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1. Introduction

Deviations from the Standard Model have long been observed in semileptonic 𝐵-meson decays,
notably 𝑏 Ñ 𝑠ℓℓ transitions, triggering speculations on potential New Physics effects in this sector.
After the recent update of 𝑅𝐾p˚q [1] and BRp𝐵p𝑠q Ñ 𝜇𝜇q [2] by the LHCb collaboration, the
remaining significant deviations from the SM in flavour-changing neutral currents 𝐵 decays are
found in the branching ratios of mesonic decays involving 𝑏 Ñ 𝑠𝜇𝜇 [3] and in the angular
observable 𝑃1

5 [4–7].
Unlike 𝑅𝐾p˚q and BRp𝐵p𝑠q Ñ 𝜇𝜇q, the observables BR(𝐵p𝑠q Ñ 𝑀𝜇𝜇) (𝑀 “ 𝐾p˚q, 𝜙, . . . ) are
theoretically challenging to predict accurately because of their high sensitivity to non-perturbative
QCD contributions, both local and non-local. These contributions yield a theoretical error of the
order of 30%, which can be as large as (sometimes larger than) the experimental uncertainty, and
clearly hamper the potential of these observables for discovery [8, 9].

At low hadronic recoil these form factors can be computed using lattice QCD methods [10, 11],
while in the large recoil region the analytical method of Light Cone Sum Rules (LCSR) has mostly
been used [9, 12, 13] -although the HPQCD collaboration [11] recently announced results in the
whole momentum transfer range using lattice QCD.

In this study, we utilize the LCSR method with 𝐵-meson Distribution Amplitudes (DAs) to present
preliminary findings on form factors at zero momentum transfer in 𝐵 Ñ 𝐾 transitions.

2. Form Factors

The relevant form factors for the 𝐵 Ñ 𝑃 transitions are 𝑓 𝐵Ñ𝑃
0 , 𝑓 𝐵Ñ𝑃

` and 𝑓 𝐵Ñ𝑃
𝑇

. They can
be defined as follows:

x𝑃p𝑘q| 𝑞𝛾𝜇𝑏 |𝐵p𝑃𝐵 “ 𝑘 ` 𝑞qy “

ˆ

p2𝑘 ` 𝑞q𝜇 ´
𝑚2
𝐵

´ 𝑚2
𝑃

𝑞2 𝑞𝜇
˙

𝑓 𝐵Ñ𝑃
` p𝑞2q

`
𝑚2
𝐵

´ 𝑚2
𝑃

𝑞2 𝑞𝜇 𝑓 𝐵Ñ𝑃
0 p𝑞2q, (1)

x𝑃p𝑘q| 𝑞𝜎𝜇𝜈𝑞𝜈𝑏 |𝐵p𝑃𝐵 “ 𝑘 ` 𝑞qy “
𝑖 𝑓 𝐵Ñ𝑃
𝑇

p𝑞2q

𝑚𝐵 ` 𝑚𝑃

ˆ

𝑞2p2𝑘 ` 𝑞q𝜇 ´ p𝑚2
𝐵 ´ 𝑚2

𝑃q𝑞𝜇q

˙

. (2)

𝑃𝐵 denotes the momentum of the 𝐵-meson, 𝑘 that of the light meson and 𝑞2 is the momentum
transfer squared. The relation 𝑓 𝑃Ñ𝐵

` p𝑞2 “ 0q “ 𝑓 𝑃Ñ𝐵
0 p𝑞2 “ 0q ensures that (1) is well-defined at

𝑞2 “ 0.

3. Correlation function and analyticity

LCSR with 𝐵-meson DAs are constructed from a 𝐵-meson to vacuum correlation function [14]:

Π𝜇𝜈p𝑞, 𝑘q “ 𝑖

ż

𝑑4𝑥𝑒𝑖𝑘.𝑥 x0|𝑇𝐽𝜈intp𝑥q𝐽
𝜇

weakp0q |�̄�p𝑃𝐵 “ 𝑞 ` 𝑘qy . (3)
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The correlation function in (3) is of interest because on the one hand it can be expressed as a function
of the relevant form factors at positive 𝑘2, and on the other hand it can be computed pertubatively
in QCD at large negative 𝑘2. Matching both expressions results in the so-called LCSR [15]. In the
following we take an on-shell 𝐵-meson: 𝑃𝐵 “ 𝑚𝐵𝑣, 𝑣2 “ 1 and an off-shell light meson: 𝑘2 ‰ 𝑚2

𝑃
.

