB|0〉

Π̂T,a
µνρ(p

2, p′2) = −e
−M2

M2
1 e

−m2
B

M2
2 〈0|JT

νρ|K1B(p
′, ǫ)〉〈K1B(p

′, ǫ)|Ja
µ |B(p)〉〈B(p)|JB|0〉.

(24)
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Using equations 15, 21 and 24 and summing over the polarizations of the K1(A,B) mesons, the so called phenomeno-
logical parts of the correlation functions are found and expressed in terms of selected structures as

Π̂A(V−A)
µν =

FBM
2

mb +mc
fAmAe

−M2

M2
1 e

−m2
A

M2
2

[

gµνAA(M +mA)

+
1

2
V2A(M +mA)(pµpν + p′µpν)

+
1

2
V3A(M +mA)(pµpν − p′µpν) (25)

+i
V1Aεµνρ̺p

ρp′̺

(M +mA)

]

,

Π̂A(T+PT )
µν =

FBM
2

mb +mc
fAmAe

−M2

M2
1 e

−m2
A

M2
2

[

iT1Aεµνρ̺p
ρp′̺

+
T2Agµν

M2 −m2
A

+ T3A(pµpν + p′µpν)/2

]

,

and

Π̂T (V −A)
µνρ = i

FBM
2

mb +mc
fBe

−M2

M2
1 e

−m2
B

M2
2

[

AB(M +mB)gµνp
′
ρ

+
1

2
V2B(M +mB)(pµpν + p′µpν)pρ

+
1

2
V3B(M +mB)(pµpν − p′µpν)pρ

+i
V1Bεµνα̺p

αp′̺pρ
(M +mB)

]

,

Π̂T (T+PT )
µνρ =

FBM
2

mb +mc
fBe

−M2

M2
1 e

−m2
B

M2
2

[

i
1

2
T1Bεµνα̺p

αp′̺pρ

+
T2Bgµνpρ

(M2 −m2
B)

+
1

2
T3B(pµpν + p′µpν)pρ

]

. (26)

In QCD sum rules, the correlation functions are also calculated theoretically using the operator product expansion
(OPE) in the space-like region where p′2 ≪ (ms +md)

2 and p2 ≪ (mb +md)
2 in the so called deep Euclidean region.

The contributions to the correlation functions in the QCD side of sum rules come from bare-loop (perturbative)
diagrams and also quark condensates (nonperturbative). The correlators can be written as

Π̂A(V −A)
µν = Π̂AA

gµν

+
Π̂V2A(pµpν + p′µpν)

2
+

Π̂V3A (pµpν − p′µpν)

2

+iΠ̂V1Aεµνρ̺p
ρp′̺, (27)

Π̂A(T+PT )
µν = Π̂T1Aεµνρ̺p

ρp′̺ + Π̂T2Agµν

+Π̂T3A

(pµpν + p′µpν)

2
,

and

Π̂T (V −A)
µνρ = iΠ̂V2B

(pµpν + p′µpν)pρ

2
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+
Π̂V3B (pµpν − p′µpν)pρ

2

+Π̂AB
gµνp

′
ρ + iΠ̂V1Bεµνα̺p

αp′̺pρ,

Π̂T (T+PT )
µνρ = i

Π̂T1Bεµνα̺p
αp′̺pρ

2

+Π̂T2Bgµνpρ

+
Π̂T3B (pµpν + p′µpν)pρ

2
. (28)

Each of Π̂fi(A,B)
are expressed in terms of perturbative and nonperturbative contributions as

Π̂fi(A,B)
= Π̂pert

fi(A,B)
+ Π̂nonpert

fi(A,B)
. (29)

The perturbative parts of the correlators are written in terms of double dispersion relation for the coefficients of the
selected Lorentz structures, as

Π̂per
fi

=

∫

ds

∫

ds′ρfi(s, s
′, q2)e

−s

M2
1 e

−s′

M2
2 , (30)

where ρfi(s, s
′, q2) are the spectral densities defined as

ρfi(s, s
′; q2) =

ImsIms′Π
OPE
fi

(s, s′; q2)

π2
. (31)

