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Abstract. A continuum approach to the three valence-quark bound-state problem in quantum field theory,
employing parametrisations of the necessary kernel elements, is used to compute the spectrum and Poincaré-
covariant wave functions for all flavour-S U(3) octet and decuplet baryons and their first positive-parity ex-
citations. Such analyses predict the existence of nonpointlike, dynamical quark-quark (diquark) correlations
within all baryons; and a uniformly sound description of the systems studied is obtained by retaining flavour-
antitriplet–scalar and flavour-sextet–pseudovector diquarks. The analysis predicts the existence of positive-
parity excitations of the Ξ, Ξ∗, Ω baryons, with masses, respectively (in GeV): 1.84(08), 1.89(04), 2.05(02).
These states have not yet been empirically identified. This body of analysis suggests that the expression of
emergent mass generation is the same in all u, d, s baryons and, notably, that dynamical quark-quark correla-
tions play an essential role in the structure of each one. It also provides the basis for developing an array of
predictions that can be tested in new generation experiments.

1 Introduction

The analysis of a baryon as a three–valence-body bound-
state problem in continuum quantum field theory became
possible following the formulation of a Poincaré-covariant
Faddeev equation [1–5], which is depicted in Fig. 1. This
approach assumes that dynamical, nonpointlike diquark
correlations play an important role in baryon structure.
Whilst the diquarks do not survive as asymptotic states,
viz. they do not appear in the strong interaction spectrum
[6, 7], the attraction between the quarks in the 3̄ channel
draws a picture in which two quarks are always correlated
as a colour-3̄ diquark pseudoparticle, and binding is ef-
fected by the iterated exchange of roles between the by-
stander and diquark-participant quarks. This approach to
the spectrum and interactions of baryons has been applied
widely with phenomenological success, e.g. Refs. [8–24].

A spectrum of flavour-S U(3) octet and decuplet
baryons, their parity partners, and the radial excitations
of these systems, was computed in Ref. [10, 17, 30] us-
ing a symmetry-preserving treatment of a vector× vector
contact-interaction (SPCI) [25–29] as the foundation for
the relevant few-body equations. With such an approach:
the diquark bound-state amplitudes are momentum-
independent but the diquarks are dynamical degrees-of-
freedom with nonzero electromagnetic radii [30]; and one
obtains a spectrum that is qualitatively equivalent to the
quark-model and lQCD results.

In Ref. [19] we employed a QCD-kindred framework
which used elsewhere [18] to perform a realistic study of
the four lightest (I = 1/2, JP = 1/2±) baryon isospin-
doublets; extended it to flavour-S U(3) and delivered there-
with a spectrum of octet and decuplet baryons and their
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Figure 1. Poincaré covariant Faddeev equation: a linear inte-
gral equation for the matrix-valued function Ψ, being the Fad-
deev amplitude for a baryon of total momentum P = pq + pd,
which expresses the relative momentum correlation between the
dressed-quarks and -nonpointlike-diquarks within the baryon.
The shaded rectangle demarcates the kernel of the Faddeev equa-
tion: single line, dressed-quark propagator (Sec. 2.2); Γ, diquark
correlation amplitude (Sec. 2.3); and double line, diquark propa-
gator (Sec. 2.4).

first positive-parity excitations along with structural in-
sights drawn from analyses of their Poincaré-covariant
wave functions.

We emphasise that the continuum analyses indicated
above form part of the body of Dyson-Schwinger equa-
tion (DSE) studies of hadron structure [29, 31–49]. In
this approach, the challenge is a need to employ a trun-
cation so as to define a tractable problem. Much has
been learnt; and one may now separate DSE studies into
three classes. Class-A. model-independent statements
about QCD; Class-B. illustrations of such statements using
well-constrained model elements and possessing a trace-
able connection to QCD; Class-C. QCD-inspired analy-
ses whose elements have not been computed using a trun-
cation that preserves a systematically-improvable connec-
tion with QCD. The analysis described herein lies within
Class-C.

We describe our approach to the baryon bound-state
problem in Sec. 2; and detail and explain the character of
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the solutions for the octet and decuplet baryons and their
first positive-parity excitations in Sec. 3. Section 4 pro-
vides a summary and indicates some new directions.

