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We have studied the chiral-odd generalized parton distributions (GPDs) for the octet baryons within the
framework of diquark spectator model, emphasizing the difference arising from different quark flavors of
proton p and light hyperons Σþ and Ξ0. The equation of quark-quark correlator for the tensor current has
been solved to investigate the transversely polarized quark dynamics using light-cone wave functions.
In the forward limit, transversity distributions of all the constituent quark flavors of proton, Σþ and Ξ0, have
been studied. Additionally, the first moment of GPD HT and the combination of GPDs ET and H̃T have
also been investigated. Our results are comparable with other available model predictions and lattice data
for the proton. Furthermore, we have presented a comparative analysis of tensor charges and anomalous
tensor magnetic moments for all the constituent quark flavors of the considered baryons, comparing them
with available data obtained from different approaches.
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I. INTRODUCTION

Parton distributions provide a fundamental description
of the hadron structure in terms of partons, which are the
elementary degrees of freedom in quantum chromodynam-
ics (QCD). At the level of leading twist, the distribution
h1ðxÞ represents the difference between the number den-
sities of quarks whose polarization aligns with the hadron
and those with opposite polarization in a transversely
polarized hadron and thus, termed as transversity distribu-
tion. Being chiral odd in nature and linked to the tensor
current of a hadron, this distribution is accessible exper-
imentally only when coupled to another chiral-odd quantity
in the cross section of a scattering process. The azimuthal
single spin asymmetry in semi-inclusive deep inelastic
scattering (SIDIS) [1,2], the transverse spin asymmetry
Drell-Yan process in proton-antiproton reactions [3–5],
selected photoproduction reactions of lepton pairs [6],
and diffractive exclusive production of two vector mesons
[7,8] are considered as valuable processes to gain fruitful
insights on the hadron transversity [9–14].
Number of experimental facilities and collaborations

have contributed substantially to advancing our under-
standing of transversity distributions, offering constraints
for validating GPDs in the forward limit. Experimental

results on h1ðxÞ [15] have been extracted through the
combined SIDIS data from HERMES [16] and COMPASS
[17,18] by utilizing the Collins fragmentation function
reported by Belle Collaboration [19]. They have also
measured the values of tensor charge for the constituent
quark flavors of proton and reported it as 0.39þ18

−0.12 and
−0.25þ30

−0.10 for u and d quark flavors, respectively [15].
Based on the investigation of pion-pair production in DIS
of transversely polarized targets, the valence quark trans-
versity distributions and tensor charges have been extracted
[20] using the released data from the HERMES [21] and
COMPASS [22] Collaborations, combined with the Belle
data of eþe− annihilations [23]. In Ref. [24], the valence
quark contributions to the nucleon tensor charge were also
estimated, along with their transversity distribution, by
studying the transverse momentum-dependent evolution of
the Collins azimuthal asymmetries in eþe− annihilations
and semi-inclusive hadron production in DIS, including the
approximate next-to-leading-logarithmic order. Lattice cal-
culations have also investigated the valence quark trans-
versity distributions and tensor charges in Refs. [25,26] for
proton. In a relativistic quark model [27] and Schwinger-
Dyson formalism [28,29], nucleon tensor charges have also
been predicted.
The helicity dependent three-dimensional (3D) structure

interpretation of a hadron can be interpreted through chiral-
odd generalized parton distributions (GPDs) in the momen-
tum space. Depending on the different helicity orientations
of the initial and final state of a hadron and constituent
quarks, there are four different chiral-odd GPDs: HT , ET ,
H̃T , and ẼT . At zero skewness, the last GPD ẼT gives zero
value as it is an odd function of skewness due to the time-
reversal invariance. On the other hand, at finite skewness,
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it contributes nontrivially [30]. These GPDs depend on the
momentum transferred in the process along with the
average longitudinal momentum fraction x. In the forward
limit, when momentum transfer becomes zero, the GPDHT
reduces to transversity distribution h1ðxÞ. The first moment
of these GPDs correspond to the tensor form factors.
Specifically, at zero momentum transfer, the first moment
of GPD HT results in the tensor charge, and the combi-
nation of GPDs ET and H̃T leads to the anomalous tensor
magnetic moment. The role of chiral-odd GPDs in vector
(or pseudoscalar)-meson leptoproduction has also been
discussed in Refs. [31–34] to investigate the cross sections,
spin density matrix elements, and transverse target spin
asymmetries.
To interpret the 3D structure, chiral-odd GPDs for the

case of proton have been studied in constituent quark model
[35], lattice QCD [36], quark-diquark model (inspired from
the soft-wall AdS/QCD [37,38] and proton-quark-diquark
vertex [39]), basis light-front quantization (BLFQ) [40],
bag model [41], and reggeized diquark model [42,43].
Hence, extensive work has been conducted on the case of
proton to study the chiral-odd GPDs and transversity
distributions. For hyperons in the chiral-odd sector, the
tensor form factors of the octet baryons in the self-
consistent SU(3) chiral quark-soliton model (χQSM) [44],
and their transition tensor form factors using leading order
light-cone QCD sum rules [45] have only been studied.
Beyond the scope of chiral-odd sector for hyperons, chiral-
even GPDs with and without skewness parameter, electro-
magnetic form factors, and charge densities have been
explored for the case of low-lying octet baryons [46,47].
The electric and magnetic form factors of the octet baryons
have been explored by using lattice QCD (chiral extrapo-
lation) [48,49] and a covariant quark model [50,51]. The
leading-twist light-cone distribution amplitudes as well as
quasidistribution amplitudes for octet and decuplet baryons
within large momentum effective theory have also been
studied [52]. In Refs. [53,54], octet and decuplet baryon
magnetic moments in the chiral quark model have been
investigated. The flavor nondiagonal GPDs also provide
the nonperturbative structure of various nucleon-hyperon
transitions with help of flavor SU(3) relations [55]. Hard
exclusive mesons and baryons electroproduction, such as
γ�L þ p → K0 þ Σþ, provide access to the strange baryon
quark densities [56,57].
In recent years, the elastic form factors of hyperons in the

timelike region and their transition form factors have been
analyzed at BABAR [58], CLEO [59], Belle [60], and
BESIII [61–63]. Upcoming measurements at PANDA are
also set to expand the current dataset [64]. The study of
hyperon dynamics provides valuable contributions to
hypernuclear physics [65] and plays a crucial role in
exploring neutron and strange stars where hyperons pop-
ulate the inner core at high baryonic densities [66]. By
incorporating effective hyperon and its constituent quark