We work in the heavy quark effective theory (HQET), hence the heavy 𝑏-quark field is replaced by
the HQET field ℎ𝑣, where 𝑣 denotes the velocity of the 𝐵-meson.

We define 𝐽𝜈int ” 𝑑p𝑥qΓ𝜈2 𝑞1p𝑥q and 𝐽𝜇weak ” 𝑞1p0qΓ
𝜇

1 ℎ𝑣p0q as in [9]. Γ1,2 expressions can be read
from Table 1. 𝑞1 is the exchanged internal quark, of mass 𝑚1.

Process 𝐽𝜈
𝑖𝑛𝑡

𝐽
𝜇

𝑤𝑒𝑎𝑘
Form Factors

�̄�0 Ñ �̄�0 𝑑𝛾𝜈𝛾5𝑠
𝑠𝛾𝜇ℎ𝑣

𝑠𝜎𝜇𝜈𝑞𝜈ℎ𝑣

𝑓 𝐵Ñ𝐾
` p𝑞2q, 𝑓 𝐵Ñ𝐾

`{´
p𝑞2q

𝑓 𝐵Ñ𝐾
𝑇

p𝑞2q

Table 1: Weak and interpolating currents in the correlation function.

For the non-perturbative expression, following [15, 16], the correlation function is analytic
in 𝑘2. For a negative 𝑘2, using the Cauchy formula on the contour C in Fig. 1 and Schwartz reflection
principle, the 𝐵-meson to vacuum correlation function is

Π𝜇𝜈p𝑞, 𝑘q “
1
𝜋

ż 8

𝑡𝑚𝑖𝑛

𝑑𝑠
ImΠ𝜇𝜈p𝑠q

𝑠 ´ 𝑘2 , (4)

where 𝑡𝑚𝑖𝑛 is below every hadronic treshold.

Figure 1: Contour in the complex plane. The circles at 𝑘2 ą 0 denote hadronic thresholds.

By inserting the complete set of intermediate hadronic states between the two currents, one
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obtains a hadronic dispersion relation for the correlation function

Π𝜇𝜈p𝑞, 𝑘q “
x0| 𝐽𝜈int |𝑀p𝑘qy x𝑀p𝑘q| 𝐽

𝜇

weak |�̄�p𝑞 ` 𝑘qy

𝑚2
𝑀

´ 𝑘2
`

1
2𝜋

ż `8

𝑠𝑐𝑜𝑛𝑡

𝑑𝑠
𝜌𝜇𝜈p𝑠q

𝑠 ´ 𝑘2 , (5)

where 𝑠𝑐𝑜𝑛𝑡 is the threshold of the lowest continuum state. 𝑀 is the lightest meson of the afore-
mentioned set of hadronic states, whose contribution has been singled out. 𝜌 is the density of the
excited and continuum states. The 𝑀 to vacuum matrix element on the r.h.s. can be expressed with
the light meson decay constant

x0| 𝑞2𝛾
𝜈𝛾5𝑞1 |𝑀p𝑘qy “ 𝑖𝑘𝜈 𝑓𝑃 (6)

for 𝑀 “ 𝐾 in our case. The 𝐵 Ñ 𝑀 matrix element is proportional to the transition form factors of
interest. Depending on the inserted current 𝐽weak, this matrix element is related to the form factors
by the definitions in (1) or (2).

4. Perturbative expansion

Let us define 𝑞 by 𝑞 “ 𝑚𝑏𝑣 ` 𝑞. Thus 𝑘 ` 𝑞 “ p𝑚𝐵 ´ 𝑚𝑏q𝑣. In order for the correlation
function (3) to be computable perturbatively in QCD [17]:

|𝑘2|, |𝑞2| " Λ2
𝑄𝐶𝐷 . (7)

The LCSR method relies on an expansion of the products of currents near the light-cone. The
kinematical regime has to be such that the dominant contributions to (3) arise from light-like
distance 𝑥2 „ 0, while respecting the condition of perturbativity (7). The integral (3) is dominated
by the region where 𝑘 ¨ 𝑥 À Op1q. We choose the frame of reference such that

𝑘 ¨ 𝑥 “ 𝑘0𝑥0 ´ 𝑘3𝑥3. (8)

For 𝑘2 ă 0 we can write:

𝑘0 “
𝑚2
𝐵

` 𝑘2 ´ 𝑞2

2𝑚𝐵
, 𝑘3 “

b

𝑘2
0 ´ 𝑘2, 𝑥3 “

𝑘0𝑥0 ´ 𝑘 ¨ 𝑥

𝑘3
, (9)

which yields

𝑥2 “ ´
4𝑚𝐵

`

𝑥2
0𝑘

2𝑚𝐵 ´ 𝑥0p𝑘 ¨ 𝑥qp𝑘2 ` 𝑚2
𝐵

´ 𝑞2q ` 𝑚𝐵p𝑘 ¨ 𝑥q2˘

𝑘4 ` p𝑚2
𝐵

´ 𝑞2q2 ´ 2𝑘2p𝑚2
𝐵

` 𝑞2q
. (10)