The spectral densities in Eq. 30 are calculated by using the usual Feynman integral for the loop diagrams, with the
help of Cutkovsky rules, i.e., by inserting delta functions instead of the quark propagators ( 1

p2−m2 → 2iπδ(p2 −m2)),

implying that all quarks are real. The physical region in s, s′ plane is described by the following inequality

− 1 ≤ f(s, s′) =
2ss′ + (m2

b − s−m2
d)(s+ s′ − q2) + 2s(m2

b −m2
d)

λ1/2(m2
b , s,m

2
d)λ

1/2(s, s′, q2)
≤ +1. (32)

The calculations lead to the following results for the spectral densities. For the 〈K1A|Jµ|B〉 matrix elements, the
spectral densities are calculated as

ρAA
= 2(M +m)I0{md + (−mb +md)A1 + (md +ms)B1}, (33)

ρV1A =
2

M +m
I0{md[(md −mb)(md +ms)− q2 + s+ s′] (34)

+[2mss+mb(q
2 − s− s′) +md(−q2 + 3s+ s′)]A1 + 4(mb −md)A2

+[(md +ms)(s− q2) + (ms + 3md − 2mb)]B1},
ρV2A = 2(M +m)I0{md − (mb − 3md)A1 + (md +ms)B1 (35)

−2(mb −md)(B2 +D2)},
ρV3A = −2(M +m)I0{md − (mb +md)A1 + (md +ms)B1 (36)

+2(mb −md)(B2 −D2)},

ρT1A = −4e
−s

M2
1 e

−s′

M2
2 I0{md(ms −mb) + 6A2 (37)

+[s+ (md −ms)(ms +md)]A1 + [s′ + (md −ms)(ms +md)]B1

+2sB2 − (q2 − s)(C2 +D2) + s′(C2 +D2 + 2F2)}

ρT2A =
2

M2 −m2
I0{−md[2md(s− s′) +ms(q

2 + s− s′) +mb(q
2 − s+ s′)] (38)

+[−m2
d(q

2 + s− s′)−mdms(q
2 + s− s′) +mb(md +ms)(q

2 + s− s′) + s(q2 − s+ s′)]A1

+2(q2 + s− s′)A2 + [(md −mb)(md +ms)(q
2 − s+ s′)− (q2 + s− s′)s′]B1},

ρT3A = 2I0{md(2md −mb +ms) + [s+ (md −mb)(md +ms)]A1 (39)

−2A2 + [s′ + (md −mb)(md +ms)]B1 + 2q2D2}.
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For the 〈K1B|Jµ|B〉 matrix elements, the spectral densities are calculated as

ρAB
= −8(M +m)I0(s, s

′, q2){B1 +D2 + F2}, (40)

ρV1B =
4

M +m
I0(s, s

′, q2){(mb −md)md − sA1 (41)

+[(mb −md)(md +ms) + q2 − s− s′]B1 − 2sD2 + (q2 − s− s′)F2},
ρV2B = −4(M +m)I0(s, s

′, q2){B1 +D2 + F2}, (42)

ρV3B = 4(M +m)I0(s, s
′, q2){B1 −D2 + F2}, (43)

ρT1B = 8I0(s, s
′, q2){(mb −ms)(B1 +D2 + F2)}, (44)

ρT2B =
−4

M2 −m2
I0(s, s

′, q2){[s′ + (md −mb)(md +ms)− 4(mb −md)A2] (45)

+[sms + s′mb +md(q
2 − 2s′)]A1 + s′(mb − 2md +ms)B1

+(md −mb)(q
2 + s− s′)B2 + (mb −md)(q

2 − s+ s′)C2},
ρT3B = −4I0(s, s

′, q2){md − (mb − 2md)A1 − 2(mb − 2md)B1 (46)

−(mb −md)(B2 + 2D2 + F2)},
where

I0(s, s
′, q2) =

1

λ
1
2 (s, s′, q2)

, (47)

A1 =
s′(q2 + s− s′ − 2m2

b) +m2
d(q

2 − s+ s′) +m2
s(s+ s′ − q2)

q4 − (s− s′)2 − 2q2(s+ s′)
, (48)

B1 =
s(q2 − s+ s′ − 2m2

s) +m2
d(q

2 + s− s′) +m2
b(−s− s′ + q2)

q4 − (s− s′)2 − 2q2(s+ s′)
, (49)