masses, along with the effective momentum into the
vacuum quark distributions, the influence of the dense
medium on a hyperon in these stars can be investigated as
predicted for the lightest strange meson, i.e., kaon [67] and
the octet baryons [68,69]. Drawing motivation from these
studies, we have presented the comparative analysis of
chiral-odd GPDs, form factors, tensor charges, and anoma-
lous tensor magnetic moment among the constituent quark
flavors of octet baryons, including proton p and light
hyperons such as Σþ and Ξ0.
In the present calculations, we have used the diquark

spectator model based on the light-cone dynamics. The
choice of the light-cone framework is driven by its
inherent ability to account for relativistic motion and
boosts, making it well suited for studying quark dynamics
within hadrons [70,71]. In the diquark spectator model,
three valence quark flavors of a baryon are treated as an
active quark (participating in the process), while the other
two form a spectator diquark. In addition to the scalar
diquark, we have also assumed the axial-vector diquarks.
Further, we have considered the axial-vector diquarks as
isoscalar and isovector spectator diquarks to achieve
realistic flavor analysis. To derive the light-cone wave
functions (LCWFs), we have chosen the dipolar form for
the baryon-quark-diquark vertex over the pointlike form
to prevent divergence. Different choices are available
while summing over the complete set of axial-vector
diquark polarization states. For example, Ref. [39]
includes only transversely polarized axial-vector diquarks
with scalar diquark to investigate GPDs. This study adopts
the sum over transverse and longitudinal polarization,
skipping an unphysical timelike polarization state. This
diquark spectator model has been used successfully to
investigate the transverse momentum-dependent parton
distributions [72], fragmentation functions [73], Sivers
functions [74], and flavor dependence of the Boer-
Mulders function [75] with different summations over
polarization of axial-vectors diquarks.
The paper is organized as follows. In Sec. II, the

formalism adopted to calculate the chiral-odd GPDs has
been discussed for the dipolar baryon-quark-diquark vertex
form. In Sec. III, numerical parameters used in the present
calculations have been presented. Chiral-odd GPDs
have been calculated and discussed in Sec. IV. We have
presented the form factors and their comparison with
available data in Sec. V, along with the tensor charges
and anomalous tensor magnetic moments. The work has
been summarized in Sec. VI.

II. FORMALISM

A. Kinematics

In the light-cone framework, we describe a generic
four-vector notation for coordinates as a ¼ ½aþ; a−; a⊥�.
We choose a convenient asymmetric frame in which the
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respective initial and final state four-vector momentum
coordinates of a baryon X are expressed as

PX ¼
�
Pþ
X ;

M2
X

Pþ
X
; 0⊥

�
;

P0
X ¼

�
ð1 − ζÞPþ

X ;
M2

X þ Δ2⊥
ð1 − ζÞPþ

X
;−Δ⊥

�
; ð1Þ

whereMX refers to the baryon mass and ζ as the skewness
parameter [43,76]. The momentum transfer throughout
the process in terms of four-vector notation is described by

Δ ¼ PX − P0
X ¼

�
ζPþ

X ;
tþ Δ2⊥
ζPþ

X
;Δ⊥

�
: ð2Þ

Here, the negative component of momentum transfer
connects Δ⊥, ζ, and t by the following relation:

t ¼ 2PX · Δ ¼ −
ζ2M2

X þ Δ2⊥
1 − ζ

: ð3Þ

In the present calculations, we restrict ourselves to the
case of zero skewness (ζ ¼ 0), and thus, t ¼ Δ2 ¼ −Δ2⊥,
which corresponds to the transverse momentum transfer
only. The coordinates of the initial and final state of an
active quark are, respectively, expressed by

k ¼ ðxPþ
X ; k

−;k⊥Þ;
k0 ¼ ðx0Pþ

X ; k
0−;k0⊥Þ: ð4Þ

In the final state, the longitudinal momentum fraction and
transverse momentum carried by an active quark are,
respectively, defined as x0 ¼ x and k0⊥ ¼ k⊥ − ð1 − xÞΔ⊥.

B. Light-cone wave functions for baryons

For a two-body system of a spin-1
2
baryon, the instant

form SU(6) quark-diquark wave function can be defined as

jBiλX ¼ cos θ
X
q

aqjq1sðq2q3ÞiλX

þ sin θ
X
q0
b0qjq01aðq02q03ÞiλX ; ð5Þ

where the summation is over different quark-diquark
components [77]. Fock state jq1sðq2q3Þi corresponds to
the q1 quark and sðq2q3Þ scalar diquark. Similarly,
jq01aðq02q03Þi represents the Fock state of q01 quark and
an axial-vector diquark aðq02q03Þ. The quantity λX labels
the light-cone spin projections of the baryon and can
be categorized as ⇑ or ⇓. The coefficients aq and bq0
satisfy the normalization condition cos2 θ

P
q aqþ

sin2 θ
P

q0 b
0
q ¼ 1. For nucleons and hyperons, belonging

to the same octet of spin-1
2

baryons, the associated

coefficients have different values. The spin-flavor SU(6)
symmetry breaking introduces a mixing angle, θ, which is
taken as π=4 in the symmetric case. The instant form wave
functions for the proton in the form of quark-diquark pair
can be expanded as

jpi⇑;⇓ ¼ 1ffiffiffi
2

p jusðudÞi⇑;⇓ −
1ffiffiffi
6

p juaðudÞi⇑;⇓

þ 1ffiffiffi
3

p jdaðuuÞi⇑;⇓; ð6Þ

where s and a denote the scalar (spin ¼ 0) and axial-vector
(spin ¼ 1) diquarks, respectively. The probabilistic weight
distribution among the scalar isoscalar [quark u with
diquark sðudÞ], vector isoscalar [quark u with diquark
aðudÞ], and vector isovector [quark d with diquark aðuuÞ]
configurations comes out to be 3∶1∶2 with respect to the
charge-isospin symmetry. For the case of proton, the flavor
decomposition for an GPDs and form factors can be
expressed as

fpu ¼ 3

2
fs þ 1

2
fa;

