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We compute theΛb → Λ transition form factors using light-cone sum rules based onΛ-baryon distribution
amplitudes, including contributions up to twist 6. The analysis is performed for pseudoscalar, vector, and
axial-vector b → s currents and for different choices of the Λb interpolating current. A central aspect of the
study is the explicit inclusion of the negative-parityΛ�

b state in the hadronic dispersion relation. Suitable linear
combinations of invariant amplitudes are constructed to eliminate the Λ�

b pole contribution at the level of the
sum rules. All three interpolating currents lead to numerically stable sum rules in the adopted working
windows. The pseudoscalar current gives the closest agreement with the expected equation of motion and
heavy quark symmetry relations at the level of the central values, while the present leading-order uncertainties
do not allow a definitive discrimination among the three currents. The resulting helicity form factors are
parametrized using a z expansion and, for the pseudoscalar current, are combined with lattice-QCD tensor
form factors to illustrate the low-q2 differential branching fraction in Λb → Λlþl−.
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I. INTRODUCTION

Rare decays of bottom hadrons induced by the flavor-
changing neutral-current transition b → slþl− provide a
sensitive probe of the Standard Model (SM) and of possible
effects of physics beyond it. Being loop suppressed in the SM,
these processes are particularly sensitive to contributions
fromheavy degrees of freedom,while at the same time posing
a significant theoretical challenge due to the presence of
nonperturbative QCD dynamics. Over the past decade,
extensive experimental studies of exclusive b → slþl−

decays have been performed at the LHC, most notably by
the LHCb collaboration, revealing several tensions between
theoretical predictions and data in mesonic channels such as
B → Kð�Þlþl− and Bs → ϕlþl− (see [1] for a recent
analysis).
In this context, baryonic decays of the type Λb → Λlþl−

offer a complementary laboratory for testing the flavor sector
[2–19]. In contrast to mesonic modes, baryonic transitions
provide access to a richer set of angular observables and

helicity structures [20–26], anda complementarynewphysics
sensitivity (see e.g., [19,27–41]). With the increasing pre-
cision of measurements [4,6,8] in the baryonic sector, a
reliable theoretical determination of the hadronic form factors
governing the Λb → Λ transition has become essential.
The local form factors constitute an essential hadronic

input for exclusive b → slþl− decays. In the low q2 region,
where the final-state hadron carries large energy, light-cone
sum rules (LCSRs) provide a well-established framework
for computing the local form factors in a systematic
expansion in terms of hadron distribution amplitudes
(DAs).While LCSRmethods have been extensively applied
to heavy-to-light mesonic transitions, their extension to
baryonic decays is technically more involved and remains
comparatively less explored (see [3,16,42–48]).
In this work, we revisit the determination of the Λb → Λ

transition form factors within the framework of LCSRs
based on Λ baryon DAs. A central issue in baryonic LCSR
analyses is the sensitivity to the choice of interpolating
current and the contamination from nearby excited states, in
particular the negative-parity (Λ�

b), whose mass lies close to
the ground state. In the present analysis, we explicitly
include both the Λbð1=2þÞ ground state and the negative-
parity Λ�

bð1=2−Þ excitation in the hadronic representation.
We then construct suitable linear combinations of invariant
amplitudes that eliminate the Λ�

bð1=2−Þ pole contribution at
the level of the sum rules, following and extending strategies
previously developed for Λb → N transition [44,49].
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Within this framework, we perform a systematic analysis
of the pseudoscalar, axial-vector, and Ioffe interpolating
currents for the Λb baryon. All three choices lead to
numerically stable sum rules in the adopted Borel and
continuum-threshold windows. At the level of central
values, the pseudoscalar current gives the closest agreement
with the expected equation-of-motion (EOM) and heavy
quark symmetry (HQS) relations, while the present lead-
ing-order uncertainties do not allow a definitive discrimi-
nation among the three currents. We include all three-quark
Λ DAs up to twist 6 and consider pseudoscalar, vector, and
axial-vector b → s transition currents.
The resulting vector and axial-vector form factors are

transformed into the helicity basis and parametrized using a
truncated z expansion, which also facilitates comparisonwith
lattice-QCD results. As an illustrative phenomenological
application, we combine the pseudoscalar current LCSR
form factors with lattice-QCD tensor form factors and
evaluate the differential branching fraction forΛb → Λlþl−

in the low-q2 region.
The paper is organized as follows. In Sec. II, we

introduce the correlation functions and their hadronic
representations. Section III describes the light-cone oper-
ator product expansion (OPE) and the construction
of the dispersion relations. The resulting sum rules for
the Λb → Λ form factors are presented in Sec. IV.
Section V contains the numerical analysis, the comparison
of interpolating currents, and the phenomenological appli-
cation to Λb → Λlþl−. We summarize our findings in
Sec. VI. Technical details are collected in the Appendixes.

II. CORRELATION FUNCTION AND HADRONIC
REPRESENTATION

The starting point of the light-cone sum-rule analysis of
the Λb → Λ transition form factors is the following
vacuum-to-Λ correlation function:

FðlÞ
i ðp; qÞ ¼ i

Z
d4xeiq·xh0jTfηðlÞΛb

ð0Þ; jiðxÞgjΛðpÞi; ð1Þ

where ηðlÞΛb
interpolates the Λb baryon, ji is the b → s weak

transition current, and the momentum in the Λb channel is
pΛb

¼ p − q, which defines the variable of the hadronic
dispersion relation.
The weak transition currents are chosen as,

jiðxÞ ¼ s̄ðxÞΓibðxÞ; ð2Þ

with1

Γi ∈ fmbiγ5; γμ; γμγ5g: ð3Þ

Here, we neglect ms in the overall normalization of the
pseudoscalar current.
A central ingredient of the LCSR construction is the

choice of the interpolating current for the Λb baryon.
Different local currents carrying the same quantum num-
bers can couple with different strengths to the ground and
excited states and may therefore lead to different numerical
behavior of the resulting sum rules. In the present analysis,
we consider three commonly used choices for the Λb
interpolating current: the pseudoscalar, axial-vector, and
Ioffe-type currents [3,42,46,49],

ηðPÞ ¼ ϵabcðuaCγ5dbÞbc;
ηðAÞ ¼ ϵabcðuaCγ5γλdbÞγλbc;
ηðIÞ ¼ ϵabcðuaCγλdbÞγλγ5bc; ð4Þ

where a, b, c are color indices and C denotes the charge-
conjugation matrix. All three currents carry the quantum
numbers of the Λb baryon, but differ in their Dirac
structures and coupling patterns to the ground and excited
states.
The corresponding correlation functions FðlÞ

i are labeled
by the choice of interpolating current,

FðPÞ
i ¼fFðPÞ

5 ;FðPÞ
μ ;FðPÞ

μ5 g; FðAÞ
i ¼fFðAÞ

5 ;FðAÞ
μ ;FðAÞ

μ5 g;
FðIÞ
i ¼fFðIÞ

5 ;FðIÞ
μ ;FðIÞ

μ5 g: ð5Þ

This classification allows for a systematic comparison of
the resulting sum rules and their numerical behavior for
different choices of the interpolating current.
We now proceed to the hadronic representation of the

correlation function by inserting a complete set of inter-
mediate states with the quantum numbers of the Λb baryon

between the interpolating current ηðlÞΛb
and the weak tran-

sition current. As a result, the correlation function admits a
dispersion representation in the variable ðp − qÞ2, whose
lowest-lying contributions arise from the Λb ground state
and its negative-parity excitation, denoted by Λ�

b.
The pole contribution of the Λb ground state to the

hadronic representations is determined by two matrix
elements. The first one describes the coupling of the
interpolating current to the Λb ground state,

h0jηðlÞΛb
jΛbðp − qÞi ¼ mΛb

λðlÞΛb
uΛb

ðp − qÞ; ð6Þ

where λðlÞΛb
denotes the coupling associated with the inter-

polating current ηðlÞΛb
, and uΛb

ðp − qÞ is the Dirac spinor of
the Λb baryon with momentum p − q. The second
matrix element encodes the weak transition between the
intermediate Λb state and the external Λ baryon,

1In this work, we do not consider the tensor weak current
s̄σμνðγ5Þb. Including tensor currents would require an indepen-
dent set of correlation functions and tensor form factors, which
are beyond the scope of the present analysis.
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hΛðpÞjjijΛbðp − qÞi, and is parametrized in terms of
Λb → Λ form factors. We use the standard Λb → Λ
form-factor conventions for the transition matrix elements
below; an overall phase associated with the state conven-
tions is immaterial for the resulting sum rules.
For the pseudoscalar weak transition current, the had-

ronic matrix element is parametrized in terms of a single
form factor as,

hΛðpÞjmbs̄iγ5bjΛbðp − qÞi
¼ ðmΛb

þmΛÞGðq2ÞūΛðpÞiγ5uΛb
ðp − qÞ; ð7Þ

where Gðq2Þ is a dimensionless form factor.
For the vector and axial-vector weak transition currents,

the hadronic matrix elements are parametrized in terms of
three independent form factors each. Explicitly, for the
vector current one has,

hΛðpÞjs̄γμbjΛbðp − qÞi

¼ ūΛðpÞ
�
f1ðq2Þγμ þ i

f2ðq2Þ
mΛb

σμνqν þ
f3ðq2Þ
mΛb

qμ

�

× uΛb
ðp − qÞ; ð8Þ

while for the axial-vector current the corresponding decom-
position reads,

hΛðpÞjs̄γμγ5bjΛbðp − qÞi

¼ ūΛðpÞ
�
g1ðq2Þγμ þ i

g2ðq2Þ
mΛb

σμνqν þ
g3ðq2Þ
mΛb

qμ

�

× γ5uΛb
ðp − qÞ: ð9Þ

The form factors fiðq2Þ and giðq2Þ encode the local
nonperturbative QCD matrix elements of the Λb → Λ
transition and constitute important hadronic inputs for rare
and semileptonic Λb decays. Although the Λb ground state
provides the leading contribution to the hadronic dispersion
relation, the relatively small mass gap between the Λb and
its lowest negative-parity excitation Λ�

b implies that the
latter can give a non-negligible contribution in the sum-rule
analysis. It is therefore natural to include the Λ�

b pole
explicitly in the hadronic representation of the correlation

function, in order to achieve a more complete and con-
trolled description of the intermediate-state contributions.
The negative-parity pole contribution is specified by the
coupling of the interpolating current to the Λ�

b state and by
the corresponding weak transition matrix element. We
define

h0jηðlÞΛb
jΛ�

bðp − qÞi ¼ mΛ�
b
λðlÞΛ�

b
γ5uΛ�

b
ðp − qÞ; ð10Þ

where λðlÞΛ�
b
denotes the corresponding coupling, while the

explicit γ5 accounts the opposite parity of the Λ�
b state.