A2 =
1

2(q4 − (s− s′)2 − 2q2(s+ s′))
{m4

dq
2 +m4

bs
′ + s(m4

s + q2s′ −m2
s(q

2 − s+ s′)) (50)

−m2
b [s

′(q2 + s− s′) +m2
d(q

2 − s+ s′) +m2
s(s+ s′ − q2)]

−m2
d[m

2
s(q

2 + s− s′) + q2(−q2 + s+ s′)]},

B2 =
1

(q4 − (s− s′)2 − 2q2(s+ s′))2
{m4

s[q
4 + s2 + 4ss′ + s′2 − 2q2(s+ s′)] (51)

+s′2[6m4
b + q4 + 4sq2 + s2 − 6m2

b(q
2 + s− s′)− 2(q2 + s)s′ + s′2]

+m4
d[(q

2 − s)2 + 4q2s′ − 2ss′ + s′2]

−2m2
ss

′[q4 − 2s2 + q2(s− 2s′) + ss′ + sprime2 + 3m2
b(s+ s′ − q2)]

−2m2
d[m

2
s((s− q2)2 + (s+ q2)s′ − 2s′2) + s′(−2q4 + (s− s′)2

+ 3m2
b(q

2 − s+ s′) + q2(s+ s′))]},

C2 =
1

(q4 − (s− s′)2 − 2q2(s+ s′))2
{3m4

b(q
2 − s− s′)s′ (52)

−2m2
b [(m

2
d −m2

s)(q
2 − s)2 + 2m2

ss
′(q2 − 2s) + s(m2

d(q
2 + s) + (q2 − s)(q2 + 2s))

− s′2(2m2
d +m2

s + 2q2 − s) + s′3]

+m4
d[2q

4 − (s− s′)2 − q2(s+ s′)]

−m2
d[−q6 + q4(s+ s′)− (s− s′)2(s+ s′) + q2(s2 − 6ss′ + s′2)

+ 2m2
s(q

4 − 2s2 + q2(s− 2s′) + ss′ + s′2)]

−s[3m4
s(s+ s′ − q2) + 2m2

b((q
2 − s)2 + (q2 − s)s′ − 2s′2)

+ s′(−2q4 + s− s′
2
+ q2(s+ s′))]},

D2 = C2, (53)

F2 =
1

(q4 − (s− s′)2 − 2q2(s+ s′))2
{m4

d[q
4 + q2s+ s2 − 2s′(q2 − s) + s′2] (54)

+s2[6m4
s + (q2 − s)2 + 4q2s′ − 2ss′ + s′2 − 6m2

s(q
2 − s+ s′)]

+m4
b [q

4 + s2 + 4ss′ + s′2 − 2q2(s+ s′)]

−2m2
ds[−2q4 + (s− s′)2 + 3m2

s(q
2 + s− s′) + q2(s+ s′)]
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−2m2
b [m

2
d(q

4 − 2s2 + q2(s− 2s′) + ss′ + s′2)

+ s((q2 − s)2 + (q2 + s)q2 − 2s′2 + 3m2
s(s+ s′ − q2))]}.

The nonperturbative contributions to the correlators are calculated by taking the operators with dimensions d =
3(〈q̄q〉) and d = 5(m2

0〈q̄q〉) into account. For the 〈K1A|Jµ|B〉 matrix elements nonperturbative parts of the correlators
are calculated as

ΠAA
= (M +m)〈q̄q〉{ 1

rr′
}+m2

0(M +m)〈q̄q〉{ 1

8rr′2
− m2

s

2rr′3
(55)

− m2
b

2r3r′
+

1

8r2r′
+

m2
b − q2

r2r′2
},

ΠV1A =
〈q̄q〉

M +m
{ (mb −ms)

2 − q2

2rr′
} (56)

+
m2

0〈q̄q〉
M +m

{ (q
2 − (mb −ms)

2)m2
s

4rr′3
+

(q2 − (mb −ms)
2)m2

b

4r3r′

+
m2

b + 7mbms − q2

8rr′2
+

m2
s + 7mbms − q2

8r2r

+
((mb −ms)

2 − q2)(m2
b +m2

s − q2)

r2r′2
},

ΠV2A = (M +m)〈q̄q〉{ 1

2rr′
} (57)

