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We compute the A, — A transition form factors using light-cone sum rules based on A-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 A, interpolating current. A central aspect of the
study is the explicit inclusion of the negative-parity Aj state in the hadronic dispersion relation. Suitable linear
combinations of invariant amplitudes are constructed to eliminate the A} 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-g? differential branching fraction in A, — A££~.
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I. INTRODUCTION

Rare decays of bottom hadrons induced by the flavor-
changing neutral-current transition b — s£*¢~ 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
from heavy 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 — s£T¢~
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 — KW¢ty~ and B, — ¢ ¢~ (see [1] for a recent
analysis).

In this context, baryonic decays of the type A, — AZT£~
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

“Contact author: nazila@cern.ch
Contact author: d.mishra@ip2i.in2p3.fr

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP’.

2470-0010,/2026/114(7)/073006(21)

073006-1

helicity structures [20-26], and a complementary new physics
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 A, — A transition has become essential.

The local form factors constitute an essential hadronic
input for exclusive b — s£ ¢~ decays. In the low ¢ 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 LCSR methods 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 A, — A
transition form factors within the framework of LCSRs
based on A 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 (A}), whose mass lies close to
the ground state. In the present analysis, we explicitly
include both the A,(1/2") ground state and the negative-
parity Aj(1/27) excitation in the hadronic representation.
We then construct suitable linear combinations of invariant
amplitudes that eliminate the A;(1/27) pole contribution at
the level of the sum rules, following and extending strategies
previously developed for A, — N transition [44,49].
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Within this framework, we perform a systematic analysis
of the pseudoscalar, axial-vector, and loffe interpolating
currents for the A, 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
A 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 comparison with
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 for A, - AT ¢~
in the low-g? 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 A, - A form factors are presented in Sec. IV.
Section V contains the numerical analysis, the comparison
of interpolating currents, and the phenomenological appli-
cation to A, — AZT¢~. 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 A, — A transition form factors is the following
vacuum-to-A correlation function:

F (poa) =i [ de T (nf) 0). 1) AGY. (1)

where nf\lz interpolates the A, baryon, j; is the b — s weak

transition current, and the momentum in the A, channel is
P, = P — q, which defines the variable of the hadronic
dispersion relation.

The weak transition currents are chosen as,

Ji(x) = 5(x)b(x), (2)

with!

n this work, we do not consider the tensor weak current
56,,(ys)b. 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.

L€ {myiys. v, 7.5} (3)

Here, we neglect m, in the overall normalization of the
pseudoscalar current.

A central ingredient of the LCSR construction is the
choice of the interpolating current for the A, 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 A,
interpolating current: the pseudoscalar, axial-vector, and
loffe-type currents [3,42,46,49],

11(73> = (-jabc(uaCj/Sdb)bc,
nA = € (u,Cysy,dy)y*b,.,
’7(1) _ €”bc(uaCy,1db)}/75bc’ (4)

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

The corresponding correlation functions F
by the choice of interpolating current,

0

i

are labeled

P P) (P) (P A A) (A) (A
FP (FPFPFD), Y (O ),

FO ={F{ PP R}, (5)
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 A, baryon

between the interpolating current nE\lZ and the weak tran-

sition current. As a result, the correlation function admits a
dispersion representation in the variable (p — ¢)?, whose
lowest-lying contributions arise from the A, ground state
and its negative-parity excitation, denoted by Aj,.

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

! 1
Ol | A (p = @) = mp, A un, (p=q). (6)
where /15\2 denotes the coupling associated with the inter-

polating current 115\1,)7, and u,, (p — q) is the Dirac spinor of

the A, baryon with momentum p —g. The second
matrix element encodes the weak transition between the
intermediate A, state and the external A baryon,
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(A(p)|jilAp(p —q)), and is parametrized in terms of
A, — A form factors. We use the standard A, — A
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,

(A(p)|mySiysb|Ay(p — q))
= (mp, +mp)G(q*)ap(p)irsus,(p — q), (7)

where G(¢?) 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,

(A(P)Isy,ubIAL (P = q))

2
— () |1 (P + i )

f2(q?
2( >0-”qu+ qﬂ

mAb mAb

X up, (P —q). (8)
while for the axial-vector current the corresponding decom-
position reads,

(A(P)Isy.rsblAy(p = q))

gz(qz)
my,

v 93(‘12)
owq’ + iy, 4,

=ix(p) |91 (@), +i

b

X 75”Ab<p - q). )

The form factors f;(¢*) and g;(¢*) encode the local
nonperturbative QCD matrix elements of the A, — A
transition and constitute important hadronic inputs for rare
and semileptonic A, decays. Although the A, ground state
provides the leading contribution to the hadronic dispersion
relation, the relatively small mass gap between the A, and
its lowest negative-parity excitation Aj implies that the
latter can give a non-negligible contribution in the sum-rule
analysis. It is therefore natural to include the A} 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 Aj state and by
the corresponding weak transition matrix element. We
define

1 * l
O [A3(p = @) = ma; Al ysun; (p = q). (10)
(1)
where 'IAZ

explicit y5 accounts the opposite parity of the A} state.
As an explicit example, for the pseudoscalar transition
current one obtains,

denotes the corresponding coupling, while the

(A(p)|mySiysb|Ay(p —q))
= (mp; = ma)G(gDian(p)iug; (p—q),  (11)

where G(g?) denotes the pseudoscalar form factor asso-
ciated with the A; intermediate state. Analogously, the
matrix elements of the vector and axial-vector transition
currents between the A} and A baryons are parametrized in

terms of form factors £, ,3(¢?) and §; 5 3(¢?), respectively,
whose explicit Lorentz decompositions follow the same
pattern as in Egs. (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 (p — ¢)? and ¢?. These invariant
amplitudes form the basis for establishing dispersion
relations in the A, channel. For the pseudoscalar transition
current, the correlation function can be written as,

F(p.q) = [F(p = 0% &) + dF ((p — )% )]
X iysup(p), (12)

where [ = P, A, 7 labels the choice of the A, interpolating
current.

For the vector transition current, the correlation function
is parametrized in terms of six independent invariant
amplitudes as,

F(p.q)= (B p,+ FV pud+ B vy + FV v + FPq, + F g ) un(p), (13)

while for the axial-vector transition current one finds,

1 (1 (1 (1 (1 (1 (1
F(p.q) = (Fp,+ F¥ pud + Fv, + Frud + FO g, + F q,d)vsun(p). (14)

Employing the hadronic matrix elements introduced above and summing over the spins of the intermediate A, and Aj
states, one obtains a dispersion relation for the invariant amplitudes in the variable (p — ¢)?. As an explicit example, for the
0

pseudoscalar transition current, the combined invariant amplitudes F, read,
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[(m3,

where pgl.)z(s, g*) denote the hadronic spectral densities
associated with higher resonances and continuum states
carrying the quantum numbers of the A, baryon, and s{! 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 Egs. (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 x> — 0. The external kin-
ematics are chosen such that the momentum flowing through
the A, channel, (p — q)?, is spacelike and large, ensuring
that the correlation function is dominated by lightlike
distances and can be expressed in terms of A-baryon
DAs. Throughout this analysis, we neglect light-quark
masses, retaining only the heavy-quark mass m; and the
physical A-baryon mass m,, which enters the kinematics
and the normalization of the A DAs. At leading order in a,
the correlation function is expressed as a convolution of
perturbatively calculable hard-scattering kernels with three-
quark A DAs. The light-cone expansion is organized in
contributions of increasing twist. In the present work, we
include all three-quark A DAs from twist 3 up to twist 6. The
explicit definitions of the A DAs, together with their
normalization and parameters, are collected in Appendix B.

