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Tensor form factors encode essential information about the internal spin structure and tensor dynamics of
baryons. In this work, we investigate the tensor form factors of the baryon hyperons Ω−, Σ�þ, and Ξ�−

within the framework of QCD sum rules. The complete set of tensor form factors is numerically evaluated
in the momentum transfer region 0 < Q2 < 10 GeV2. In addition, the quark tensor charges of the
considered hyperons are extracted in the forward limit. The results provide new nonperturbative insight into
the tensor structure and spin content of spin-3=2 baryons and offer valuable theoretical input for future
phenomenological analyses and experimental studies.
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I. INTRODUCTION

The internal structure of baryons continues to be a focus
of both theoretical and experimental studies within the
nonperturbative regime of QCD. In this context, form factors
(FFs) play a central role, serving as fundamental inputs in the
matrix elements of hadronic currents and providing a direct,
quantitative connection between theoretical predictions and
experimentally accessible observables. Axial-vector FFs
provide direct information on the helicity distributions of
quarks and spin correlations inside baryons. At low momen-
tum transfer, electromagnetic FFs (EMFFs) are directly
related to static electromagnetic (EM) properties such as
magnetic moments and electric charge radii, while at higher
momentum transfer they probe the spatial and dynamical
distributions of quarks inside hadrons. Gravitational FFs
(GFFs), obtained from matrix elements of the QCD energy-
momentum tensor (EMT), encode the mechanical properties
of hadrons, such as the spatial distributions of mass,
pressure, and shear forces. Tensor FFs (TFFs), defined
via matrix elements of the quark tensor current, provide
complementary insight into the internal structure of hadrons.
They are particularly sensitive to the transverse spin dis-
tributions of quarks and to spin-orbit correlations, revealing
aspects of hadronic structure that are not accessible through
other FFs. Together with EMFFs and GFFs; TFFs contribute
to a complete description of hadron dynamics in the non-
perturbative regime of QCD. Over the past decades,
extensive studies have been devoted to the investigation

of FFs for hadronic systems with spin-0 [1–5], 1=2 [6–15],
and 1 [16–19].
In this work, we focus on particles with spin-3=2, which

belong to the ten-dimensional representation commonly
referred to as the decuplet baryons. This family includes the
Δ, Σ�, Ξ�, and Ω− states. The members of the decuplet
baryons exhibit a wide range of masses and decay proper-
ties. TheΔ baryons are the lightest members of the decuplet
baryons and decay almost exclusively via strong inter-
actions into a nucleon and a pion. Their extremely short
lifetimes [20] make direct measurements of static proper-
ties, such as magnetic moments or charge radii, challeng-
ing. Scattering experiments, including pion-nucleon [21]
and photon-nucleon [22] interactions, together with lattice
QCD calculations [23–26], have provided valuable infor-
mation on the properties of these baryons. The Σ� and Ξ�
baryons decay predominantly via strong interactions into a
lower-mass baryon and a pion or a kaon, resulting in very
short lifetimes comparable to those of the Δ resonances.
The short lifetimes of these states pose significant chal-
lenges for direct experimental evaluation of static observ-
ables. Consequently, most information about their EM
properties comes from scattering experiments, including
pion [27–29], as well as from lattice QCD [24,25,30].
Experimental programs at facilities such as Jefferson Lab

(JLab) have played an important role in exploring the EM
structure of decuplet baryons. In particular, high-precision
electron-nucleon scattering experiments have been exten-
sively used to investigate the γ�N → H transition FFs over a
wide range of momentum transfers [31–37], providing
stringent constraints on theoretical models of theΔ resonance.
For the strange members of the decuplet, including the Σ�
and Ξ� baryons, experimental information has been ob-
tained through kaon electroproduction and photoproduction
processes [38,39], in which intermediate decuplet states
contribute to the reaction mechanisms. The Ω− baryon,
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unlike the other decuplet states, decays only via the weak
interaction, giving it a significantly longer lifetime than theΔ,
Σ�, or Ξ� baryons. This longer lifetime allows for more direct
experimental investigations of its internal structure, including
EM and static properties, which have been probed in the
process e−eþ → Ω−Ω̄þ by the CLEO [40] and BESIII [41]
collaborations, alongside lattice QCD calculations [25,26,42].
Both experimental groups, such as the A1 and A2 collabo-
rations [43–46] and the Laser Electron Gamma Source
Collaboration [47,48], as well as a variety of theoretical
approaches, including QCD sum rules (QCDSR) [49–52],
1=Nc expansion [53–59], the chiral quark soliton and
constituent models [60–62], the Skyrme and quark models
[63–65], have also investigated the EM properties of decuplet
baryons.
GFFs characterize the interaction between matter fields

and gravity, where scattering off a graviton would be a natural
but experimentally inaccessible probe. However, because the
EMT has a structure similar to the EM current [66], hard-
exclusive processes provide a practical way to access
hadron GFFs via generalized parton distributions (GPDs)
and generalized distribution amplitudes [18,67]. The inher-
ently short life of decuplet baryons makes the extraction of
GPDs experimentally challenging, leaving their GFFs far
less studied than their EMFFs. Various nonperturbative
approaches have been applied to investigate the GFFs and
mechanical properties of decuplet baryons [65,68–84].
At leading twist, hadron structure is encoded in three

independent quark distributions, each probing a distinct
aspect of quark dynamics. The unpolarized distribution
describes the momentum distribution of quarks inside the
hadron without reference to spin, while the helicity dis-
tribution quantifies the longitudinal spin alignment of quarks
in polarized hadrons. Owing to their chiral-even character,
both distributions are readily accessible through inclusive
deep inelastic scattering. The third distribution, known as
transversity, provides insight into the transverse spin struc-
ture of hadrons by encoding the correlation between the
transverse polarization of quarks and that of the parent
hadron. Because transversity is chiral-odd and related to the
tensor current, it decouples from inclusive measurements
and can only be probed through processes involving another
chiral-odd quantity. Consequently, its experimental deter-
mination relies on more exclusive reactions, such as semi-
inclusive deep inelastic scattering and Drell-Yan processes,
where transversity enters at leading twist. The tensor
operator plays a fundamental role in the study of hadron
structure, as its matrix elements are directly related to the
transversity distribution, which probes the transverse spin
degrees of freedom of quarks [85–88]. It has also been
established that hadronic TFFs can be interpreted as
generalized FFs, obtained from the Mellin moments of
GPDs. Within this framework, TFFs provide direct access to
the transverse spin structure of quarks in hadrons, offering a
probabilistic description of quark transverse densities in the

impact-parameter space. In particular, at zero momentum
transfer, the lowest Mellin moment of the chiral-odd GPDs
reduces to the tensor charge, which has been investigated
theoretically using various approaches, including the bag
model [89] and quark models [90,91]. TFFs play a crucial
role in advancing our understanding of baryon tomography,
as they provide essential information on the transverse spin
structure, spin-orbit correlations, and relativistic effects
inside baryons. Consequently, the study of TFFs is essential
for achieving a more complete understanding of hadron
structure, providing insights beyond those accessible
through other FFs.
Investigations of TFFs to date have focused on octet

hyperons [92] and nucleons [10,93–96]. While nucleons
have been extensively studied both theoretically and exper-
imentally, investigations of TFFs for decuplet baryons
remain relatively limited. In this context, the TFFs of
decuplet baryons have recently received attention, in
Refs. [97,98] presenting a decomposition based on the first
Mellin moments of their transversity GPDs. In our previous
work [99], we presented the tensor current matrix elements
using a method entirely independent of transversity GPDs,
and investigated the corresponding TFFs of the Δþ baryon.
In this study, we investigate the TFFs of the Ω−, Σ�þ, and
Ξ�− baryons within the framework of the QCDSR method.
The organization of the paper is as follows: Sec. II is

devoted to the calculation of the TFFs of the baryon
hyperons Ω−, Σ�þ, and Ξ�− based on the three-point
correlation function. The physical and QCD sides of the
correlation function are discussed in Secs. II A and II B,
respectively. In Sec. II B, we also study the correlation
function for the baryon hyperons. In Sec. III, the coef-
ficients of the relevant Lorentz structures are matched
between the physical and QCD sides. We then perform a
numerical analysis of the momentum transfer dependence
of the TFFs for the Ω−, Σ�þ, and Ξ�− baryons and extract
the corresponding tensor charges.

