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on-Perturbative QCD:

» Hadrons, as bound states, are dominated by non-perturbative
QCD dynamics — Two emergent phenomena

» Confinement: Colored particles have never been seen isolated
v" Explain how quarks and gluons bind together

» Dynamical Chiral Symmetry Breaking (DCSB): Hadrons do not
follow the chiral symmetry pattern
v' Explain the most important mass generating mechanism for visible matter in
the Universe
» Neither of these phenomena is apparent in QCD 's Lagrangian,
HOWEVER, They play a dominant role in determining the
characteristics of real-world QCD!




erturbative QCD:

» From a quantum field theoretical point of view, these emergent phenomena
could be associated with dramatic, dynamically driven changes in the analytic
structure of QCD 's Schwinger functions (propagators and vertices). The
Schwinger functions are solutions of the quantum equations of motion (Dyson-
Schwinger equations).
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» Dressed-quark propagator:

Quark propagator:
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» Mass generated from the interaction
of quarks with the gluon.
» Light quarks acquire a HUGE constituent mass.
» Responsible of the 98% of the mass of the
proton and the large splitting between
parity partners.
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» Mass generated from the interaction -
of quarks with the gluon. = o 578 MeV
> Light quarks acquire a HUGE constituent mass. ~ 001p * ?ggm

» Responsible of the 98% of the mass of the + 21 MeV

proton and the large splitting between
parity partners.
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Lei Chang, Yu-Bin Liu, Khépani Raya, J.
Rodriguez-Quintero, and Yi-Bo Yang,
Phys. Rev. D 104, no.9, 094509 (2021)




m- winger equations (DSEs)

Quark propagator: Gluon propagator:
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Ghost propagator:

Ghost-gluon vertex:
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Quark-gluon vertex:
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rons: Bound-states in QFT

» Mesons: a 2-body bound state problem in QFT

> Bethe-Salpeter Equation
» K - fully amputated, two-particle irreducible, quark-antiquark scattering kernel
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» Baryons: a 3-body bound state problem in QFT

» Faddeev equation: sums all possible quantum field theoretical exchanges
and interactions that can take place between the three dressed-quarks that
define its valence quark content.
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— ;-body correlations

» Mesons: quark-antiquark correlations -- color-singlet
» Diquarks: quark-quark correlations within a color-singlet baryon.

» Diquark correlations:
» In our approach: non-pointlike color-antitriplet and fully interacting.
» Diquark correlations are soft, they possess an electromagnetic size.

» Owing to properties of charge-conjugation, a diquark with spin-parity JAP
may be viewed as a partner to the analogous J*{-P} meson.
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- o!y correlations

» Quantum numbers:
v" G. Eichmann, H. Sanchis-Alepuz, R.

» (=0, JAP=0”"+): isoscalar-scalar diquark Williams, R. Alkofer, C. S. Fischer,
. . Prog.Part.Nucl.Phys. 91 (2016) 1-
» (I=1, JAP=1"+): isovector-pseudovector diquark 100g vs. 91(2016)
» (=0, JAP=07-): isoscalar-pesudoscalar diquark ' Chen Chen, B. El-Bennich, C. D.
) ) Roberts, S. M. Schmidt, J. Segovia,
» (=0, JAP=1A-): isoscalar-vector diquark S-L. Wan, Phys.Rev. D97 (2018) no.3,
034016

» (=1, JAP=1A-): isovector-vector diquark

» Three-body bound states

» The diquark Ansatz for the 4-point Green's function of the quark-quark correlations:
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W— |quar! Faddeev equation

» Quantum numbers:
» (=0, JAP=0”"+): isoscalar-scalar diquark
» (I=1, JAP=1"+): isovector-pseudovector diquark
» (=0, JAP=0"-): isoscalar-pesudoscalar diquark
» (=0, JAP=1A-): isoscalar-vector diquark
» (I=1, JAP=1A-): isovector-vector diquark

> Three-body bound states mmmp
Quark-diquark two-body bound states

R.T. Cahill, Craig D. Roberts, J. Praschifka,
Phys. Rev. D 36 (1987) 2804

R.T. Cahill, Craig D. Roberts, J. Praschifka,
Austral.J.Phys. 42 (1989) 129-145
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addeev equation