The light-cone expansion of the product of currents is valid if 𝑥2 ! 1{Λ2
𝑄𝐶𝐷

. The 𝐵 to vacuum
distribution amplitudes are suppressed at large 𝑥0, typically a few 1{Λ𝑄𝐶𝐷 , hence the correlation
function is suppressed at 𝑥0 Ñ `8.
Thus, keeping in mind that 𝑥0 ď Op1{Λ𝑄𝐶𝐷q, the dominant contribution to (3) which comes from
the region 𝑘 ¨ 𝑥 À Op1q does arise from the light-cone 𝑥2 Ñ 0 when 𝑘2 Ñ ´8 for any finite 𝑞2.
This also satisfies condition (7), since

𝑞2 “ 𝑞2p1 ´
𝑚𝑏

𝑚𝐵
q ` 𝑘2𝑚𝑏

𝑚𝐵
` 𝑚2

𝑏 ´ 𝑚𝐵𝑚𝑏 . (11)

4



P
o
S
(
F
P
C
P
2
0
2
3
)
0
6
0

LCSR predictions for 𝑏 Ñ 𝑠 hadronic form factors Yann Monceaux

Therefore at large negative 𝑘2, (3) can be computed in perturbative QCD and be expanded on the
light-cone. We find no strong restriction on the transfer momentum in this limit.

For the perturbative expression we only retain the 2-parton (quark-antiquark) and 3-parton (quark-
gluon-antiquark) contributions of the Fock expansion for the 𝐵-meson, leading to two-particle
contributions and 3-particles contributions. The internal quark propagator is expanded on the
light-cone [18]. We adopt the same notation as in [9]:

Π𝜇𝜈|2𝑝 “

ż

𝑑4𝑥

ż

𝑑4𝑝1

p2𝜋q4 𝑒
𝑖p𝑘´𝑝1q.𝑥

«

Γ𝜈2
{𝑝1 ` 𝑚1

𝑚2
1 ´ 𝑝12

Γ
𝜇

1

ff

𝛼𝛽

x0| 𝑞2
𝛼p𝑥qℎ

𝛽
𝑣 p0q |�̄�p𝑣qy , (12)

Π𝜇𝜈|3𝑝 “

ż

𝑑4𝑥

ż

𝑑4𝑝1

p2𝜋q4

ż 1

0
𝑑𝑢 𝑒𝑖p𝑘´𝑝1q.𝑥

«

Γ𝜈2
p1 ´ 𝑢qp {𝑝1 ` 𝑚1q𝜎𝜆𝜌 ` 𝑢𝜎𝜆𝜌p {𝑝1 ` 𝑚1q

2p𝑚2
1 ´ 𝑝12q2

Γ
𝜇

1

ff

𝛼𝛽

ˆ x0| 𝑞2
𝛼p𝑥q𝐺𝜆𝜌p𝑢𝑥qℎ

𝛽
𝑣 p0q | ¯𝐵p𝑣qy , (13)

where 𝐺𝜆𝜌p𝑢𝑥q “ 𝑔𝑠p𝜆
𝑎{2q𝐺𝑎

𝜆𝜌
p𝑢𝑥q is the gluon field strength tensor evaluated at 𝑢𝑥, a fraction

of the distance 𝑥. The 𝐵 to vacuum matrix elements in the above equations are given directly as
integrals over the 𝐵-meson DAs [19]. Schematically:

x0| 𝑞2
𝛼p𝑥qr𝑥, 0sℎ

𝛽
𝑣 p0q |�̄�p𝑣qy “ ´

𝑖 𝑓𝐵𝑚𝐵

4

ż `8

0
𝑑𝜔𝑒´𝑖𝜔𝑣.𝑥Φ2𝑝p𝜔q𝛽𝛼, (14)

x0| 𝑞2
𝛼p𝑥qr𝑥, 𝑢𝑥s𝐺𝜆𝜌p𝑢𝑥qr𝑢𝑥, 0sℎ

𝛽
𝑣 p0q |�̄�p𝑣qy “

𝑓𝐵𝑚𝐵

4

ż `8

0
𝑑𝜔1

ż `8

0
𝑑𝜔2𝑒

´𝑖p𝜔1`𝑢𝜔2q𝑣.𝑥Φ3𝑝p𝜔1, 𝜔2q𝛽𝛼,

(15)

where Φ2𝑝p𝜔q and Φ3𝑝p𝜔1, 𝜔2q refer to combinations of 𝐵-meson DAs and spin structures. The
brackets r𝑥, 0s and such denote Wilson lines that render the DAs gauge invariant. We work in the
Fock-Schwinger gauge 𝑥𝜇𝐴𝑎𝜇p𝑥q𝜆𝑎{2 “ 0 where the Wilson lines are 1.