II. TFFS OF THE BARYON HYPERONS IN QCDSR

To study the TFFs of the considered baryon hyperons
Ω−, Σ�þ, and Ξ�− within the framework of the QCDSR
approach, we evaluate the three-point correlation function
induced by the tensor current [72,73,99],

ΠH
αμνβðp;p0Þ

¼ i2
Z

d4xe−ip:x
Z

d4yeip
0:yh0jT ½JHα ðyÞJT;Hμν ð0ÞJ̄Hβ ðxÞ�j0i;

ð1Þ

where T stands for the time-ordering operator and JT;Hμν

(with H ¼ Ω−;Σ�þ;Ξ�−) denotes the tensor current of the
baryon hyperon under consideration. The momenta of the
initial and final baryon states are given by p and p0,
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respectively. The interpolating current JHα ðyÞ associated
with the baryon hyperons at position y and carrying Lorentz
index α, is defined as [100–102]

JHα ðyÞ ¼ Aεabc
h
ðψaT

1 ðyÞCγαψb
2ðyÞÞψc

3ðyÞ
þ ðψaT

2 ðyÞCγαψb
3ðyÞÞψc

1ðyÞ
þ ðψaT

3 ðyÞCγαψb
1ðyÞÞψc

2ðyÞ
i
; ð2Þ

where C is the charge-conjugation operator, and a, b, and c
denote the color indices. The normalization constant A and
the light-quark fields ψ1, ψ2, and ψ3 [101] are listed in
Table I. The tensor current JT;Hμν ð0Þ ¼ ψ̄ð0Þiσμνψð0Þ rel-
evant for baryon hyperons is given by [10,92,99]

JT;Ω
−

μν ð0Þ ¼ s̄ð0Þiσμνsð0Þ;
JT;Σ

�þ
μν ð0Þ ¼ ūð0Þiσμνuð0Þ þ s̄ð0Þiσμνsð0Þ;
JT;Ξ

�−
μν ð0Þ ¼ s̄ð0Þiσμνsð0Þ þ d̄ð0Þiσμνdð0Þ; ð3Þ

where σμν ¼ i
2
½γμ; γν� represents the antisymmetric tensor

constructed from the γ matrices.
The TFFs of baryon hyperons are investigated within the

QCDSR framework by evaluating the correlation function
in Eq. (1) in two equivalent but distinct representations. In
the hadronic representation, the correlator is parametrized
in terms of physical observables associated with the baryon

states, while in the QCD representation, it is expressed
through quark and gluon dynamics. In order to suppress
higher states and continuum contributions while enhancing
the ground-state baryon hyperons, double Borel trans-
formations with respect to the squared momenta p2 and
p02 are performed on both sides, together with continuum
subtraction. The TFFs are then obtained by matching the
coefficients of the same Lorentz structures appearing in
both representations.

A. Physical side

Within the QCDSR framework, the physical (hadronic)
side of the correlation function is evaluated by inserting a
complete set of intermediate states whose quantum num-
bers match those of the interpolating current for the system
under study [72,73,99,103], as follows:

1 ¼ j0ih0j þ
X
l

Z
d4pl

ð2πÞ4 ð2πÞδðp
2
l −m2

HÞjHðplÞihHðplÞj

þ higher Fock states; ð4Þ

where mH represents the masses of the baryon hyperons,
and jHðplÞi denotes the hadronic state of interest, carrying
four-momentum pl. For the initial and final baryon hyper-
ons, carrying four-momenta pl and p0

l, Eq. (4) is applied
separately, and the resulting expression is integrated over
the four-dimensional spacetime coordinates x and y using
the identity [73]

Z
d4x

Z
d4pl

ð2πÞ4 ð2πÞδðp
2
l −m2

HÞeiðpl−pÞ:x ¼ i
m2

H −p2
: ð5Þ

This procedure isolates the ground-state pole contributions
(PCs) for both the initial and final baryon hyperons. Upon
completing the necessary calculations, the correlation
function of Eq. (1) on the physical side for the considered
baryon hyperons is obtained in the form [72,73,99]

Πphy;H
αμνβ ðp; p0Þ ¼

X
s;s0

h0jJHα ð0ÞjHðp0; s0ÞihHðp0; s0ÞjJT;Hμν ð0ÞjHðp; sÞihHðp; sÞjJ̄Hβ ð0Þj0i
ðm2

H − p2Þðm2
H − p02Þ þ � � � ; ð6Þ

where s and s0 indicate the spin of the initial and final states, respectively. The baryon hyperon states are described by
jHðp; sÞi for the initial state and jHðp0; s0Þi for the final state. The dots denote contributions arising from excited states and
the continuum. The first and third matrix elements of the interpolating current between the vacuum and the baryon hyperon
appearing in Eq. (6) are defined as [10,100,104–106]

h0jJHα ð0ÞjHðp0; s0Þi ¼ λHuαðp0; s0Þ; ð7Þ

where λH denotes the residue of the hyperon baryon, and uαðp0; s0Þ is the Rarita-Schwinger spinor. The sum over its spin
states is given by [72,73,99,100]

TABLE I. Values of the normalization constants A and the
corresponding light-quark fields ψ1, ψ2, and ψ3 for the baryon
hyperons studied in this work.

Baryon hyperons A ψ1 ψ2 ψ3

Ω− 1=3 s s s
Σ�þ

1=
ffiffiffi
3

p
u u s

Ξ�−
1=

ffiffiffi
3

p
s s d
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X
s0
uαðp0; s0Þūα0 ðp0; s0Þ ¼ −ð=p0 þmHÞ

�
gαα0 −

γαγα0

3
−
2p0

αp0
α0

3m2
H

þ p0
αγα0 − p0

α0γα
3mH

�
: ð8Þ

The second matrix element in Eq. (6) represents the tensor current between baryon hyperon states and is expressed in terms
of the corresponding TFFs as [99]

hHðp0; s0ÞjJT;Hμν ð0ÞjHðp; sÞi ¼ ūαðp0; s0Þ
�
iσμν

�
gαβF

T;H
1;0 ðQ2Þ þ qαqβ

m2
H

FT;H
1;1 ðQ2Þ

�
þ igα½μσν�βF

T;H
2;0 ðQ2Þ

þ γ½μqν�
mH

�
gαβF

T;H
3;0 ðQ2Þ þ qαqβ

m2
H

FT;H
3;1 ðQ2Þ

�
þ γ½μPν�P½αqβ�

m3
H

FT;H
4;0 ðQ2Þ

þ P½μqν�
m2

H

�
gαβF

T;H
5;0 ðQ2Þ þ qαqβ

m2
H

FT;H
5;1 ðQ2Þ

�
þ gα½μγν�qβ − gβ½μγν�qα

mH
FT;H
6;0 ðQ2Þ

þ gα½μqν�Pβ − gβ½μqν�Pα

m2
H

FT;H
7;0 ðQ2Þ

�
uβðp; sÞ; ð9Þ

where gαβ is the metric tensor, and the momentum transfer and total momentum are defined as qμ ¼ pμ − p0
μ and