|

—m3) — (my, + m,\)ﬂ iysun(p)

[(m}. —m3}) + (mp; — m)d|ivsua(p)

*ﬁos_(zis_q)z(p (5.4%) + 95 (5. ) ) irsun(p). (15)

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

functions F g”, F ,(f>, and F 1(415) one can project out the corres-

ponding invariant amplitudes defined in Eqgs. (12)—(14). On
the QCD side, these amplitudes are obtained as convolution
integrals of the hard-scattering kernels with the A DAs and
depend on the variables (p — ¢)* and ¢*. Each invariant
amplitude admits an independent dispersion representation
in the A, channel. For a given choice of interpolating
current, the dispersion relations contain pole contributions
from the A, and Aj 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 A, ground state and its
negative-parity excitation Aj. To eliminate the explicit
negative-parity contribution, we form suitable linear com-
binations of invariant amplitudes for which the A} pole
cancels identically. This cancellation exploits the different
parity structure of the A, and A}, pole terms, leaving the A,
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 F (11) and F g) eliminates the Aj, contribution and
leads to the following dispersion relation:

(1)

I I
mp, (my, +my)(my, + mA;ME\ZG(Qz) N /°° dspl (s.q%) — (m/\; + m/\)/’é)(& q*)

my, —(p—q)*

s—(p—q)?

! 1
= [F)((p = 9% ) = (ma; +my)FY(p = )% 7). (16)
The contributions of higher resonances and continuum states in the A, 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 s,
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1 !
/oodsp(l)(s,qz)_(mA;+mA)Pé)(S’q2> 1

~ —

~

; s=(p—q) 7

where s, denotes the effective continuum threshold and
Img F 5”2 are obtained from the light-cone OPE.

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

3 (1) 2 2
W m 1T (0, (p-9)% 4%
FY ==t d 18
/ 42A . AT 1)

l l
/°° dSImng)(s’ q2) - (mAZ +mA)Ims F(z)(quz)
So

s—(p—q)? ’ (17)

I

with A = m? — x,(p — q)* + x,Xam3 — X,4°>. The inte-
grals can be cast into a dispersion form by introducing
the variable,

2 _ = 2 = 2
s(xz):mb Xoq +x2x2mA’ (19)

X2

with the inverse transformation,

x(s) = % [mf\ +q*—s5+ \/(s —q* —m3)?* +4mi (m? - qz)} . (20)

2my

The above representation provides the QCD input needed for the construction of light-cone sum rules for the A, — A form

factors, which is discussed in the next Section.

IV. LIGHT-CONE SUM RULES FOR A; - A 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 the A, channel, we obtain light-cone sum rules for the A;, - A
transition form factors. We collect the resulting expression below. The light-cone sum rule for the pseudoscalar form

factor is,

G(q*) =

7
my, (mp, +mp)(my, + mAZ)/IE\i Sy

m2 | M?
e M 1 [0
—/ dse™s/M [Imngl)(s, q*) = (mp: + mA)ImSF(Zl)(S, #)]. (21

For the vector transition current, the corresponding linear combination of the invariant amplitudes gives the LCSRs for

the form factors f,3(g*). They read,

m% | M?
e
S (612) =

- 1
2m,\h(m,\b + m/\;)lA

mZ
b b

1 50 s ~ (]
();/ dse™™M [(m,, +my) (Im,F (s, 4?)

~(1 ~(1 ~(1
— (mp; = mpA)I, B (5, 7)) + 20m, B (s, %) + 2(mpy; — mp ) Im FY (5. 47)]. (22)

2 2
emAh/M 1

fz(qz) =

2(my, + mA;)AS\ll), T Jm

and

2 2
em’\b/M

f3(4%) = .

2(mAb + mA;)ﬂ !

S0 - ~ ~
- / dse™" [, B (s, %) = (ma; = mp)Im,FY) (5. ) = 2Im, F{ (5. %)) (23)

| = (1 = (1
0 / dseM [ImF(s. ¢%) = (my; — my) (2Im,Fy) (5. 4%)
Ab m

+Im, 7V (5, %)) + 2(m, FV (s, %) + Im, B (5, 4))]. (24)
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The LCSRs for the axial-vector form factors g;(¢?), 9,(¢*), and g3(g*) follow from Egs. (22)—(24) by replacing the vector

invariant amplitudes Im, F 5.”

by their axial-vector counterparts Im; F E.l)

and making the replacement m, — —mi,.

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

/dx%x)ﬁ K:%T(x)exp (-%"2

)

—s0/M?

1 xges/M g

MZ

s(x)) L Tle

JaT b e
/dX& ﬁ/]ﬁﬂ) p(—

) 1
M? 2M? xo(m3, + xjm3%

2 ) 27
my, + Xghy — 4

. 2

T(.Xo)e_‘SO/M

-q%)

T(x)

2 (mj + xjmj —

Here xq = x(sy) denotes the solution of s(xy) = s¢, and
T(x) represents a generic numerator function arising from
the convolution of hard-scattering kernels with A DAs. The
surface terms appearing on the right-hand side originate
from reducing the higher-power denominators, A™" with
n =72, 3, to the standard dispersion representation in

-(p—q)*

V. NUMERICAL ANALYSIS

We begin by specifying the numerical values of input
parameters entering the LCSRs. The parameters of the
A-baryon DAs are taken from QCD sum-rule analyses and
are summarized in Table 1. The explicit definitions and
conventions for the A 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 71, (1n,) =
4.16 £ 0.03 GeV [51]. The present LCSRs are evaluated at
leading order in a,. 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
A, — A form factors in a different LCSR formulation. We
treat this contribution as a multiplicative uncertainty fully
correlated in g for a given form factor/current combination,

(Covi,); = (0S0F(@)F(a).  (26)
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
0

corresponding A, coupling 4,/ obtained from the two-point

QCD sum-rule analysis of Ref. [44], with the numerical
values given in Table 1.

)dx ( (m? + x*m3%

(25)

- qz))

The continuum threshold is determined from the corre-
sponding two-point A, sum rule. We use the Borel window
M3, = (5+1) GeV? and find that s, = (40 + 1) GeV?
reproduces the physical A, 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 M7 gz =

(20 £ 5) GeV?. The two Borel parameters therefore need

X=X

TABLEIL 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

M} cqg = M?; the distinct two-point-sum-rule window used to
determine s, is specified in the text.

Parameter Value(s) Reference(s)
Gr 1.1663787(6) x 107> GeV~—2 [50]
az) 137.035999084(21) [50]
|V, Vil 0.0405 £ 0.0008 [50]
75, (1.470 £0.009) x 10712 [50]
My (80.37 £ 0.01) GeV [50]
m; (172.6 £0.3) GeV [50]
fa (6.0 £0.3) x 1073 GeV? [52]
M (1.0 +£0.3) x 1072 GeV? [52]
A (0.83 £0.05) x 1072 GeV? [52]
X3 (0.83 4 0.05) x 1072 GeV? [52]
mpy 1.115 GeV [50]
my, 5.620 GeV [50]
My 5912 GeV [50]
/ﬁb (0.0109 +0.0031) GeV? [44]
Aﬁb (0.0127 4 0.0034) GeV? [44]
A,I\h (0.022 4 0.0049) GeV? [44]
M? (20 £5) GeV? [see text]
S0 40 £ 1 GeV? [see text]
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0.5

) LAY T T T T T
‘\ “ SR exXp
\‘ \\ mAh = mAh
0.4 2L ‘\\ \\\ +1% mass band ]
_ 9 R = = =+ Adopted two-point window
N \ \ . - -
0.3 > N2 >
§ LQU) o so= (40 1 ngl:(Sil)GcV
= 0.2 &
5 .
0.1
0.0 !
16 18 20 22 24 4738
M2

(@)

FIG. 1. (a) Dependence of f,(0) on the form factor Borel parameter M? gy for the pseudoscalar interpolating current. (b) A, mass
extracted from the two-point sum rule in the (s, M%pt) plane. The central contour corresponds to the experimental mass, the adjacent

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

not coincide. Within this window, the form factors exhibit
only a mild dependence on M{ -qy; Fig. 1(a) shows f(0) 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 A, inter-
polating current, we evaluate the form factors using the
pseudoscalar, axial-vector, and loffe currents. The results
are shown in Table II. For each case, the corresponding

coupling AXZ 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 loffe 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/

TABLE II. A, — A form factors at g> = 0 obtained with the
pseudoscalar, axial-vector, and loffe interpolating currents. The
central values correspond to the medians of the sampled dis-
tributions, and the quoted uncertainties denote the intervals
between the 16™ and 84" percentiles. They include the LCSR
input uncertainties together with the additional correlated 50%
estimate of the missing perturbative corrections.