fpd ¼ fa; ð7Þ

which implies that the valence quark distribution of u
quark flavor can be interpreted by involving both scalar and
axial-vector diquarks, whereas for d quark flavor, the
involvement of solely axial-vector diquark is needed
[73,78]. In a similar way, the instant form wave functions
for the hyperons Σþ and Ξ0 in the form of quark-diquark
pair can be expanded as [77]

jΣþi⇑;⇓ ¼ 1ffiffiffi
2

p ju sðusÞi⇑;⇓ −
1ffiffiffi
6

p ju aðusÞi⇑;⇓

þ 1ffiffiffi
3

p js aðuuÞi⇑;⇓; ð8Þ

jΞ0i⇑;⇓ ¼ 1ffiffiffi
2

p js sðusÞi⇑;⇓ þ 1ffiffiffi
6

p js aðusÞi⇑;⇓

−
1ffiffiffi
3

p ju aðssÞi⇑;⇓: ð9Þ

In analogy with proton, depending on their quark flavor
structure, the flavor decomposition of different hyperons
can be considered. The two particle Fock state expansion
for the case of scalar [71] and axial-vector diquark [72] is,
respectively, expressed as

jqsi⇑;⇓
Xqs

¼
Z

dxd2k⊥
16π3

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
xð1 − xÞp

×
X
λq

ψ
⇑;⇓Xqs

λq
ðx;k⊥Þjλq; xPþ

X ;k⊥i; ð10Þ
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jqai⇑;⇓
Xqa

¼
Z

dxd2k⊥
16π3

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
xð1 − xÞp

×
X
λq

X
λa

ψ
⇑;⇓Xqa

λqλa
ðx;k⊥Þjλqλa; xPþ

X ;k⊥i; ð11Þ

where λq (= ↑;↓) and λa ð¼ �; 0Þ denote the helicity of
an active quark and axial-vector diquark. The transverse
and longitudinal polarization is expressed by the symbols
� and 0, respectively. In general, the LCWFs for a scalar
diquark can be defined as

ψ
λXXqs

λq
ðx;k⊥Þ

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

kþ

ðPX − kÞþ
s

1

k2 −m2
q
ūðk; λqÞYsUðPX; λXÞ; ð12Þ

where the scalar vertex has the form Ys ¼ igXs ðk2Þ1, and
mq corresponds to the mass of an active quark. uðk; λqÞ and
UðP; λXÞ represent the spin-1

2
Dirac spinors for an active

quark q and baryon, respectively. In the similar vein, the
LCWFs for an axial-vector diquark can be defined as

ψ
λXXqa

λqλa
ðx;k⊥Þ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
kþ

ðPX − kÞþ
s

1

k2 −m2
q
ūðk; λqÞ

× ϵ�μðPX − k; λaÞ · Yμ
aUðPX; λXÞ: ð13Þ

The four-vector polarization of spin-1 diquark with total
momentum ðPX − kÞ is denoted by the term ϵμðPX − k; λaÞ.
To uphold the spin sum rule, helicities must adhere to the
constraint λX ¼ λq þ λD þ Lz, dictated by the angular
momentum conservation. Here, the symbol Dð¼ s; aÞ
denotes the diquark that can be a scalar s or axial-
vector a. The relative orbital angular momentum projection
between the quark and the diquark is expressed by the
quantity Lz. For the axial-vector diquark, the vertex has
the form Yμ

a ¼ igXa ðk2Þγμγ5=
ffiffiffi
2

p
. For the dipolar vertex, the

form factor gXD can be expressed as

gXDðk2Þ ¼ gXD
ðk2 −m2

qÞð1 − xÞ2
ðk2⊥ þ L2

XD
Þ2 ; ð14Þ

where gXD is a coupling constant for a given diquark D
of a baryon X. From Eq. (12), we obtain LCWFs for scalar
diquark as

ψ
⇑Xqs

↑ ðx;k⊥Þ ¼
mq þ xMX

x
ϕX
qs;

ψ
⇑Xqs

↓ ðx;k⊥Þ ¼ −
kr
x
ϕX
qs;

ψ
⇓Xqs

↑ ðx;k⊥Þ ¼ −
h
ψ
⇑Xqs

↓ ðx;k⊥Þ
i�
;

ψ
⇓Xqs

↓ ðx;k⊥Þ ¼ ψ
⇑Xqs

↑ ðx;k⊥Þ: ð15Þ

Similarly, from Eq. (13), the LCWFs for axial-vector
diquark come out to be

ψ
⇑Xqa

↑þ ðx;k⊥Þ ¼
kl

xð1 − xÞϕ
X
qa;

ψ
⇑Xqa

↑− ðx;k⊥Þ ¼ −x
kr

xð1 − xÞϕ
X
qa;

ψ
⇑Xqa

↓þ ðx;k⊥Þ ¼
mq þ xMX

x
ϕX
qa;

ψ
⇑Xqa

↓− ðx;k⊥Þ ¼ 0;

ψ
⇓Xqa

↑þ ðx;k⊥Þ ¼ 0;

ψ
⇓Xqa

↑− ðx;k⊥Þ ¼ −ψ⇑Xqa

↓þ ðx;k⊥Þ;
ψ
⇓Xqa

↓þ ðx;k⊥Þ ¼
h
ψ
⇑Xqa

↑− ðx;k⊥Þ
i�
;

ψ
⇓Xqa

↓− ðx;k⊥Þ ¼
h
ψ
⇑Xqa

↑þ ðx;k⊥Þ
i�
;

ψ
⇑Xqa

↑0 ðx;k⊥Þ ¼
k2⊥ − xm2

a −mqMXð1 − xÞ2ffiffiffi
2

p
xð1 − xÞma

ϕX
qa;

ψ
⇑Xqa

↓0 ðx;k⊥Þ ¼
ðmq þMXÞkrffiffiffi

2
p

xma

ϕX
qa;

ψ
⇓Xqa

↑0 ðx;k⊥Þ ¼
h
ψ
⇑Xqa

↓0 ðx;k⊥Þ
i�
;

ψ
⇓Xqa

↓0 ðx;k⊥Þ ¼ −ψ⇑Xqa

↑0 ðx;k⊥Þ: ð16Þ

The quantities kr and Kl used in above equations are
defined as krðlÞ ¼ k1 � ik2. The momentum space wave
function ϕX

qDð¼s=aÞ written in above mentioned LCWFs can

be expressed as

ϕX
qD ¼ −

gXDffiffiffiffiffiffiffiffiffiffiffi
1 − x

p xð1 − xÞ2
½k2⊥ þ L2

XD
�2 ; ð17Þ

with L2
XD

¼ xm2
D þ ð1 − xÞðΛX

qDÞ2 − xð1 − xÞM2
X. Here,

mD denotes the mass of a diquark D, and ΛX
qD (GeV) is

an appropriate cutoff to avoid the singularity and satisfy the
relation mD > MX − ΛX

qD [73].