As an explicit example, for the pseudoscalar transition
current one obtains,

hΛðpÞjmbs̄iγ5bjΛ�
bðp − qÞi

¼ ðmΛ�
b
−mΛÞĜðq2ÞūΛðpÞiuΛ�

b
ðp − qÞ; ð11Þ

where Ĝðq2Þ denotes the pseudoscalar form factor asso-
ciated with the Λ�

b intermediate state. Analogously, the
matrix elements of the vector and axial-vector transition
currents between the Λ�

b and Λ baryons are parametrized in
terms of form factors f̂1;2;3ðq2Þ and ĝ1;2;3ðq2Þ, respectively,
whose explicit Lorentz decompositions follow the same
pattern as in Eqs. (8) and (9), up to the appropriate parity
structure.
To complete the construction of the hadronic represen-

tation, we decompose the correlation function in Eq. (1)
into Lorentz structures, whose coefficient functions depend
on the kinematic variables ðp − qÞ2 and q2. These invariant
amplitudes form the basis for establishing dispersion
relations in the Λb channel. For the pseudoscalar transition
current, the correlation function can be written as,

FðlÞ
5 ðp; qÞ ¼ �

FðlÞ
1 ððp − qÞ2; q2Þ þ =qFðlÞ

2 ððp − qÞ2; q2Þ�
× iγ5uΛðpÞ; ð12Þ

where l ¼ P;A; I labels the choice of the Λb interpolating
current.
For the vector transition current, the correlation function

is parametrized in terms of six independent invariant
amplitudes as,

FðlÞ
μ ðp; qÞ ¼ �

F̃ðlÞ
1 pμ þ F̃ðlÞ

2 pμ=qþ F̃ðlÞ
3 γμ þ F̃ðlÞ

4 γμ=qþ F̃ðlÞ
5 qμ þ F̃ðlÞ

6 qμ=q
�
uΛðpÞ; ð13Þ

while for the axial-vector transition current one finds,

FðlÞ
μ5ðp; qÞ ¼

�
F̄ðlÞ
1 pμ þ F̄ðlÞ

2 pμ=qþ F̄ðlÞ
3 γμ þ F̄ðlÞ

4 γμ=qþ F̄ðlÞ
5 qμ þ F̄ðlÞ

6 qμ=q
�
γ5uΛðpÞ: ð14Þ

Employing the hadronic matrix elements introduced above and summing over the spins of the intermediate Λb and Λ�
b

states, one obtains a dispersion relation for the invariant amplitudes in the variable ðp − qÞ2. As an explicit example, for the

pseudoscalar transition current, the combined invariant amplitudes FðlÞ
1;2 read,
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FðlÞ
5 ðp; qÞ ¼ mΛb

λðlÞΛb
Gðq2Þ

m2
Λb

− ðp − qÞ2
�ðm2

Λb
−m2

ΛÞ − ðmΛb
þmΛÞ=q

�
iγ5uΛðpÞ

þ
mΛ�

b
λðlÞΛ�

b
Ĝðq2Þ

m2
Λ�
b
− ðp − qÞ2

�ðm2
Λ�
b
−m2

ΛÞ þ ðmΛ�
b
−mΛÞ=q

�
iγ5uΛðpÞ

þ
Z

∞

sh
0

ds
s − ðp − qÞ2 ðρ

ðlÞ
1 ðs; q2Þ þ ρðlÞ2 ðs; q2Þ=qÞiγ5uΛðpÞ; ð15Þ

where ρðlÞ1;2ðs; q2Þ denote the hadronic spectral densities
associated with higher resonances and continuum states
carrying the quantum numbers of the Λb baryon, and sh0 is
the corresponding effective continuum threshold. In the
case of vector and axial-vector transition currents, an
analogous dispersion representation arises for each of the
six invariant amplitudes defined in Eqs. (13) and (14). For
brevity, the explicit expressions for these amplitudes are
collected in Appendix A.

III. LIGHT-CONE OPE AND DISPERSION
RELATION

We compute the correlation functions defined in Eq. (1) in
QCD by performing a light-cone expansion of the time-
ordered product of currents at x2 → 0. The external kin-
ematics are chosen such that the momentum flowing through
the Λb channel, ðp − qÞ2, is spacelike and large, ensuring
that the correlation function is dominated by lightlike
distances and can be expressed in terms of Λ-baryon
DAs. Throughout this analysis, we neglect light-quark
masses, retaining only the heavy-quark mass mb and the
physical Λ-baryon mass mΛ, which enters the kinematics
and the normalization of the Λ DAs. At leading order in αs,
the correlation function is expressed as a convolution of
perturbatively calculable hard-scattering kernels with three-
quark Λ DAs. The light-cone expansion is organized in
contributions of increasing twist. In the present work, we
include all three-quarkΛ DAs from twist 3 up to twist 6. The
explicit definitions of the Λ DAs, together with their
normalization and parameters, are collected in Appendix B.

Substituting the light-cone expansion of the quark-level
matrix elements in terms of Λ DAs into the correlation

functions FðlÞ
5 , FðlÞ

μ , and FðlÞ
μ5 , one can project out the corres-

ponding invariant amplitudes defined in Eqs. (12)–(14). On
the QCD side, these amplitudes are obtained as convolution
integrals of the hard-scattering kernels with the Λ DAs and
depend on the variables ðp − qÞ2 and q2. Each invariant
amplitude admits an independent dispersion representation
in the Λb channel. For a given choice of interpolating
current, the dispersion relations contain pole contributions
from the Λb and Λ�

b states, as well as continuum contri-
butions from higher-mass states. In the case of the vector
and axial-vector transition currents, six linearly indepen-
dent invariant amplitudes arise, leading to six correspond-
ing dispersion relations. The dispersion relations obtained
for the individual invariant amplitudes generally receive
contributions from both the Λb ground state and its
negative-parity excitation Λ�

b. To eliminate the explicit
negative-parity contribution, we form suitable linear com-
binations of invariant amplitudes for which the Λ�

b pole
cancels identically. This cancellation exploits the different
parity structure of the Λb and Λ�

b pole terms, leaving the Λb

ground-state pole together with the higher-state and con-
tinuum contributions.
As an explicit example, for the pseudoscalar transition

current, an appropriate linear combination of the invariant

amplitudes FðlÞ
1 and FðlÞ

2 eliminates the Λ�
b contribution and

leads to the following dispersion relation:

mΛb
ðmΛb

þmΛÞðmΛb
þmΛ�

b
ÞλðlÞΛb

Gðq2Þ
m2

Λb
− ðp − qÞ2 þ

Z
∞

sh
0

ds
ρðlÞ1 ðs; q2Þ − ðmΛ�

b
þmΛÞρðlÞ2 ðs; q2Þ

s − ðp − qÞ2

¼ �
FðlÞ
1 ððp − qÞ2; q2Þ − ðmΛ�

b
þmΛÞFðlÞ

2 ððp − qÞ2; q2Þ�: ð16Þ

The contributions of higher resonances and continuum states in the Λb channel are approximated using semiglobal quark-
hadron duality. Concretely, the higher-state and the continuum contribution in the hadronic dispersion relation is
approximated by the corresponding QCD spectral density above an effective threshold s0,

F. MAHMOUDI and D. MISHRA PHYS. REV. D 114, 073006 (2026)

073006-4



Z
∞

sh
0

ds
ρðlÞ1 ðs; q2Þ − ðmΛ�

b
þmΛÞρðlÞ2 ðs; q2Þ

s − ðp − qÞ2 ≈
1

π

Z
∞

s0

ds
Ims F

ðlÞ
1 ðs; q2Þ − ðmΛ�

b
þmΛÞ Ims F

ðlÞ
2 ðs; q2Þ

s − ðp − qÞ2 ; ð17Þ

where s0 denotes the effective continuum threshold and

Ims F
ðlÞ
1;2 are obtained from the light-cone OPE.

Employing the decomposition of the Λ-baryon matrix
elements in terms of DAs, the invariant amplitudes can be
written as convolution integrals over the momentum
fractions xi. After using the δ-function constraint to
eliminate one variable and performing one trivial integra-
tion, the correlation functions reduce to the form,

FðlÞ
j ¼ mb

4

X3
n¼1

Z
1

0

dx2
TðlÞ
jn ðx2; ðp − qÞ2; q2Þ

Δn ; ð18Þ

with Δ ¼ m2
b − x2ðp − qÞ2 þ x2x̄2m2

Λ − x̄2q2. The inte-
grals can be cast into a dispersion form by introducing
the variable,

sðx2Þ ¼
m2

b − x̄2q2 þ x2x̄2m2
Λ

x2
; ð19Þ

with the inverse transformation,

x2ðsÞ ¼
1

2m2
Λ

h
m2

Λ þ q2 − sþ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðs − q2 −m2

ΛÞ2 þ 4m2
Λðm2

b − q2Þ
q i

: ð20Þ

The above representation provides the QCD input needed for the construction of light-cone sum rules for the Λb → Λ form
factors, which is discussed in the next Section.