Form factor 7P nA) 7@

G(0) 008570933 0.023:0018  —0.0991952

f1(0) 0.0962%’%5?% 0.0467 05 0.105%008
12(0) —0.034Z5 05 0.02379013 0.083f%-§§
0 DowE oo o
9:(0) —0.0142 5500 —0.062%5 03 —0.0061 508

HQS relations, and no statistically significant current
selection can be made at the present accuracy. For the
subsequent presentation of the g* 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 loffe currents.

Since the perturbative O(a,) 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 the A
baryon and its DAs by the corresponding proton quantities.
In this setup, we reproduce the nucleon LCSR 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 g> = 0 for the pseudoscalar interpo-
lating current. The results are given in Table III. The hierarchy
is not monotonic in twist: twist 4 dominates G, [, f», and gy,
whereas the twist-5 contribution is particularly important for
g» and is also non-negligible for f,. 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 corresponding decomposition for the axial-vector and loffe
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 I1I 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
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TABLE III. Individual twist-3, twist-4, twist-5, and twist-6
contributions to the A, = A form factors at ¢> =0 for the
pseudoscalar interpolating current, evaluated at the central input
values with m Ay = 5912 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
G(0) 0.00021  0.09292 —-0.00964 0.00031  0.08381
f1(0) 0.00020  0.09573 —-0.00179  0.00030  0.09444
f2(0) —=0.00012 —0.04356  0.01049 -0.00018 —0.03336
71(0) 0.00020  0.09333 —0.00060  0.00030  0.09323
¢(0)  —0.00012 —-0.00495 —0.00868 —0.00018 —0.01392

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 f,3(¢?) and g;,3(¢*) in the Dirac basis. For
phenomenological applications and comparison with lat-
tice-QCD results, we transform them to helicity basis. For
massless leptons, only f., f,, g., and g, contribute to the
vector and axial-vector helicity amplitudes [53,54]. Their
relation to the Dirac-basis form factors is

2

. _ q
fi(@®) = f1(a*) —mAh(mA,,wLmA)fZ(qz)’ (27)
riled) =) - g, oy
q2

9+(¢*) = 91(¢*) + )92(q2)7 (29)

My, (mAb N

(mAb —my)
mp

91(4%*) = 91(¢*) + 9:(4%). (30)

b

The remaining timelike helicity form factors, which involve
f3(q?) and g5(q?), 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 ¢*> dependence, we employ the truncated z
expansion [55]

F(flz): 2/M22an z(q
2(q?) = Viy = ¢ —\/t+—fo’ (31)

where tg = (my, —my)? and t, = (mp + mg)?. The same
definition of z(g?) is used both in determining the fit
coefficients and in all subsequent evaluations of the fitted
form factors. The pole masses are chosenas My = M; =
5.416 GeV and Mg+ = MgL = 5.750 GeV, following the
conventions adopted in lattice-QCD analyses [53]. We
retain terms through z? (K = 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 g? points. We quote the median as the central
value and the central 68% interval as the uncertainty.
Correlations among the different g 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 f, (0) and ¢, (0)
from two representative calculations. At ¢g> = 0, these
coincide with f1(0) and ¢;(0) 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 A, — A

To obtain a common parametrization of the A, —» A
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 ¢* = {— 8 —4,-2,0} GeV? and the four lattice-
QCD points ¢> = {13,15,17,19} GeV?. We retain the

=2 truncation of Eq. (31). The LCSR covariance
1ncludes 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
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FIG. 2. Helicity form factors f., f, g., and g, for the A, — A 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 O(a;) corrections.

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 A, —» AZ*¢~

We now consider the differential branching fraction for
A, = AZT¢™ as an illustrative application of the form

TABLE IV. Coefficients of the K =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 ag a a,

fu 0.625 £0.405 —3.671 +2.378 6.159 4+ 3.986
fi 1.409 £ 0910 —9.348 4+ 6.040 16.889 + 10.920
N 0.439 +£0.284 —-2.352+1.523 3.904 £2.526
n 0.439 +£0.284 —2.453 +1.588 4.130+2.673

factors obtained above. We restrict the discussion to the
low-g? region, where the LCSR calculation is directly
applicable.

For the vector and axial-vector contributions we use the
pseudoscalar current LCSR helicity form factors f, f,,
g., and g, . Since tensor form factors are not calculated in
the present LCSR analysis, we use the lattice-QCD results
of [53] for h, h,, 7z+, and }L_. The resulting branching-
fraction calculation is therefore intended as an illustrative

TABLE V. Comparison of f_ (0) and g, (0) with representative
LCSR determinations. Reference [42] employs light-A DAs
through twist 6, whereas [47] uses A, 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 O(ay) corrections.

LCSR setup f+(0) 9.(0) Ref.
A DAs, twist 3-6  0.096°09%9  0.095%093)  This work
A DAs, twist 3-6  0.1501005  0.150%5050 [42]
A, DAs, NLL 0.1810% 0.180% [47]
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FIG. 3. Comparison of helicity form factors f,(q%), g9.(¢%), f1(¢?), and g, (¢*) from LCSR (low ¢?) and lattice-QCD (high ¢?),
shown as independent determinations with their respective uncertainty bands. This figure serves as an input-level cross-check prior to

the combined fit.

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 u, =4.8 GeV [56-58]. In particular,
we use

Cs™ = —0.304, Cy =4.211, Cip = —4.103,
together with
C, =-0.257, C, = 1.009, C; = —0.005,
C, = —0.078, C5 = 0.000, Ce = 0.001.

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

Cs"(q%) = Co(up) + Y(q*. up). (32)

where  Y(q*,p,) denotes the standard perturbative
contribution generated by the four-quark operators. We
evaluate the corresponding loop functions using

m.(m.) = 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 7, = (mp +
mg)* and ty = (my, —my)?, 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 ¢, we quote the median of
the resulting d3/dq? distribution as the central prediction
and the interval between the 16™ and 84" percentiles.
We stress that the perturbative contribution Y(g?, u;,)
included in Cg(g?) 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 ¢?
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FIG. 4. Helicity form factors f_, f|, g., and g, in the low-g? 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.

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

x10~8
LCSR V/A + lattice tensor

01 4 Hob

8_
¢
3 64
)
NO‘
ksl
)
S 4

2]

0 T T T +

1 2 3 4 5 6
q*[GeV?]

FIG. 5. Tllustrative differential branching fraction dB/dg” for

the decay A, - AZT¢~ in the low-g> region. The solid line
denotes the median prediction, and the shaded band represents
the propagated LCSR and lattice-QCD form factor uncertainties.