−m2
0(M +m)〈q̄q〉{ ms

4rr′3
− 1

16rr′2

+
1

16r′r2
+

mb

4r3r′

+
q2 −m2

s −m2
b

16r2r′2
},

ΠV3A = −(M +m)〈q̄q〉{ 1

2rr′
} (58)

m2
0(M +m)〈q̄q〉{ ms

4rr′3
− 1

16rr′2
+

3

16r′r2

+
mb

4r3r′
+

q2 −m2
s −m2

b

16r2r′2
},

ΠT1A = −〈q̄q〉{ (mb)

16rr′
} −m2

0〈q̄q〉{
m2

s(mb −ms)

rr′3
+

m2
b(mb −ms)

r3r′
(59)

− (mb + 8ms)

8rr′2
+

(mb +ms)

8r2r′
− (mb −ms)(m

2
b − q2)

8r2r′2
},

ΠT2A = − 〈q̄q〉
M2 −m2

{ (mb)(8m
2
b − 9m2

s + 8mb(mb − 2ms)− 8q2)

rr′
} (60)

− m2
0〈q̄q〉

M2 −m2
{m

2
b(mb +ms)(m

2
b − 2mbms − q2)

4r3r′

− [2m3
b + 7m2

bms −ms(7m
2
b − 2m2

s + 7q2) + 2mb(−m2
s − q2)]

16rr′2

+
[9m3

b + 2msq
2 +mb(−14m2

s + 7q2)]

16r2r′

− (mb +ms)(m
2
b − q2)(m2

b − 2mbms − q2)

16r2r′2

+
m2

s(mb +ms)(m
2
b − 2mbms − q2)

4rr′3
},

ΠT3A = 〈q̄q〉{ mb

16rr′
}+m2

0〈q̄q〉{
m2

s(mb −ms)

4rr′3
+

m2
b(mb −ms)

4r3r′
(61)

+
(8mb +ms)

16r2r′
− (mb −ms)(m

2
b − q2)

16r2r′2
+− (mb + 8ms)

8rr′2
}.
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For the 〈K1B|Jµ|B〉 matrix elements the nonperturbative parts of the correlators are calculated as

ΠAB
= 0, (62)

ΠV1B =
〈q̄q〉

M +m
{mb

rr′
} − m2

0〈q̄q〉
M +m

{m
2
smb

2r′3r
+

msm
2
b

2r3r
(63)

+
(mb +ms)

8r′2r
+

7mb

8r′r2
+

mb(q
2 −m2

b −m2
s)

8r2r′2
},

ΠV2B = 0, (64)

ΠV3B = 0, (65)

ΠT1B = 0, (66)

ΠT2B = − 〈q̄q〉
M2 −m2

{ms(mb +ms)

rr′
}+ m2

0〈q̄q〉
M2 −m2

{m
3
s(mb +ms)

2r′3r
+

m3
b(mb +ms)

2r3r′
(67)

−ms(mb +ms)(m
2
b − q2)

8r2r′2
+

7mbms

8r′2r
− m2

b +m2
s − 7mbms

8r′r2
},

ΠT3B = m2
0〈q̄q〉{

1

8r2r′
− 1

8rr′2
}. (68)

In the expressions of non-perturbative contributions to correlator (Eqs. 55 to 68), the first terms in brackets which
are proportional to 〈q̄q〉 are d = 3 dimensional, and the second terms in brackets which are proportional to m2

0〈q̄q〉
are d = 5 dimensional contributions corresponding to operators 〈q̄q〉 and 〈q̄σGq〉. The non-perturbative contributions
coming from d = 4 dimensional operators which are proportional to md〈q̄q〉 and 〈g2G2〉 are neglected.
To obtain the final expression for the sum rules of the form factors, the quark hadron duality assumption, which

states that the phenomenological and perturbative spectral densities give the same result when integrated over an
appropriate interval, is used. The quark hadron duality is expressed as[30]