IV. LIGHT-CONE SUM RULES FOR Λb → Λ FORM FACTORS

Combining the light-cone OPE of the correlation functions with their hadronic dispersion representations, and applying
quark-hadron duality together with a Borel transformation in theΛb channel, we obtain light-cone sum rules for theΛb → Λ
transition form factors. We collect the resulting expression below. The light-cone sum rule for the pseudoscalar form
factor is,

Gðq2Þ ¼ em
2
Λb

=M2

mΛb
ðmΛb

þmΛÞðmΛb
þmΛ�

b
ÞλðlÞΛb

1

π

Z
s0

m2
b

dse−s=M
2�
ImsF

ðlÞ
1 ðs; q2Þ − ðmΛ�

b
þmΛÞImsF

ðlÞ
2 ðs; q2Þ�: ð21Þ

For the vector transition current, the corresponding linear combination of the invariant amplitudes gives the LCSRs for
the form factors f1;2;3ðq2Þ. They read,

f1ðq2Þ ¼
em

2
Λb

=M2

2mΛb
ðmΛb

þmΛ�
b
ÞλðlÞΛb

1

π

Z
s0

m2
b

dse−s=M
2�ðmΛb

þmΛÞðImsF̃
ðlÞ
1 ðs; q2Þ

− ðmΛ�
b
−mΛÞImsF̃

ðlÞ
2 ðs; q2ÞÞ þ 2ImsF̃

ðlÞ
3 ðs; q2Þ þ 2ðmΛ�

b
−mΛb

ÞImsF̃
ðlÞ
4 ðs; q2Þ�; ð22Þ

f2ðq2Þ ¼
em

2
Λb

=M2

2ðmΛb
þmΛ�

b
ÞλðlÞΛb

1

π

Z
s0

m2
b

dse−s=M
2�
ImsF̃

ðlÞ
1 ðs; q2Þ − ðmΛ�

b
−mΛÞImsF̃

ðlÞ
2 ðs; q2Þ − 2ImsF̃

ðlÞ
4 ðs; q2Þ�; ð23Þ

and

f3ðq2Þ ¼
em

2
Λb

=M2

2ðmΛb
þmΛ�

b
ÞλðlÞΛb

1

π

Z
s0

m2
b

dse−s=M
2�
ImsF̃

ðlÞ
1 ðs; q2Þ − ðmΛ�

b
−mΛÞð2ImsF̃

ðlÞ
6 ðs; q2Þ

þ ImsF̃
ðlÞ
2 ðs; q2ÞÞ þ 2ðImsF̃

ðlÞ
5 ðs; q2Þ þ ImsF̃

ðlÞ
4 ðs; q2ÞÞ�: ð24Þ

Λb → Λ FORM FACTORS FROM LIGHT-CONE … PHYS. REV. D 114, 073006 (2026)

073006-5



The LCSRs for the axial-vector form factors g1ðq2Þ, g2ðq2Þ, and g3ðq2Þ follow from Eqs. (22)–(24) by replacing the vector
invariant amplitudes Ims F̃

ðlÞ
j by their axial-vector counterparts Ims F̄

ðlÞ
j and making the replacement mΛ → −mΛ.

In practice, the transformation of the light-cone expressions into dispersion integrals, the subtraction of continuum
contributions, and the Borel transformation in the Λb channel can be implemented simultaneously through a set of standard
substitution rules. For the structure appearing in Eq. (18), these read,

Z
dx

TðxÞ
Δ

→
Z

1

x0

dx
x
TðxÞ exp

	
−
sðxÞ
M2



;

Z
dx

TðxÞ
Δ2

→
1

M2

Z
1

x0

dx
x2

TðxÞ exp
	
−
sðxÞ
M2



þ Tðx0Þe−s0=M2

m2
b þ x20m

2
Λ − q2

;

Z
dx

TðxÞ
Δ3

→
1

2M4

Z
1

x0

dx
x3

TðxÞ exp
	
−
sðxÞ
M2



þ 1

2M2

Tðx0Þe−s0=M2

x0ðm2
b þ x20m

2
Λ − q2Þ

−
1

2

x20e
−s0=M2

ðm2
b þ x20m

2
Λ − q2Þ

d
dx

	
TðxÞ

xðm2
b þ x2m2

Λ − q2Þ

����

x¼x0

: ð25Þ

Here x0 ≡ xðs0Þ denotes the solution of sðx0Þ ¼ s0, and
TðxÞ represents a generic numerator function arising from
the convolution of hard-scattering kernels with Λ DAs. The
surface terms appearing on the right-hand side originate
from reducing the higher-power denominators, Δ−n with
n ¼ 2, 3, to the standard dispersion representation in
s − ðp − qÞ2.

V. NUMERICAL ANALYSIS

We begin by specifying the numerical values of input
parameters entering the LCSRs. The parameters of the
Λ-baryon DAs are taken from QCD sum-rule analyses and
are summarized in Table I. The explicit definitions and
conventions for the Λ DAs are collected in Appendix B.
The baryon masses are taken from the Particle Data Group
[50]. For the heavy-quark mass entering the correlation
functions, we employ the MS mass scheme, with m̄bðm̄bÞ ¼
4.16� 0.03 GeV [51]. The present LCSRs are evaluated at
leading order in αs. To account for the uncalculated pertur-
bative corrections, we assign an additional 50% relative
uncertainty to each form factor. The size of this estimate is
motivated by the sizable radiative effects found in [47] for
Λb → Λ form factors in a different LCSR formulation. We
treat this contribution as a multiplicative uncertainty fully
correlated in q2 for a given form factor/current combination,

ðCovαsÞij ¼ ð0.50Þ2Fðq2i ÞFðq2jÞ: ð26Þ

No correlation of this missing-perturbative uncertainty is
assumed between different form factors or different inter-
polating currents. For each interpolating current, we use the

corresponding Λb coupling λ
ðlÞ
Λb

obtained from the two-point
QCD sum-rule analysis of Ref. [44], with the numerical
values given in Table I.

The continuum threshold is determined from the corre-
sponding two-point Λb sum rule. We use the Borel window
M2

2pt ¼ ð5� 1Þ GeV2 and find that s0 ¼ ð40� 1Þ GeV2

reproduces the physical Λb mass within approximately 1%
over the adopted region, as shown in Fig. 1(b). The form
factor LCSRs involve a different correlation function and are
evaluated in the separate Borel window M2

LCSR ¼
ð20� 5Þ GeV2. The two Borel parameters therefore need

TABLE I. Numerical inputs used in the form-factor LCSRs and
in the illustrative differential branching-fraction calculation. The
Borel parameter quoted here is the form-factor LCSR parameter
M2

LCSR ≡M2; the distinct two-point-sum-rule window used to
determine s0 is specified in the text.

Parameter Value(s) Reference(s)

GF 1.1663787ð6Þ × 10−5 GeV−2 [50]
α−1em 137.035999084(21) [50]
jVtbV�

tsj 0.0405� 0.0008 [50]
τΛb ð1.470� 0.009Þ × 10−12 s [50]
mW ð80.37� 0.01Þ GeV [50]
mt ð172.6� 0.3Þ GeV [50]
fΛ ð6.0� 0.3Þ × 10−3 GeV2 [52]
λ1 ð1.0� 0.3Þ × 10−2 GeV2 [52]
λ2 ð0.83� 0.05Þ × 10−2 GeV2 [52]
λ3 ð0.83� 0.05Þ × 10−2 GeV2 [52]
mΛ 1.115 GeV [50]
mΛb

5.620 GeV [50]
mΛ�

b
5.912 GeV [50]

λPΛb
ð0.0109� 0.0031Þ GeV2 [44]

λAΛb
ð0.0127� 0.0034Þ GeV2 [44]

λIΛb
ð0.022� 0.0049Þ GeV2 [44]

M2 ð20� 5Þ GeV2 [see text]
s0 40� 1 GeV2 [see text]
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not coincide. Within this window, the form factors exhibit
only a mild dependence onM2

LCSR; Fig. 1(a) shows f1ð0Þ for
the pseudoscalar interpolating current as a representative
example. We find analogous Borel stability for the remaining
form factors and for all three interpolating currents.
To assess the dependence on the choice of Λb inter-

polating current, we evaluate the form factors using the
pseudoscalar, axial-vector, and Ioffe currents. The results
are shown in Table II. For each case, the corresponding

coupling λðlÞΛb
is sampled from the input given in Table I. All

three choices lead to numerically stable LCSRs within the
same Borel and continuum-threshold windows. The central
values nevertheless show a noticeable dependence on the
interpolating current. Among the three choices, the pseu-
doscalar current gives the closest agreement with the
expected EOM and HQS relations, while larger deviations
are found for the axial-vector and Ioffe currents. Once the
additional uncertainty associated with the missing pertur-
bative corrections is included, the enlarged uncertainties
substantially weaken the discriminating power of the EOM/

HQS relations, and no statistically significant current
selection can be made at the present accuracy. For the
subsequent presentation of the q2 dependence and the
phenomenological application, we use the pseudoscalar-
current results. This choice is motivated by their closer
agreement with the symmetry and EOM expectations at the
level of central values and should not be interpreted as an
exclusion of the axial-vector or Ioffe currents.
Since the perturbative OðαsÞ corrections to the present

LCSRs have not been calculated, the current dependence
observed at leading order should not be overinterpreted. The
additional uncertainty introduced above provides a
conservative estimate of this missing perturbative effect.
A calculation of the radiative corrections within the present
LCSR framework would be required for a more quantitative
assessment of the residual interpolating current dependence.
As a cross-check of the implementation, we replace theΛ

baryon and its DAs by the corresponding proton quantities.
In this setup,we reproduce the nucleonLCSR results of [44],
providing an independent check of the analytical expres-
sions and their numerical implementation.
To examine the numerical hierarchy of the light-cone

expansion, we separate the twist-3, twist-4, twist-5, and
twist-6 contributions at q2 ¼ 0 for the pseudoscalar interpo-
lating current. The results are given in Table III. The hierarchy
is not monotonic in twist: twist 4 dominatesG, f1, f2, and g1,
whereas the twist-5 contribution is particularly important for
g2 and is also non-negligible for f2. The twist-3 terms are
numerically small in this decomposition. In all cases the twist-
6 contribution is strongly suppressed. We have also checked
the correspondingdecomposition for the axial-vector and Ioffe
interpolating currents. The relative sizes of the lower-twist
terms depend on the choice of current and form factor, while
the twist-6 contribution remains numerically small.
The entries in Table III are evaluated at fixed central inputs

and therefore should not be identified with the medians
quoted in Table II, which are obtained from the full parameter

FIG. 1. (a) Dependence of f1ð0Þ on the form factor Borel parameter M2
LCSR for the pseudoscalar interpolating current. (b) Λb mass

extracted from the two-point sum rule in the ðs0;M2
2ptÞ plane. The central contour corresponds to the experimental mass, the adjacent

contours delimit the �1% region, and the rectangle indicates the adopted range.