Pμ ¼ pμ þ p0
μ, respectively, with Q2 ¼ −q2. The tensor form factors FT;H

i;j ðQ2Þ correspond to the considered baryon
hyperons, and the antisymmetric combination of indices is defined as a½μbν� ¼ aμbν − aνbμ. By inserting Eqs. (7)–(9) into
Eq. (6), the physical side of the correlation function for the hyperon-hyperon transition is obtained. While the interpolating
current primarily couples to the spin-3=2 baryon hyperon, its Lorentz structure also permits overlap with spin-1=2 states,
giving rise to unwanted contributions that can be expressed as [72,73,99,100]

h0jJHα ð0Þjp0; s0 ¼ 1=2i ¼ ðAp0
α þ BγαÞuðp0; s0 ¼ 1=2Þ; ð10Þ

where uðp0; s0 ¼ 1=2Þ denotes the Dirac spinor, while A and B correspond to scalar functions. As seen in Eq. (10), the spin-
1=2 contamination, proportional to p0

α and γα, is eliminated by imposing the constraints p0αJHα ¼ 0 and γαJHα ¼ 0. In this
way, A can be written in terms of B (i.e; A ¼ −4B=m1=2), which removes the spin-1=2 contamination and isolates the pure
spin-3=2 contributions in the correlation function. In practical calculations, the Dirac matrices are first arranged in the order
γα=p0=pγμγνγβ, after which all terms beginning with γα, ending with γβ, or proportional to p0

α and pβ are eliminated. Finally,
the effects of excited states and the continuum are reduced by applying a double Borel transformation respect to p2 and p02,
with Borel parameters M2

1 and M2
2 [107,108], as follows:

BM2
1
BM2

2

�
1

ðm2
H − p2Þðm2

H − p02Þ
�

¼ e
−
m2
H

M2
1e

−
m2
H

M2
2 ¼ e−

m2
H

M2 : ð11Þ

Because both the initial and final states involve the same baryon hyperon, we set the Borel masses equal,M2
1 ¼ M2

2 ¼ 2M2,
as used in the second equality of Eq. (11). Upon completing the above steps, the physical side of the correlation function for
the baryon hyperons Ω−, Σ�þ, and Ξ�− takes its final form in the Borel scheme, expressed as follows:

Πphy;Ω−

αμνβ ðM2; Q2Þ ¼ jλΩ− j2e−
m2
Ω−
M2

h
gαβγμγν=p0=pΠphy;Ω−

1 ðQ2Þ þ gαμgνβ=p0Πphy;Ω−

2 ðQ2Þ þ pαγμγνp0
β=p

0=pΠphy;Ω−

3 ðQ2Þ
þ p0

μgαβpν=pΠ
phy;Ω−

4 ðQ2Þ þ pαgμβγν=p0Πphy;Ω−

5 ðQ2Þ þ pαp0
μgνβ=p0Πphy;Ω−

6 ðQ2Þ
þ pαpμp0

νp0
β=p

0Πphy;Ω−

7 ðQ2Þ þ pμgαβp0
ν1Π

phy;Ω−

8 ðQ2Þ þ pαpμγνp0
β=pΠ

phy;Ω−

9 ðQ2Þ
þ pαp0

μγνp0
β=pΠ

phy;Ω−

10 ðQ2Þ þ � � �
i
; ð12Þ

Πphy;Σ�þ
αμνβ ðM2; Q2Þ ¼ jλΣ�þ j2e−

m2

Σ�þ
M2

h
gαβγμγν=p0=pΠphy;Σ�þ

1 ðQ2Þ þ gαμgνβ=p0=pΠphy;Σ�þ
2 ðQ2Þ þ pαγμγνp0

β=p
0=pΠphy;Σ�þ

3 ðQ2Þ
þ gαβγμp0

ν=p0=pΠphy;Σ�þ
4 ðQ2Þ þ gαβpμp0

ν=p0=pΠphy;Σ�þ
5 ðQ2Þ þ pαgμβγν=p0=pΠphy;Σ�þ

6 ðQ2Þ
þ pαpμgνβ=p0=pΠphy;Σ�þ

7 ðQ2Þ þ pαp0
μpνp0

β1Π
phy;Σ�þ
8 ðQ2Þ þ pαpμγνp0

β=pΠ
phy;Σ�þ
9 ðQ2Þ

þ pαp0
μγνp0

β=pΠ
phy;Σ�þ
10 ðQ2Þ þ � � �

i
; ð13Þ
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Πphy;Ξ�−
αμνβ ðM2; Q2Þ ¼ jλΞ�− j2e−

m2
Ξ�−
M2

h
gαβγμγν=p0=pΠphy;Ξ�−

1 ðQ2Þ þ gαμgνβ=p0=pΠphy;Ξ�−
2 ðQ2Þ þ pαγμγνp0

β=p
0=pΠphy;Ξ�−

3 ðQ2Þ
þ gαβγμp0

ν=p0=pΠphy;Ξ�−
4 ðQ2Þ þ gαβpμp0

ν=p0=pΠphy;Ξ�−
5 ðQ2Þ þ pαgμβγν=p0=pΠphy;Ξ�−

6 ðQ2Þ
þ pαp0

μgνβ=p0Πphy;Ξ�−
7 ðQ2Þ þ pαp0

μpνp0
β1Π

phy;Ξ�−
8 ðQ2Þ þ pαpμγνp0

β=pΠ
phy;Ξ�−
9 ðQ2Þ

þ pαp0
μγνp0

β=pΠ
phy;Ξ�−
10 ðQ2Þ þ � � �

i
; ð14Þ

where 1 denotes the identity matrix, and the functions
Πphy; H

i ðQ2Þ (with i ¼ 1;…; 10) are expressed in terms of
the TFFs and the physical parameters of the baryons (see
Appendix A). It is important to emphasize that the physical
side of the correlation function is identical for all spin-3=2
baryons. Furthermore, if we include the terms indicated
by “� � �” in Eqs. (12)–(14), the physical side of the
correlation function remains identical for all three baryons.
For the numerical analysis, in Eqs. (12)–(14), we retain
only the Lorentz structures that contribute to the TFFs.
Contributions from higher states, the continuum, and other
Lorentz structures are indicated by the dots.

B. QCD side

In this section, the QCD side of the correlation function is
evaluated in the large spacelike momentum transfer region.
To this end, we insert the tensor currents from Eq. (3) and the
interpolating currents from Eq. (2) into Eq. (1). Considering
the time-ordering operator in its definition, Wick’s theorem
is then applied. Consequently, the correlation function is
obtained on the QCD side in the form

ΠQCD; H
αμνβ ðp; p0Þ

¼ i2εabcεa0b0c0
Z

d4x e−ip:x
Z

d4y eip
0:yΠH

αμνβðx; yÞ; ð15Þ

where ΠH
αμνβðx; yÞ for the selected baryon hyperons is

formulated using γ matrices and the corresponding light-
quark propagators. Owing to the lengthy form of
ΠH

αμνβðx; yÞ, the complete expressions for the Ω−, Σ�þ,
and Ξ�− baryons are collected in Appendix B. Using the
light-quark propagator in Eq. (B3), the correlation func-
tions for the considered baryon hyperons are obtained from
Eqs. (B1)–(B2), as follows:

ΠQCD;H
αμνβ ðp;p0Þ ¼

Z
d4xe−ip:x

Z
d4yeip

0:y
h
ΠðpertÞ;H

αμνβ ðp;p0Þ

þΠð3DÞ;H
αμνβ ðp;p0Þ þΠð4DÞ;H

αμνβ ðp;p0Þ
þΠð5DÞ;H

αμνβ ðp;p0Þ þΠð6DÞ;H
αμνβ ðp;p0Þ þ � � �

i
;