2 Baryon Bound State Problem

2.1 Faddeev equation

In its general form, the Faddeev equation sums all possi-
ble exchanges and interactions that can take place between
the three dressed-quarks that express a baryon’s valence-
quark content. Used with a realistic quark-quark interac-
tion [50–56], it predicts the appearance of soft (nonpoint-
like) fully-interacting diquark correlations within baryons,
whose characteristics are greatly influenced by dynamical
chiral symmetry breaking (DCSB) [13]. Consequently, the
problem of determining a baryon’s mass, internal struc-
ture, etc., is transformed into that of solving the linear, ho-
mogeneous matrix equation depicted in Fig. 1.

2.2 Dressed quarks

Regarding flavour-S U(3) octet and decuplet baryons and
their radial excitations, the Faddeev kernel in Fig. 1 in-
volves three basic elements, viz. the dressed light-quark
propagators, S f (p), f = u, d, s, and the correlation ampli-
tudes and propagators for all participating diquarks. Much
is known about S f (p), and in constructing the kernel we
use the algebraic forms described in Ref. [19], which have
proven efficacious in the explanation and unification of a
wide range of hadron observables [11–14, 57, 58]. (N.B.
We assume isospin symmetry throughout, i.e. u- and d-
quarks are mass-degenerate and described by the same
propagator. Consequently, all diquarks in an isospin mul-
tiplet are degenerate.)

2.3 Correlation amplitudes

In Fig. 1, all participating diquarks are colour-antitriplets
because they must combine with the bystander quark to
form a colour singlet.

Diquark isospin-spin structure is more complex. Ac-
counting for Fermi-Dirac statistics, five types of corre-
lation are possible in a J = 1/2 bound-state: flavour-
3̄–scalar, flavour-6–pseudovector, flavour-3̄–pseudoscalar,
flavour-3̄–vector, and flavour-6–vector. However, only the
first two are important in positive-parity systems [15, 17,
18]; and the associated leading correlation amplitudes are,
respectively:

Γ
j
0+ (k; K) = g

j
0+
~H T j

3̄ f
γ5C F (k2/[ω j

0+ ]2) , (1a)

Γ
g
1+µ(k; K) = igg1+

~H T g
6 f
γµC F (k2/[ωg1+ ]2) , (1b)

where: K is the total momentum of the correlation, k is
a two-body relative momentum, F (x) = (1 − e−x)/x ,
ω

j,g
JP are size parameters, and g

j,g
JP are couplings into the

channel, fixed by normalisation; ~H = {iλ7
c ,−iλ5

c , iλ
2
c}, with

{λk
c, k = 1, . . . , 8} denoting Gell-Mann matrices in colour-

space, expresses the diquarks’ colour antitriplet character;
C = γ2γ4 is the charge-conjugation matrix;

{T j
3̄ f
, j = 1, 2, 3} = {iλ2, iλ5, iλ7} , (2a)

{T g
6 f
, g = 1, . . . , 6} = {s0λ

0 + s3λ
3 + s8λ

8, λ1, λ4,

s0λ
0 − s3λ

3 + s8λ
8, λ6, s0λ

0 − 2s8λ
8} , (2b)

with s0 =
√

2/3, s3 = 1/
√

2, s8 = 1/
√

6, {λk, k =

1, . . . , 8} denoting flavour-S U(3) Gell-Mann matrices,
λ0 = diag[1, 1, 1], and all flavour matrices left-active on
column[u, d, s].

Turning to decuplet baryons, since it is not possible to
combine a 3̄ f diquark with a 3 f -quark to obtain a member
of the symmetric 10 f representation of S U(3) f , decuplet
baryons only contain 6 f –axial-vector diquarks, which are
associated with the amplitudes in Eq. (1b).

2.4 Diquark propagators, masses, couplings

A propagator is associated with each quark-quark correla-
tion in Fig. 1; and we use [11, 18]:

∆0+ j(K) =
1

[m j
0+ ]2
F (K2/[ω j

0+ ]2) , (3a)

∆
1+g
µν (K) =

[
δµν +

KµKν

[mg
1+ ]2

]
1

[mg
1+ ]2
F (K2/[ωg1+ ]2) . (3b)

These algebraic forms ensure that the diquarks are con-
fined within the baryons, as appropriate for coloured cor-
relations: whilst the propagators are free-particle-like at
spacelike momenta, they are pole-free on the timelike axis.
This is sufficient to ensure confinement via the violation of
reflection positivity (see, e.g. Ref. [43], Sec. 3).