The correlation function can be written in the form

Π𝜇𝜈 “

ż `8

0
𝑑𝜎

`8
ÿ

𝑛“1

𝐼
𝜇𝜈
𝑛 p𝜎q

p𝑠p𝜎q ´ 𝑘2q𝑛
, (16)

where the function 𝑠 is defined as 𝑠p𝜎q “ 𝜎𝑚2
𝐵

`
𝑚2

1´𝜎𝑞2

1´𝜎
. 𝐼𝜇𝜈𝑛 p𝜎q are functions of the 𝐵-DAs and

have 2-particle and 3-particle contributions:

𝐼
𝜇𝜈p2pq
𝑛 p𝜎, 𝑞2q “

𝑓𝐵𝑚𝐵

�̄�𝑛

ÿ

𝜓2p

𝐶
𝜇𝜈p2pq
𝑛 p𝜎, 𝑞2q𝜓2pp𝜎𝑚𝐵q, (17)

where 𝜓2p “ 2-particle 𝐵-DAs and

𝐼
𝜇𝜈p3pq
𝑛 p𝜎, 𝑞2q “

𝑓𝐵𝑚𝐵

�̄�𝑛

𝜎𝑚𝐵
ż

0

d𝜔1

8
ż

𝜎𝑚𝐵´𝜔1

d𝜔2

𝜔2

ÿ

𝜓3p

𝐶
𝜇𝜈p3pq
𝑛 p𝜎, 𝑢, 𝑞2q𝜓3pp𝜔1, 𝜔2q

ˇ

ˇ

ˇ

ˇ

ˇ

𝑢“p𝜎𝑚𝐵´𝜔1q{𝜔2

,

(18)
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where 𝜓3p “ 3-particle 𝐵-DAs. In (17) the variable change 𝜎 “ 𝜔{𝑚𝐵 was performed while
in (18) we took 𝜎 “ p𝜔1 ` 𝑢𝜔2q{𝑚𝐵.

5. Quark-hadron duality

At this point one can match both non-perturbative and perturbative expressions:

Π𝜇𝜈p𝑞, 𝑘q “
x𝑂| 𝐽𝜈int |𝑀p𝑘qy x𝑀p𝑘q| 𝐽

𝜇

weak |�̄�p𝑞 ` 𝑘qy

𝑚2
𝑀

´ 𝑘2
`

1
2𝜋

ż `8

𝑠𝑐𝑜𝑛𝑡

𝑑𝑠
𝜌𝜇𝜈p𝑠q

𝑠 ´ 𝑘2 , (19)

“

ż `8

0
𝑑𝜎

`8
ÿ

𝑛“1

𝐼
𝜇𝜈
𝑛 p𝜎q

p𝑠p𝜎q ´ 𝑘2q𝑛
. (20)

To obtain an expression for the relevant transition form factors, one needs to estimate the integral
over the density of the excited and continuum states using quark-hadron duality [15, 20]. At
sufficiently large negative 𝑘2, the semi-global quark-hadron duality is

ż `8

𝑠𝑐𝑜𝑛𝑡

𝑑𝑠
𝜌p𝑠q

𝑠 ´ 𝑘2 «
1
𝜋

ż `8

𝑠0

𝑑𝑠
ImΠLCOPEp𝑠q

𝑠 ´ 𝑘2 , (21)

where 𝑠0, the quark-hadron duality threshold, has to be determined.

One can note that the expression obtained pertubatively in (16) has different powers of the de-
nominator. As such it cannot be directly identified with the r.h.s of (21). After integration by parts
we can rewrite the correlation function (calculated perturbatively) as:

Π𝜇𝜈 “

ż `8

0
𝑑𝜎

`8
ÿ

𝑛“1

1
p𝑛 ´ 1q!

1
𝑠 ´ 𝑘2

ˆ

𝑑

𝑑𝜎

1
𝑠1

˙𝑛´1
𝐼
𝜇𝜈
𝑛 p𝜎q (22)

`

`8
ÿ

𝑛“2

1
p𝑛 ´ 1q!