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 A, — A form factors induced by pseudoscalar, vector,
and axial-vector b — s currents, using vacuum-to-A cor-
relation functions and three-quark A-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 a; corrections are left for
future study. A central element of the construction is the
explicit inclusion of the negative-parity A;(1/27) state in
the hadronic representation. Suitable linear combinations of
the invariant amplitudes are used to eliminate the A} pole
contribution from the resulting sum rules.

We have considered pseudoscalar, axial-vector, and loffe
interpolating currents for the A, 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
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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-g> LCSR
and high-¢? lattice inputs.

As an illustrative phenomenological application, we
have evaluated the low-¢® differential branching fraction
for A, — AZT¢~. 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 C(g?), 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

fz(qz)

Ay

erL (f2(q?) —fs(qz))qu%} un(p) +

N ) mAZ — mpa

+ (ma, +my) (Fulg?) + 25T
mAZ

A Mp= — My

+ <2f1(q2) +——

m/\;

o ds (1 (1 (I (1 (I (1
+ /h m(pg)(s,qz)pﬂ + 53 pudl + 53 v+ 53 1t + 55 4, + B
50

p {2f1(q2)m =27 = pud o+ (ma, — mA>< 1(q%) =

———t | =2F1 (g} +2
M- = (p— ‘I)z { g

Ga(?) + fa<q2>>)

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 A, and Aj 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 function F’ ,(f) (p, g) can be written in
terms of six independent Lorentz structures, whose coef-
ficients are expressed through the vector form factors
fi(q%) and fi(¢*) associated with the A, and A} inter-
mediate states, respectively,

mAb

mAb

f2<q2>)y,,

M I e (2) +f3<q2>>)q,,

Ay

}2(q2)

mA;

Pudl

mAZ — mp

f2<q2>)yﬂ - (Jz @) + —fm)mf

mAZ

Falg?) - Ja(qZ))m] un(p)

q [
H m/\;

D gud)un(p). (A1)

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

excited state Aj. The couplings /15\11) and /15\12 are defined in Egs. (6) and (10), respectively, while p

V)

i

(s,q*) denotes the

higher-state and continuum spectral density in the corresponding Lorentz structure.

073006-12



A, = A FORM FACTORS FROM LIGHT-CONE ... PHYS. REV. D 114, 073006 (2026)

For the axial-vector transition current, the corresponding hadronic representation reads

(1)
F(p.q) = % [291(612)19,, - 2Mpm + (mp, —my) <91<q2) -
my, —(p—q) my,

mp, + my

92(612)>7
mAb B

ma +m/\

+ <91(q2) —”792(6120?,,% + (—291((12) +

mAb

w(gz(qz) + 93(q2)))q,,
my,

ﬁXZmA* (%)
120 (¢?)p, + 221
mi. = (p—q)* [ g

i (02 = )]y () + r.d

Ay M«

g ) (00 + 5000 Y= () + 5 0
— b | b
+ (20 "5 0o 4 0D ) = 0(6) = 0] rsn ()
A My

o ds _ _ _ _ _ _
+ /, Py B\ (5,4 py + Y pudt + 557, + 57 + pé”qﬂ + ﬂé”qﬂfé)ysuA(p)- (A2)
so’ - -

Here, g;(¢%) and §;(¢*) denote the axial-vector form factors for the A, and Aj, 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 Egs. (A1) and (A2), the denominators multiplying ]A‘z and @, in the yﬂg
structures are my.. 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 }2’3
and §, 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 A baryon used in the
light-cone OPE. They are defined through vacuum-to-A matrix elements of nonlocal three-quark operators near the light
cone. We follow the conventions of [3,52],

4(0le*uly(a2)s)(ar2)df (a32) |A(p))
= SimpCup(ysun), + Sami Cop(Zysun), + Pima(rsC)ap(un),
+ szi(%c)aﬁ(m/\)y FV1(BC)ap(rsun), + Vama(PC)ap(Zysun), + Vima(r,C),(rrsun),
+ Vam (£C) 45 (ysun), + Vsmzzx(mc)aﬂ(iﬁ’wzﬂsuzx)y + Vem\ (£C) 45(Zysuy),
+ A1 (Pr5C)ap(un), + Asma(BrsC)ap(Zun), + Asma(r,rsC) 45 (run),
+ Aum (2r5C) p(un), + Asmi (1,75C) gy (0" 2,1 ), + Asiy (£75C) o (Zup),
+7, (pyio-ﬂllc)aﬁ(yﬂ}/Su/\)y + szA(Z”P”io',wc)a/;(i/suzx)y + TsmA(Uﬂ»C)a/;(UWYSuA)y
+ Tamp(p0,,C) (0" 2py5up), + T5m12\(zbio-ﬂvc)aﬁ<yﬂ}/5u/\)y + Témi(Z”P”i%bc)ap(zi’s”/\)y
+ T7mf\(aﬂ,,C)aﬁ(o"‘”Zy5uA)y + Tgmf\(z"aﬂDC)(lﬁ(a"pz{,ysu,\)y. (B1)
Here z# is a lightlike vector (z? = 0), C denotes the charge-conjugation matrix, and e, f3, y are Dirac indices. The invariant
functions Sy,, P12, V1.6 Ai...6 7T1.. s depend on the longitudinal momentum fractions of the constituent quarks

and encode the nonperturbative structure of the A baryon. The invariant functions are represented in momentum-fraction
space as

..........

M(ay, a3, a5, (p-2)) = /dxldxzdx35(l — X=X —x3)e_i(plz)z"x[a"M(xi)- (B2)
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The variables x; denote the longitudinal momentum
fractions carried by the three quarks and satisfy
inside the A baryon, satisfying x;+x,+x3=1.
In the present calculation we choose the light-cone con-
figuration a; = a3 =0,a, =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 VL

The explicit expressions for the A-baryon LCDAs up to
twist 6 used in this work are listed below.

Twist-3 DAs,

Vl = 0, Al = —120X1)C2X3¢2, Tl =0. (B3)
Twist-4 DAs,
Sy =6x3(1-x3)(E0 +&7),  Pi=6(1-x3)(&~¢&), Va=0,
V3 == 12()('1 —.XQ)X:;I,UQ, Az = —24.XIXZ¢2, A3 = —12.X3(1 —X3>l//2,
T2 = 0, T3 = 6X3(X2 - X1>(—§2 + 54/), T7 = —6X3(X1 - )C2)<£2 + 54/). (B4)
Twist-5 DAs,
2 z(xl + )5 +&5 ) 2 2(x1 +x) (&5 — &5). 4 =30 —x)ys,
3 ,
Vs =0, Ay = =3(1 - x3)ys, As = —6x3¢5, Ty = _E(xl - x) (& +&0),
3 /
Ts =0, Ty=-3 (%1 = x2) (&8 — €9). (B5)
Twist-6 DAs,
V=0, Ag=-24), Ts=0. (B6)

The lowest conformal coefficients entering these DAs are related to the nonperturbative parameters f», 4;, 4,, and 13 by

1
w?;:wg:—z(fA—ll),

52 = 52 - (’12 +/13),

1
¢2=¢g:—§(f/\+11),

52’ = 5(5) - (/13 - /12)- (B7)

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)

81 Sl 2(]7 . Z)Sz Sl — Sz

P Py 2(p-2)Ps Py - P,

Vi Vi 2(p-2)Vs Vi=Vya=V;

2V Vs 4(p-2)V, 2V, + V34V, +2Vs
4(p-2)Vs Vi=V; 4(p - 2)*Vs Vi 4+ Vy+ Vs + Vy+ Vs =V
A, A, 2(p-2)A, —A; 4+ Ay — A,