The diquark masses and sizes are related via

m j,g
JP =

√
2ω j,g

JP . (4)

This identification accentuates the free-particle-like prop-
agation characteristics of the diquarks within the baryon
[11]. The mass-scales are constrained by numerous stud-
ies; and we use (in GeV):

m(1)
0+ = 0.80 , m(2,3)

0+ = 0.95 , (5a)

m(4,5,7)
1+ = 0.90 , m(6,8)

1+ = 1.05 , m(9)
1+ = 1.20 , (5b)

where the values of m( j=1)
0+ and m(g=4,5,7)

1+ are drawn from
Refs. [11, 12], because they provide for a good descrip-
tion of numerous dynamical properties of the nucleon,
∆-baryon and Roper resonance; and the masses m( j=2,3)

0+ ,
m(g=6,8)

1+ and m(g=9)
1+ are derived therefrom via an equal-

spacing rule, viz. replacing one light-quark by a s-quark
brings an extra 0.15 GeV ≈ ME

s − ME
u [19]. And for com-

pleteness, we will subsequently display results with all di-
quark masses varied by ±5%.

Using canonical normalization condition [19] and the
masses in Eqs. (5):

g(1)
0+ = 14.75 , g(2,3)

0+ = 9.45 , (6a)

g(4,5,7)
1+ = 12.73 , g(6,8)

1+ = 7.62 , g(9)
1+ = 3.72 . (6b)

EPJ Web of Conferences 241, 02002 (2020)

NSTAR 2019
 http://doi.org/10.1051/epjconf/202024102002

2



Given that it is the coupling-squared which appears in the
Faddeev kernels, scalar diquarks will dominate the Fad-
deev amplitudes of J = 1/2 baryons; but pseudovector
diquarks must also play a material role because g2

1+/g
2
0+ ≈

0.7, which agrees with the previous studies on the nucleon,
see, e.g. Ref. [67, 68].

2.5 Faddeev amplitudes and wave functions

In solving the Faddeev equation, Fig. 1, one obtains both
the mass-squared and bound-state amplitude of all baryons
with a given value of JP. In fact, it is the form of the
Faddeev amplitude which fixes the channel. A baryon is
described by

ΨB = ψB
1 + ψB

2 + ψB
3 , (7)

where the subscript identifies the bystander quark, i.e. the
quark that is not participating in a diquark correlation, ψB

1,2
are obtained from ψB

3 =: ψB by a cyclic permutation of all
quark labels.

For an octet baryon (B8 = N,Λ,Σ,Ξ; JP = 1/2+),

ψ8(pi, αi, σi)

=
∑
j∈B8

[Γ j
0+ (k; K)]α1α2

σ1σ2
∆0+ j(K) [ϕ8 j

0+ (`; P)u(P)]α3
σ3

+
∑
g∈B8

[Γg1+µ]α1α2
σ1σ2

∆
1+g
µν [ϕ8g

1+ν(`; P)u(P)]α3
σ3
, (8)

where (pi, σi, αi) are the momentum, spin and isospin
labels of the quarks constituting the bound state; P =

p1 + p2 + p3 = pd + pq is the total momentum of the baryon;
k = (p1 − p2)/2, K = p1 + p2 = pd, ` = (−K + 2p3)/3;
j and g are the labels in Eqs. (2) and the sums run over
those flavour-combinations permitted in B8; and u(P) is a
Euclidean spinor. The remaining elements in Eq. (8) are
the following matrix-valued functions:

ϕ
8 j
0+ (`; P) =

2∑
k=1

s
j
8k(`2, ` · P)Sk(`; P) , (9a)