𝑛´1
ÿ

𝑗“1

p𝑛 ´ 𝑗 ´ 1q!
p𝑠 ´ 𝑘2q𝑛´ 𝑗

1
𝑠1

ˆ

𝑑

𝑑𝜎

1
𝑠1

˙ 𝑗´1
p𝐼
𝜇𝜈
𝑛 p𝜎qq|𝜎“0,

where in the above equation 𝑠1 “ 𝑑𝑠
𝑑𝜎

and we adopt the notation
ˆ

𝑑

𝑑𝜎

1
𝑠1

˙𝑚

𝐹p𝜎q “
𝑑

𝑑𝜎

1
𝑠1

ˆ

𝑑

𝑑𝜎

1
𝑠1
...p𝐹p𝜎qq

˙

. (23)

The first term on the r.h.s in (22) has the proper structure, but there is also a "boundary" term
evaluated at 𝜎 “ 0. In [21] it is argued that since 𝑠p𝜎 “ 0q “ 𝑚2

1 ! 𝑠0, the singularity in
that boundary term is not contained in the OPE integral above 𝑠0, thus the quark-hadron duality
subtraction only concerns the first term. Let us define 𝜎0 such that 𝑠p𝜎0q “ 𝑠0. After the quark-
hadron duality subtraction, we obtain:

x𝑂| 𝐽𝜈int |𝑀p𝑘qy x𝑀p𝑘q| 𝐽
𝜇

weak |�̄�p𝑞 ` 𝑘qy

𝑚2
𝑀

´ 𝑘2
“

ż `8

0
𝑑𝜎

`8
ÿ

𝑛“1

𝐼
𝜇𝜈
𝑛 p𝜎q

p𝑠p𝜎q ´ 𝑘2q𝑛
(24)

´

ż `8

𝜎0

𝑑𝜎

`8
ÿ

𝑛“1

1
p𝑛 ´ 1q!

1
𝑠p𝜎q ´ 𝑘2

ˆ

𝑑

𝑑𝜎

1
𝑠1

˙𝑛´1
𝐼
𝜇𝜈
𝑛 p𝜎q.
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One should note that in the perturbative expression the integral is over 𝜎 and not 𝑠. For the quark-
hadron duality to work we argue that 𝑠p𝜎q should vary monotonously from 𝑚2

1 to `8 as it is the

case when the integral is over 𝑠 varying from 𝑚2
1 to `8. Since 𝑠1p𝜎q “ 𝑚2

𝐵
`

𝑚2
1´𝑞2

p1´𝜎q2 , this is only
true if 𝑞2 ă 𝑚2

1. Thus the LCSRs we derive are only valid at 𝑞2 ă 𝑚2
1.

6. Borel transformation

The semi-global quark-hadron duality is an approximation which comes with a poorly under-
stood systematic error. In order to suppress the impact of the quark-hadron duality approximation,
it is customary to perform the so-called Borel transformation [9, 15, 22]. The Borel transformation
is defined as

𝐹p𝑀2q ” B𝑀2𝐹p𝑘2q “ lim
´𝑘2,𝑛Ñ8 and ´𝑘2

𝑛
“𝑀2

p´𝑘2q𝑛`1

𝑛!

ˆ

𝑑

𝑑𝑘2

˙𝑛

𝐹p𝑘2q, (25)

with 𝑀2 the Borel parameter. A typical Borel transformation is

B𝑀2

ˆ

1
p𝑚2 ´ 𝑘2q𝑛

˙

“
1

p𝑛 ´ 1q!
𝑒𝑥𝑝p´𝑚2{𝑀2q

𝑀2p𝑛´1q
. (26)

This allows to exponentially suppress the unknown contributions from the excited states and the
continuum.

From (24), selecting the proper Lorentz structure and applying a Borel transformation, one can
extract the form factors in the following form (𝐹 denoting one of the form factors):

𝐹 “
1

𝐾p𝐹q

8
ÿ

𝑛“1

#

ż 𝜎0

0
𝑑𝜎 𝑒p´𝑠p𝜎,𝑞2q`𝑚2

𝑀
q{𝑀2 1

p𝑛 ´ 1q!p𝑀2q𝑛´1 𝐼
p𝐹q
𝑛

`

«

1
p𝑛 ´ 1q!

𝑒p´𝑠p𝜎,𝑞2q`𝑚2
𝑀

q{𝑀2
𝑛´1
ÿ

𝑗“1

1
p𝑀2q𝑛´ 𝑗´1

1
𝑠1

ˆ

d
d𝜎

1
𝑠1

˙ 𝑗´1
𝐼

p𝐹q
𝑛

ff

𝜎“𝜎0

+

, (27)

with 𝐾p𝐹q normalisation factors involving the light-meson decay constant.