24, A; 4(p-z)A, —2A, — Ay — A, + 2As

4(P : Z)A5 A? _A4 4(]7 Z)2A6 A] —Az + A3 + A4 —A5 + A(,

T, T, 2(p-2)7T, T\ +T,—-2T;

27, T, 2(p-2)7T, Ty —T,-2T,

2(p-2)Ts ~T) +Ts+ 2Ty 4(p-2)*Ts 2T, — 2T — 2T, + 2T + 2T, + 2T
4(p-2)7T, T;-Ty 4(p-2)*Ty T, +Ty+Ts—Tg+2T; + 2T
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For compactness, we use the following combinations of A-baryon DAs:

S =581 —-5,
Vias = =2V + V3 + Vy +2Vs,

Vidass = —Vi+Vo+ V3 +V,+ Vs —

Apgs = —2A) — A3 — Ay + 245,

Apagse = Ay — Ay + A3 + Ay — As + Ag,
T3 =T,+T,—-2T;,
Tysys78 = 215 —2T3 — 2Ty + 2T5 + 217 + 2Ty,
Tise7s = =T + Ty +Ts—Tg+ 2T, + 2T,

T3 =T7—Ts,

Py =P, — Py,

Vs =V4—V3,
Vs, Viz =V =V, =Vs,
Azg = A3 — Ay,

Ay = —A + A, — As,

Ty =T, —T,—-2T7,

T\ss =—T)+Ts5+2Ty. (B8)

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

gzz gx

gm

These definitions arise when partial integrations in x, 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 A, — A 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 A-baryon LCDAs.

1. Pseudoscalar transition current

For the pseudoscalar weak transition current

Jjs = my,5iysh, the invariant amplitudes Fy) (p—9)?% 4%
are written in the form of Eq. (18) with coefficient functions

Tﬁn) The expressions below are given for the pseudoscalar
|

(D§P> = ZAI —+ 4A3 + 2A123 + 2?1 + 231 + 6T1 - 12T7

l—XZ
(x2) :/ dx\M(xy, X, 1 = x; = x3),

—X
/ dxz/ de (x1, x5, 1 —x; —x5),
, x) . 1-x] " "
(x2) = : dxz | dx; o dx\M(xy, x5, 1 = x; = x3).

(B9)

|
(P) and axial-vector (A) interpolating currents of the A,
baryon. For the loffe 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,

Py m P P
T(n) = TA [(my, — xmA)(I)E ) - mAq)g )]’
2
P m P P
T(l2) = — 2A [mb( my, — xmA)(Dg )+2xm3\(l>g >],
T(g) = 2m§\m%(mb - xmA)(I)gp),

(C1)

where the functions <I>§P) in the above equations are,

= T3 = 5T 127 =2V, +4V5 + 2V 3,

7) = = = I~ = =~ =~ =~ =~ =~ = = =
<I>§ ) — 3A34 +2A 193 — Ayzgs — 2Py + 2815 — 12173 — 2T 153 — 4T 197 — 6T 153 + To34573 — 3Va3 + 2V 03 + Vizss,

P)_ % i i v
(I)g ) — A123456 — 3T 125678 + 1234578 + Vi23456-
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Here the shorthand notations M, A:4 , and A:/I (where, M € {S,P,V,A,T}) denote the integrated A-baryon DAs defined in
Eq. (B9).
(i) The axial-vector interpolating current,

T = 2" =L o | 2 (20 1 @] 4 mam, @ 4 3 [0l 1 2(1;(5A)] :
T§“24> = —m3 [2(x’m3 — qz)d)éA) + xmAmbd)gA) + mi@éf‘) — 2@®g’4) + 2xm3\CDgA> ,
T = 475 [z (2 = )0 — a2 2 s ).
O a0l T~ anmild
Té’;) = % [2(q* = m} - xsz\)CDéA) - xmAmb¢>§A> + 2xm3\<l)(l“14)], (C2)

where the functions @SA) are,

(I)(IA) = A, +2T, +V,,
Y =245 — 2P, +28) = 2T, + Tip3 + T1ar - 2V5,
q>§““> =2A; +44A; +2A 1, — 4P| + 48, + 2V, —4V; -2V )y,

A ~ ~ ~ ~ ~ ~ ~ ~

q)z(t )= —2A 1345 + 2P + 2815 = 2T 193 + 4T 127 — 6T 153 + 3134573 — 2V 1345,
n z

<I>§ ) — =T 34578,
A = = ~ =

q’é ) = Az = T3 = Tia7 — Vi,

A ~ = = ~ I~ ~ ~ =
<I>§ ) — —3A34 —2A 53 + Azgs — 4P — 4815 = 3Vy3 + 2V 3 + Vs,

A = = I~ = P~ I~ - = =
‘Ds(; ) = 2A193 +2A1345 — 2Py — 2815 — 6T 157 + 6T 153 — 3T 34578 — 2V 123 + 2V 1345,

A z 5 i y
q)g ) = —2A123456 + 3T 125678 — 2T234578 + 2V 123456

(.A) - = ’5
D1y’ = Azase — Vinzases

A z z = =
(I)gl) = 2A123456 - 3T125678 + T234578 - 2V123456-

2. Vector transition current

For the vector weak transition current j, = 5y,,b, the invariant amplitudes F ;D ((p — q)*. %) for the correlation function
with the vector transition current j, are given by Eq. (18) with the replacement of the coefficient m;,/4 — 1/4. The

coefficient functions TﬁQ with [ =P, A, j=1,2,...6 and n =1, 2, 3 are listed below for:
(i) The pseudoscalar interpolating current,

7(171)) = xm Adl(lp), 75723) = xmf\ [x(i)g)) + 2<i>gp)],
T(g) = 4xm?\m%<i>gp),

07D =0, T =~ @
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3T,
HE) = = [y, — O+ 2m3007),
T;? = 2mym2(my, — xmA)Cb(f),
=00, T = ) + 2my {7
T‘(‘? = 2mf\m%<i>gp),
P = P, T = [ 1 200
Tga) = —4m Ambq)(P)’
o100 1D = )

%(P)

where the functions ®; ’ are given by,

0 (]P) == 2A1 + 4A3 + 2A123 + 2131 + 231 + 6T1 - 12T7 - T123 - 5T127 - 2‘71 + 4‘73 + 2‘7123,

(C3)

~ 7) = = = I~ = P~ = - = P~ = = =
‘I’<2 ) — 3A34 +2A103 — Aysus — 2Py + 281, — 12175 = 2T 193 — 4T 157 — 6T 153 + T3as73 — 3Vaz + 2V 3 + Vs,

P 3 3 z z
D3 " = Azase — 3T 125678 + Ta3as78 + Vinzase-
(i) The axial-vector interpolating current,

A Z 2 2m, & — 1y 2B 1 DY) 1 2 BV,

~r

(1“24) =2my [xzm?\d)( ) 4+ xm,\mb&)gA) + 2m%<i>g“4) + mef\cf)gA)],

T = 8m2my, [m2®%Y + xmam, ®Y + 2m2 &Y,

(A) N(A)]’

( )—4d)( ), §3 = 8m3my, [m,®;" — xm, Dy

Téz) = 2my [2mb<l>g )~ xm,\(Df1 )+ ZmAégA)},

2_ 2 5 5 y N
Tg’f) —oM =4 CI)EA) + mAmb<I>gA) + m/z\q)g/\) - 2xmi<1><l“§> - 2mCI>§A),
X X
() A _ 4+ mp 2 ()
T35, = m} {2(q2 m3)®y - ZTbCI)7 + xmpm,®y;