ϕ
8g
1+ν(`; P) =

6∑
k=1

a
g+3
8k (`2, ` · P) γ5A

k
ν(`; P) , (9b)

where

S1 = ID , S
2 = iγ · ˆ̀ − ˆ̀ · P̂ID ,

A1
ν = γ · `⊥P̂ν , A

2
ν = −iP̂νID , A

3
ν = γ · ˆ̀⊥ ˆ̀⊥

ν , (10)

A4
ν = i ˆ̀⊥

ν ID , A
5
ν = γ⊥ν −A

3
ν , A

6
ν = iγ⊥ν γ · ˆ̀⊥ −A4

ν ,

with ˆ̀2 = 1, P̂2 = −1, `⊥ = ˆ̀
ν + ˆ̀ · P̂P̂ν, γ⊥ = γν + γ · P̂P̂ν.

Owing to the symmetry-prescribed absence of flavour-
3̄ components, the structure of decuplet baryons is simpler
(B10 = ∆,Σ∗,Ξ∗,Ω; JP = 3/2+):

ψ
10
µ (pi, αi, σi)

=
∑
g∈B10

[Γg1+µ]α1α2
σ1σ2

∆
1+g
µν [ϕ10g

νρ (`; P)uρ(P)]α3
σ3
, (11)

where uρ(P) is a Rarita-Schwinger spinor; and, with Sk

andAk
ν in Eq. (10),

ϕ
10g
νρ (`; P) =

8∑
k=1

a
g+3
10k (`2, ` · P)Dk

νρ(`; P) , (12a)

Dk
νρ = Sk δνρ , k = 1, 2 , (12b)

Dk
νρ = iγ5A

k−2
ν `⊥ρ , k = 3, . . . , 8 . (12c)

The (unamputated) Faddeev wave function can be
computed from the amplitude specified by Eqs. (8) – (12)
simply by attaching the appropriate dressed-quark and di-
quark propagators. It may also be decomposed in the form
of Eqs. (9), (12). Naturally, the scalar functions are differ-
ent, and we label them s̃ j

8k, ãg8k, ãg10k.
Both the Faddeev amplitude and wave function are

Poincaré covariant, i.e. they are qualitatively identical in
all reference frames. Naturally, each of the scalar func-
tions that appears is frame-independent, but the frame cho-
sen determines just how the elements should be combined.
Consequently, the manner by which the dressed-quarks’
spin, S , and orbital angular momentum, L, add to form
a particular JP combination is frame-dependent: L, S are
not independently Poincaré invariant.1 The set of baryon
rest-frame quark-diquark angular momentum identifica-
tions can be found in Refs. [19, 62, 63].

3 Solutions and their Properties

3.1 Masses of the dressed-quark cores

We can now report results obtained by solving the Fad-
deev equations for octet and decuplet baryons and their
first positive-parity excitations. Our computed masses are
listed in Table 1: the uncertainties indicate the response
of a given mass to a coherent 5% increase/decrease in
the mass-scales associated with the diquarks and dressed-
quarks.

It is worth noting the emergence of a Σ-Λ mass-
splitting despite the fact that we have assumed isospin
symmetry, i.e. mass-degenerate u- and d-quarks, described
by the same propagator, so that all diquarks in an isospin
multiplet are degenerate. Whilst the Λ0 and Σ0 baryons are
associated with the same combination of valence-quarks,
their spin-flavour wave functions are different: the Λ0

I=0
contains more of the lighter J = 0 diquark correlations
than the Σ0

I=1. It follows that the Λ0 must be lighter than
the Σ0. Therefore, our result agrees with the prediction of
the Gell-Mann–Okubo mass formula [69–71].

The computed masses and corresponding empirical re-
sults are depicted in Fig. 2. It is apparent that the computed
masses are uniformly larger than the corresponding empir-
ical values. This is because our results should be viewed
as those of a given baryon’s dressed-quark core, whereas
the empirical values include all contributions, including

1The nature of the combination is also scale dependent because the
definition of a dressed-quark and the character of the correlation ampli-
tudes changes with resolving scale, ζ, in a well-defined manner [60, 61].
Our analysis is understood to be valid at ζ ' 1 GeV.
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Table 1. Computed dressed-quark-core masses of ground-state octet and decuplet baryons, and their radial excitations. Row 1:
Baryon ground-states. Row 3: First positive-parity excitations of the ground-states. Masses in rows labelled “expt.” are taken from

Ref. [65]. A hyphen in any position indicates that no empirically known resonance can confidently be associated with the theoretically
predicted state. (All dimensioned quantities are listed in GeV.)