III. NUMERICAL PARAMETERS

The key input parameters involved in our calculations are
the baryon massesMX, quark masses mq, and the spectator
diquark massesmD. Following Ref. [73] for proton, particle
data group and Ref. [78] for other particles, the values of
the masses of baryons are taken as Mp ¼ 0.938 GeV,
MΣþ ¼ 1.189 GeV, and MΞ0 ¼ 1.314 GeV, whereas the
masses of quarks and diquarks are summarized in Table I.
The quantity ΛX

qD is another parameter of the model in the
dipolar form factor of the baryon-quark-diquark vertex.
Since the first moment of GPDs serve as boundary
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conditions, we fix the parameter ΛX
qD (GeV) to obtain

reasonable estimates of tensor charge g
Xq

T and anomalous

tensor magnetic moment κ
Xq

T of each constituent quark
flavors of a considered baryon X. Any value of ΛX

qD (GeV)
satisfying the condition mD > MX − ΛX

qD yields physically

reasonable estimates of g
Xq

T and κ
Xq

T with marginal variation
across different choices of ΛX

qD (GeV). To show this, we
consider three different sets of ΛX

qD (GeV) and tabulated

their corresponding values of g
Xq

T and κ
Xq

T in the Appendix.
However, for consistency and interpretability, it is neces-
sary to select specific values of ΛX

qD (GeV) that produce

phenomenologically relevant results of g
Xq

T and κ
Xq

T for each
quark flavors of a baryon X.
For the proton, we found that set 2 of Λp

qD (GeV)
mentioned in Table IV in the Appendix section provides the
most comparable values of gpu

T , gpd
T , κpu

T , and κpd
T to the

phenomenological model results, except lattice simulated
and experimentally evaluated data. The discrepancy with
lattice result arises because lattice results are generally
computed at a higher scale and include heavy pion mass,

which leads to smaller values of g
Xq

T and κ
Xq

T .
Experimentally, tensor charges for the u and d quark
flavors of proton have been calculated either by computing
the integral upon the accessible low x range of experimental
data (truncated tensor charge) or by extrapolating the
transversity to the full support [0,1] in the parton fractional
momentum x. It has been mentioned in Ref. [79] that these
options obviously induce significant errors that somewhat
decrease the relevance of the observed quantity. For Σþ,
we again consider three different sets of ΛΣþ

qD (GeV),

corresponding to which the values of gΣ
þ
u

T , gΣ
þ
s

T , κΣ
þ
u

T , and

κΣ
þ
s

T are tabulated in Table V in the Appendix. The set 2 of

ΛΣþ
qD gives reasonable estimate of gΣ

þ
u

T and gΣ
þ
s

T with available
model calculations of Ref. [44], and with the same set of

ΛΣþ
qD, we predict the values of κΣ

þ
u

T and κΣ
þ
s

T . On the similar

pattern of Σþ, set 2 of ΛΞ0

qD (GeV) values has been chosen
from Table VI (expressed in the Appendix section) that

provides comparable results of gΞ
0
u

T and gΞ
0
s

T with Ref. [44]

and predicts the values of κΞ
0
u

T and κΞ
0
s

T . Hence, set 2 from
each table has been chosen from the Appendix section to
constrain the chiral-odd GPDs of the proton and both of the
light hyperons.
For these set of parameters, the valence quark parton

distribution functions (PDFs) f
Xq

1 must also be normalized
such that their integrals correspond to the valence quark
content of the baryon, ensuring quark number conservation.

Therefore, for each quark content of all baryons, the f
Xq

1 is

normalized by f
Xq

1norm ¼ N2
XqD

=ðgXDÞ2fXq

1 , where NXqD
is the

normalization constant [47,72]. The explicit expression of
PDF can be found in Ref. [72]. Henceforth, in numerical
results, instead of gXD in Eq. (17), a new coupling constant
CXqD

is used that differs from the original couplings gXD
by the normalization constants NXqD

, and the evaluated
numerical values of constant CXqD

are tabulated in Table II.

IV. CHIRAL-ODD GPDS

The nonforward matrix elements of lightlike correlation
functions of the tensor current are termed as chiral-odd
GPDs and can be defined as

FλXλ
0
X
¼ 1

2

Z
dz−

2π
eix̄P̄

þ
X z

−

�
P0
X; λ

0
X

����ψ̄
�
−
z
2

�
σþjγ5ψ

�
z
2

�����PX; λX

�����
zþ¼0;z⊥¼0

; ð18Þ

where jð¼ 1; 2Þ corresponds to the transverse index [30,39,80], and P̄X represents the average baryon momentum. The
gauge link appearing in between the initial and final state quark field operators [ψðz=2Þ and ψ̄ð−z=2Þ, respectively]
becomes unity as we choose the light-cone gauge Aþ ¼ 0. Further, the chiral-odd GPDs can be parametrized as

TABLE I. Masses of quark flavorsmqð¼u;d;sÞ as well as their scalarms and axial-vectorma diquark systems used in
the present calculations.

Quantity mu=d ms msðuu=udÞ maðuu=udÞ msðus=dsÞ maðus=dsÞ maðssÞ

Values (GeV) 0.36 0.48 0.60 0.80 0.75 0.95 1.10

TABLE II. Values of coupling constant CXqD
used in the present calculations.