2,2

2(A) _ dmym = (A = (A = (A
L LM D YT
() ) g, @YY () (A
Ty =2my [((Dl + @y )_T} Ty =4mimy®yy’,
(4) _ M = (A < (A < (A
ng) = 7/\ [Z(mi + x2m3 — q2)q>§ ) xmAmeDSI) + 2xm3\(I)<13)],
(A = (A (A = (A = (A
Té1> = 2m,\CI>§ ), Tg3> = 8mim, [mbd)(m) —)cm,\CDgg )],

79 = 2m3 [—xmp @Y — my (ALY + 205Y) 4 2m, D),
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FA 0, FY 0l T s, (c4)

A
ci)gA) =243 — 2P +28, = 2T, + Tip3 + T1p7 — 2V3,
<i>§*‘> = 2123 - %123 - 7:‘127 - ‘:/123’
&)flm = —17134 + ;\1345 —2Py, - 2512 — 2T 137 + 2T 155 = Tanass — Vaz + Viaas,
égA) = Ay = 2135 — Aysgs + 4T 17 — 4T 155 + 2T 3578 — Vs + 2Vi23 — Vigas,

< (A z z z z
q’é ) = —Ai23as6 + T125678 — T234578 + Vi23456>
4 2
Y = Trpysrs.
BN = A ysuse — 2T 12575 - Tasasrs — V
s = A123456 125678 234578 1234565

~ A = I~ ~ I~ ~ ~ ~ ~ ~
‘I’é ) = —2A34 — 2A133 = 2Py — 2815 + 2T 157 — 2T 53 + Tazas73 — 2Vaz + 2V 23,

~ A ~ ~ ~ ~
d>50> =Ai3—T13—Ti7— Vins,

~ A ~ ~ I~ ~ ~ ~ =
CDS 1) = 2A34 + 2Py + 2815 + 2T 153 + 2T 58 — Tazss73 + 2V 43,
A 2 z

‘I’(u) = T125678 — T234578>

< (A z z z

@23) = —Ai3ss6 + 2T 125678 + V123456

) s z z z
‘I’(14) =TV + A1234s6 — T12s678 — V12345-

3. Axial-vector transition current

The invariant amplitudes Fy)(( P —q)?, ¢*) corresponding to the axial-vector transition current are obtained from the

vector-current expressions by reversing the sign of the heavy-quark mass m,,. In addition, sign changes occur for the specific
coefficient functions T(;;) Tgf), Tg:), Tg“:}), Tf(j) and Tg“;\), as dictated by the Dirac structure of the corresponding invariant
amplitudes.

APPENDIX D: DIFFERENTIAL DECAY WIDTH OF A, - A¢*¢~

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

4G Qom | reff /= - - >
Her D _T;thvfsﬂ [C9ff(57uPLb)(57”f) + C10(57uPLb)(f}’”755)

2 _
+%Cé“(swqumbxw)], (1)

where P; p = (1 F y5)/2. The hadronic matrix elements of the vector and axial-vector currents are expressed in terms of
the helicity form factors F€{f,,f,,g,.g, } obtained from the pseudoscalar current LCSRs and parametrized according

to Eq. (31). The tensor form factors /. (¢?), k| (¢*) and their axial counterparts /., (¢?), k| (¢*) 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,

2 .2 * 2
GFaem|VtSVth|
8.5...3
3-2%n my,

N =

)

2

A=Am3 ,my, q*) = sys_.

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

dF(Ah d Af+l/ﬂ_)
dq?

5. = (mp, £mp)? = g2,

and the transverse and longitudinal contributions are given by,

Hr(q*) = {S—(‘Cgff(qz)h(qz) +

C'(g*)g, (q%) +

+s+<

HU(q?) = 5=, + a2

+ 54 (my, — mA)2(

CSM () f+ (%) +

C(q*) g, (¢*) +

(D2)
= NVag*[2H(¢?) + H.(¢%)], (D3)
eff 2
2mb(mAbq+ my)C5 h(q?)| + |C10fl(612)|2)
_ eff 2
2my,(mp, —my)CS (2| + |C109L(512)|2>]’
2, CEIF 2
(m:nbf:n/\)hﬂqz) + \C10f+(612)|2>
eff 2
%fu(gz) + |C109+(q2)|2)]' (D4)

In the numerical analysis, Cgff(qz) = Cy + Y(g?) includes the perturbative four-quark contribution specified in Sec. V B.
Genuine nonlocal hadronic matrix elements are not included in Egs. (D1)—(D4).

[11 T. Hurth, F. Mahmoudi, Y. Monceaux, and S.
Neshatpour, Data-driven analyses and model-independent
fits for present b — s£Z results, Phys. Rev. D 112, 113003
(2025).

[2] C.-H. Chen and C.Q. Geng, Baryonic rare decays of
A, = AITI~, Phys. Rev. D 64, 074001 (2001).

[3] T.M. Aliev, K. Azizi, and M. Savci, Analysis of the
A, = A£T¢~ decay in QCD, Phys. Rev. D 81, 056006
(2010).

[4] T. Aaltonen et al. (CDF Collaboration), Observation
of the Baryonic flavor-changing neutral current decay
A, = Autp~, Phys. Rev. Lett. 107, 201802 (2011).

[5] W. Detmold, C.J.D. Lin, S. Meinel, and M. Wingate,
A, = AZT¢~ form factors and differential branching frac-
tion from lattice QCD, Phys. Rev. D 87, 074502 (2013).

[6] R. Aaij et al. (LHCb Collaboration), Measurement of the
differential branching fraction of the decay A) — Ay,
Phys. Lett. B 725, 25 (2013).

[7] Y. Liu, L. L. Liu, and X. H. Guo, Study of A, - Al™[~ and
A, — plv decays in the Bethe-Salpeter equation approach,
arXiv:1503.06907.

[8] R. Aaij et al. (LHCb Collaboration), Differential branching
fraction and angular analysis of A) — Aptu~ decays,
J. High Energy Phys. 06 (2015) 115; 09 (2018) 145(E).

[9] S. Meinel and D. van Dyk, Using A, — Ap"u~ data within
a Bayesian analysis of |AB| = |AS| = 1 decays, Phys. Rev.
D 94, 013007 (2016).

[10] R.N. Faustov and V.O. Galkin, Rare A, — Al*[~ and
A, — Ay decays in the relativistic quark model, Phys. Rev.
D 96, 053006 (2017).

[11] S. Bhattacharya, S. Nandi, S. K. Patra, and R. Sain, Detailed
study of the A, - AZ"¢£~ decays in the standard model,
Phys. Rev. D 101, 073006 (2020).

[12] S. Meinel and G. Rendon, A, — A*(1520)¢"#~ form
factors from lattice QCD, Phys. Rev. D 103, 074505
(2021).

[13] M. Bordone, Heavy quark expansion of A, — A* (1520)
form factors beyond leading order, Symmetry 13, 531
(2021).

[14] T. Blake, S. Meinel, M. Rahimi, and D. van Dyk, Dispersive
bounds for local form factors in A, — A transitions, Phys.
Rev. D 108, 094509 (2023).

[15] Y. Amhis, M. Bordone, and M. Reboud, Dispersive analysis
of A, — A (1520) local form factors, J. High Energy Phys.
02 (2023) 010.

[16] L.-S. Lu, C.-D. Lii, Y.-L. Shen, and Y.-B. Wei, SCET sum
rules for A, - AZT¢~(Ay) decays, J. High Energy Phys.
09 (2025) 172.