TABLE II. Λb → Λ form factors at q2 ¼ 0 obtained with the
pseudoscalar, axial-vector, and Ioffe interpolating currents. The
central values correspond to the medians of the sampled dis-
tributions, and the quoted uncertainties denote the intervals
between the 16th and 84th percentiles. They include the LCSR
input uncertainties together with the additional correlated 50%
estimate of the missing perturbative corrections.

Form factor ηðPÞ ηðAÞ ηðIÞ

Gð0Þ 0.085þ0.053
−0.047 0.023þ0.018

−0.016 −0.099þ0.052
−0.055

f1ð0Þ 0.096þ0.060
−0.053 0.046þ0.029

−0.025 0.105þ0.061
−0.056

f2ð0Þ −0.034þ0.019
−0.021 0.023þ0.015

−0.013 0.083þ0.048
−0.044

g1ð0Þ 0.095þ0.059
−0.052 0.053þ0.034

−0.029 −0.058þ0.031
−0.035

g2ð0Þ −0.014þ0.008
−0.009 −0.062þ0.034

−0.039 −0.006þ0.007
−0.008
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scan.We do not assign separate uncertainties to the individual
twist contributions, since they depend on common input
parameters and are correlated. Their signed sum reproduces
the fixed-input total shown in the last column.
The LCSRs derived in Sec. IV determine the form

factors f1;2;3ðq2Þ and g1;2;3ðq2Þ in the Dirac basis. For
phenomenological applications and comparison with lat-
tice-QCD results, we transform them to helicity basis. For
massless leptons, only fþ, f⊥, gþ, and g⊥ contribute to the
vector and axial-vector helicity amplitudes [53,54]. Their
relation to the Dirac-basis form factors is

fþðq2Þ ¼ f1ðq2Þ −
q2

mΛb
ðmΛb

þmΛÞ
f2ðq2Þ; ð27Þ

f⊥ðq2Þ ¼ f1ðq2Þ −
ðmΛb

þmΛÞ
mΛb

f2ðq2Þ; ð28Þ

gþðq2Þ ¼ g1ðq2Þ þ
q2

mΛb
ðmΛb

−mΛÞ
g2ðq2Þ; ð29Þ

g⊥ðq2Þ ¼ g1ðq2Þ þ
ðmΛb

−mΛÞ
mΛb

g2ðq2Þ: ð30Þ

The remaining timelike helicity form factors, which involve
f3ðq2Þ and g3ðq2Þ, do not contribute in the massless-lepton
limit considered here.
Figure 2 shows the helicity form factors obtained from

the pseudoscalar-current LCSRs. The solid curves denote
the median values and the bands the corresponding central
68% intervals, including the additional uncertainty asso-
ciated with missing perturbative corrections. To parame-
trize their q2 dependence, we employ the truncated z
expansion [55]

Fðq2Þ ¼ 1

1 − q2=M2
F

XK
n¼0

aðFÞn zðq2Þn;

zðq2Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
tþ − q2

p
−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
tþ − t0

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
tþ − q2

p
þ ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

tþ − t0
p ; ð31Þ

where t0 ¼ ðmΛb
−mΛÞ2 and tþ ¼ ðmB þmKÞ2. The same

definition of zðq2Þ is used both in determining the fit
coefficients and in all subsequent evaluations of the fitted
form factors. The pole masses are chosen asMfþ ¼ Mf⊥ ¼
5.416 GeV and Mgþ ¼ Mg⊥ ¼ 5.750 GeV, following the
conventions adopted in lattice-QCD analyses [53]. We
retain terms through z2 (K ¼ 2); the resulting coefficients
are listed in Table IV.
The LCSR uncertainties are obtained by Monte Carlo

sampling of the input parameters listed in Table I. For each
sampled parameter set, the complete sum rule is evaluated
at the chosen q2 points. We quote the median as the central
value and the central 68% interval as the uncertainty.
Correlations among the different q2 points are retained
in the subsequent z-expansion fits. For each form-factor/
current block, the estimate of the missing perturbative
correction is added as the correlated rank-one covariance
contribution defined above.
For comparison with previous LCSR determinations,

Table V collects the helicity form factors fþð0Þ and gþð0Þ
from two representative calculations. At q2 ¼ 0, these
coincide with f1ð0Þ and g1ð0Þ in our conventions, which
avoids ambiguities associated with the definitions and sign
conventions of the subleading form factors.
The present results are somewhat lower in central value

than the two previous determinations, but are compatible
with them within the quoted uncertainties. The comparison
also illustrates the residual dependence of baryonic LCSR
predictions on the choice of correlation function, distribu-
tion amplitudes, and perturbative treatment.

A. Combined LCSR and lattice-QCD
form factors for Λb → Λ

To obtain a common parametrization of the Λb → Λ
form factors over the physical kinematic range, we perform
a combined fit to the LCSR results at large recoil and the
lattice-QCD results near zero recoil. The two calculations
provide complementary information in well-separated kin-
ematic regions. Figure 3 compares the LCSR and lattice-
QCD determinations before imposing a common para-
metrization. We subsequently fit both sets of inputs
simultaneously using the z-expansion of Eq. (31), shown
in Fig. 4.
For each helicity form factor, the fit uses the four LCSR

points q2 ¼ f−8;−4;−2; 0g GeV2 and the four lattice-
QCD points q2 ¼ f13; 15; 17; 19g GeV2. We retain the
K ¼ 2 truncation of Eq. (31). The LCSR covariance
includes the additional missing-perturbative contribution
described above, while the lattice-QCD covariance is taken
from [53]. The resulting coefficients and correlation matri-
ces are provided in the ancillary files. The combined fit is
used here to provide a common parametrization and to
compare the LCSR and lattice-QCD determinations. For
the phenomenological illustration in Sec. V B, we instead

TABLE III. Individual twist-3, twist-4, twist-5, and twist-6
contributions to the Λb → Λ form factors at q2 ¼ 0 for the
pseudoscalar interpolating current, evaluated at the central input
values with mΛ�

b
¼ 5.912 GeV. The entries are signed contribu-

tions, and their sum gives the total in the last column.

Form
factor Twist-3 Twist-4 Twist-5 Twist-6 Total

Gð0Þ 0.00021 0.09292 −0.00964 0.00031 0.08381
f1ð0Þ 0.00020 0.09573 −0.00179 0.00030 0.09444
f2ð0Þ −0.00012 −0.04356 0.01049 −0.00018 −0.03336
g1ð0Þ 0.00020 0.09333 −0.00060 0.00030 0.09323
g2ð0Þ −0.00012 −0.00495 −0.00868 −0.00018 −0.01392
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retain the pseudoscalar current LCSR determination of the
vector and axial-vector form factors, in order to display
directly the uncertainty of the LCSR calculation presented
in this work.

B. Differential branching fraction for Λb → Λl+l−
We now consider the differential branching fraction for

Λb → Λlþl− as an illustrative application of the form

factors obtained above. We restrict the discussion to the
low-q2 region, where the LCSR calculation is directly
applicable.
For the vector and axial-vector contributions we use the

pseudoscalar current LCSR helicity form factors fþ, f⊥,
gþ, and g⊥. Since tensor form factors are not calculated in
the present LCSR analysis, we use the lattice-QCD results
of [53] for hþ, h⊥, h̃þ, and h̃⊥. The resulting branching-
fraction calculation is therefore intended as an illustrative

FIG. 2. Helicity form factors fþ, f⊥, gþ, and g⊥ for the Λb → Λ transition obtained from the pseudoscalar-current LCSRs. The solid
lines denote the median values, while the shaded bands represent the total LCSR uncertainties, including the correlated estimate of
missing OðαsÞ corrections.

TABLE IV. Coefficients of the K ¼ 2 z expansion for the
helicity form factors obtained from the pseudoscalar-current
LCSRs. The quoted uncertainties include the LCSR input
uncertainties and the correlated 50% estimate of missing pertur-
bative corrections. The corresponding coefficient correlation
matrices are provided in the ancillary material.

Form
factor a0 a1 a2

fþ 0.625� 0.405 −3.671� 2.378 6.159� 3.986
f⊥ 1.409� 0.910 −9.348� 6.040 16.889� 10.920
gþ 0.439� 0.284 −2.352� 1.523 3.904� 2.526
g⊥ 0.439� 0.284 −2.453� 1.588 4.130� 2.673

TABLE V. Comparison of fþð0Þ and gþð0Þ with representative
LCSR determinations. Reference [42] employs light-Λ DAs
through twist 6, whereas [47] uses Λb DAs and includes
perturbative/NLL corrections. For [47], the uncertainty shown
here is obtained by combining the separately quoted theory
uncertainties in quadrature. The uncertainties of the present work
include the additional estimate of missing OðαsÞ corrections.
LCSR setup fþð0Þ gþð0Þ Ref.