Coupling CpusðudÞ CpuaðudÞ=daðuuÞ CΣþ
usðusÞ

CΣþ
uaðusÞ

CΣþ
saðuuÞ

CΞ0
ssðusÞ

CΞ0
saðusÞ

CΞ0
uaðssÞ

Values 1.49 2.60 1.93 4.62 5.05 1.51 2.45 2.76
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FλXλ
0
X
¼ 1

2Pþ
X
ŪðP0

X;λ
0
XÞ
�
H

Xq

T ðx;ζ; tÞσþiγ5

þ H̃
Xq

T ðx;ζ; tÞ ϵ
þjαβΔαP̄Xβ

M2
X

þE
Xq

T ðx;ζ; tÞ ϵ
þjαβΔαγβ
2MX

þ Ẽ
Xq

T ðx;ζ; tÞ ϵ
þjαβP̄Xαγβ

MX

	
UðPX; λXÞ: ð19Þ

Depending on the various helicity configurations of the
baryon and its constituent valence quarks, the chiral-odd
GPDs can be correlated to the following matrix elements:

Aλ0X↑;λX↓
¼
Z

dz−

2π
eix̄P̄

þ
X z

−hP0
X; λ

0
XjO↑;↓ðzÞjPX; λXijzþ¼0;z⊥¼0;

Aλ0X↓;λX↑
¼
Z

dz−

2π
eix̄P̄

þ
X z

−hP0
X; λ

0
XjO↓;↑ðzÞjPX; λXijzþ¼0;z⊥¼0;

ð20Þ

where the operators have the form

O↑;↓ ¼ i
4
ψ̄σþ1ð1 − γ5Þψ ;

O↓;↑ ¼ −
i
4
ψ̄σþ1ð1þ γ5Þψ : ð21Þ

The quark field operators appearing in Eq. (18) can be
expressed using the quark creation and annihilation oper-
ators (as detailed in Ref. [30]). The baryon state, in turn,
can be expanded over a complete basis consisting of N
constituent eigenstates [71]. By considering various hel-
icity configurations (λX and λ0X) and substituting both the
quark field operators and the baryon state into Eqs. (18)
and (19), we get the following relations:

H
Xq

T ðx; ζ; tÞ ¼ T
Xq

1ffiffiffiffiffiffiffiffiffiffiffiffi
1 − ζ2

p −
2MXζ

ϵ
ffiffiffiffiffiffiffiffiffiffiffi
t0 − t

p ð1 − ζ2ÞT
q
3; ð22Þ

E
Xq

T ðx; ζ; tÞ ¼ 2MX

ϵ
ffiffiffiffiffiffiffiffiffiffiffi
t0 − t

p ð1 − ζ2Þ


ζT

Xq

3 þ T
Xq

4

�

−
4M2

X

ðt0 − tÞð1 − ζ2Þ
ffiffiffiffiffiffiffiffiffiffiffiffi
1 − ζ2

p 

T
Xq

2 − T
Xq

1

�
;

ð23Þ

H̃Xqðx; ζ; tÞ ¼ 2M2
X

ðt0 − tÞ
ffiffiffiffiffiffiffiffiffiffiffiffi
1 − ζ2

p 

T
Xq

2 − T
Xq

1

�
; ð24Þ

Ẽ
Xq

T ðx; ζ; tÞ ¼ 2MX

ϵ
ffiffiffiffiffiffiffiffiffiffiffi
t0 − t

p ð1 − ζ2Þ


ζT

Xq

4 þ T
Xq

3

�

−
4M2

X

ðt0 − tÞð1 − ζ2Þ
ffiffiffiffiffiffiffiffiffiffiffiffi
1 − ζ2

p 

T
Xq

2 − T
Xq

1

�
;

ð25Þ

where t0 represents the minimum value of t and ϵ ¼
sgnðD1Þ, with D1 as the x component of Dα ¼ P̄þΔα −
ΔþP̄α [37]. The matrix elements in terms of helicity basis

can be expressed as T
Xq

1ð2Þ ¼ A⇑↑;⇓↓ � A⇓↑;⇑↓, T
Xq

3ð4Þ ¼
A⇑↑;⇑↓ ∓ A⇓↑;⇓↓. The kinematical region 0 < x < 1 at
zero skewness (ζ ¼ 0) corresponds to the situation in which
an active quark emission and reabsorption takes place with
the same longitudinal momentum fraction x. Henceforth,
we will present GPDs without incorporating the skewness
parameter as our results focus solely on chiral-odd GPDs
and the observables that can be derived from them in the
absence of skewness. The matrix elements in the overlap
form of LCWFs for the case of scalar diquark are given as

T
Xqs

1ð2Þ ¼
Z

d2k⊥
16π3

h
ψ
⇑Xqs

↑ ðx;k0⊥Þψ⇓Xqs

↓ ðx;k⊥Þ � ψ
⇓Xqs

↑ ðx;k0⊥Þψ⇑Xqs

↓ ðx;k⊥Þ
i
; ð26Þ

T
Xqs

3ð4Þ ¼
Z

d2k⊥
16π3

h
ψ
⇑Xqs

↑ ðx;k0⊥Þψ⇑Xqs

↓ ðx;k⊥Þ ∓ ψ
⇓Xqs

↑ ðx;k0⊥Þψ⇓Xqs

↓ ðx;k⊥Þ
i
: ð27Þ

For the case of axial-vector diquarks, the matrix elements in the overlap form of LCWFs are defined as

T
Xqa

1ð2Þ ¼
Z

d2k⊥
16π3

hn
ψ
⇑Xqa

↑þ ðx;k0⊥Þψ⇓Xqa

↓þ ðx;k⊥Þ þ ψ
⇑Xqa

↑− ðx;k0⊥Þψ⇓Xqa

↓− ðx;k⊥Þ þ ψ
⇑Xqa

↑0 ðx;k0⊥Þψ⇓Xqa

↓0 ðx;k⊥Þ
o

�
n
ψ
⇓Xqa

↑þ ðx;k0⊥Þψ⇑Xqa

↓þ ðx;k⊥Þ þ ψ
⇓Xqa

↑− ðx;k0⊥Þψ⇑Xqa

↓− ðx;k⊥Þ þ ψ
⇓Xqa

↑0 ðx;k0⊥Þψ⇑Xqa

↓0 ðx;k⊥Þ
oi

; ð28Þ

T
Xqa

3ð4Þ ¼
Z

d2k⊥
16π3

hn
ψ
⇑Xqa

↑þ ðx;k0⊥Þψ⇑Xqa

↓þ ðx;k⊥Þ þ ψ
⇑Xqa

↑− ðx;k0⊥Þψ⇑Xqa

↓− ðx;k⊥Þ þ ψ
⇑Xqa

↑0 ðx;k0⊥Þψ⇑Xqa

↓0 ðx;k⊥Þ
o

∓
n
ψ
⇓Xqa

↑þ ðx;k0⊥Þψ⇓Xqa

↓þ ðx;k⊥Þ þ ψ
⇓Xqa

↑− ðx;k0⊥Þψ⇓Xqa

↓− ðx;k⊥Þ þ ψ
⇓Xqa

↑0 ðx;k0⊥Þψ⇓Xqa

↓0 ðx;k⊥Þ
oi

: ð29Þ
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In order to study the dependence of the GPDs on the
longitudinal momentum fraction and transverse momentum