Row N Λ Σ Ξ ∆ Σ∗ Ξ∗ Ω

n=0 1 DSE 1.19(13) 1.37(14) 1.41(14) 1.58(15) 1.35(12) 1.52(14) 1.71(15) 1.93(17)
2 expt. 0.94 1.12 1.19 1.31 1.23 1.38 1.53 1.67

n=1 3 DSE 1.73(10) 1.85(09) 1.88(11) 1.99(11) 1.79(12) 1.93(11) 2.08(12) 2.23(13)
4 expt. 1.44(03) 1.60+0.10

−0.04 1.66(03) - 1.57(07) 1.73(03) - -
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Figure 2. Upper panel: Pictorial representation of octet masses
in Table 1. Circles (black) – computed masses. The verti-
cal riser indicates the response of our predictions to a coher-
ent ±5% change in the mass-scales associated with the diquarks
and dressed-quarks. Diamonds (green) – empirical Breit-Wigner
masses [65]. The horizontal axis lists a particle name with a sub-
script that indicates whether it is ground-state (n = 0) or first
positive-parity excitation (n = 1). Lower panel: Analogous plot
for the decuplet masses in Table 1. Where noticeable, the esti-
mated uncertainty in the location of a resonance’s Breit-Wigner
mass is indicated by an error bar.

meson cloud effects, which typically generate a measur-
able reduction [64]. This was explained and illustrated in a
study of the nucleon, its parity-partner and their radial ex-
citations in Ref. [18]; and has also been demonstrated us-
ing the SPCI [10, 17]. Identifying the difference between
our predictions and experiment, then one finds that such
effects are fairly homogeneous across the spectrum:

mean[m8
DSE − m8

expt.] = 0.26(4) , (13a)

mean[m10
DSE − m10

expt.] = 0.19(5) . (13b)

Namely, they act to reduce the mass of ground-state octet
and decuplet baryons and their first positive-parity excita-
tions by 0.23(6) GeV.

3.2 Diquark content

The Faddeev amplitude of each baryon can be decom-
posed into a sum of Nqq terms, {Fi, i = 1, . . . ,Nqq},
each one of which is directly identifiable with a particu-
lar diquark component. The value of Nqq depends on the
baryon’s spin-flavour structure:

N Λ Σ Ξ ∆ Σ∗ Ξ∗ Ω

Nqq 14 10 14 14 8 16 16 8
. (14)

In connection with each term, we define

Di =

∫
d4`

(2π)4 |Fi(`2, ` · P)|2 (15)

and subsequently compute

Qt =W−1
∑
i∈t

Di , W =

Nqq∑
i=1

Di , (16)

where t ranges over the s(= 0+) and a(= 1+) compo-
nents of the baryon considered. Here, W defines a four-
dimensional L2-norm of the baryon’s Faddeev amplitude
and the ratios Qt=s j,ag express the relative size of the con-
tribution from each diquark correlation to this norm. The
values of these fractions are one indication of the rela-
tive strengths of the various diquark components within
a baryon. They are listed in Table III of Ref.[19] and de-
picted for the more complex octet states in Fig. 3–upper
panel.

An alternative gauge is to consider the relative contri-
bution to a given baryon’s mass owing to each of the di-
quark components in its Faddeev amplitude. We evaluate
this by computing the hadron’s mass in the absence of all
except the dominant diquark correlation (often the light-
est possible contributor) and then introducing the remain-
ing correlations in their order of importance, which is de-
termined by trial-and-error. Typically, the mass obtained
using only the dominant correlation is larger than the
all-correlation result. (Otherwise, the Faddeev equation
would suppress any new correlation.) We therefore define
the relative mass-contribution of a given correlation as fol-
lows. Suppose two diquarks contribute: qq1, qq2, with qq1
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Figure 3. Upper panel – Relative strengths of various diquark components within the indicated baryon’s Faddeev amplitude, defined
via Eqs. (15), (16). Lower panel – Relative contribution to a baryon’s mass from a given diquark correlation in that baryon’s Faddeev
amplitude, defined in association with Eqs. (17).

dominant. Further suppose that the qq1-only baryon has
mass m1 and adding qq2 gives mfinal = m2 < m1, then

P1 = m1/(m1 + |m2 − m1|) , (17a)
P2 = |m2 − m1|/(m1 + |m2 − m1|) . (17b)

This procedure has a clear generalisation to systems with
more than two diquark correlations; and the results ob-
tained in this way are listed in Table III of Ref.[19] and
depicted for the more complicated octet states in Fig. 3–
lower panel.