7. Numerical results

The last step before numerically evaluating the sum rule is to set the two following parameters:
the Borel parameter 𝑀2 and the duality threshold 𝑠0.

The Borel parameter has to account for a compromise. It has to be large enough so that the
expansion in growing twists -supressed by powers of 1{𝑀2- converges sufficiently fast, but not too
large, so that the contribution of the density over excited and continuum states is still exponentially
suppressed.

For 𝐵 Ñ 𝐾 we find that the window 0.5 ď 𝑀2 ď 1.5 GeV2 is suitable. We take 𝑀2 to be uniform

7
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over that window.

The duality threshold is determined at fixed 𝑀2 by imposing that the form factor of interest is
independent of the Borel parameter. Taking the derivative of our perturbative expression for the
form factor with respect to the Borel parameter as null leads to a second sum rule, called the
daughter sum rule, which predicts the mass of the light meson. One can recquire the daughter sum
rule to accurately predict the light-meson’s mass, which sets the value of the duality threshold.

For the other input parameters, we assume they follow independent Gaussian distributions. Their
values are summarised in (Table 2).

Parameter Value
𝑚𝐵 5.27966 ˘ 0.00012 GeV
𝑚𝐾 0.497611 ˘ 0.000013 GeV
𝑓𝐵 0.1894 ˘ 0.0014 GeV

1{𝜆`
𝐵

2.2 ˘ 0.6 GeV´1

𝜆2
𝐸

0.03 ˘ 0.02 GeV2

𝜆2
𝐻

0.06 ˘ 0.03 GeV2

𝑓𝐾 0.1557 ˘ 0.0007 GeV

Table 2: List of input parameters. Masses are taken from [23], 𝑓𝐵 from [24], 𝑓𝐾 from [25] and 1{𝜆
`

𝐵
, 𝜆2
𝐸

and 𝜆2
𝐻

from
[9].

We obtain the following preliminary results (Table 3) which are in agreement with the literature.

Form Factor (𝑞2 “ 0) Our result Other Results

𝑓 𝐵Ñ𝐾
` 0.19 ˘ 0.07

0.27 ˘ 0.08 [9]
0.331˘0.041 [12]
0.31 ˘ 0.04 [14]
0.395˘0.033 [13]
0.364 ˘ 0.05 [26]

𝑓 𝐵Ñ𝐾
𝑇

0.20 ˘ 0.08

0.25 ˘ 0.07 [9]
0.358˘0.037 [12]
0.27 ˘ 0.04 [14]
0.381˘0.027 [13]
0.363 ˘ 0.08 [26]

Table 3: Our preliminary results with a comparison to literature.

8. Conclusion

In light of the evolving 𝐵-anomalies landscape and the latest experimental insights, the need
for accurate computations of transition form factors has become more critical than ever before. In
this endeavor, we have employed the Light-Cone Sum Rules method in conjunction with 𝐵-meson

8
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distribution amplitudes to compute the 𝐵 Ñ 𝐾 form factors at zero momentum transfer. Our
preliminary findings are in agreement with the existing body of literature.

Our final results for the 𝐵 Ñ 𝐾 form factors are to be implemented in SuperIso, a public program
for the calculation of flavour physics observables [27–30]. The next step will be undertaking
the computation of the non-local contribution, which constitute the main source of theoretical
uncertainty in the predictions of 𝐵 Ñ 𝑀𝑙`𝑙´ observables.

References

[1] LHCb collaboration, Measurement of lepton universality parameters in 𝐵` Ñ 𝐾`ℓ`ℓ´ and
𝐵0 Ñ 𝐾˚0ℓ`ℓ´ decays, Phys. Rev. D 108 (2023) 032002 [2212.09153].

[2] LHCb collaboration, Measurement of the 𝐵0
𝑠 Ñ 𝜇`𝜇´ decay properties and search for the

𝐵0 Ñ 𝜇`𝜇´ and 𝐵0
𝑠 Ñ 𝜇`𝜇´𝛾 decays, Phys. Rev. D 105 (2022) 012010 [2108.09283].

[3] LHCb collaboration, Differential branching fractions and isospin asymmetries of
𝐵 Ñ 𝐾p˚q𝜇`𝜇´ decays, JHEP 06 (2014) 133 [1403.8044].

[4] ATLAS collaboration, Angular analysis of 𝐵0
𝑑

Ñ 𝐾˚𝜇`𝜇´ decays in 𝑝𝑝 collisions at
?
𝑠 “ 8 TeV with the ATLAS detector, JHEP 10 (2018) 047 [1805.04000].