Progress in Particle and

Nuclear Physics
Volume 116, January 2021, 103835

Review

Diquark correlations in hadron
physics: Origin, impact and
evidence

M.Yu. Barabanov !, M.A. Bedolla %, W.K. Brooks 3, G.D. Cates *, C. Chen >, Y.
Chen %7, E. Cisbani &, M. Ding ° G. Eichmann 111 R Ent 12,). Ferretti 13
=, R.W. Gothe 1 T. Horn ¥ 12 S_ Liuti #, C. Mezrag ¢, A. Pilloni %, AJ.R.
Puckett 17, C.D. Roberts 18 1° & = . B.B. Wojtsekhowski 12 &

11



[GeV]

SetB
Bl My

-D
M2

_mp

Set A

—— MN
—— M
- mp
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v" G. Eichmann, H. Sanchis-Alepuz, R.Williams, R. Alkofer,

and C. S. Fischer, Prog. Part. Nucl. Phys. 91, 1 (2016)
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iquark Faddeev equation

> Solution to the 60 year puzzle -- Roper resonance: Discovered in 1963, the Roper

resonance appears to be an exact copy of the proton except that its mass is 50%
greater and it is unstable...

ek endi
PRL 115, 171801 (2015) PHYSICAL REVIEW LETTERS 23 OCTOBER 2015

Completing the Picture of the Roper Resonance

Jorge chovia,' Bruno E.l—B.a:nni-::h,z'3 Eduardo Rojas,g'ﬁ' lan C. Cloét,s Craig D. Rnbcrts,s
Shu-Sheng Xu,” and Hong-Shi Z'nc:-ng'f-I
lGrupo de Fisica Nuclear and Instituto Universitario de Fisica Fundamental v Matemdticas (IUFFyM),
Universidad de Salamanca, E-37008 Salamanca, Spain
‘Laboratério de Fisica Tedrica e Computacional, Universidade Cruzeiro do Sul, 01506-000 Sdo Paulo, 5P, Brazil
Institute de Fisica Tedrica, Universidade Estadual Paulista, 01 140-070 Sdo Pawlo, 5P, Brazil
*Instituto de Fisica, Universidad de Antioguia, Calle 70 No. 52-21, Medellin, Colombia
*Ph ysics Division, Argonne National Laboratory, Argonne, llinois 60439, USA
'F’Depara‘mem of Physics, Nanjing University, Nanjing 210093, China
(Received 16 April 2015; revised manuscript received 29 July 2015; published 21 October 2015)

We employ a continuum approach to the three valence-quark bound-state problem in relativistic
quantum field theory to predict a range of properties of the proton’s radial excitation and thereby unify them
with those of numerous other hadrons. Our analysis indicates that the nucleon’s first radial excitation is the
Roper resonance. It consists of a core of three dressed guarks, which expresses its valence-quark content
and whose charge radius is 80% larger than the proton analogue. That core is complemented by a meson
cloud, which reduces the observed Roper mass by roughly 20%. The meson cloud materially atfects
long-wavelength characteristics of the Roper electroproduction amplitudes but the quark core is revealed to
probes with Q? = 3mi,_

DOIL: 10.1103/PhysRevLet. 115. 171801 PACS numbers: 13.40.Gp, 14.20.Dh, 14.20.Gk 11.15.Tk
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iquark Faddeev equation

> Solution to the 60 year puzzle -- Roper resonance: Discovered in 1963, the Roper

resonance appears to be an exact copy of the proton except that its mass is 50%
greater and it is unstable...

week ending

PHYSICAL REVIEW LETTERS 23 OCTOBER 2015

PRL 115, 171801 (2015)

Completing the Picture of the Roper Resonance

Jorge chovia,' Bruno El—Bcnnich,z" Eduardo Rojas,g'ﬁ' lan C. Cla‘:'t,s Craig D. Robcrts,s
Shu-Sheng Xu,” and Hong-Shi Z.ong{i
l(}rupn de Fisica Nuclear and Instituto Universitario de Fisica Fundamental v Matemdticas (IUFFyM),
Universidad de Salamanca, E-37008 Salamanca, Spain
‘Laboratério de Fisica Tedrica e Computacional, Universidade Cruzeiro do Sul, 01506-000 Sdo Paulo, 5P, Brazil
Institute de Fisica Tedrica, Universidade Estadual Paulista, 01 140-070 Sdo Pawlo, 5P, Brazil
*Instituto de Fisica, Universidad de Antioguia, Calle 70 No. 52-21, Medellin, Colombia
SP}I}-‘SI{‘S Division, Argonne National Laboratory, Argonne, llinois 60439, USA
r’DemmnerH af Phvsics, Nanjing University, Nanjing 210093, China
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addeev equation