ð16Þ

where D denotes the spacetime dimension. The corre-
lation function for the baryon hyperons receives a

perturbative contribution, ΠðpertÞ; H
αμνβ ðp; p0Þ, as well as non-

perturbative contributions, Πð3DÞ; H
αμνβ ðp; p0Þ, Πð4DÞ; H

αμνβ ðp; p0Þ,
Πð5DÞ; H

αμνβ ðp; p0Þ, and Πð6DÞ; H
αμνβ ðp; p0Þ, corresponding to oper-

ators of mass dimensions three through six, respectively.
Contributions from operators of higher mass dimensions
are indicated by the dots. The terms with mass dimensions
0, 3, and 4, and separately those with dimensions 5 and 6,
were evaluated using two independent methods.
(i) The correlation function with mass dimensions 0, 3

and 4: the contributions to the correlation function with mass
dimensions 0, 3, and 4 are first computed in coordinate space
and then transformed to momentum space for further
evaluation using [109]

1

ðL2Þmj
¼

Z
dDpj

ð2πÞD exp−ipj:Lið−1Þmjþ12D−2mjπD=2

×
Γ½D=2 −mj�

Γ½mj�
�
−

1

p2
j

�
D=2−mj

; ð17Þ

where L stands for x − y, x, or y. The spacetime coordinates
are expressed as derivatives with respect to the momenta:
yμ ¼ −i∂=∂p0

μ and xμ ¼ i∂=∂pμ. Performing the integra-
tions over x and y in D-dimension generates two Dirac δ
functions in momentum space, enabling the direct evalu-
ation of two of the D-dimensional momentum integrals in
Eq. (17). The remaining D-dimensional integral is then
simplified via Feynman parametrization and subsequently
computed using the formula [72,109]

Z
dDl

1

ðl2 þ ΔÞn ¼
iπD=2ð−1ÞnΓ½n −D=2�

Γ½n�ð−ΔÞn−D=2 : ð18Þ

Within the dispersion relation framework, the invariant
amplitudes corresponding to the different Lorentz struc-
tures on the QCD side can be written as double integrals
over the spectral densities in momentum space, as follows:

ΠQCD; H
i ðs0; Q2Þ ¼

Z
s0

ðmψ1
þmψ2

þmψ3
Þ2
ds

Z
s0

ðmψ1
þmψ2

þmψ3
Þ2
ds0

×
ρHi ðs; s0; Q2Þ

ðs − p2Þðs0 − p02Þ ; ð19Þ

where the parameter s0 corresponds to the continuum
threshold and takes distinct values for each baryon hyperon.
Because the initial and final states are the same hyperon, the
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lower and upper bounds of the double integrals coincide. The
spectral densities ρHi ðs; s0; Q2Þ are obtained from the imagi-
nary parts of the QCD side invariant functions, as follows:

ρHi ðs; s0; Q2Þ ¼ Im½ΠQCD; H
i ðs0; Q2Þ�

π
: ð20Þ

The imaginary parts corresponding to the different Lorentz
structures can be computed using [109]

Γ
�
D
2
− n

��
−1
Δ

�
D=2−n

¼ ð−1Þn−1
ðn − 2Þ! ð−ΔÞ

n−2 ln½−Δ�: ð21Þ

Subsequently, we work in D ¼ 4 spacetime dimensions.
Following the same procedure as on the physical side in
Sec. II A, the γ matrices are arranged in the prescribed order,
and the constraints necessary to eliminate the spin-1=2
contamination are then imposed.
(ii) The correlation function with mass dimensions 5

and 6: for these contributions, we first rotate to Euclidean
space via a Wick rotation, and subsequently employ the
Schwinger parametrization as

1

ðL2Þmj
¼ ð−1Þmj

ΓðmjÞ
Z

∞

0

dααmj−1 exp ½−αL2�; ð22Þ

where α denotes an independent Schwinger parameter. We
then carry out the Gaussian integration over the Euclidean
coordinates xE and yE, yielding expressions in terms of the
Schwinger parameters. After setting D ¼ 4, a Wick rota-
tion back to Minkowski space is performed, with xμ and yμ
represented as derivatives with respect to the momenta.
Following the procedure on the physical side, the Dirac
matrices are arranged similarly, and terms corresponding
to spin-1=2 contamination are removed. Subsequently, a
double Borel transformation is applied with respect to the
squared momenta of the initial and final baryons, using the
Borel parameters M2

1 and M2
2 [99].

The Schwinger parameter integrals are subsequently
carried out. Applying the double Borel transformation to
part (i) and performing continuum subtraction for both
(i) and (ii) [107,108], we arrive at the final Borel-
transformed expression of the correlation function on the
QCD side:

ΠQCD; H
i ðs0;M2; Q2Þ ¼

Z
s0

ðmψ1
þmψ2

þmψ3
Þ2
ds

Z
s0

ðmψ1
þmψ2

þmψ3
Þ2
ds0ρHi ðs; s0; Q2Þe− s

2M2e−
s0

2M2 þ ΓH
i ðs0;M2; Q2Þ: ð23Þ

In the above equation, the first term accounts for the contribution from part (i), while the second term, ΓH
i ðs0;M2; Q2Þ,

arises from part (ii). The full QCD side correlation function for the baryon hyperons Ω−, Σ�þ, and Ξ�− in the Borel scheme
is then given by

ΠQCD;Ω−

αμνβ ðs0;M2; Q2Þ ¼ gαβγμγν=p0=pΠQCD;Ω−

1 ðs0;M2; Q2Þ þ gαμgνβ=p0ΠQCD;Ω−

2 ðs0;M2; Q2Þ
þ pαγμγνp0

β=p
0=pΠQCD;Ω−

3 ðs0;M2; Q2Þ þ p0
μgαβpν=pΠ

QCD;Ω−

4 ðs0;M2; Q2Þ
þ pαgμβγν=p0ΠQCD;Ω−

5 ðs0;M2; Q2Þ þ pαp0
μgνβ=p0ΠQCD;Ω−

6 ðs0;M2; Q2Þ
þ pαpμp0

νp0
β=p

0ΠQCD;Ω−

7 ðs0;M2; Q2Þ þ pμgαβp0
ν1Π

QCD;Ω−

8 ðs0;M2; Q2Þ
þ pαpμγνp0

β=pΠ
QCD;Ω−

9 ðs0;M2; Q2Þ þ pαp0
μγνp0

β=pΠ
QCD;Ω−

10 ðs0;M2; Q2Þ þ � � � ; ð24Þ

ΠQCD;Σ�þ
αμνβ ðs0;M2; Q2Þ ¼ gαβγμγν=p0=pΠQCD;Σ�þ

1 ðs0;M2; Q2Þ þ gαμgνβ=p0=pΠQCD;Σ�þ
2 ðs0;M2; Q2Þ

þ pαγμγνp0
β=p

0=pΠQCD;Σ�þ
3 ðs0;M2; Q2Þ þ gαβγμp0

ν=p0=pΠQCD;Σ�þ
4 ðs0;M2; Q2Þ

þ gαβpμp0
ν=p0=pΠQCD;Σ�þ

5 ðs0;M2; Q2Þ þ pαgμβγν=p0=pΠQCD;Σ�þ
6 ðs0;M2; Q2Þ

þ pαpμgνβ=p0=pΠQCD;Σ�þ
7 ðs0;M2; Q2Þ þ pαp0

μpνp0
β1Π

QCD;Σ�þ
8 ðs0;M2; Q2Þ

þ pαpμγνp0
β=pΠ

QCD;Σ�þ
9 ðs0;M2; Q2Þ þ pαp0

μγνp0
β=pΠ

QCD;Σ�þ
10 ðs0;M2; Q2Þ þ � � � ; ð25Þ

ΠQCD;Ξ�−
αμνβ ðs0;M2; Q2Þ ¼ gαβγμγν=p0=pΠQCD;Ξ�−

1 ðs0;M2; Q2Þ þ gαμgνβ=p0=pΠQCD;Ξ�−
2 ðs0;M2; Q2Þ

þ pαγμγνp0
β=p

0=pΠQCD;Ξ�−
3 ðs0;M2; Q2Þ þ gαβγμp0

ν=p0=pΠQCD;Ξ�−
4 ðs0;M2; Q2Þ

þ gαβpμp0
ν=p0=pΠQCD;Ξ�−

5 ðs0;M2; Q2Þ þ pαgμβγν=p0=pΠQCD;Ξ�−
6 ðs0;M2; Q2Þ

þ pαp0
μgνβ=p0ΠQCD;Ξ�−

7 ðs0;M2; Q2Þ þ pαp0
μpνp0

β1Π
QCD;Ξ�−
8 ðs0;M2; Q2Þ

þ pαpμγνp0
β=pΠ

QCD;Ξ�−
9 ðs0;M2; Q2Þ þ pαp0

μγνp0
β=pΠ

QCD;Ξ�−
10 ðs0;M2; Q2Þ þ � � � : ð26Þ
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The functions ΠQCD; H
i ðs0;M2; Q2Þ for H ¼ Ω−;Σ�þ;Ξ�−,