transfer, in Fig. 1, the 3D distributions of GPD H
Xq

T are
presented as a function of longitudinal momentum fraction
x and transverse momentum transfer −t (GeV2) for all the
constituent quark flavors of proton, Σþ and Ξ0. According
to the flavor decomposition scheme mentioned in Eq. (7),
the quark flavor distributions in the left panel incorporate
contributions from both the scalar and axial-vector
diquarks, while the right panel involves distributions
arising solely from axial-vector diquark contribution. All
the distributions show an intense peak when there is no

transverse momentum transfer throughout the process; i.e.,
t ¼ 0. With the increase in the value of transverse momen-
tum transfer −t (GeV2), the magnitude of the distribution
scales down, and the peak of the distribution gets shifted on
higher values of x. On comparing the distributions of the
left panel, it has been found that, as a function of −t, the
distributions of Σþ and Ξ0 fall off comparatively slower

than proton. At t ¼ 0, GPD H
Xq

T reduces to the h1ðxÞ
transversity distribution, which corresponds to the proba-
bility of finding an active quark with spin-polarized along
the transverse spin of a polarized baryon minus the
probability of finding it polarized oppositely.
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FIG. 1. Chiral-odd GPDs H
Xq

T ðx; tÞ as a function of longitudinal momentum fraction x and transverse momentum transfer −t (GeV2)
for (a) u and (b) d quark flavors of proton, (c) u and (d) s quark flavors of Σþ, and (e) s and (f) u quark flavors of Ξ0.
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A comparative analysis among pu, Σþ
u , and Ξ0

s is
presented in Fig. 2(a), which involves the contributions
from both scalar and axial-vector diquarks. The results
indicate that the peak of transversity distribution is located
at relatively higher values of the longitudinal momentum
fraction x for hyperons. This implies that the transverse
polarization of an active quark flavor of hyperon is
prominent when it carries a larger momentum fraction of
the parent hyperon momentum. The magnitude of the
distributions of both hyperons Σþ and Ξ0 is observed to
be more than that of proton. A comparative analysis of 3D
distributions arising only from axial-vector diquark con-
tributions in the right panel of Fig. 1 show negative
distributions as a function of x and −t. Among hyperons,
the distribution for Ξ0

u is found to be narrower than Σþ
s .

Quantitatively, as a function of −t, distributions are found
to fall faster for the case of pd, and 56% change has been
found when −t reaches 0.2 GeV from zero. For the same
value of −t, the distributions of Σþ

s and Ξ0
u decrease by 29%

and 45%, respectively. At t ¼ 0, the results of transversity
distribution show the peak at significantly higher values
of x for the case of hyperons as compared to proton in
Fig. 2(b). The likelihood of getting a transversely polarized
active quark flavor of Ξ0 is higher as their magnitudes
are much more than proton and Σþ. As expected, s quark
(being heavier) is found to carry more longitudinal
momentum fraction x than its partner u quark flavor within
the same hyperon. Specifically, for the case of proton, the
results for both quark flavors are found to be consistent
qualitatively with Refs. [35,40,41] as the magnitude of
distribution is found to be more for the case of u quark
flavor than d. However, the dependence over the range of x
is found to be completely model dependent.

The 3D distributions of GPD E
Xq

T as a function of
longitudinal momentum fraction x and transverse momen-
tum transfer −t (GeV2) for all the constituent quark flavors
of proton, Σþ and Ξ0, are shown in Fig. 3. The left panel
displays quark flavor distributions incorporating contribu-
tions from both scalar and axial-vector diquarks, whereas
the right panel solely accounts for distributions arising from

an axial-vector diquark contribution. For the case of u
constituent quark of proton, the distribution is predomi-
nantly localized within the range 0 < x < 0.6 at t ¼ 0. This
characteristic dependence of the GPD Epu

T over x has also
been observed in Ref. [35]. However, Refs. [40,41] show a
finite value of the distribution at x ¼ 0. On comparing the
distributions presented in the left panel, we found that u and
s quark flavors of Σþ and Ξ0 have comparatively more
magnitude of the distributions, along with their peaks at
higher values of x, as compared to u quark flavor of proton
at t ¼ 0. Between u and s quark flavors of hyperons, Ξ0 is
observed to have a narrower distribution. The d quark
flavor of proton is found to have distribution even at a
smaller region of x than u quark flavor of proton with a
peak at x ¼ 0, which is consistent with the result obtained
in Ref. [40], but zero crossing points are not observed in our
model results. On comparing the distributions presented in
the right panel of Fig. 3 (comprising of contribution from
axial-vector diquarks only), we found that the Σþ

u and Ξ0
s

have peaks at a finite value of x, instead of zero. As a
function of −t, the magnitude of the peaks fall off
comparatively faster for the case of proton than hyperons,
and the shifting of the peak toward a larger value of x is
consistent for all the constituent quark flavors of baryons.

In Fig. 4, the 3D distributions of GPD H̃
Xq

T as a function
of longitudinal momentum fraction x and transverse
momentum transfer −t (GeV2) for all the constituent quark
flavors of proton, Σþ and Ξ0, are illustrated. On comparing
the distributions presented on the left panel, we found that
for the quark flavor incorporating contributions from both

scalar and axial-vector diquarks, H̃
Xq

T presents a similar

trend as shown by H
Xq

T and E
Xq

T as a function of −t.
However, these distributions are negative and have a zero
crossover in the small x value. Qualitatively, a similar kind
of distribution concentrated on the smaller region of x has
also been presented in Refs. [35,40], but without zero
crossover. The results observed are found to be completely
model dependent toward x → 0. The distributions pre-
sented in the right panel solely have the contribution of
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FIG. 2. Comparison of transversity distributions h1ðxÞ as a function of longitudinal momentum fraction x among all the constituent
quark flavors of proton, Σþ, and Ξ0 which involves the contribution from (a) both scalar and axial-vector diquarks and (b) axial-vector
diquarks only.
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axial-vector diquarks, and a comparable pattern to E
Xq

T
emerges in the distributions over x with an opposite sign.
The distribution H̃pd

T demonstrates a resemblance to the
structure presented by Ref. [40], but not with the results of
Ref. [35], particularly for x → 0. On comparing it with
hyperons, the distributions are found to be localized on the
smaller region of x for the constituent quarks of Ξ than Σ,
and as a function of −t, H̃Xq

T exhibits a pattern akin to E
Xq

T ,
but with opposite polarity.