Λ DAs, twist 3–6 0.096þ0.060
−0.053 0.095þ0.059

−0.052 This work
Λ DAs, twist 3–6 0.150þ0.020

−0.020 0.150þ0.020
−0.020 [42]

Λb DAs, NLL 0.18þ0.05
−0.06 0.18þ0.05

−0.06 [47]
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phenomenological application rather than a self-contained
SM prediction.
For the numerical evaluation we use the massless-lepton

expression given in Appendix D. The Wilson coefficients
are evaluated at μb ¼ 4.8 GeV [56–58]. In particular,
we use

Ceff
7 ¼ −0.304; C9 ¼ 4.211; C10 ¼ −4.103;

together with

C1 ¼ −0.257; C2 ¼ 1.009; C3 ¼ −0.005;

C4 ¼ −0.078; C5 ¼ 0.000; C6 ¼ 0.001:

The coefficient entering the vector semileptonic amplitude
is taken as q2 dependent,

Ceff
9 ðq2Þ ¼ C9ðμbÞ þ Yðq2; μbÞ; ð32Þ

where Yðq2; μbÞ denotes the standard perturbative
contribution generated by the four-quark operators. We
evaluate the corresponding loop functions using

m̄cðm̄cÞ ¼ 1.275 GeV. The remaining numerical inputs
entering the decay rate are collected in Table I. The
z-expanded form factors are evaluated using the same
conformal mapping as in Eq. (31), with tþ ¼ ðmB þ
mKÞ2 and t0 ¼ ðmΛb

−mΛÞ2, consistently with the map-
ping used to determine the corresponding z-expansion
coefficients. The form factor uncertainties are propagated
to the differential branching fraction by Monte Carlo
sampling. The LCSR covariance includes the correlated
50% estimate of missing perturbative corrections described
above, while the lattice tensor form factor uncertainties are
propagated from their corresponding covariance. No addi-
tional perturbative uncertainty is introduced at the level of
the decay rate. At each value of q2, we quote the median of
the resulting dB=dq2 distribution as the central prediction
and the interval between the 16th and 84th percentiles.
We stress that the perturbative contribution Yðq2; μbÞ

included in Ceff
9 ðq2Þ is distinct from genuinely nonlocal

hadronic contributions associated with time-ordered prod-
ucts of the electromagnetic current and the effective weak
Hamiltonian. These effects are not calculated in the present
work and can modify both the normalization and q2

FIG. 3. Comparison of helicity form factors fþðq2Þ, gþðq2Þ, f⊥ðq2Þ, and g⊥ðq2Þ from LCSR (low q2) and lattice-QCD (high q2),
shown as independent determinations with their respective uncertainty bands. This figure serves as an input-level cross-check prior to
the combined fit.
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dependence of the decay amplitude. Accordingly, Fig. 5
should be regarded as an illustrative prediction based on the
local form factors and perturbative short-distance contri-
butions, rather than a complete SM prediction.
Figure 5 shows the resulting differential branching

fraction together with the LHCb measurements. Within
the sizable form-factor uncertainties, the comparison pro-
vides an indication of the phenomenological impact of the

LCSR vector and axial-vector form factors. In view of the
external tensor input and the omission of nonlocal hadronic
contributions, no precision comparison with the experi-
mental spectrum is attempted here. A fully self-contained
phenomenological analysis would require tensor form
factors and nonlocal hadronic contributions within a
common framework and is left for future work.

VI. SUMMARY AND DISCUSSION

In this work, we have derived light-cone sum rules for
the Λb → Λ form factors induced by pseudoscalar, vector,
and axial-vector b → s currents, using vacuum-to-Λ cor-
relation functions and three-quark Λ-baryon DAs up to
twist 6. The resulting sum rules are valid at leading order in
the strong coupling and provide a systematic framework for
studying heavy-to-light baryonic transitions at low momen-
tum transfer, while radiative αs corrections are left for
future study. A central element of the construction is the
explicit inclusion of the negative-parity Λ�

bð1=2−Þ state in
the hadronic representation. Suitable linear combinations of
the invariant amplitudes are used to eliminate the Λ�

b pole
contribution from the resulting sum rules.
We have considered pseudoscalar, axial-vector, and Ioffe

interpolating currents for the Λb baryon. All three choices
lead to numerically stable LCSRs in the adopted Borel and
continuum-threshold windows. At the level of central
values, the pseudoscalar current gives the closest agreement

FIG. 4. Helicity form factors fþ, f⊥, gþ, and g⊥ in the low-q2 region obtained from the combined LCSR+lattice-QCD fit. The solid
curves denote the fitted central values and the shaded bands the corresponding fit uncertainties. The LCSR contribution to the fit
covariance includes the correlated estimate of missing perturbative corrections.

FIG. 5. Illustrative differential branching fraction dB=dq2 for
the decay Λb → Λlþl− in the low-q2 region. The solid line
denotes the median prediction, and the shaded band represents
the propagated LCSR and lattice-QCD form factor uncertainties.
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with the expected EOM and HQS relations, while larger
deviations are obtained for the axial-vector and Ioffe
currents. Once the uncertainty associated with the missing
perturbative corrections is included, however, these
differences the enlarged uncertainties substantially weaken
the discriminating power of the EOM/HQS relations, and
the present analysis does not allow a statistically significant
current selection.
For the pseudoscalar current, the twist decomposition

shows that the numerical hierarchy of the individual
contributions is not monotonic, while the twist-6 contri-
bution is small for all form factors considered. The
resulting vector and axial-vector form factors are trans-
formed to the helicity basis and parametrized using a
truncated z expansion. We have also compared the
LCSR results with lattice-QCD determinations and con-
structed a common z parametrization using low-q2 LCSR
and high-q2 lattice inputs.
As an illustrative phenomenological application, we

have evaluated the low-q2 differential branching fraction
for Λb → Λlþl−. For this purpose, the vector and axial-
vector form factors are taken from the pseudoscalar-current
LCSRs, while the tensor form factors are taken from lattice
QCD. The perturbative four-quark contribution is included
through Ceff

9 ðq2Þ, whereas genuine nonlocal hadronic con-
tributions are not calculated. The resulting branching
fraction prediction should therefore be viewed as an
illustration of the phenomenological impact of the LCSR
form factors rather than as a complete SM prediction. A
calculation of perturbative corrections to the present
LCSRs, together with a determination of the tensor form
factors and nonlocal hadronic contributions within a

consistent framework, would provide a natural extension
of the present analysis.
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APPENDIX A: INVARIANT AMPLITUDES

In this Appendix we collect the explicit expressions for
the invariant amplitudes entering the hadronic representa-
tion of the correlation functions with vector and axial-
vector weak transition currents. They are obtained by
inserting complete sets of intermediate Λb and Λ�

b states
into the correlation functions and expressing the resulting
matrix elements in terms of the transition form factors
defined in Sec. II. The formulas given below are used to
construct the hadronic dispersion relations and to identify
the structures entering the light-cone sum rules.
For the vector transition current, the hadronic represen-

tation of the correlation functionFðlÞ
μ ðp; qÞ can be written in

terms of six independent Lorentz structures, whose coef-
ficients are expressed through the vector form factors
fiðq2Þ and f̂iðq2Þ associated with the Λb and Λ�

b inter-
mediate states, respectively,

FðlÞ
μ ðp; qÞ ¼ λðlÞΛb

mΛb

m2
Λb

− ðp − qÞ2
�
2f1ðq2Þpμ − 2

f2ðq2Þ
mΛb

pμ=qþ ðmΛb
−mΛÞ

	
f1ðq2Þ −

mΛb
þmΛ

mΛb

f2ðq2Þ


γμ

þ
	
f1ðq2Þ −

mΛb
þmΛ

mΛb

f2ðq2Þ


γμ=qþ

	
−2f1ðq2Þ þ

mΛb
þmΛ

mΛb

ðf2ðq2Þ þ f3ðq2ÞÞ


qμ

þ 1

mΛb

ðf2ðq2Þ − f3ðq2ÞÞqμ=q
�
uΛðpÞ þ

λðlÞΛ�
b
mΛ�

b

m2
Λ�
b
− ðp − qÞ2

�
−2f̂1ðq2Þpμ þ 2

f̂2ðq2Þ
mΛ�

b

pμ=q

þ ðmΛ�
b
þmΛÞ

	
f̂1ðq2Þ þ

mΛ�
b
−mΛ

mΛ�
b

f̂2ðq2Þ


γμ −

	
f̂1ðq2Þ þ

mΛ�
b
−mΛ

mΛ�
b

f̂2ðq2Þ


γμ=q

þ
	
2f̂1ðq2Þ þ

mΛ�
b
−mΛ

mΛ�
b

ðf̂2ðq2Þ þ f̂3ðq2ÞÞ


qμ −

1

mΛ�
b

ðf̂2ðq2Þ − f̂3ðq2ÞÞqμ=q
�
uΛðpÞ

þ
Z

∞

sh
0

ds
s − ðp − qÞ2 ðρ̃

ðlÞ
1 ðs; q2Þpμ þ ρ̃ðlÞ2 pμ=qþ ρ̃ðlÞ3 γμ þ ρ̃ðlÞ4 γμ=qþ ρ̃ðlÞ5 qμ þ ρ̃ðlÞ6 qμ=qÞuΛðpÞ: ðA1Þ

In Eq. (A1), the first term corresponds to the ground-state Λb pole, while the second term arises from the negative-parity

excited state Λ�
b. The couplings λðlÞΛb

and λðlÞΛ�
b
are defined in Eqs. (6) and (10), respectively, while ρ̃ðlÞi ðs; q2Þ denotes the

higher-state and continuum spectral density in the corresponding Lorentz structure.
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For the axial-vector transition current, the corresponding hadronic representation reads

FðlÞ
μ5ðp; qÞ ¼

λðlÞΛb
mΛb

m2
Λb

− ðp − qÞ2
�
2g1ðq2Þpμ − 2

g2ðq2Þ
mΛb

pμ=qþ ðmΛb
−mΛÞ

	
g1ðq2Þ −

mΛb
þmΛ

mΛb

g2ðq2Þ


γμ

þ
	
g1ðq2Þ −

mΛb
þmΛ

mΛb

g2ðq2Þ


γμ=qþ

	
−2g1ðq2Þ þ

mΛb
þmΛ

mΛb

ðg2ðq2Þ þ g3ðq2ÞÞ


qμ

þ 1

mΛb

ðg2ðq2Þ − g3ðq2ÞÞqμ=q
�
γ5uΛðpÞ þ

λðlÞΛ�
b
mΛ�

b

m2
Λ�
b
− ðp − qÞ2

�
−2ĝ1ðq2Þpμ þ 2

ĝ2ðq2Þ
mΛ�

b

pμ=q

þ ðmΛ�
b
þmΛÞ

	
ĝ1ðq2Þ þ

mΛ�
b
−mΛ

mΛ�
b

ĝ2ðq2Þ


γμ −

	
ĝ1ðq2Þ þ

mΛ�
b
−mΛ

mΛ�
b

ĝ2ðq2Þ


γμ=q

þ
	
2ĝ1ðq2Þ þ

mΛ�
b
−mΛ

mΛ�
b

ðĝ2ðq2Þ þ ĝ3ðq2ÞÞ


qμ −

1

mΛ�
b

ðĝ2ðq2Þ − ĝ3ðq2ÞÞqμ=q
�
γ5uΛðpÞ

þ
Z

∞

sh
0

ds
s − ðp − qÞ2 ðρ̄

ðlÞ
1 ðs; q2Þpμ þ ρ̄ðlÞ2 pμ=qþ ρ̄ðlÞ3 γμ þ ρ̄ðlÞ4 γμ=qþ ρ̄ðlÞ5 qμ þ ρ̄ðlÞ6 qμ=qÞγ5uΛðpÞ: ðA2Þ

Here, giðq2Þ and ĝiðq2Þ denote the axial-vector form factors for the Λb and Λ�
b transitions, respectively. The Lorentz

decomposition is chosen such that the coefficients of the Dirac structures can be directly matched to the invariant amplitudes
introduced in Sec. II. As in the vector case, the last term represents the contribution of higher-mass states and the continuum,
encoded in the corresponding spectral densities. In Eqs. (A1) and (A2), the denominators multiplying f̂2 and ĝ2 in the γμ=q
structures are mΛ�

b
. This follows from the definitions of the negative-parity transition form factors, in which the

corresponding Pauli-type terms are normalized by the mass of the negative-parity state, and is consistent with the other f̂2;3
and ĝ2;3 terms in the same pole contributions.