are quite lengthy and are not shown explicitly. The TFFs of
the Ω−, Σ�þ, and Ξ�− baryons are determined by equating
the coefficients of the chosen Lorentz structures on the
QCD side, given by Eqs. (24)–(26), with those on the
physical side from Eqs. (12)–(14).

III. NUMERICAL ANALYSES

In this section, we perform a numerical analysis of the
TFFs obtained from the QCDSR formalism, using the input
parameters summarized in Table II.
In the QCDSR analysis, aside from the standard input

parameters, two additional auxiliary quantities—the Borel
mass M2 and the continuum threshold s0—play a crucial
role in the stability and reliability of the QCDSR. The
auxiliary parameters are introduced as part of the computa-
tional procedure. Ideally, the extracted physical quantities
should be independent of these parameters; however, a
residual dependence remains in practice. The working
intervals are chosen to satisfy three main criteria: stability
of the TFFs under variations of the Borel mass M2 and
continuum threshold s0, dominance of the ground-state
pole contribution over the excited states and continuum,
and reliable convergence of the operator product expansion
(OPE). The following conditions are imposed to ensure
these requirements are met [99,100]:

PCðQ2Þ ¼ ΠQCD; H
i ðs0;M2; Q2Þ

ΠQCD; H
i ð∞;M2; Q2Þ ≥ 0.5;

RðM2; Q2Þ ¼ ΠQCD;H;Dim6
i ðs0;M2; Q2Þ
ΠQCD; H

i ð∞;M2; Q2Þ ≤ 0.08; ð27Þ

where i labels the selected Lorentz structures. The upper
bound of the Borel parameter M2 is fixed by the PC
requirement, which ensures that the ground-state pole
contributes at least 50% of the total QCD amplitude. The
lower bound is determined from the convergence of the
OPE, limiting the contribution of the highest-dimensional
operator to no more than 8% of the total. Using these
criteria, the appropriate working ranges for s0 and M2 are
obtained and summarized in Table III.

The dependence of the TFFs on the Borel parameter M2

and the squared momentum transfer Q2 is illustrated in
Figs. 1–4 for the baryon hyperons Ω−, Σ�þ, and Ξ�−. The
dependence of the TFFs on the Borel parameter M2 is
analyzed at Q2 ¼ 1.0 GeV2 for three representative values
of the continuum threshold s0 for all considered baryon
hyperons. For brevity, the corresponding results are pre-
sented only for the Ω− baryon as a representative example
in Fig. 1. The results demonstrate that the TFFs exhibit only
minor variations within the chosen Borel window, indicat-
ing a stable and reliable determination from the QCDSR
approach. The Q2 dependence of the TFFs has been
analyzed for all considered baryon hyperons. In particular,
Fig. 2 illustrates the Q2 dependence of the TFFs for the
Ω− baryon at a fixed Borel mass parameterM2 ¼ 7.5 GeV2

and three continuum thresholds, s0 ¼ 3.30; 3.40, and
3.50 GeV2. Figures 3 and 4 show the Q2 dependence of
the TFFs for Σ�þ atM2 ¼ 5.5 GeV2 (with s0 ¼ 3.24; 3.34,
and 3.44 GeV2) and for Ξ�− at M2 ¼ 6.0 GeV2 (with
s0 ¼ 4.00; 4.10, and 4.20 GeV2), respectively.
The QCDSR results for the Ω−, Σ�þ, and Ξ�− hyperons

are accurately captured by the generalized p-pole para-
metrization [72,99], as follows:

F ðQ2Þ ¼ F ð0Þ
ð1þ Q2

m2
p
Þp

: ð28Þ

In this expression, mp serves as an effective mass scale in
GeV, while p and F ð0Þ are dimensionless fit parameters.
The p-pole parametrization effectively describes the Q2

dependence of the TFFs for the baryon hyperons, exhibit-
ing a gradual decrease and approaching zero around
Q2 ∼ 10 GeV2, as shown in Figs. 2–4.

TABLE II. Input parameters and corresponding values used in the numerical evaluations.

Input parameters Values Input parameters Values

ms 0.0935� 0.0005 GeV [20] λΩ− 0.049� 0.015 GeV3 [100]
mu 0.00216� 0.00007 GeV [20] λΣ�þ 0.036� 0.010 GeV3 [100]
md 0.00470� 0.00004 GeV [20] λΞ�− 0.045� 0.013 GeV3 [100]
mΩ− 1.67243� 0.00032 GeV [20] αs (0.118� 0.005) [110]
mΣ�þ 1.38283� 0.00034 GeV [20] gs

ffiffiffiffiffiffiffiffiffiffi
4παs

p
mΞ�− 1.5350� 0.0006 GeV [20] hαsπ G2i ð0.012� 0.004Þ GeV4 [111]
hq̄qi; with (q ¼ u; d; s) ð−0.24� 0.01Þ3 GeV3 [112] hq̄gsσGqi ð0.8� 0.1Þhq̄qi GeV5 [112]

TABLE III. Working ranges of the continuum threshold s0 and
Borel parameter M2 for the baryon hyperons Ω−, Σ�þ, and Ξ�−.

Baryon hyperons s0 (GeV2) M2 (GeV2)

Ω− 3.30 ≤ s0 ≤ 3.50 7 ≤ M2 ≤ 8
Σ�þ 3.24 ≤ s0 ≤ 3.44 5 ≤ M2 ≤ 6
Ξ�− 4.00 ≤ s0 ≤ 4.20 5.5 ≤ M2 ≤ 6.5
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FIG. 1. Dependence of the Ω− TFFs on the Borel mass parameter M2 at Q2 ¼ 1.0 GeV2 for three different values of the continuum
threshold s0.
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FIG. 2. Variation of the Ω− TFFs with Q2 at a fixed Borel parameter M2 ¼ 7.5 GeV2, shown for three choices of the continuum
threshold s0.
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FIG. 3. Variation of the Σ�þ TFFs with Q2 at M2 ¼ 5.5 GeV2 for three choices of the continuum threshold s0.
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FIG. 4. Variation of the Ξ�− TFFs at M2 ¼ 6.0 GeV2 for three choices of s0.
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The corresponding p-pole parameters are listed in
Tables IV–VI. These fits are obtained at the central values
of s0 and M2, with the uncertainties reflecting both the
dependence on the auxiliary parameters and the intrinsic
systematic effects of the QCDSR framework. A detailed
analysis of the resulting TFFs provides valuable insight into
the distribution of the tensor charge among the constituent
quarks. The quark tensor charge is extracted in the forward
limit (q ¼ 0) [97,98]. Applying Eq. (9) under this condition
yields [99]

hHðp; sÞjψ̄ð0Þiσμνψð0ÞjHðp; sÞi
¼ ūαðp; sÞ

h
iσμνgαβF

T;H
1;0 ð0Þ þ igα½μσν�βF

T;H
2;0 ð0Þ

i
uβðp; sÞ:

ð29Þ

By employing the Rarita-Schwinger constraints,

γβuβðp; sÞ ¼ 0; pβuβðp; sÞ ¼ 0; ð30Þ

and taking into account the antisymmetric nature of σμν, we
arrive at

hHðp; sÞjψ̄ð0Þiσμνψð0ÞjHðp; sÞi
¼ ūαðp; sÞiσμνuαðp; sÞ

�
FT;H
1;0 ð0Þ − FT;H

2;0 ð0Þ
�
: ð31Þ

The quark tensor charge, δψH, is defined by the combi-
nation of TFFs, FT;H

1;0 ð0Þ − FT;H
2;0 ð0Þ, which represents the

only nonvanishing contribution at zero momentum transfer.
This result aligns with the findings of Ref. [97].
Employing thep-pole fit parameters given inTables IV–VI,

the quark tensor charges for the hyperon baryons considered
here are then calculated as follows:

δψΩ− ¼ 2.36� 0.15;

δψΣ�þ ¼ 5.33� 0.39;

δψΞ�− ¼ 6.44� 0.36: ð32Þ

For the baryon hyperonsΩ−, Σ�þ, and Ξ�−, the TFFs provide
a detailed probe of their internal spin structure and the
distribution of quark transversity. Similar to the Δþ baryon
case [99], the quark tensor charge extracted in the forward
limit reflects the intrinsic spin correlations of the constituent
quarks. Beyond the tensor charge, the full set of TFFs
encodes rich information about the internal structure of

TABLE IV. Numerical values of the p-pole fit parameters for
the TFFs of the Ω− baryon (Fig. 2), obtained at the central values
of the continuum threshold s0 and Borel mass M2.

TFF F ð0Þ mp p

FT;Ω−

1;0 ðQ2Þ 2.04� 0.15 1.32� 0.00 1.09� 0.02

FT;Ω−

1;1 ðQ2Þ 0.39� 0.02 1.87� 0.02 1.97� 0.01

FT;Ω−

2;0 ðQ2Þ −0.32� 0.02 1.40� 0.02 0.27� 0.00

FT;Ω−

3;0 ðQ2Þ 0.43� 0.19 0.72� 0.00 0.94� 0.01

FT;Ω−

3;1 ðQ2Þ −1.92� 0.10 0.67� 0.00 1.51� 0.01

FT;Ω−

4;0 ðQ2Þ −0.06� 0.05 1.75� 0.02 2.17� 0.01

FT;Ω−

5;0 ðQ2Þ −0.67� 0.03 0.50� 0.01 0.55� 0.01

FT;Ω−

5;1 ðQ2Þ −1.80� 0.10 0.68� 0.00 1.71� 0.01

FT;Ω−

6;0 ðQ2Þ −0.16� 0.01 1.54� 0.02 2.63� 0.11

FT;Ω−

7;0 ðQ2Þ −2.11� 0.08 0.37� 0.01 0.52� 0.01

TABLE VI. Numerical values of the p-pole fit parameters for
the TFFs of the Ξ�− baryon (Fig. 4), evaluated at the central
values of the continuum threshold s0 and Borel mass M2.

TFF F ð0Þ mp p

FT;Ξ�−
1;0 ðQ2Þ 6.39� 0.36 1.36� 0.01 1.02� 0.01

FT;Ξ�−
1;1 ðQ2Þ 0.90� 0.03 1.95� 0.02 1.89� 0.01

FT;Ξ�−
2;0 ðQ2Þ −0.05� 0.02 1.99� 0.02 0.90� 0.00

FT;Ξ�−
3;0 ðQ2Þ −1.40� 0.06 0.67� 0.00 0.95� 0.01

FT;Ξ�−
3;1 ðQ2Þ −3.55� 0.09 0.69� 0.00 1.44� 0.01

FT;Ξ�−
4;0 ðQ2Þ −0.18� 0.01 1.88� 0.02 2.14� 0.00

FT;Ξ�−
5;0 ðQ2Þ −0.35� 0.30 0.83� 0.00 0.74� 0.00

FT;Ξ�−
5;1 ðQ2Þ 4.24� 0.18 0.69� 0.00 1.62� 0.01

FT;Ξ�−
6;0 ðQ2Þ −0.49� 0.03 1.68� 0.01 2.92� 0.07

FT;Ξ�−
7;0 ðQ2Þ −0.78� 0.03 0.48� 0.00 0.67� 0.00

TABLE V. Numerical values of the p-pole fit parameters for the
TFFs of the Σ�þ baryon (Fig. 3), evaluated at the central values of
the continuum threshold s0 and Borel mass M2.

TFF F ð0Þ mp p

FT;Σ�þ
1;0 ðQ2Þ 5.33� 0.39 1.31� 0.00 1.12� 0.02

FT;Σ�þ
1;1 ðQ2Þ 0.76� 0.03 1.78� 0.02 1.91� 0.01

FT;Σ�þ
2;0 ðQ2Þ 0.00� 0.00 1.75� 0.34 0.94� 0.01

FT;Σ�þ
3;0 ðQ2Þ −0.51� 0.03 0.58� 0.00 1.01� 0.00

FT;Σ�þ
3;1 ðQ2Þ −3.63� 0.18 0.67� 0.00 1.53� 0.01

FT;Σ�þ
4;0 ðQ2Þ −0.15� 0.01 1.72� 0.02 2.18� 0.01

FT;Σ�þ
5;0 ðQ2Þ −0.10� 0.08 2.99� 0.08 2.07� 0.05

FT;Σ�þ
5;1 ðQ2Þ 3.41� 0.17 0.67� 0.22 1.73� 0.01

FT;Σ�þ
6;0 ðQ2Þ 0.27� 0.01 0.95� 0.00 0.80� 0.01

FT;Σ�þ
7;0 ðQ2Þ −0.90� 0.04 0.68� 0.02 0.84� 0.00
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spin-3=2 baryons. They provide quantitative measures of
the spin distribution among the quarks, characterize electro-
magnetic properties induced by tensor interactions, and may
even offer indirect insights into the spatial and geometric
structure of these baryons. These results are not only
relevant for understanding the intrinsic properties of hyper-
ons within the Standard Model, but also serve as essential
inputs for constructing observables sensitive to the beyond
Standard Model physics, such as searches for quark electric
dipole moments or tensor interactions in low-energy experi-
ments. The TFFs thus act as fundamental building blocks
for both theoretical studies and potential experimental
probes of spin dependent hadronic structure [97,113,114].

IV. SUMMARY AND CONCLUSION

Hadrons interact through a variety of currents, and each
type of interaction is characterized by a distinct set of FFs.
These FFs encode critical information about the internal
structure, spin distributions, and dynamic properties of
hadrons. While experimental studies have provided some
insights into hadronic interactions, discrepancies between
theoretical predictions and experimental measurements
persist. These differences highlight the complexity of
hadron structure and indicate that our understanding
remains incomplete. For baryon hyperons in particular,
theoretical and experimental information is still scarce.
This limited knowledge restricts our ability to fully com-
prehend their internal dynamics, interactions, and intrinsic
properties. Previous studies have primarily focused on their
electromagnetic and gravitational FFs, offering only a
partial understanding of their structure. To achieve a more
complete picture, it is essential to investigate their inter-
actions with additional currents, such as the tensor current,
which provides complementary insights into quark spin
correlations and the distribution of tensor charges within
these baryons. The present study contributes to this effort by
analyzing the TFFs of the Ω−, Σ�þ, and Ξ�− baryons within
the framework of QCDSR. Our results provide new
theoretical predictions that can guide future experimental
investigations and help refine models of decuplet baryon
structure. Ultimately, a comprehensive understanding of
these FFs is crucial for advancing our knowledge of
hadronic physics and for testing the underlying principles
of QCD in the nonperturbative regime. TFFs of baryon
hyperons are important because they help us understand the
spin structure of these baryons and show detailed properties,
such as the distribution of tensor charge. These FFs,
obtained from the matrix elements of the tensor current
between hadron states, provide a useful way to study the
shape and internal dynamics of baryons and play a key role
in understanding the nonperturbative features of QCD. With
recent progress in studying the interactions of these currents,
especially tensor and gravitational currents with hadrons,
more precise experimental data are expected soon. These