» Roper resonance -- solution to the 60 year puzzle

REVIEWS OF MODERN PHYSICS

REVIEWS OF MODERN PHYSICS, VOLUME 91, JANUARY-MARCH 2019

Colloquium: Roper resonance: Toward a solution to the fifty
year puzzle

Volker D. Burkert
Thomas Jefferson National Accelerator Facility, Newport News, Virginia 23606, USA

Craig D. Roberts’
Physics Division, Argonne National Laboratory, Argonne, lllinois 60439, USA
® (published 14 March 2019)
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iquark Faddeev equation

» The electromagnetic nucleon-to-A(1600) transition form factors

PHYSICAL REVIEW D 100, 034001 (2019)

Transition form factors: y*+p — A(1232), A(1600)

Y. Lu,"" C. Chen*” Z.-F. Cui,"* C.D. Roberts.”¥ S. M. Schmidt,*! J. Segovia, and H.-S. Zong"®""

'Department of Physics, Nanjing University, Nanjing, Jiangsu 210093, China
*Instituto de Fisica Tedrica, Universidade Estadual Paulista,
Rua Dr. Bento Teobaldo Ferraz, 271, 01140-070 Sao Paulo, Sdo Paulo, Brazil
3Phy:u'::‘.'f Division, Argonne National Laboratory, Lemont, Illlinois 60439, USA
nstitute for Advanced Simulation, Forschungszentrum Jiilich and JARA, D-52425 Jiilich, Germany
Departamento de Sistemas Fisicos, Quimicos y Naturales, Universidad Pablo de Olavide, E-41013 Sevilla, Spain
®Joint Center for Particle, Nuclear Physics and Cosmology, Nanjing, Jiangsu 210093, China

» In 2023, those (parameter-free) predictions were confirmed in an analysis of data obtained
using the CLAS detector at JLab

PHYSICAL REVIEW C 108, 025204 (2023)

First results on nucleon resonance electroexcitation amplitudes from ep — e'm* 7~ p’ cross
sections at W = 1.4-1.7 GeV and Q? = 2.0-5.0 GeV?

V. I. Mokeev®."* P. Achenbach®.! V. D. Burkert,! D. S. Carman®.' R. W. Gothe ®.> A. N. Hiller Blin®}
E. L. Isupov®.* K. Joo®.” K. Neupane ®.? and A. Trivedi ©>
"Thomas Jefferson National Accelerator Facility, Newport News, Virginia 23606, USA
2University of South Carolina, Columbia, South Carolina 29208, USA
3 Institute for Theoretical Physics, Tiibingen University, D-72076 Tiibingen, Germany
4Skobeltsyn Institute of Nuclear Physics and Physics Department, Lomonosov Moscow State University, 119234 Moscow, Russia
3University of Connecticut, Storrs, Connecticut 06269, USA
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- ark Faddeev equation

A(1600)3/27 Form Factors in CSM Approach

CSM predictions of the Viktor Mokeev
A(1600)3/27 electrocouplings
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Inite temperature

> arXiv:2412.15045 [hep-ph]

PHYSICAL REVIEW D 112, 014022 (2025)

Screening masses of positive- and negative-parity hadron ground states,
including those with strangeness

Chen Chen ,]2‘* Fei Gao ,3‘+ and Si-xue Qin e
llmerdiscz})linary Center for Theoretical Study, University of Science and Technology of China,
Hefei, Anhui 230026, China
3Peng Huanwu Center for Fundamental Theory, Hefei, Anhui 230026, China
3School of Physics, Beijing Institute of Technology, Beijing 100081, China
JJ'Jf)e;pm'rmeim‘ of Physics and Chongqing Key Laboratory for Strongly Coupled Physics,
Chongging University, Chongging 401331, China

M (Received 27 December 2024: accepted 12 June 2025; published 9 July 2025)