APPENDIX B: LIGHT CONE DISTRIBUTION AMPLITUDES

In this Appendix we summarize the definitions and conventions for the three-quark LCDAs of the Λ baryon used in the
light-cone OPE. They are defined through vacuum-to-Λ matrix elements of nonlocal three-quark operators near the light
cone. We follow the conventions of [3,52],

4h0jϵijkuiαða1zÞsjβða2zÞdkγða3zÞjΛðpÞi
¼ S1mΛCαβðγ5uΛÞγ þ S2m2

ΛCαβðzγ5uΛÞγ þ P1mΛðγ5CÞαβðuΛÞγ
þ P2m2

Λðγ5CÞαβðzuΛÞγ þ V1ð=pCÞαβðγ5uΛÞγ þ V2mΛð=pCÞαβðzγ5uΛÞγ þ V3mΛðγμCÞαβðγμγ5uΛÞγ
þ V4m2

ΛðzCÞαβðγ5uΛÞγ þ V5m2
ΛðγμCÞαβðiσμνzνγ5uΛÞγ þ V6m3

ΛðzCÞαβðzγ5uΛÞγ
þA1ð=pγ5CÞαβðuΛÞγ þA2mΛð=pγ5CÞαβðzuΛÞγ þA3mΛðγμγ5CÞαβðγμuΛÞγ
þA4m2

Λðzγ5CÞαβðuΛÞγ þA5m2
Λðγμγ5CÞαβðiσμνzνuΛÞγ þA6m3

Λðzγ5CÞαβðzuΛÞγ
þ T 1ðpνiσμνCÞαβðγμγ5uΛÞγ þ T 2mΛðzμpνiσμνCÞαβðγ5uΛÞγ þ T 3mΛðσμνCÞαβðσμνγ5uΛÞγ
þ T 4mΛðpνσμνCÞαβðσμρzργ5uΛÞγ þ T 5m2

ΛðzνiσμνCÞαβðγμγ5uΛÞγ þ T 6m2
ΛðzμpνiσμνCÞαβðzγ5uΛÞγ

þ T 7m2
ΛðσμνCÞαβðσμνzγ5uΛÞγ þ T 8m3

ΛðzνσμνCÞαβðσμρzργ5uΛÞγ: ðB1Þ

Here zμ is a lightlike vector ðz2 ¼ 0Þ, C denotes the charge-conjugation matrix, and α, β, γ are Dirac indices. The invariant
functions S1;2, P1;2, V1;…;6, A1;…;6, T 1;…;8 depend on the longitudinal momentum fractions of the constituent quarks
and encode the nonperturbative structure of the Λ baryon. The invariant functions are represented in momentum-fraction
space as

Mða1; a2; a3; ðp · zÞÞ ¼
Z

dx1dx2dx3δð1 − x1 − x2 − x3Þe−iðp·zÞ
P

i
xiaiMðxiÞ: ðB2Þ
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The variables xi denote the longitudinal momentum
fractions carried by the three quarks and satisfy
inside the Λ baryon, satisfying x1 þ x2 þ x3 ¼ 1.
In the present calculation we choose the light-cone con-
figuration a1 ¼ a3 ¼ 0; a2 ¼ 1, corresponding to the
strange quark located at position z. The relations between

the invariant functions in (B1) and the corresponding
momentum-space functions entering (B2) are collected
in Table VI.
The explicit expressions for the Λ-baryon LCDAs up to

twist 6 used in this work are listed below.
Twist-3 DAs,

V1 ¼ 0; A1 ¼ −120x1x2x3ϕ0
3; T1 ¼ 0: ðB3Þ

Twist-4 DAs,

S1 ¼ 6x3ð1 − x3Þðξ04 þ ξ0
0

4 Þ; P1 ¼ 6ð1 − x3Þðξ04 − ξ0
0

4 Þ; V2 ¼ 0;

V3 ¼ 12ðx1 − x2Þx3ψ0
4; A2 ¼ −24x1x2ϕ0

4; A3 ¼ −12x3ð1 − x3Þψ0
4;

T2 ¼ 0; T3 ¼ 6x3ðx2 − x1Þð−ξ04 þ ξ0
0
4 Þ; T7 ¼ −6x3ðx1 − x2Þðξ04 þ ξ0

0
4 Þ: ðB4Þ

Twist-5 DAs,

S2 ¼
3

2
ðx1 þ x2Þðξ05 þ ξ0

0
5 Þ; P2 ¼

3

2
ðx1 þ x2Þðξ05 − ξ0

0
5 Þ; V4 ¼ 3ðx2 − x1Þψ0

5;

V5 ¼ 0; A4 ¼ −3ð1 − x3Þψ0
5; A5 ¼ −6x3ϕ0

5; T4 ¼ −
3

2
ðx1 − x2Þðξ05 þ ξ0

0
5 Þ;

T5 ¼ 0; T8 ¼ −
3

2
ðx1 − x2Þðξ05 − ξ0

0
5 Þ: ðB5Þ

Twist-6 DAs,

V6 ¼ 0; A6 ¼ −2ϕ0
6; T6 ¼ 0: ðB6Þ

The lowest conformal coefficients entering these DAs are related to the nonperturbative parameters fΛ, λ1, λ2, and λ3 by

ϕ0
3 ¼ ϕ0

6 ¼ −fΛ; ϕ0
4 ¼ ϕ0

5 ¼ −
1

2
ðfΛ þ λ1Þ;

ψ0
4 ¼ ψ0

5 ¼ −
1

2
ðfΛ − λ1Þ; ξ04 ¼ ξ05 ¼ ðλ2 þ λ3Þ; ξ0

0
4 ¼ ξ0

0
5 ¼ ðλ3 − λ2Þ: ðB7Þ

TABLE VI. Relations between the invariant functions appearing in (B1) and the corresponding momentum-space functions defined
in (B2).

M Integrand on rhs of (B2) M Integrand on rhs of (B2)

S1 S1 2ðp · zÞS2 S1 − S2
P1 P1 2ðp · zÞP2 P2 − P1

V1 V1 2ðp · zÞV2 V1 − V2 − V3

2V3 V3 4ðp · zÞV4 −2V1 þ V3 þ V4 þ 2V5

4ðp · zÞV5 V4 − V3 4ðp · zÞ2V6 −V1 þ V2 þ V3 þ V4 þ V5 − V6

A1 A1 2ðp · zÞA2 −A1 þ A2 − A3

2A3 A3 4ðp · zÞA4 −2A1 − A3 − A4 þ 2A5

4ðp · zÞA5 A3 − A4 4ðp · zÞ2A6 A1 − A2 þ A3 þ A4 − A5 þ A6

T 1 T1 2ðp · zÞT 2 T1 þ T2 − 2T3

2T 3 T7 2ðp · zÞT 4 T1 − T2 − 2T7

2ðp · zÞT 5 −T1 þ T5 þ 2T8 4ðp · zÞ2T 6 2T2 − 2T3 − 2T4 þ 2T5 þ 2T7 þ 2T8

4ðp · zÞT 7 T7 − T8 4ðp · zÞ2T 8 −T1 þ T2 þ T5 − T6 þ 2T7 þ 2T8
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For compactness, we use the following combinations of Λ-baryon DAs:

S12 ¼ S1 − S2; P21 ¼ P2 − P1;

V1345 ¼ −2V1 þ V3 þ V4 þ 2V5; V43 ¼ V4 − V3;

V123456 ¼ −V1 þ V2 þ V3 þ V4 þ V5 − V6; V123 ¼ V1 − V2 − V3;

A1345 ¼ −2A1 − A3 − A4 þ 2A5; A34 ¼ A3 − A4;

A123456 ¼ A1 − A2 þ A3 þ A4 − A5 þ A6; A123 ¼ −A1 þ A2 − A3;

T78 ¼ T7 − T8; T123 ¼ T1 þ T2 − 2T3;

T234578 ¼ 2T2 − 2T3 − 2T4 þ 2T5 þ 2T7 þ 2T8; T127 ¼ T1 − T2 − 2T7;

T125678 ¼ −T1 þ T2 þ T5 − T6 þ 2T7 þ 2T8; T158 ¼ −T1 þ T5 þ 2T8: ðB8Þ

These DAs enter the light-cone sum rules through convolution integrals with the perturbatively calculable hard-scattering
kernels, as described in Sec. III.
We further introduce the integrated DAs

M̃ðx2Þ ¼
Z

1−x2

0

dx1Mðx1; x2; 1 − x1 − x2Þ;

˜̃Mðx2Þ ¼
Z

x2

1

dx02

Z
1−x0

2

0

dx1Mðx1; x02; 1 − x1 − x02Þ;
˜̃̃
Mðx2Þ ¼

Z
x2

1

dx02

Z
x0
2

1

dx002

Z
1−x00

2

0

dx1Mðx1; x002; 1 − x1 − x002Þ: ðB9Þ

These definitions arise when partial integrations in x2 are
used to remove explicit factors of 1=p · z from the light-
cone expressions.