073006-19


https://doi.org/10.1103/bc5h-8jm3
https://doi.org/10.1103/bc5h-8jm3
https://doi.org/10.1103/PhysRevD.64.074001
https://doi.org/10.1103/PhysRevD.81.056006
https://doi.org/10.1103/PhysRevD.81.056006
https://doi.org/10.1103/PhysRevLett.107.201802
https://doi.org/10.1103/PhysRevD.87.074502
https://doi.org/10.1016/j.physletb.2013.06.060
https://arXiv.org/abs/1503.06907
https://doi.org/10.1007/JHEP06(2015)115
https://doi.org/10.1007/JHEP09(2018)145
https://doi.org/10.1103/PhysRevD.94.013007
https://doi.org/10.1103/PhysRevD.94.013007
https://doi.org/10.1103/PhysRevD.96.053006
https://doi.org/10.1103/PhysRevD.96.053006
https://doi.org/10.1103/PhysRevD.101.073006
https://doi.org/10.1103/PhysRevD.103.074505
https://doi.org/10.1103/PhysRevD.103.074505
https://doi.org/10.3390/sym13040531
https://doi.org/10.3390/sym13040531
https://doi.org/10.1103/PhysRevD.108.094509
https://doi.org/10.1103/PhysRevD.108.094509
https://doi.org/10.1007/JHEP02(2023)010
https://doi.org/10.1007/JHEP02(2023)010
https://doi.org/10.1007/JHEP09(2025)172
https://doi.org/10.1007/JHEP09(2025)172

F. MAHMOUDI and D. MISHRA

PHYS. REV. D 114, 073006 (2026)

[17] D. Das and J. Das, The A, — A*(1520)(— NK)£+¢~
decay at low-recoil in HQET, J. High Energy Phys. 07
(2020) 002.

[18] M. 1. Ali, U. Chattopadhyay, D. K. Ghosh, and N. Rajeev,
Constraints on lepton flavor universal and non-universal
New Physics in b — s£7¢~ decays: A global SMEFT
survey, Nucl. Phys. B1022, 117237 (2026).

[19] D. Das, J. Das, G. Kumar, and N. Sahoo, A, — A(—
pr~){ ¢~ as probe of CP-violating new physics, Phys.
Rev. D 108, 015001 (2023).

[20] T. Gutsche, M. A. Ivanov, J. G. Korner, V. E. Lyubovitskij,
and P. Santorelli, Rare baryon decays A, — AlTI (Il =
e,u,7) and A, — Ay: Differential and total rates, lepton-
and hadron-side forward-backward asymmetries, Phys. Rev.
D 87, 074031 (2013).

[21] P. Boer, T. Feldmann, and D. van Dyk, Angular analysis of
the decay A, - A(— Nz)¢+¢~, J. High Energy Phys. 01
(2015) 155.

[22] G. Kumar and N. Mahajan, Asymmetries and observables
for A, — AT, arXiv:1511.00935.

[23] T. Blake and M. Kreps, Angular distribution of polarised A,
baryons decaying to AZt¢~, J. High Energy Phys. 11
(2017) 138.

[24] S. Descotes-Genon and M. Novoa-Brunet, Angular analysis
of the rare decay A, — A(1520)(— NK)¢t¢~, J. High
Energy Phys. 06 (2019) 136; 06 (2020) 102(E).

[25] Y.-S. Li, S.-P. Jin, J. Gao, and X. Liu, Transition form
factors and angular distributions of the A, — A(1520)
(= NK)*7- decay supported by baryon spectroscopy,
Phys. Rev. D 107, 093003 (2023).

[26] R. Khan, F. M. Bhutta, I. Ahmed, and M. J. Aslam, Lepton
polarization dependent angular observables and the polari-
zation asymmetries in the four-fold A, - A(— Nz)£ ¢~
decay, Nucl. Phys. B1029, 117562 (2026).

[27] G. Hiller and A. Kagan, Probing for new physics in
polarized A, decays at the Z, Phys. Rev. D 65, 074038
(2002).

[28] M.J. Aslam, Y.-M. Wang, and C.-D. Lu, Exclusive semi-
leptonic decays of A, — Al*[™ in supersymmetric theories,
Phys. Rev. D 78, 114032 (2008).

[29] Y.-M. Wang, M.J. Aslam, and C.-D. Lu, Rare decays of
A, = Ay and A, — AI"[™ in universal extra dimension
model, Eur. Phys. J. C 59, 847 (2009).

[30] S. Sahoo, C. K. Das, and L. Maharana, Effect of both Z and
Z-prime mediated flavor-changing neutral currents on the
baryonic rare decay A, — AlT[~, Int. J. Mod. Phys. A 24,
6223 (2009).

[31] K. Azizi, S. Kartal, A.T. Olgun, and Z. Tavukoglu,
Analysis of the semileptonic A, — AZT¢~ transition in
the topcolor-assisted technicolor model, Phys. Rev. D 88,
075007 (2013).

[32] K. Azizi, A.T. Olgun, and Z. Tavukoglu, Comparative
analysis of the A, — AZ*¢~ decay in the SM, SUSY and
RS model with custodial protection, Phys. Rev. D 92,
115025 (2015).

[33] S.-W. Wang and J.-S. Huang, Two Higgs doublet
model III and double-lepton polarization asymmetries in

A, = AuTp~ decays, Commun. Theor. Phys. 66, 211
(2016).

[34] S.-W. Wang and Y.-D. Yang, Analysis of A, = Autpu~
decay in scalar leptoquark model, Adv. High Energy Phys.
2016, 5796131 (2016).

[35] R.F. Alnahdi, T. Barakat, and H.A. Alhendi, Rare
A, = AT~ decay in the two-Higgs doublet model of
type-III, Prog. Theor. Exp. Phys. 2017, 073B04 (2017).

[36] D. Das, Model independent New Physics analysis in
A, = Aptu~ decay, Eur. Phys. J. C 78, 230 (2018).

[37] A. Nasrullah, M. Jamil Aslam, and S. Shafaq, Analysis of
angular observables of A, —» A(— pr)uTu~ decay in the
standard and Z’' models, Prog. Theor. Exp. Phys. 2018,
043B08 (2018).

[38] A. Nasrullah, F.M. Bhutta, and M.J. Aslam, The
A, = A(— pr~)pTp~ decay in the RS, model, J. Phys.
G 45, 095007 (2018).

[39] A. Nasrullah, I. Ahmed, M. J. Aslam, Z. Asghar, and S.
Shafaq, Probing new physics effects in A, > A (—
pr~ )¢~ decay via model-independent approach, Phys.
Scr. 96, 125309 (2021).

[40] Y. Amhis, S. Descotes-Genon, C. Marin Benito, M. Novoa-
Brunet, and M.-H. Schune, Prospects for New Physics
searches with A) — A(1520)¢7¢~ decays, Eur. Phys. J.
Plus 136, 614 (2021).

[41] S. Biswas, S. Mahata, B. P. Nayak, and S. Sahoo, Imprints
of new physics in A, - A*I"[~ decay in nonuniversal Z’
model, Int. J. Mod. Phys. A 37, 2250044 (2022).

[42] Y.-m. Wang, Y. Li, and C.-D. Lu, Rare Decays of
A, > A+y and Ay, > A+ [*]" in the Light-cone Sum
Rules, Eur. Phys. J. C 59, 861 (2009).

[43] Y.-M. Wang, Y.-L. Shen, and C.-D. Lu, A, — p, A tran-
sition form factors from QCD light-cone sum rules, Phys.
Rev. D 80, 074012 (2009).

[44] A. Khodjamirian, C. Klein, T. Mannel, and Y. M. Wang,
Form factors and strong couplings of heavy baryons from
QCD light-cone sum rules, J. High Energy Phys. 09 (2011)
106.

[45] T. Mannel and Y.-M. Wang, Heavy-to-light baryonic form
factors at large recoil, J. High Energy Phys. 12 (2011) 067.