V. TENSOR FORM FACTORS

The moments of the GPDs, depending on their helicity
configurations, provide a comprehensive insight into

different form factors. Particularly, the first moment of

chiral-odd GPD H
Xq

T encodes the tensor form factor, and

the combination of H̃
Xq

T and E
Xq

T presents the anomalous
tensor magnetic form factor as

A
Xq

T10ðtÞ ¼
Z

dxH
Xq

T ðx; tÞ; ð30Þ

B̄
Xq

T10ðtÞ ¼
Z

dxðEXq

T ðx; tÞ þ 2H̃
Xq

T ðx; tÞÞ: ð31Þ

Since we are dealing with zero skewness, we have
represented the GPDs in above equations as a function
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FIG. 3. Chiral-odd GPDs E
Xq

T ðx; tÞ as a function of longitudinal momentum fraction x and transverse momentum transfer −t (GeV2)
for (a) u and (b) d quark flavors of proton, (c) u and (d) s quark flavors of Σþ, and (e) s and (f) u quark flavors of Ξ0.
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of remaining two variables only. Figure 5 presents the
comparative analysis of tensor form factor for the con-
stituent quark flavors of p with lattice calculations [36],
BLFQ [40], and χQSM [44] model results. The u quark
flavor of proton has a comparable trend to other model
predictions as a function of −t (GeV2). However, a fast
falloff has been observed in our model results for the case
of d quark flavor of proton. For anomalous tensor magnetic
form factor, the distribution is shown in Fig. 6 for both
constituent quark flavors of proton with their comparison
with lattice calculations [81], BLFQ [40], and χQSM [82]
model results. Compared to tensor form factors, anomalous

tensor magnetic form factors are more consistent with the
BLFQ and χQSM model results. The form factors obtained
from lattice QCD are computed at a higher scale and
include heavy pion mass, as a result of which the resulting
form factors are straight.
In Fig. 7, tensor form factors of u and s quark flavors of

both hyperons are presented in subplots (a) and (c). The
trend for both Σþ

u and Ξ0
s looks identical as both contain the

contributions of scalar as well as axial-vector diquarks. A
similar trend of negative distribution between Σþ

s and Ξ0
u

has also been observed. These role reversal tensor form
factors for the u and s quark flavors of hyperons are
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FIG. 4. Chiral-odd GPDs H̃
Xq

T ðx; tÞ as a function of longitudinal momentum fraction x and transverse momentum transfer −t (GeV2)
for (a) u and (b) d quark flavors of proton, (c) u and (d) s quark flavors of Σþ, and (e) s and (f) u quark flavors of Ξ0.
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FIG. 7. Comparison of tensor form factor A
Xq

T10ðtÞ for u and s constituent quark flavors of (a) Σþ and (c) Ξ0, along with the anomalous

tensor magnetic form factor B̄
Xq

T10ð−tÞ for u and s constituent quark flavors of (b) Σþ and (d) Ξ0 as a function of transverse momentum
transfer −t (GeV2).
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FIG. 6. Comparison of normalized anomalous tensor magnetic form factor B
pq

T10ðtÞ as a function of transverse momentum transfer
−t (GeV2) for (a) u and (b) d quark of a proton with lattice calculations [81], BLFQ [40], and χQSM [82] model results.
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FIG. 5. Comparison of normalized tensor form factor A
pq

T10ðtÞ as a function of transverse momentum transfer −t (GeV2) for (a) u
and (b) d quark of a proton with lattice calculations [36], BLFQ [40], and χQSM [44] model results.
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expected due to their analogous wave functions as
expressed in Eqs. (8) and (9). Further, the anomalous
tensor magnetic form factor of both the constituent quark
flavors of Σþ and Ξ0 are presented in (b) and (d) subplots
of Fig. 7, respectively. The u quark contributes a larger
anomalous tensor magnetic moment compared to the s
quark in Σþ hyperon, and a vice versa trend between quark
flavors of Ξ0 is observed. In both hyperons, s quark flavor
being a heavier one decays slower than u quark flavor. As
the transverse momentum transfer increases, the difference
between the quark flavors starts diminishing.
At t ¼ 0, the form factors expressed in Eqs. (30) and (31)

can be reduced to the tensor charge g
Xq

T and anomalous

tensor magnetic moment κ
Xq

T , respectively. g
Xq

T quantifies
the total count of transversely polarized quark flavors q in a
transversely polarized baryon X. A comparative analysis of

g
Xq

T and κ
Xq

T values from this work and other approaches is
provided in Table III. Reference [44] employs the chiral

quark-soliton model to compute g
Xq

T for octet baryons, and
our results align well with their results, showing minimal
deviations. For the case of proton, as extensive work has
been done, we have compared our results for g

puðdÞ
T with

different SU(6)-symmetric constituent quark models: the
nonrelativistic (NR), the harmonic oscillator (HO) and the
hypercentral (HYP) [35], relativistic confined quark model
[83], light-front quark model (LFQM) [27], chiral soliton
model [84], MIT bag model [85], lattice QCD [86,87],

BLFQ [40], accounts from the electroproduction of
pseudoscalar mesons [32], and data analysis [15,24,79].
The values of g

puðdÞ
T computed within the theoretical

framework correspond well to each other than with those

derived from data analysis. κ
Xq

T determines the transverse
spin-flavor dipole moment in an unpolarized baryon and
serves a comparable role to the anomalous magnetic

moment κ
Xq
q , computed from the Pauli form factor. To

the best of our knowledge, anomalous tensor magnetic
moment values of constituent quark flavor of proton are
only available, and the comparison shows well the agree-
ment with the results of SU(6)-symmetric HO model [35]
and BLFQ [40], whereas the results of SU(6)-symmetric
HYP model [35] and relativistic confined quark model
[83] for both pu and pd and reggeized diquark model [88]
for pd exhibit deviations.