APPENDIX C: QCD REPRESENTATION
OF CORRELATION FUNCTIONS

In this Appendix we collect the QCD representations of
the invariant amplitudes entering the light-cone sum rules
for the Λb → Λ form factors. The expressions follow from
the light-cone OPE described in Sec. III and are written in
terms of convolution integrals of hard-scattering kernels
with Λ-baryon LCDAs.

1. Pseudoscalar transition current

For the pseudoscalar weak transition current

j5 ¼ mbs̄iγ5b, the invariant amplitudes FðlÞ
j ððp − qÞ2; q2Þ

are written in the form of Eq. (18) with coefficient functions

TðlÞ
jn . The expressions below are given for the pseudoscalar

(P) and axial-vector (A) interpolating currents of the Λb
baryon. For the Ioffe current, the corresponding expres-
sions are considerably lengthier and are implemented
directly in the Mathematica notebook used for the numeri-
cal analysis.

(i) The pseudoscalar interpolating current,

TðPÞ
11 ¼ mΛ

2

�ðmb − xmΛÞΦðPÞ
1 −mΛΦ

ðPÞ
2

�
;

TðPÞ
12 ¼ −

m2
Λ
2

�
mbðmb − xmΛÞΦðPÞ

2 þ 2xm2
ΛΦ

ðPÞ
3

�
;

TðPÞ
13 ¼ 2m3

Λm
2
bðmb − xmΛÞΦðPÞ

3 ;

TðPÞ
21 ¼−

mΛ

2
ΦðPÞ

1 ; TðPÞ
22 ¼m2

Λ
2
ðmbΦ

ðPÞ
2 −2mΛΦ

ðPÞ
3 Þ;

TðPÞ
23 ¼−2m3

Λm
2
bΦ

ðPÞ
3 ; ðC1Þ

where the functions ΦðPÞ
i in the above equations are,

ΦðPÞ
1 ¼ 2Ã1 þ 4Ã3 þ 2Ã123 þ 2P̃1 þ 2S̃1 þ 6T̃1 − 12T̃7 − T̃123 − 5T̃127 − 2Ṽ1 þ 4Ṽ3 þ 2Ṽ123;

ΦðPÞ
2 ¼ 3 ˜̃A34 þ 2 ˜̃A123 − ˜̃A1345 − 2 ˜̃P21 þ 2 ˜̃S12 − 12 ˜̃T78 − 2 ˜̃T123 − 4 ˜̃T127 − 6 ˜̃T158 þ ˜̃T234578 − 3 ˜̃V43 þ 2 ˜̃V123 þ ˜̃V1345;

ΦðPÞ
3 ¼ ˜̃̃

A123456 − 3
˜̃̃
T125678 þ ˜̃̃

T234578 þ ˜̃̃
V123456:
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Here the shorthand notations M̃; ˜̃M, and
˜̃̃
M (where, M∈ fS; P; V; A; Tg) denote the integrated Λ-baryon DAs defined in

Eq. (B9).
(ii) The axial-vector interpolating current,

TðAÞ
11 ¼ 2

m2
b − q2

x
ΦðAÞ

1 þ xm2
Λ
�
2ΦðAÞ

1 þΦðAÞ
2

�þmΛmbΦ
ðAÞ
3 þm2

Λ

�
ΦðAÞ

4 þ 2ΦðAÞ
5

x

�
;

TðAÞ
12 ¼ −m2

Λ

�
2ðx2m2

Λ − q2ÞΦðAÞ
6 þ xmΛmbΦ

ðAÞ
7 þm2

bΦ
ðAÞ
8 − 2

q2 þm2
b

x
ΦðAÞ

5 þ 2xm2
ΛΦ

ðAÞ
9

�
;

TðAÞ
13 ¼ 4

m2
Λ
x

�
m2

bðq2 −m2
bÞΦðAÞ

5 − x2m2
Λm

2
bΦ

ðAÞ
9 þ xmΛm3

bΦ
ðAÞ
10

�
;

TðAÞ
21 ¼ mΛ

x

�
2ΦðAÞ

6 þ xΦðAÞ
2

�
; TðAÞ

23 ¼ 4m3
Λm

2
bΦ

ðAÞ
11 ;

TðAÞ
22 ¼ mΛ

x

�
2ðq2 −m2

b − x2m2
ΛÞΦðAÞ

6 − xmΛmbΦ
ðAÞ
7 þ 2xm2

ΛΦ
ðAÞ
11

�
; ðC2Þ

where the functions ΦðAÞ
i are,

ΦðAÞ
1 ¼ Ã1 þ 2T̃1 þ Ṽ1;

ΦðAÞ
2 ¼ 2Ã3 − 2P̃1 þ 2S̃1 − 2T̃1 þ T̃123 þ T̃127 − 2Ṽ3;

ΦðAÞ
3 ¼ 2Ã1 þ 4Ã3 þ 2Ã123 − 4P̃1 þ 4S̃1 þ 2Ṽ1 − 4Ṽ3 − 2Ṽ123;

ΦðAÞ
4 ¼ −2 ˜̃A1345 þ 2 ˜̃P21 þ 2 ˜̃S12 − 2 ˜̃T123 þ 4 ˜̃T127 − 6 ˜̃T158 þ 3 ˜̃T234578 − 2 ˜̃V1345;

ΦðAÞ
5 ¼ − ˜̃̃

T234578;

ΦðAÞ
6 ¼ ˜̃A123 − ˜̃T123 − ˜̃T127 − ˜̃V123;

ΦðAÞ
7 ¼ −3 ˜̃A34 − 2 ˜̃A123 þ ˜̃A1345 − 4 ˜̃P21 − 4 ˜̃S12 − 3 ˜̃V43 þ 2 ˜̃V123 þ ˜̃V1345;

ΦðAÞ
8 ¼ 2 ˜̃A123 þ 2 ˜̃A1345 − 2 ˜̃P21 − 2 ˜̃S12 − 6 ˜̃T127 þ 6 ˜̃T158 − 3 ˜̃T234578 − 2 ˜̃V123 þ 2 ˜̃V1345;

ΦðAÞ
9 ¼ −2 ˜̃̃A123456 þ 3

˜̃̃
T125678 − 2

˜̃̃
T234578 þ 2

˜̃̃
V123456;

ΦðAÞ
10 ¼ ˜̃̃

A123456 −
˜̃̃
V123456;

ΦðAÞ
11 ¼ 2

˜̃̃
A123456 − 3

˜̃̃
T125678 þ ˜̃̃

T234578 − 2
˜̃̃
V123456:

2. Vector transition current

For the vector weak transition current jμ ¼ s̄γμb, the invariant amplitudes F̃ðlÞ
j ððp − qÞ2; q2Þ for the correlation function

with the vector transition current jμ are given by Eq. (18) with the replacement of the coefficient mb=4 → 1=4. The

coefficient functions T̃ðlÞ
jn with l ¼ P;A, j ¼ 1; 2;…6 and n ¼ 1, 2, 3 are listed below for:

(i) The pseudoscalar interpolating current,

T̃ðPÞ
11 ¼ xmΛΦ̃

ðPÞ
1 ; T̃ðPÞ

12 ¼ xm3
Λ
�
xΦ̃ðPÞ

2 þ 2Φ̃ðPÞ
3

�
;

T̃ðPÞ
13 ¼ 4xm3

Λm
2
bΦ̃

ðPÞ
3 ;

T̃ðPÞ
21 ¼ T̃ðPÞ

23 ¼ 0; T̃ðPÞ
22 ¼ −xm2

ΛΦ̃
ðPÞ
2 ;

F. MAHMOUDI and D. MISHRA PHYS. REV. D 114, 073006 (2026)

073006-16



T̃ðPÞ
31 ¼ mΛ

2
ðmb − xmΛÞΦ̃ðPÞ

1 ;

T̃ðPÞ
32 ¼ −

m2
Λ
2

�
mbðmb − xmΛÞΦ̃ðPÞ

2 þ 2xm2
ΛΦ̃

ðPÞ
3

�
;

T̃ðPÞ
33 ¼ 2m3

Λm
2
bðmb − xmΛÞΦ̃ðPÞ

3 ;

T̃ðPÞ
41 ¼ mΛ

2
Φ̃ðPÞ

1 ; T̃ðPÞ
42 ¼ m2

Λ
2

�
−mbΦ̃

ðPÞ
2 þ 2mΛΦ̃

ðPÞ
3

�
;

T̃ðPÞ
43 ¼ 2m3

Λm
2
bΦ̃

ðPÞ
3 ;

T̃ðPÞ
51 ¼ −mΛΦ̃

ðPÞ
1 ; T̃ðPÞ

52 ¼ −m3
Λ
�
xΦ̃ðPÞ

2 þ 2Φ̃ðPÞ
3

�
;

T̃ðPÞ
53 ¼ −4m3

Λm
2
bΦ̃

ðPÞ
3 ;

T̃ðPÞ
61 ¼ T̃ðPÞ

63 ¼ 0; T̃ðPÞ
62 ¼ m2

ΛΦ̃
ðPÞ
2 ; ðC3Þ

where the functions Φ̃ðPÞ
i are given by,

Φ̃ðPÞ
1 ¼ 2Ã1 þ 4Ã3 þ 2Ã123 þ 2P̃1 þ 2S̃1 þ 6T̃1 − 12T̃7 − T̃123 − 5T̃127 − 2Ṽ1 þ 4Ṽ3 þ 2Ṽ123;

Φ̃ðPÞ
2 ¼ 3 ˜̃A34 þ 2 ˜̃A123 − ˜̃A1345 − 2 ˜̃P21 þ 2 ˜̃S12 − 12 ˜̃T78 − 2 ˜̃T123 − 4 ˜̃T127 − 6 ˜̃T158 þ ˜̃T234578 − 3 ˜̃V43 þ 2 ˜̃V123 þ ˜̃V1345;

Φ̃ðPÞ
3 ¼ ˜̃̃

A123456 − 3
˜̃̃
T125678 þ ˜̃̃

T234578 þ ˜̃̃
V123456:

(ii) The axial-vector interpolating current,

T̃ðAÞ
11 ¼ 2

�
2mbΦ̃

ðAÞ
1 − xmΛð2Φ̃ðAÞ

1 þ Φ̃ðAÞ
2 Þ þ 2mΛΦ̃

ðAÞ
3

�
;

T̃ðAÞ
12 ¼ 2mΛ

�
x2m2

ΛΦ̃
ðAÞ
4 þ xmΛmbΦ̃

ðAÞ
5 þ 2m2

bΦ̃
ðAÞ
3 þ 2xm2

ΛΦ̃
ðAÞ
6

�
;

T̃ðAÞ
13 ¼ 8m2

Λmb

�
m2

bΦ̃
ðAÞ
7 þ xmΛmbΦ̃

ðAÞ
6 þ x2m2

ΛΦ̃
ðAÞ
8

�
;

T̃ðAÞ
21 ¼ 4Φ̃ðAÞ

1 ; T̃ðAÞ
23 ¼ 8m2

Λmb

�
mbΦ̃

ðAÞ
7 − xmΛΦ̃

ðAÞ
8

�
;

T̃ðAÞ
22 ¼ 2mΛ

�
2mbΦ̃

ðAÞ
3 − xmΛΦ̃

ðAÞ
4 þ 2mΛΦ̃

ðAÞ
7

�
;

T̃ðAÞ
31 ¼ 2

m2
b − q2

x
Φ̃ðAÞ

1 þmΛmbΦ̃
ðAÞ
2 þm2

ΛΦ̃
ðAÞ
9 − 2xm2

ΛΦ̃
ðAÞ
10 − 2

m2
Λ
x

Φ̃ðAÞ
7 ;

T̃ðAÞ
32 ¼ m2

Λ

�
2ðq2 − x2m2

ΛÞΦ̃ðAÞ
3 − 2

q2 þm2
b

x
Φ̃ðAÞ

7 þ xmΛmbΦ̃
ðAÞ
11

þm2
bðΦ̃ðAÞ

5 − 2Φ̃ðAÞ
3 Þ þ 2mΛðmb þ xmΛÞΦ̃ðAÞ

8

�
;

T̃ðAÞ
33 ¼ 4m2

bm
2
Λ

x

�ðm2
b − q2ÞΦ̃ðAÞ

7 þ xmΛmbΦ̃
ðAÞ
12 þ x2m2

ΛΦ̃
ðAÞ
8

�
;

T̃ðAÞ
41 ¼ 2mΛ

�
ðΦ̃ðAÞ

1 þ Φ̃ðAÞ
10 Þ − Φ̃ðAÞ

3

x

�
; T̃ðAÞ

43 ¼ 4m3
Λm

2
bΦ̃

ðAÞ
13 ;

T̃ðAÞ
42 ¼ mΛ

x

�
2ðm2

b þ x2m2
Λ − q2ÞΦ̃ðAÞ

3 − xmΛmbΦ̃
ðAÞ
11 þ 2xm2

ΛΦ̃
ðAÞ
13

�
;

T̃ðAÞ
51 ¼ 2mΛΦ̃

ðAÞ
2 ; T̃ðAÞ

53 ¼ 8m3
Λmb

�
mbΦ̃

ðAÞ
14 − xmΛΦ̃

ðAÞ
8

�
;

T̃ðAÞ
52 ¼ 2m2

Λ
�
−xmΛΦ̃

ðAÞ
4 −mbðΦ̃ðAÞ

5 þ 2Φ̃ðAÞ
3 Þ þ 2mΛΦ̃

ðAÞ
14

�
;
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T̃ðAÞ
61 ¼ 0; T̃ðAÞ

62 ¼ 2m2
ΛΦ̃

ðAÞ
4 ; T̃ðAÞ

63 ¼ 8m3
ΛmbΦ̃

ðAÞ
8 : ðC4Þ

The functions Φ̃ðAÞ
i are given by,

Φ̃ðAÞ
1 ¼ Ã1 þ 2T̃1 þ Ṽ1;

Φ̃ðAÞ
2 ¼ 2Ã3 − 2P̃1 þ 2S̃1 − 2T̃1 þ T̃123 þ T̃127 − 2Ṽ3;

Φ̃ðAÞ
3 ¼ ˜̃A123 − ˜̃T123 − ˜̃T127 − ˜̃V123;

Φ̃ðAÞ
4 ¼ − ˜̃A34 þ ˜̃A1345 − 2 ˜̃P21 − 2 ˜̃S12 − 2 ˜̃T127 þ 2 ˜̃T158 − ˜̃T234578 − ˜̃V43 þ ˜̃V1345;

Φ̃ðAÞ
5 ¼ − ˜̃A34 − 2 ˜̃A123 − ˜̃A1345 þ 4 ˜̃T127 − 4 ˜̃T158 þ 2 ˜̃T234578 − ˜̃V43 þ 2 ˜̃V123 − ˜̃V1345;

Φ̃ðAÞ
6 ¼ − ˜̃̃

A123456 þ ˜̃̃
T125678 −

˜̃̃
T234578 þ ˜̃̃

V123456;

Φ̃ðAÞ
7 ¼ ˜̃̃

T234578;

Φ̃ðAÞ
8 ¼ ˜̃̃

A123456 − 2
˜̃̃
T125678 þ ˜̃̃

T234578 −
˜̃̃
V123456;

Φ̃ðAÞ
9 ¼ −2 ˜̃A34 − 2 ˜̃A123 − 2 ˜̃P21 − 2 ˜̃S12 þ 2 ˜̃T127 − 2 ˜̃T158 þ ˜̃T234578 − 2 ˜̃V43 þ 2 ˜̃V123;

Φ̃ðAÞ
10 ¼ Ã123 − T̃123 − T̃127 − Ṽ123;

Φ̃ðAÞ
11 ¼ 2 ˜̃A34 þ 2 ˜̃P21 þ 2 ˜̃S12 þ 2 ˜̃T123 þ 2 ˜̃T158 − ˜̃T234578 þ 2 ˜̃V43;

Φ̃ðAÞ
12 ¼ ˜̃̃

T125678 −
˜̃̃
T234578;

Φ̃ðAÞ
13 ¼ − ˜̃̃

A123456 þ 2
˜̃̃
T125678 þ ˜̃̃

V123456;

Φ̃ðAÞ
14 ¼ T̃M

1 þ ˜̃̃
A123456 −

˜̃̃
T125678 −

˜̃̃
V123456:

3. Axial-vector transition current

The invariant amplitudes F̄ðlÞ
j ððp − qÞ2; q2Þ corresponding to the axial-vector transition current are obtained from the

vector-current expressions by reversing the sign of the heavy-quark massmb. In addition, sign changes occur for the specific

coefficient functions T̃ðPÞ
2n , T̃ðPÞ

3n , T̃ðPÞ
6n , T̃ðAÞ

1n , T̃ðAÞ
4n and T̃ðAÞ

5n , as dictated by the Dirac structure of the corresponding invariant
amplitudes.

APPENDIX D: DIFFERENTIAL DECAY WIDTH OF Λb → Λl+l−

For completeness, we collect the expressions used for the illustrative differential branching-fraction calculation.
Retaining the operators relevant for the vector, axial-vector, and dipole contributions, the effective Hamiltonian is written as

Heff ⊃ −
4GFffiffiffi

2
p VtbV�

ts
αem
4π

�
Ceff
9 ðs̄γμPLbÞðlγμlÞ þ C10ðs̄γμPLbÞðlγμγ5lÞ

þ 2mb

q2
Ceff
7 ðs̄iσμνqνPRbÞðlγμlÞ

�
; ðD1Þ

where PL;R ¼ ð1 ∓ γ5Þ=2. The hadronic matrix elements of the vector and axial–vector currents are expressed in terms of
the helicity form factors F∈ ffþ; f⊥; gþ; g⊥g obtained from the pseudoscalar current LCSRs and parametrized according
to Eq. (31). The tensor form factors hþðq2Þ, h⊥ðq2Þ and their axial counterparts h̃þðq2Þ, h̃⊥ðq2Þ are not calculated in the
present LCSR analysis and are instead taken from lattice-QCD determinations of [53].
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The following shorthand is used in the differential decay width,

N ¼ G2
Fα

2
emjV�

tsVtbj2
3 · 28π5m3

Λb

; s� ¼ ðmΛb
�mΛÞ2 − q2;

λ≡ λðm2
Λb
; m2

Λ; q
2Þ ¼ sþs−: ðD2Þ

In the massless-lepton limit, the differential decay width is

dΓðΛb → Λlþl−Þ
dq2

¼ N
ffiffiffi
λ

p
q2
�
2HTðq2Þ þHLðq2Þ

�
; ðD3Þ

and the transverse and longitudinal contributions are given by,

HTðq2Þ ¼
�
s−

	����Ceff
9 ðq2Þf⊥ðq2Þ þ

2mbðmΛb
þmΛÞCeff

7

q2
h⊥ðq2Þ

����
2

þ jC10f⊥ðq2Þj2



þ sþ

	����Ceff
9 ðq2Þg⊥ðq2Þ þ

2mbðmΛb
−mΛÞCeff

7

q2
h̃⊥ðq2Þ

����
2

þ jC10g⊥ðq2Þj2

�

;

HLðq2Þ ¼
1

q2

�
s−ðmΛb

þmΛÞ2
	����Ceff

9 ðq2Þfþðq2Þ þ
2mbCeff

7

ðmΛb
þmΛÞ

hþðq2Þ
����
2

þ jC10fþðq2Þj2



þ sþðmΛb
−mΛÞ2

	����Ceff
9 ðq2Þgþðq2Þ þ

2mbCeff
7

ðmΛb
−mΛÞ

h̃þðq2Þ
����
2

þ jC10gþðq2Þj2

�

: ðD4Þ

In the numerical analysis, Ceff
9 ðq2Þ ¼ C9 þ Yðq2Þ includes the perturbative four-quark contribution specified in Sec. V B.

Genuine nonlocal hadronic matrix elements are not included in Eqs. (D1)–(D4).
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