[46] L.-F. Gan, Y.-L. Liu, W.-B. Chen, and M.-Q. Huang,
Improved light-cone QCD sum rule analysis Of the rare
decays A, = Ay And A, — AlTI~, Commun. Theor. Phys.
58, 872 (2012).

[47] Y.-M. Wang and Y.-L. Shen, Perturbative corrections to
A, — A form factors from QCD light-cone sum rules,
J. High Energy Phys. 02 (2016) 179.

[48] K.-S. Huang, H.-Y. Jiang, and F.-S. Yu, Transition form
factors of the A, — A(1520) in QCD light-cone sum rules,
Eur. Phys. J. C 85, 351 (2025).

[49] T. M. Aliev, T. Barakat, and M. Savci, Form factors for the
rare A,(A}) - NET¢~ decays in light cone QCD sum
rules, Phys. Rev. D 98, 035033 (2018).

[50] S. Navas et al. (Particle Data Group), Review of particle
physics, Phys. Rev. D 110, 030001 (2024).

[51] K. G. Chetyrkin, J. H. Kuhn, A. Maier, P. Maierhofer, P.
Marquard, M. Steinhauser, and C. Sturm, Charm and bottom
quark masses: An update, Phys. Rev. D 80, 074010 (2009).

073006-20


https://doi.org/10.1007/JHEP07(2020)002
https://doi.org/10.1007/JHEP07(2020)002
https://doi.org/10.1016/j.nuclphysb.2025.117237
https://doi.org/10.1103/PhysRevD.108.015001
https://doi.org/10.1103/PhysRevD.108.015001
https://doi.org/10.1103/PhysRevD.87.074031
https://doi.org/10.1103/PhysRevD.87.074031
https://doi.org/10.1007/JHEP01(2015)155
https://doi.org/10.1007/JHEP01(2015)155
https://arXiv.org/abs/1511.00935
https://doi.org/10.1007/JHEP11(2017)138
https://doi.org/10.1007/JHEP11(2017)138
https://doi.org/10.1007/JHEP06(2019)136
https://doi.org/10.1007/JHEP06(2019)136
https://doi.org/10.1007/JHEP06(2020)102
https://doi.org/10.1103/PhysRevD.107.093003
https://doi.org/10.1016/j.nuclphysb.2026.117562
https://doi.org/10.1103/PhysRevD.65.074038
https://doi.org/10.1103/PhysRevD.65.074038
https://doi.org/10.1103/PhysRevD.78.114032
https://doi.org/10.1140/epjc/s10052-008-0835-8
https://doi.org/10.1142/S0217751X09047727
https://doi.org/10.1142/S0217751X09047727
https://doi.org/10.1103/PhysRevD.88.075007
https://doi.org/10.1103/PhysRevD.88.075007
https://doi.org/10.1103/PhysRevD.92.115025
https://doi.org/10.1103/PhysRevD.92.115025
https://doi.org/10.1088/0253-6102/66/2/211
https://doi.org/10.1088/0253-6102/66/2/211
https://doi.org/10.1093/ptep/ptx098
https://doi.org/10.1140/epjc/s10052-018-5731-2
https://doi.org/10.1093/ptep/pty043
https://doi.org/10.1093/ptep/pty043
https://doi.org/10.1088/1361-6471/aad53a
https://doi.org/10.1088/1361-6471/aad53a
https://doi.org/10.1088/1402-4896/ac1c16
https://doi.org/10.1088/1402-4896/ac1c16
https://doi.org/10.1140/epjp/s13360-021-01194-5
https://doi.org/10.1140/epjp/s13360-021-01194-5
https://doi.org/10.1142/S0217751X22500440
https://doi.org/10.1140/epjc/s10052-008-0846-5
https://doi.org/10.1103/PhysRevD.80.074012
https://doi.org/10.1103/PhysRevD.80.074012
https://doi.org/10.1007/JHEP09(2011)106
https://doi.org/10.1007/JHEP09(2011)106
https://doi.org/10.1007/JHEP12(2011)067
https://doi.org/10.1088/0253-6102/58/6/14
https://doi.org/10.1088/0253-6102/58/6/14
https://doi.org/10.1007/JHEP02(2016)179
https://doi.org/10.1140/epjc/s10052-025-14033-z
https://doi.org/10.1103/PhysRevD.98.035033
https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1103/PhysRevD.80.074010

A, = A FORM FACTORS FROM LIGHT-CONE ...

PHYS. REV. D 114, 073006 (2026)

[52] Y.-L. Liu and M.-Q. Huang, Distribution amplitudes of
Sigma and Lambda and their electromagnetic form factors,
Nucl. Phys. A821, 80 (2009).

[53] W. Detmold and S. Meinel, A, — AZT¢~ form factors,
differential branching fraction, and angular observables
from lattice QCD with relativistic b quarks, Phys. Rev. D
93, 074501 (2016).

[54] T. Feldmann and M. W. Y. Yip, Form factors for A, - A
transitions in the soft-collinear effective theory, Phys. Rev.
D 85, 014035 (2012); 86, 079901(E) (2012).

[55] C. Bourrely, I. Caprini, and L. Lellouch, Model-independent
description of B — nfv decays and a determination of

|V, Phys. Rev. D 79, 013008 (2009); 82, 099902(E)
(2010).

[56] F. Mahmoudi, Superlso: A program for calculating the
isospin asymmetry of B — K*y in the MSSM, Comput.
Phys. Commun. 178, 745 (2008).

[57] E. Mahmoudi, Superlso v2.3: A program for calculating
flavor physics observables in Supersymmetry, Comput.
Phys. Commun. 180, 1579 (2009).

[58] S. Neshatpour and F. Mahmoudi, Flavour physics with
superlso, Proc. Sci. TOOLS2020 (2021) 036. [arXiv:2105.
03428].

073006-21


https://doi.org/10.1016/j.nuclphysa.2009.02.003
https://doi.org/10.1103/PhysRevD.93.074501
https://doi.org/10.1103/PhysRevD.93.074501
https://doi.org/10.1103/PhysRevD.85.014035
https://doi.org/10.1103/PhysRevD.85.014035
https://doi.org/10.1103/PhysRevD.79.013008
https://doi.org/10.1016/j.cpc.2007.12.006
https://doi.org/10.1016/j.cpc.2007.12.006
https://doi.org/10.1016/j.cpc.2009.02.017
https://doi.org/10.1016/j.cpc.2009.02.017
https://arXiv.org/abs/2105.03428
https://arXiv.org/abs/2105.03428

	&Lambda;b&rarr;&Lambda; form factors from light-cone sum rules with &Lambda;-baryon distribution amplitudes
	I. INTRODUCTION
	II. CORRELATION FUNCTION AND HADRONIC REPRESENTATION
	III. LIGHT-CONE OPE AND DISPERSION RELATION
	IV. LIGHT-CONE SUM RULES FOR &Lambda;b&rarr;&Lambda; FORM FACTORS
	V. NUMERICAL ANALYSIS
	A. Combined LCSR and lattice-QCD form factors for &Lambda;b&rarr;&Lambda;
	B. Differential branching fraction for &Lambda;b&rarr;&Lambda;&ell;+&ell;-

	VI. SUMMARY AND DISCUSSION
	ACKNOWLEDGMENTS
	DATA AVAILABILITY
	APPENDIX A: INVARIANT AMPLITUDES
	APPENDIX B: LIGHT CONE DISTRIBUTION AMPLITUDES
	APPENDIX C: QCD REPRESENTATION OF CORRELATION FUNCTIONS
	1. Pseudoscalar transition current
	2. Vector transition current
	3. Axial-vector transition current

	APPENDIX D: DIFFERENTIAL DECAY WIDTH OF &Lambda;b&rarr;&Lambda;&ell;+&ell;-
	References