new data will not only help clarify the properties of baryon
hyperons but also significantly improve our understanding
of the structure and dynamics of nucleons. These data serve
as important input for experiments at leading research
centers around the world, such as the LHC, JLab, Mainz,
Laboratoire d’Annecy de Physique des Particules, and other
advanced laboratories. These centers can provide valuable
information on the interactions of various currents with
nucleons and baryon hyperons. In this work, we have
investigated hyperon-hyperon transitions induced by the
tensor current within the framework of QCDSR. The QCD
side of the correlation function was computed for the baryon
hyperons, and the corresponding Lorentz structures were
systematically matched to those on the physical side. This
procedure allowed us to derive a complete set of ten
independent TFFs for the baron hyperons Ω−, Σ�þ, and
Ξ�−. The resulting sum rules were analyzed numerically
over the momentum transfer range Q2 ∈ ½0; 10 GeV2�. The
QCDSR approach, being a fully relativistic and nonper-
turbative method, enables a consistent treatment of spin-
3=2 baryons and incorporates the essential features of QCD
dynamics, including quark and gluon condensates. Our
analysis demonstrates that the Q2 dependence of the
extracted TFFs is well described by a generalized p-pole
parametrization, from which we also determine reliable
values of the FFs at Q2 ¼ 0. The results presented here
provide new theoretical insight into the tensor structure of
baryon hyperons, for which both experimental data and
theoretical predictions remain limited. Our findings can
serve as valuable benchmarks for future phenomenological
studies and lattice QCD calculations. Moreover, ongoing
and planned experimental programs, such as those at JLab,
have identified the study of spin-3=2 baryons and their
GPDs as important objectives. In this context, the TFFs
obtained in this work constitute essential building blocks
for a deeper understanding of the internal structure, spin
correlations, and nonperturbative dynamics of hyperons
in QCD.
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APPENDIX A: THE FUNCTIONS OF
THE PHYSICAL SIDE

In this appendix, we provide the functions Πphy; H
i ðQ2Þ

for the baryon hyperons Ω−, Σ�þ, and Ξ�−, which depend
on the TFFs as well as the physical parameters appearing in
the hadronic representation of the correlation function.
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Ω− baryon:

Πphy;Ω−

1 ðQ2Þ ¼ FT;Ω−

1;0 ðQ2Þ; Πphy;Ω−

6 ðQ2Þ ¼ 1

mΩ−
FT;Ω−

7;0 ðQ2Þ;

Πphy;Ω−

2 ðQ2Þ ¼ −mΩ−FT;Ω−

2;0 ðQ2Þ; Πphy;Ω−

7 ðQ2Þ ¼ −
2

m3
Ω−

�
FT;Ω−

3;1 ðQ2Þ − 2FT;Ω−

4;0 ðQ2Þ þ FT;Ω−

5;1 ðQ2Þ
�
;

Πphy;Ω−

3 ðQ2Þ ¼ −
1

m2
Ω−

FT;Ω−

1;1 ðQ2Þ; Πphy;Ω−

8 ðQ2Þ ¼ 2FT;Ω−

3;0 ðQ2Þ þ 2FT;Ω−

5;0 ðQ2Þ;

Πphy;Ω−

4 ðQ2Þ ¼ −
2

m2
Ω−

FT;Ω−

5;0 ðQ2Þ; Πphy;Ω−

9 ðQ2Þ ¼ 1

m2
Ω−

�
FT;Ω−

3;1 ðQ2Þ þ 2FT;Ω−

4;0 ðQ2Þ
�
;

Πphy;Ω−

5 ðQ2Þ ¼ FT;Ω−

6;0 ðQ2Þ; Πphy;Ω−

10 ðQ2Þ ¼ 1

m2
Ω−

�
−FT;Ω−

3;1 ðQ2Þ þ 2FT;Ω−

4;0 ðQ2Þ
�
: ðA1Þ

Σ�þ and Ξ�− baryons:

Πphy; H0
1 ðQ2Þ ¼ FT;H0

1;0 ðQ2Þ; Πphy; H0
6 ðQ2Þ ¼ −

1

mH0
FT;H0
6;0 ðQ2Þ;

Πphy; H0
2 ðQ2Þ ¼ −FT;H0

2;0 ðQ2Þ; Πphy;Σ�þ
7 ðQ2Þ ¼ −

1

m2
Σ�þ

FT;Σ�þ
7;0 ðQ2Þ; Πphy; Ξ�−

7 ðQ2Þ ¼ 1

mΞ�−
FT;Ξ�−
7;0 ðQ2Þ;

Πphy; H0
3 ðQ2Þ ¼ −

1

m2
H0
FT;H0
1;1 ðQ2Þ; Πphy; H0

8 ðQ2Þ ¼ 2

m2
H0

�
FT;H0
3;1 ðQ2Þ − 2FT;H0

4;0 ðQ2Þ þ FT;H0
5;1 ðQ2Þ

�
;

Πphy; H0
4 ðQ2Þ ¼ −

1

mH0
FT;H0
3;0 ðQ2Þ; Πphy; H0

9 ðQ2Þ ¼ 1

m2
H0

�
FT;H0
3;1 ðQ2Þ þ 2FT;H0

4;0 ðQ2Þ
�
;

Πphy; H0
5 ðQ2Þ ¼ 2

m2
H0
FT;H0
5;0 ðQ2Þ; Πphy; H0

10 ðQ2Þ ¼ 1

m2
H0

�
−FT;H0

3;1 ðQ2Þ þ 2FT;H0
4;0 ðQ2Þ

�
; ðA2Þ

where H0 serves as a label for the Σ�þ and Ξ�− baryons.

APPENDIX B: QCD SIDE RESULTS

In this appendix, we provide the explicit expressions for ΠH
αμνβðx; yÞ, formulated in terms of Dirac γ matrices and the

light-quark propagators for the baryon hyperons under consideration.
Ω− baryon:

ΠΩ−

αμνβðx; yÞ ¼ −½Scb0s ðy − xÞγβS0 ea0s ð0 − xÞσμνS0aes ðy − 0ÞγαSbc0s ðy − xÞ�
þ ½Sca0s ðy − xÞγβS0 eb0s ð0 − xÞσμνS0 aes ðy − 0ÞγαSbc0s ðy − xÞ�
þ ½Scc0s ðy − xÞ�Tr½γαSaes ðy − 0ÞσμνSea0s ð0 − xÞγβS0 bb0s ðy − xÞ�
− ½Sca0s ðy − xÞγβS0bb0s ðy − xÞγαSaes ðy − 0ÞσμνSec0s ð0 − xÞ�
− ½Scc0s ðy − xÞ�Tr½γαSba0s ðy − xÞγβS0 eb0s ð0 − xÞσμνS0aes ðy − 0Þ�
þ ½Scb0s ðy − xÞγβS0ba0s ðy − xÞγαSaes ðy − 0ÞσμνSec0s ð0 − xÞ�
þ ½Scb0s ðy − xÞγβS0 ea0s ð0 − xÞσμνS0 bes ðy − 0ÞγαSac0s ðy − xÞ�
− ½Sca0s ðy − xÞγβS0 eb0s ð0 − xÞσμνS0 bes ðy − 0ÞγαSac0s ðy − xÞ�
− ½Sces ðy − 0ÞσμνSea0s ð0 − xÞγβS0bb0s ðy − xÞγαSac0s ðy − xÞ�
þ ½Sces ðy − 0ÞσμνSeb0s ð0 − xÞγβS0 ba0s ðy − xÞγαSac0s ðy − xÞ�
− ½Scc0s ðy − xÞ�Tr½γαSbes ðy − 0ÞσμνSea0s ð0 − xÞγβS0ab0s ðy − xÞ�
þ ½Sca0s ðy − xÞγβS0ab0s ðy − xÞγαSbes ðy − 0ÞσμνSec0s ð0 − xÞ�
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þ ½Sces ðy − 0ÞσμνSea0s ð0 − xÞγβS0ab0s ðy − xÞγαSbc0s ðy − xÞ�
− ½Sces ðy − 0ÞσμνSec0s ð0 − xÞ�Tr½γαSba0s ðy − xÞγβS0 ab0s ðy − xÞ�
þ ½Scc0s ðy − xÞ�Tr½γαSbes ðy − 0ÞσμνSeb0s ð0 − xÞγβS0 aa0s ðy − xÞ�
− ½Scb0s ðy − xÞγβS0 aa0s ðy − xÞγαSbes ðy − 0ÞσμνSec0s ð0 − xÞ�
− ½Sces ðy − 0ÞσμνSeb0s ð0 − xÞγβS0 aa0s ðy − xÞγαSbc0s ðy − xÞ�
þ ½Sces ðy − 0ÞσμνSec0s ð0 − xÞ�Tr½γαSaa0s ðy − xÞγβS0 bb0s ðy − xÞ�: ðB1Þ

Σ�þ baryon:

ΠΣ�þ
αμνβðx; yÞ ¼

1

3
ð4½Scc0u ðy − xÞ�Tr½γαSaeu ðy − 0ÞσμνSea0u ð0 − xÞγβS0bb0s ðy − xÞ�

− 4½Sca0u ðy − xÞγβS0 bb0s ðy − xÞγαSaeu ðy − 0ÞσμνSec0u ð0 − xÞ�
− 4½Sceu ðy − 0ÞσμνSea0u ð0 − xÞγβS0bb0s ðy − xÞγαSac0u ðy − xÞ�
þ 4½Sceu ðy − 0ÞσμνSec0u ð0 − xÞ�Tr½γαSaa0u ðy − xÞγβS0bb0s ðy − xÞ�
− 2½Scb0u ðy − xÞγβS0 ea0u ð0 − xÞσμνS0 aeu ðy − 0ÞγαSbc0s ðy − xÞ�
þ 2½Sca0u ðy − xÞγβS0 eb0u ð0 − xÞσμνS0 aeu ðy − 0ÞγαSbc0s ðy − xÞ�
þ 2½Sceu ðy − 0ÞσμνSea0u ð0 − xÞγβS0 ab0u ðy − xÞγαSbc0s ðy − xÞ�
− 2½Sceu ðy − 0ÞσμνSeb0u ð0 − xÞγβS0aa0u ðy − xÞγαSbc0s ðy − xÞ�
− 4½Sca0u ðy − xÞγβS0 eb0s ð0 − xÞσμνS0 bes ðy − 0ÞγαSac0u ðy − xÞ�
þ 4½Scc0u ðy − xÞ�Tr½γαSbes ðy − 0ÞσμνSeb0s ð0 − xÞγβS0aa0u ðy − xÞ�
þ 2½Sca0u ðy − xÞγβS0ab0u ðy − xÞγαSbes ðy − 0ÞσμνSec0s ð0 − xÞ�
− 2½Scb0u ðy − xÞγβS0 aa0u ðy − xÞγαSbes ðy − 0ÞσμνSec0s ð0 − xÞ�
− 2½Scb0s ðy − xÞγβS0 ea0u ð0 − xÞσμνS0 aeu ðy − 0ÞγαSbc0u ðy − xÞ�
þ 2½Scb0s ðy − xÞγβS0ba0u ðy − xÞγαSaeu ðy − 0ÞσμνSec0u ð0 − xÞ�
þ 2½Scb0s ðy − xÞγβS0 ea0u ð0 − xÞσμνS0 beu ðy − 0ÞγαSac0u ðy − xÞ�
− 2½Scb0s ðy − xÞγβS0 aa0u ðy − xÞγαSbeu ðy − 0ÞσμνSec0u ð0 − xÞ�
þ ½Scc0s ðy − xÞ�Tr½γαSbb0u ðy − xÞγβS0 ea0u ð0 − xÞσμνS0aeu ðy − 0Þ�
− ½Scc0s ðy − xÞ�Tr½γαSba0u ðy − xÞγβS0 eb0u ð0 − xÞσμνS0 aeu ðy − 0Þ�
− ½Scc0s ðy − xÞ�Tr½γαSbeu ðy − 0ÞσμνSea0u ð0 − xÞγβS0 ab0u ðy − xÞ�
þ ½Scc0s ðy − xÞ�Tr½γαSbeu ðy − 0ÞσμνSeb0u ð0 − xÞγβS0 aa0u ðy − xÞ�
þ 2½Sces ðy − 0ÞσμνSeb0s ð0 − xÞγβS0 ba0u ðy − xÞγαSac0u ðy − xÞ�
− 2½Sces ðy − 0ÞσμνSeb0s ð0 − xÞγβS0aa0u ðy − xÞγαSbc0u ðy − xÞ�
− ½Sces ðy − 0ÞσμνSec0s ð0 − xÞ�Tr½γαSba0u ðy − xÞγβS0 ab0u ðy − xÞ�
þ ½Sces ðy − 0ÞσμνSec0s ð0 − xÞ�Tr½γαSbb0u ðy − xÞγβS0 aa0u ðy − xÞ�Þ: ðB2Þ

The expression for ΠΞ�−
αμνβ is obtained from Eq. (B2) by the replacements u → s and s → d, and therefore we refrain from

presenting it explicitly to avoid repetition.
In Eqs. (B1)–(B2), Sabψ ðxÞ with ψ ¼ u; s denotes the propagator of a light quark, and S0 abψ ¼ C½Sabψ �TC represents the

corresponding charge-conjugated propagator. The light-quark propagator Sabψ ðxÞ in coordinate space is expressed as [115]

TENSOR FORM FACTORS OF DECUPLET HYPERONS IN QCD PHYS. REV. D 113, 094020 (2026)

094020-15



Sabψ ðxÞ ¼ iδab
=x

2π2x4
− δab

mψ

4π2x2
− δab

hψ̄ψi
12

�
1−

mψ=x

4

�

− δab
x2

192
hψ̄gsσGψi

�
1− i

mψ=x

6

�

− i
gsGab

αβ

32π2x2
½=xσαβ þ σαβ=x�− iδab

x2=xg2shψ̄ψi2
7776

þ � � � ;
ðB3Þ

where mψ represents the mass of the light quark and gs is
the strong coupling constant. The quantities hψ̄ψi, hG2i
and hψ̄gsσGψi correspond to the quark, gluon, and mixed
quark-gluon condensates, respectively. The gluon field-
strength tensor Gab

αβ is

Gab
αβ ¼ GA

αβT
ab
A ; TA ¼ 1

2
λA; G2 ¼ GA

αβG
A
αβ: ðB4Þ

In the above expressions, a; b ¼ 1; 2; 3 and A ¼ 1;…; 8
represent the color indices of quark and gluon fields,
respectively. The SU(3) generators in the fundamental
representation are given by TA ¼ λA=2, where λA are the
Gell-Mann matrices. The gluon condensate can be expressed
explicitly with its color and Lorentz indices as [99]

h0jGab
α0β0 ð0ÞGcd

αβð0Þj0i

¼ hG2i
192

ðgα0αgβ0β − gα0βgβ0αÞ
�
δadδbc −

1

3
δabδcd

�
: ðB5Þ
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