[

∫ ∞

s0

∫ ∞

s′0

+

∫ ∞

s0

∫ s′0

0

+

∫ s0

0

∫ ∞

s′0

]

dsds′{ρhfi(s, s
′, q2)− ρfi(s, s

′, q2)} = 0, (69)

where s0 and s′0 are the continuum thresholds in s and s′ channels, and ρh(s, s′, q2) is the spectral density of the
continuum in the phenomenological part.
After calculating all spectral densities and nonperturbative contributions to correlators, by equating the coefficients

of the selected structures from the phenomenological side (Eqs. 25 and 26) and the theoretical side (Eqs. 27 and 28),
the QCD sum rules for the form factors parameterizing 〈K1(A,B)|Jµ|B〉 matrix elements are found as

fi,A(q
2) =

mb +md

fAmAFBM2
e

M2

M2
1 e

m2

M2
2 (70)

{−1

4π

∫ s0

0

ds

∫ s′0

0

ds′Θρfi,A(s, s
′, q2)e

−s

M2
1 e

−s′

M2
2 + Π̂nonpert

fi,A
},

and

fi,B(q
2) = −i

mb +md

fB(1GeV)FBM2
e

M2

M2
1 e

m2

M2
2 (71)

{−1

4π

∫ s0

0

ds

∫ s′0

0

ds′Θρfi,B (s, s
′, q2)e

−s

M2
1 e

−s′

M2
2 + Π̂nonpert

fi,B
}.

where Θ ≡ Θ(1 − f(s, s′)2) is the unit step function determining the integration region and f(s, s′) is the function
defined in Eq. 32. The expressions for the form factors of B → K1(1270, 1400)ℓ

+ℓ− transitions are obtained by using
Eq. 17.

IV. NUMERICAL RESULTS AND DISCUSSIONS

In this section, the numerical results for the B → K1ℓ
+ℓ− transitions are presented. The expressions of form factors

and the effective Hamiltonian depend on the parameters M2
1 , M

2
2 , s0, s

′
0, on the masses and decay constants of the
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TABLE III: The values of the input parameters for numerical analysis.

INPUT PARAMETERS

MB = 5279 MeV τB = (1.525 ± 0.002) × 10−12s. FB = 0.14± 0.01 GeV [11]

ms = 95± 25 MeV mb = (4.7± 0.07) GeV md = (3− 7) MeV [11] 〈q̄q〉 ≡ 〈d̄d〉 = −(240± 10MeV )3[31]

mK1(1270) = 1.27 GeV mK1(1400) = 1.40 GeV

fA = (250± 13) MeV fB = (190± 10) MeV

mA = (1.31 ± 0.06) GeV mB = (1.34± 0.08) MeV [11, 23, 24]

Vtb |= 0.77+0.18
−0.24 | Vts |= (40.6 ± 2.7) × 10−3 [35]

C10 = −4.669 Ceff
9 = 4.344 Ceff

7 = −0.313 [29]

GF = 1.17× 10−5GeV −2 α = 1/129 [11]

M2
1 = 16± 2GeV2 M2

2 = 6± 1GeV2 s0 = 34± 4GeV2 s′0 = 4± 1GeV2

K1 and B states, on the values of Vij , and on the values of the Wilson coefficients Ceff
7 , Ceff

9 and C10. The values
of the input parameters are presented in table III.
The explicit expressions of the form factors in Eqs. 70 and 71 contain four auxiliary parameters: Borel parameters

M2
1 and M2

2 , as well as the continuum thresholds s0 and s′0. These are not physical quantities, hence the physical
quantities , form factors, must be independent of these auxiliary parameters. The working region of M2

1 and M2
2 is

determined by requiring that the higher state and continuum contributions are suppressed and the contribution of the
highest order operator must be small. These conditions are both satisfied in the following regions; 12 GeV 2 ≤ M2

1 ≤
20 GeV 2 and 4 GeV 2 ≤ M2

2 ≤ 8 GeV 2. The dependence of form factors T1A and T1B on Borel masses at q2 = 0 are
plotted in figures 2(a) and 2(b). From the figures it is found that the results are stable in the working region of Borel
mass parameters.
The continuum thresholds s0 and s′0 are determined by two-point QCD sum rules and related to the energy of

the excited states. The form factors which are the physical quantities defining the transitions, should be stable with
respect to the small variations of these parameters. In general, the continuum thresholds are taken to be around
(mhadron+0.5)2 [32–34]. The dependence of form factors T1A and T1B on continuum thresholds at q2 = 0 are plotted
in figures 2(c) and 2(d). From the figures it is found that the results are stable for variations of s0 and s′0.
The sum rules expressions for the form factors are truncated at 7 GeV 2. In order to extend our results to the whole

physical region, i.e., 0 ≤ q2 < (mB −mK1)
2 and for the reliability of the sum rules in the full physical region, a fit

parametrization is applied such that in the region −10GeV 2 ≤ q2 ≤ −2 GeV 2, where the spectral integrals can be
handled safely by applying Cutkovsky rules. This parametrization coincides with the sum rules predictions. To find
the extrapolation of the form factors in the whole physical region, the fit function is chosen as

fi(q
2) =

fi(0)