[5] LHCb collaboration, Measurement of 𝐶𝑃-Averaged Observables in the 𝐵0 Ñ 𝐾˚0𝜇`𝜇´

Decay, Phys. Rev. Lett. 125 (2020) 011802 [2003.04831].

[6] CMS collaboration, Measurement of angular parameters from the decay B0 Ñ K˚0𝜇`𝜇´ in
proton-proton collisions at

?
𝑠 “ 8 TeV, Phys. Lett. B 781 (2018) 517 [1710.02846].

[7] Belle collaboration, Lepton-Flavor-Dependent Angular Analysis of 𝐵 Ñ 𝐾˚ℓ`ℓ´, Phys.
Rev. Lett. 118 (2017) 111801 [1612.05014].

[8] N. Gubernari, D. van Dyk and J. Virto, Non-local matrix elements in 𝐵p𝑠q Ñ t𝐾p˚q, 𝜙uℓ`ℓ´,
JHEP 02 (2021) 088 [2011.09813].

[9] N. Gubernari, A. Kokulu and D. van Dyk, 𝐵 Ñ 𝑃 and 𝐵 Ñ 𝑉 Form Factors from 𝐵-Meson
Light-Cone Sum Rules beyond Leading Twist, JHEP 01 (2019) 150 [1811.00983].

[10] Fermilab Lattice, MILC collaboration, |𝑉𝑢𝑏| from 𝐵 Ñ 𝜋ℓ𝜈 decays and (2+1)-flavor
lattice QCD, Phys. Rev. D 92 (2015) 014024 [1503.07839].

[11] HPQCD collaboration, B→K and D→K form factors from fully relativistic lattice QCD,
Phys. Rev. D 107 (2023) 014510 [2207.12468].

[12] P. Ball and R. Zwicky, New results on 𝐵 Ñ 𝜋, 𝐾, 𝜂 decay form-factors from light-cone sum
rules, Phys. Rev. D 71 (2005) 014015 [hep-ph/0406232].

[13] A. Khodjamirian and A.V. Rusov, 𝐵𝑠 Ñ 𝐾ℓ𝜈ℓ and 𝐵p𝑠q Ñ 𝜋p𝐾qℓ`ℓ´ decays at large recoil
and CKM matrix elements, JHEP 08 (2017) 112 [1703.04765].

9

https://doi.org/10.1103/PhysRevD.108.032002
https://arxiv.org/abs/2212.09153
https://doi.org/10.1103/PhysRevD.105.012010
https://arxiv.org/abs/2108.09283
https://doi.org/10.1007/JHEP06(2014)133
https://arxiv.org/abs/1403.8044
https://doi.org/10.1007/JHEP10(2018)047
https://arxiv.org/abs/1805.04000
https://doi.org/10.1103/PhysRevLett.125.011802
https://arxiv.org/abs/2003.04831
https://doi.org/10.1016/j.physletb.2018.04.030
https://arxiv.org/abs/1710.02846
https://doi.org/10.1103/PhysRevLett.118.111801
https://doi.org/10.1103/PhysRevLett.118.111801
https://arxiv.org/abs/1612.05014
https://doi.org/10.1007/JHEP02(2021)088
https://arxiv.org/abs/2011.09813
https://doi.org/10.1007/JHEP01(2019)150
https://arxiv.org/abs/1811.00983
https://doi.org/10.1103/PhysRevD.92.014024
https://arxiv.org/abs/1503.07839
https://doi.org/10.1103/PhysRevD.107.014510
https://arxiv.org/abs/2207.12468
https://doi.org/10.1103/PhysRevD.71.014015
https://arxiv.org/abs/hep-ph/0406232
https://doi.org/10.1007/JHEP08(2017)112
https://arxiv.org/abs/1703.04765


P
o
S
(
F
P
C
P
2
0
2
3
)
0
6
0

LCSR predictions for 𝑏 Ñ 𝑠 hadronic form factors Yann Monceaux

[14] A. Khodjamirian, T. Mannel and N. Offen, Form-factors from light-cone sum rules with
B-meson distribution amplitudes, Phys. Rev. D 75 (2007) 054013 [hep-ph/0611193].

[15] P. Colangelo and A. Khodjamirian, QCD sum rules, a modern perspective, in At the frontier
of particle physics. Handbook of QCD. Vol. 1-3, M. Shifman and B. Ioffe, eds., (Singapore),
pp. 1495–1576, World Scientific (2000) [hep-ph/0010175].