As observed elsewhere [18], the difference between
the upper and lower panels of Fig. 3 is marked. In each
of the octet cases depicted in the lower panel, there is a
single dominant diquark component; namely, a scalar di-
quark; and each new correlation adds binding, reducing
the computed mass. On the other hand, measuring the rela-
tive strength of diquark correlations using the Faddeev am-
plitude decomposition, drawn in Fig. 3–upper panel, one
arrives at a somewhat different picture; but such differ-
ences can largely be attributed to the lack of interference
between diquark components in the measure defined by
Eqs. (15), (16). Notwithstanding these facts, comparisons
between baryons using any single measure are meaningful,
e.g. using either scheme, the nucleon and its first positive-
parity excitation possess very similar diquark content.

3.3 Rest-frame orbital angular momentum

Drawing upon Sec. 2.3, we now expose the rest-frame or-
bital angular momentum content of each baryon. Con-
nected with each matrix, there is a scalar function[19,
62, 63], the collection of which we denote as {Yi, i =

1, . . . ,Nqq}, e.g. the five rest-frame 2S -components in the
proton are identified with Y1,...,5 and these functions are

s̃
1
N1, ã

4,5
N2, [ã4,5N3 + 2ã4,5N5]/3. (18)

Using this decomposition, we compiled Table 2. Plainly
every one of the systems considered is primarily S -wave in
nature, since they are not generated by the Faddeev equa-
tion unless S -wave components are contained in the wave
function. This observation provides support in quantum
field theory for the constituent-quark model classifications
of these systems, so long as here angular momentum is un-
derstood at the hadronic scale to be that between the quark
and diquark. Notwithstanding that, Table 2 reveals that P-
wave components play a measurable role in octet ground-
states and their first positive-parity excitations: they are
attractive in ground-states and repulsive in the excitations.
Regarding decuplet systems: the ground-state masses are
almost completely insensitive to non-S -wave components;
and in the first positive-parity excitations, P-wave compo-
nents generate a little repulsion, some attraction is pro-
vided by D-waves, and F-waves have no measurable im-
pact.

In order to further elucidate these remarks, we turn our
attention to the Faddeev wave functions themselves and,
for each baryon, compute

Li =

∫
d4`

(2π)4 |Yi(`2, ` · P)|2, (19)

and subsequently define the following rest-frame angular
momentum strengths:

S = T−1
∑
i∈ S

Li , P = T−1
∑
i∈ P

Li ,

D = T−1
∑
i∈D

Li , F = T−1
∑
i∈ F

Li ,
(20a)

T =

Nqq∑
i=1

Li . (20b)
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Figure 4. Octet baryons and their first positive-parity excitations. Upper panel – Baryon rest-frame quark-diquark orbital angular
momentum fractions, as defined in Eqs. (20). Lower panel – Relative contribution of various quark-diquark orbital angular momentum
components to the mass of a given baryon.
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Figure 5. Decuplet baryons and their first positive-parity excitations. Upper panel – Baryon rest-frame quark-diquark orbital angular
momentum fractions, as defined in Eqs. (20). Lower panel – Relative contribution of various quark-diquark orbital angular momentum
components to the mass of a given baryon.

Constructed thus, T defines a four-dimensional L2-norm of
the baryon’s rest-frame Faddeev wave function and the ra-
tios S, P, D, F express the relative size of the contribution
from each angular momentum component to this norm.
Our results are depicted in the upper panels of Figs. 4, 5.