1− aq̂ + bq̂2
. (72)

The values for a, b and fi(0) are given in Table IV and V for the form factors of 〈K1A|Jµ|B〉 and 〈K1B|Jµ|B〉
matrix elements respectively. The errors in the values of fi(0) in tables IV and V are due to uncertainties in sum rule
calculations and also due to errors in input parameters.
The q2 dependence of fi,A and fi,B, the sum rules predictions and also the fit results, are plotted in the range

−10 ≤ q2 ≤ M2 −m2 in figures 3 and 4. It is seen from tables IV and V, and from figures 3 and 4 that the form
factors of B → K1Aℓ

+ℓ− transition, i.e. fi,A, and the form factors of B → K1Bℓ
+ℓ− transition, i.e. fi,B are opposite

in sign.
For the transitions to physical states, i.e. for B → K1(1270, 1400)ℓ

+ℓ− transitions, the dependence of the form
factors of B → K1(1270)ℓ

+ℓ− on the mixing angle θK1 are plotted in figure 5, and the dependence of form factors of
B → K1(1400)ℓ

+ℓ− on the mixing angle θK1 are plotted in figure 6 at q2 = 0. The region between two black dashed
vertical lines is the region estimated as θK1 = (−34± 13)◦[16]. It is seen from figures 5(a) and 5(b) that the absolute
values the form factors of B → K1(1270)ℓ

+ℓ− transition are maximum at θK1 = −(45± 5)◦, and their values are zero
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TABLE IV: The fit parameters and coupling constants for 〈K1A|Jµ|B〉 matrix elements.

fi fi(0) a b

AA 0.47± 0.08 0.74 −0.41

V1A 0.35± 0.07 0.52 −1.2

V2A 0.36± 0.07 0.41 −0.74

V3A −(0.39± 0.08) 0.45 −0.27

T1A 0.38± 0.08 0.73 −0.36

T2A 0.38± 0.09 0.67 −0.26

T3A 0.36± 0.07 0.42 −0.15

TABLE V: The fit parameters and coupling constants for 〈K1B |Jµ|B〉 matrix elements.

fi fi(0) a b

AB −0.31± 0.06 1.3 0.37

V1B −0.40± 0.08 1.4 −0.10

V2B −0.34± 0.06 1.2 0.37

V3B 0.39± 0.08 1.1 0.46

T1B −0.22± 0.05 1.1 0.24

T2B −0.21± 0.07 1.3 0.081

T3B −0.26± 0.04 1.1 0.27

at θK1 = 42 ± 5◦. For the form factors of B → K1(1400)ℓ
+ℓ− transitions, it is seen from figures 6(a) and 6(b) that

the absolute values of the form factors are maximum at θK1 = 40 ± 5◦, their values are zero at θK1 = −(47 ± 7)◦.
Since the region θK1 = −(47 ± 7)◦ in which form factors are zero coincides with the region θK1 = (−34 ± 13)◦, to
obtain a precise prediction of the form factors, the mixing angle should be determined more precisely.
Finally, the branching fractions to leptonic final states e+e−, µ+µ− and τ+τ− for θK1 = −34◦ are also estimated

by integrating the partial width in Eq. 10. The results are presented in table VI in comparison with the results found
in [16]. The first errors in our results are due to uncertainties from sum rule calculations and input parameters, and
the second errors are due to uncertainty in the mixing angle θK1 . Our results are in good agreement with the results
found in [16].