[16] N. Gubernari, Applications of Light-Cone Sum Rules in Flavour Physics, Ph.D. thesis,
Munich, Tech. U., 2020.

[17] A. Khodjamirian, Hadron Form Factors: From Basic Phenomenology to QCD Sum Rules,
CRC Press, Taylor & Francis Group, Boca Raton, FL, USA (2020).

[18] I.I. Balitsky and V.M. Braun, Nonlocal Operator Expansion for Structure Functions of 𝑒`𝑒´

Annihilation, Phys. Lett. B 222 (1989) 123.

[19] V.M. Braun, Y. Ji and A.N. Manashov, Higher-twist B-meson Distribution Amplitudes in
HQET, JHEP 05 (2017) 022 [1703.02446].

[20] M.A. Shifman, Quark hadron duality, in 8th International Symposium on Heavy Flavor
Physics, vol. 3, (Singapore), pp. 1447–1494, World Scientific, 7, 2000 [hep-ph/0009131].

[21] S. Descotes-Genon, A. Khodjamirian and J. Virto, Light-cone sum rules for 𝐵 Ñ 𝐾𝜋 form
factors and applications to rare decays, JHEP 12 (2019) 083 [1908.02267].

[22] P. Ball and R. Zwicky, 𝐵𝑑,𝑠 Ñ 𝜌, 𝜔, 𝐾˚, 𝜙 decay form-factors from light-cone sum rules
revisited, Phys. Rev. D 71 (2005) 014029 [hep-ph/0412079].

[23] Particle Data Group collaboration, Review of Particle Physics, PTEP 2022 (2022)
083C01.

[24] A. Bazavov et al., 𝐵- and 𝐷-meson leptonic decay constants from four-flavor lattice QCD,
Phys. Rev. D 98 (2018) 074512 [1712.09262].

[25] Flavour Lattice Averaging Group (FLAG) collaboration, FLAG Review 2021, Eur. Phys.
J. C 82 (2022) 869 [2111.09849].

[26] C.-D. Lü, Y.-L. Shen, Y.-M. Wang and Y.-B. Wei, QCD calculations of 𝐵 Ñ 𝜋, 𝐾 form
factors with higher-twist corrections, JHEP 01 (2019) 024 [1810.00819].

[27] F. Mahmoudi, SuperIso: A Program for calculating the isospin asymmetry of
B Ñ 𝐾˚𝛾 𝑖𝑛 𝑡ℎ𝑒 𝑀𝑆𝑆𝑀,Comput. Phys. Commun.178p2008q745r0710.2067s.

[28] F. Mahmoudi, SuperIso v2.3: A Program for calculating flavor physics observables in
Supersymmetry, Comput. Phys. Commun. 180 (2009) 1579 [0808.3144].

[29] F. Mahmoudi, SuperIso v3.0, flavor physics observables calculations: extension to NMSSM,
Computer Physics Communications 180 (2009) 1718.

[30] S. Neshatpour and F. Mahmoudi, Flavour Physics with SuperIso, PoS TOOLS2020 (2021)
036 [2105.03428].

10

https://doi.org/10.1103/PhysRevD.75.054013
https://arxiv.org/abs/hep-ph/0611193
https://arxiv.org/abs/hep-ph/0010175
https://doi.org/10.1016/0370-2693(89)90733-8
https://doi.org/10.1007/JHEP05(2017)022
https://arxiv.org/abs/1703.02446
https://arxiv.org/abs/hep-ph/0009131
https://doi.org/10.1007/JHEP12(2019)083
https://arxiv.org/abs/1908.02267
https://doi.org/10.1103/PhysRevD.71.014029
https://arxiv.org/abs/hep-ph/0412079
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1103/PhysRevD.98.074512
https://arxiv.org/abs/1712.09262
https://doi.org/10.1140/epjc/s10052-022-10536-1
https://doi.org/10.1140/epjc/s10052-022-10536-1
https://arxiv.org/abs/2111.09849
https://doi.org/10.1007/JHEP01(2019)024
https://arxiv.org/abs/1810.00819
https://doi.org/10.1016/j.cpc.2007.12.006
https://arxiv.org/abs/0710.2067
https://doi.org/10.1016/j.cpc.2009.02.017
https://arxiv.org/abs/0808.3144
https://doi.org/10.1016/j.cpc.2009.05.001
https://doi.org/10.22323/1.392.0036
https://doi.org/10.22323/1.392.0036
https://arxiv.org/abs/2105.03428

	Introduction
	Form Factors
	Correlation function and analyticity
	Perturbative expansion
	Quark-hadron duality
	Borel transformation
	Numerical results
	Conclusion
	References