VI. SUMMARY AND CONCLUSION

In this work, chiral-odd generalized parton distributions
(GPDs) have been investigated for nucleons and the
hyperons that belong to the same octet baryon of spin-1

2

hadrons. The light-cone dynamics is used to account the
quark dynamics of proton p and light hyperons Σþ and Ξ0

by treating them as two-body systems comprising a quark
and a spectator diquark. A dipolar form factor for the
baryon-quark-diquark vertex has been considered for
computing the light-conewave functions within the diquark

TABLE III. Comparison of tensor charge g
Xq

T and anomalous tensor magnetic moment κ
Xq

T for all the constituent quark flavors of
baryons with available data.

Baryon pu pd Σþ
u Σþ

s Ξ0
u Ξ0

s

g
Xq

T
This work 1.249 −0.285 1.243 −0.331 −0.313 1.323
χQSM [44] 1.08 −0.32 1.08 −0.29 −0.32 1.06
HYP model [35] 0.97 −0.24 � � � � � � � � � � � �
HO model [35] 1.17 −0.29 � � � � � � � � � � � �
NR model [35] 4=3 −1=3 � � � � � � � � � � � �
Relativistic model [83] 1.008 −0.247 � � � � � � � � � � � �
LFQM [27] 1.167 −0.292 � � � � � � � � � � � �
Chiral soliton model [84] 1.12 −0.42 � � � � � � � � � � � �
MIT bag model [85] 1.105 −0.275 � � � � � � � � � � � �
Lattice QCD [86] 0.84 −0.23 � � � � � � � � � � � �
Lattice QCD [87] 0.791� 0.053 −0.236� 0.033 � � � � � � � � � � � �
Meson electroproduction [32] 0.876 −0.251 � � � � � � � � � � � �
BLFQ [40] 1.251 −0.270 � � � � � � � � � � � �
Data analysis [15] 0.39þ18

−0.12 −0.25þ30
−0.10 � � � � � � � � � � � �

Data analysis [24] 0.39þ16
−0.20 −0.22þ31

−0.10 � � � � � � � � � � � �
Data analysis [79] 0.39� 0.15 −0.41� 0.52 � � � � � � � � � � � �

6*κ
Xq

T This work 3.64 2.41 3.65 1.658 2.489 3.284
HYP model [35] 1.98 1.17 � � � � � � � � � � � �
HO model [35] 3.60 2.36 � � � � � � � � � � � �
BLFQ [40] 3.208 2.432 � � � � � � � � � � � �
Relativistic model [83] 4.065 1.961 � � � � � � � � � � � �
Reggeized model [88] 3.43� 0.26 1.37� 0.34 � � � � � � � � � � � �

NAVPREET KAUR and HARLEEN DAHIYA PHYS. REV. D 112, 074024 (2025)

074024-12



spectator model. The chiral-odd GPDs are determined by
solving the equation of quark-quark correlator with a tensor
current. The nonforward matrix elements of the lightlike
correlation function are expressed explicitly in the overlap
form of light-cone wave functions.
The results obtained for the chiral-odd GPDs HT , ET ,

and H̃T as a function of longitudinal momentum fraction x
and transverse momentum transfer −t (GeV2) at zero
skewness is portrayed. For the case of proton, the results
are consistent with other model predictions. As a function
of −t, the distributions corresponding to hyperons exhibit a
slower decline than proton. Among constituent quark
flavors of hyperons, u and s quark flavors of Σþ are found
to have a slower pace of decrement than Ξ0 as −t increases.
The characteristic property of shifting of the peak toward a
higher value of x is also found in all the distributions with
falling down as a function of −t. The dependence over x is
visualized through the transversity distributions of con-
stituent quark flavors of considered octet baryons. The s
quark flavor being heavier than u quark flavor in Σþ and Ξ0

is found to carry larger values of x.
The tensor form factor and anomalous tensor magnetic

form factors for the u and d quark flavors of proton show
qualitative consistency when compared with self-consistent
SU(3) chiral quark-soliton model, basis light-front quan-
tization, and lattice calculations. Likewise, these form
factors are computed for u and s quark flavors of both
hyperons. As expected, the heavier s quark flavor is found
to decrease slower than the lighter u quark flavor. Further,
tensor charge and anomalous tensor magnetic moment are
also computed. For comparison, the values of tensor
charges are tabulated with the available data. Regarding

the anomalous tensor magnetic moment, we have predicted
the values obtained in this work for light hyperons and
compared the values for the case of proton with existing
data. Recent investigations by BABAR, CLEO, Belle, and
BESIII of hyperon elastic and transition form factors set the
stage for further studies of these hadrons. Our theoretical
predictions offer insight into tensor currents in hadrons,
contributing to the study of chiral-odd distributions.
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APPENDIX: CUTOFF PARAMETER AND THE
FIRST MOMENTS OF CHIRAL-ODD GPDS

To show the dependence of the first moment of chiral-
odd GPDs on the cutoff parameter to avoid any singularity,
we have tabulated the model dependent values of tensor

charge g
Xq

T and anomalous tensor magnetic moment κ
Xq

T for
each constituent quark flavor of proton and light hyperons
Σþ and Ξ0 in Tables IV–VI, respectively.

TABLE IV. Values of tensor charge g
pq

T and anomalous tensor magnetic moment κ
pq

T for both u and d constituent
quark flavors of proton for three different sets of cutoff parameters.

Different
Cutoff parameters (GeV) g

pq

T κ
pq

T

Sets Λp
usðudÞ Λp

uaðuu=udÞ u Quark d Quark u Quark d Quark

1 0.35 0.30 1.345 −0.287 4.059 2.972
2 0.45 0.40 1.249 −0.285 3.636 2.414
3 0.55 0.50 1.143 −0.306 3.180 1.932

TABLE V. Values of tensor charge g
Σþ
q

T and anomalous tensor magnetic moment κ
Σþ
q

T for both u and s constituent
quark flavors of Σþ for three different sets of cutoff parameters.

Different
Cutoff parameters (GeV) g

Σþ
q

T κ
Σþ
q

T

Sets ΛΣþ
usðusÞ ¼ ΛΣþ

uaðusÞ ΛΣþ
saðuuÞ u Quark s Quark u Quark s Quark

1 0.45 0.60 1.342 −0.315 4.14 1.967
2 0.55 0.70 1.243 −0.331 3.65 1.658
3 0.65 0.80 1.139 −0.359 3.346 1.379
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