As with our examination of the diquark content, an-
other gauge of the relative importance of different partial
waves within a baryon is to depict their contributions to a
baryon’s mass, which can be computed using the informa-
tion in Table 2. The results are depicted in the lower panels

of Figs. 4, 5. Once again, even though some contributions
are repulsive and others attractive, we draw all bars as pos-
itive, following a procedure analogous to that described in
connection with Eqs. (17).

Fig. 4 reveals that, concerning the rest-frame quark-
diquark orbital angular momentum fractions in octet
baryons, both measures deliver the same qualitative pic-
ture of each baryon’s internal structure. It follows that
there is little mixing between partial waves in the com-
putation of a baryon’s mass. Regarding Fig. 5, this is also
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Table 2. Computed baryon quark-core masses: upper panel,
flavour-octet; and lower panel, flavour-decuplet. Row 1, each

panel: results obtained using the complete Faddeev wave
function, i.e. with all angular momentum components included.

Subsequent rows: masses obtained when the indicated
rest-frame angular momentum component(s) is(are) excluded

from the Faddeev wave function. Empty locations indicate that
a solution is not obtained under the conditions indicated. (All

dimensioned quantities are listed in GeV.)

L content Nn=0 Nn=1 Λn=0 Λn=1 Σn=0 Σn=1 Ξn=0 Ξn=1

S , P,D 1.19 1.73 1.37 1.85 1.41 1.88 1.58 1.99
−, P,D − − − − − − − −

S ,−,D 1.24 1.71 1.40 1.83 1.42 1.84 1.59 1.97
S , P,− 1.20 1.74 1.37 1.85 1.41 1.89 1.58 1.99
S ,−,− 1.24 1.71 1.40 1.83 1.42 1.84 1.59 1.97

L content ∆n=0 ∆n=1 Σ∗n=0 Σ∗n=1 Ξ∗n=0 Ξ∗n=1 Ωn=0 Ωn=1

S , P,D, F 1.35 1.79 1.52 1.93 1.71 2.08 1.93 2.23
−, P,D, F − − − − − − − −

S ,−,D, F 1.36 1.75 1.52 1.90 1.71 2.06 1.93 2.22
S , P,−, F 1.35 1.82 1.52 1.95 1.71 2.09 1.93 2.24
S , P,D,− 1.35 1.79 1.52 1.93 1.71 2.08 1.93 2.23
S ,−,−,− 1.35 1.80 1.52 1.93 1.71 2.08 1.93 2.23

true for the decuplet states, but there are greater quantita-
tive dissimilarities. It is nevertheless evident in both panels
that S -wave strength is shifted into D-wave contributions
within decuplet positive-parity excitations, as has previ-
ously been observed [16, 59].

It is here worth contrasting these results for low-lying
positive-parity baryons with those obtained elsewhere [18]
for the two lightest (I, JP) = (1/2, 1/2−) partners of the
nucleon. For those systems: no solution is obtained unless
P-waves are present; P-waves are the largest component of
the rest-frame wave function and dominant in determining
the mass, with S -waves bringing some attraction; and D-
waves are negligible.

4 Summary

We computed the spectrum and Poincaré-covariant wave
functions for all flavour-S U(3) octet and decuplet baryons
and their first positive-parity excitations (Sec. 3.1). A ba-
sic prediction of such Faddeev equation studies is the pres-
ence of strong nonpointlike, fully-interacting quark-quark
(diquark) correlations within all baryons; and our analysis
confirms that for a realistic description of these states, it is
necessary and sufficient to retain only flavour-3̄–scalar and
flavour-6–pseudovector correlations (Sec. 3.2). Namely,
negative-parity diquarks are negligible in these positive-
parity baryons. Moreover, in its rest-frame, every system
considered may be judged as primarily S -wave in charac-
ter (Sec. 3.3).

In arriving at these conclusions, we draw a similar pic-
ture to quark model descriptions of these systems, so long
as rest-frame orbital angular momentum is identified with
that existing between dressed-quarks and -diquarks, which
are the correct strong-interaction quasiparticle degrees-of-

freedom at the hadronic scale and on a material domain ex-
tending beyond. In addition, we confirm the quark-model
result that each ground-state octet and decuplet baryon
possesses a radial excitation and consequently predict the
existence of positive-parity excitations of the Ξ, Ξ∗, Ω

baryons.
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