TABLE VI: The branching fractions of B → K1(1270, 1400)ℓ
+ℓ− decays for θK1 = −34◦ .

mode this work [16]

B(K1(1270)e
+e−) (2.11 ± 0.82+0.42

−0.52)× 10−6 (2.5+1.4+0.0
−1.1−0.3)× 10−6

B(K1(1270)µ
+µ−) (2.10 ± 0.81+0.41

−0.49)× 10−6 (2.1+1.2+0.0
−0.9−0.2)× 10−6

B(K1(1270)τ
+τ−) (0.42 ± 0.21+0.11

−0.15)× 10−7 (0.8+0.4+0.0
−0.3−0.1)× 10−7

B(K1(1400)e
+e−) (1.1± 0.4+0.4

−0.5)× 10−7 (0.9+0.3+2.3
−0.3−0.4)× 10−7

B(K1(1400)µ
+µ−) (1.0± 0.4+0.4

−0.5)× 10−7 (0.6+0.2+1.8
−0.1−0.2)× 10−7

B(K1(1400)τ
+τ−) (0.3± 0.2+0.1

−0.1)× 10−8 (0.1+0.0+0.5
−0.0−0.1)× 10−8
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The experimental bounds on B → K1(1270, 1400)ℓ
+ℓ− decays can be obtained from the inclusive B → Xsℓ

+ℓ−

decays. The current averages on inclusive decays are[35, 36]:

B(B → Xse
+e−) = (4.7± 1.3)× 10−6[(4.91+1.04

−1.06)× 10−6],

B(B → Xsµ
+µ−) = (4.3± 1.2)× 10−6[(2.23+0.97

−0.98)× 10−6],

B(B → Xsℓ
+ℓ−) = (4.5± 1.0)× 10−6[(3.66+0.76

−0.77)× 10−6], (73)

where the first averages are from PDG[35], and the second values in square brackets are the recent HFAG averages[36].
The results found in this work (table VI) are consistent with these average values except B → K1(1270)µ

+µ−. For
b → sµ+µ− channel, when the measured branching fractions of exclusive decays B → Kµ+µ− and B → K∗µ+µ−

which amount (1.63 ± 0.21) × 10−6[35] are considered, the room left for other exclusive decays including B →
K1(1270)µ

+µ− is about (0.6 ∼ 2.6) × 10−6. However when the errors are considered, even this channel is still
consistent with the data. And also when the dependence of branching ratios on θK1 are considered(fig. 7), it can be
seen that the value of the branching ratio of the B → K1(1270)µ

+µ− can be smaller depending on the mixing angle
θK1 .
In conclusion, we have calculated the form factors of B → K1(A,B)ℓ

+ℓ− transitions using three point QCD sum rules

approach. We analyzed the q2 behaviors of the form factors of B → K1(A,B)ℓ
+ℓ− transitions. Considering the axial

vector mixing angle θK1 , we estimated the form factors of B → K1(1270, 1400)ℓ
+ℓ− transitions, i.e. transitions into

physical states and analyzed their dependence on the mixing angle θK1 at q2 = 0. Using these results we estimated
the branching fractions into final leptonic states. We conclude that the transitions B → K1(1270, 1400)ℓ

+ℓ− can be
observed at LHC and further B factories and measurements on the mixing angle θK1 can be performed.
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Appendix A: Figures

d

b̄ s̄ b̄ s̄
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u, c, t

l− l+
l+ l−

γ, Z

FIG. 1: The loop penguin and box diagrams contributing to semileptonic B to K1 transitions.
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FIG. 2: (a,b):The dependence of the form factors T1A(a) and T1B(b) on Borel mass parameters M2
1 and M2

2 at q2 = 0 for
s0 = 34GeV 2 and s′0 = 4GeV 2.(c,d): The dependence of the form factors T1A(c) and T1B(d) on continuum thresholds s0 and
s′0 at q2 = 0 for M2

1 = 16GeV 2 and M2
2 = 6GeV 2 .
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FIG. 3: The q2 dependence of the vector form factors(a) and tensor form factors(b) of 〈K1A|Jµ|B〉 matrix element. The sum
rules predictions for the form factors also shown with data points connected with a thin line.
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FIG. 4: The q2 dependence of the vector form factors(a) and tensor form factors(b) of 〈K1B |Jµ|B〉 matrix element. The sum
rules predictions for the form factors also shown with data points connected with a thin line.
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FIG. 6: The θK1 dependence of the vector form factors(a) and tensor form factors(b) of B → K1(1270)ℓ
+ℓ− at q2 = 0.
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