Using a symmetry-preserving treatment of a vector X vector contact interaction at nonzero temperature, we
compute the screening masses of flavor-SU(3) ground-state J© = 0%, 1+ mesons, and J* = 1/2=, 3/2*
baryons. We find that all correlation channels allowed at T = O persist when the temperature increases, even
above the QCD phase transition temperature. The results for mesons qualitatively agree with those obtained
from the contemporary lattice-regularized quantum chromodynamics simulations. One of the most remarkable
features is that each parity-partner-pair degenerates when 7" > T, with 7', being the critical temperature. For
each pair, the screening mass of the negative parity meson increases monotonously with temperature. In
contrast, the screening mass of the meson with positive parity is almost invariant on the domain 7 < 7. /2;
when T gets close to T, it decreases but soon increases again and finally degenerates with its parity partner,
which signals the restoration of chiral symmetry. We also find that the T-dependent behaviors of baryon
screening masses are quite similar to those of the mesons. For baryons, the dynamical, nonpointlike diquark
correlations play a crucial role in the screening mass evolution. We further calculate the evolution of the
fraction of each kind of diquark within baryons respective to temperature. We observe that, at high
temperatures, only J = 0 scalar and pseudoscalar diquark correlations can survive within J” = 1 /2% baryons.
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FIG. 6. Screening masses of JF = 1/2%* baryon ground states. In each figure: solid green curve: positive-parity baryon;
dashed red curve: negative-parity baryon; and black dot-dot-dashed curve: free theory limit of m = 3nT.
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= 3/2% baryons
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FIG. 8. Screening masses of J¥ = 3/2% baryon ground states. In each figure: solid green curve: positive-parity baryon;
dashed red curve: negative-parity baryon; and black dot-dot-deshed curve: free theory limit of m = 3xT.
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— Axial Form Factors
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PCAC relations, Eur.Phys.J.A 59 (2023) 7, 163.

Peng Cheng, Yang Yu, Hui-Yu Xing, Chen Chen, Zhu-Fang Cui, and Craig D. Roberts, Perspective on polarised parton
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PHYSICAL REVIEW D 105, 094022 (2022)

Nucleon axial-vector and pseudoscalar form factors and PCAC relations

Chen Chen (Ffi2)®,"***" Christian S. Fischer®,**" Craig D. Roberts®,>%* and Jorge Segovia®”%*
lIm‘erdisciplinary Center for Theoretical Study, University of Science and Technology of China,
Hefei, Anhui 230026, China
2Peng Huanwu Center for Fundamental Theory, Hefei, Anhui 230026, China
*Institut fiir Theoretische Physik, Justus-Liebig-Universitit Gieflen, D-35392 Gieflen, Germany
*Helmholtz Forschungsakademie Hessen fiir FAIR (HFHF), GSI Helmholtzzentrum
ir Schwerionenforschung, Campus Gieflen, D-35392 Giefen, Germany
School of Physics, Nanjing University, Nanjing, Jiangsu 210093, China
®Institute for Nonperturbative Physics, Nanjing University, Nanjing, Jiangsu 210093, China
"Dpto. Sistemas Fisicos, Quimicos y Naturales, Universidad Pablo de Olavide, E-41013 Sevilla, Spain

A T T T T T T T T T T T T 'i T T T T T T T T
. 50+ ]
1.2 = herein . i =====herein |
— =— Meyer et al. i 40+ v — — herein PPD .
= Alexandrou ef al. - e expt. Choietal. .
3 0.8} « Janget al. I < 30t + lat. Alexandrou et al.
< - : - ot i + lat. Jang ef al. 7
O ) O 20f 1
. w.. ¥ Del Guerra
I EOER 107 -
----- LCSR-2 TR I 1
Op , -m=- LGSR~ . . . . 7 113 , N
0 04 08 12 16 2 0 1.6




on Axial Form Factor

Eur. Phys. J. A (2022) 58:206 THE EUROPEAN
https://doi.org/10.1140/epja/s10050-022-00848-x PHYS'C AL J OURNAL A iji&cakt for/

Nucleon axial form factor at large momentum transfers

Chen Chen'-22, Craig D. Roberts®*°@

! Interdisciplinary Center for Theoretical Study, University of Science and Technology of China, Hefei 230026, Anhui, China
2 Peng Huanwu Center for Fundamental Theory, Hefei 230026, Anhui, China

3 School of Physics, Nanjing University, Nanjing 210093, Jiangsu, China

4 Institute for Nonperturbative Physics, Nanjing University, Nanjing 210093, Jiangsu, China

Received: 26 June 2022 / Accepted: 4 October 2022
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Wucleon Axial Form Factor

>

Parameter-free DSEs predictions to
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DSEs prediction agrees with available data:

small & large x
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W! Hucleon Axial Form Factor

» Parameter-free DSEs predictions to

<

G /Gilpole

2
x=2 =10

my

DSEs prediction agrees with available data:

small & large x

The dipole Ansatz: it could be used to provide
reasonable representation of G4(x) on x €
[0, 3]. Outside the fitted domain, however,
the quality of approximation deteriorates

quickly.
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Eur. Phys. JLA  (2023) 59:163 THE EUROPEAN m)
https://doi.org/10.1140/epja/s10050-023-01066-9 PHYSICAL JOURNAL A e

Regular Article - Theoretical Physics

A-Baryon axialvector and pseudoscalar form factors, and
associated PCAC relations

Pei-Lin Yin'(», Chen Chen?*-*(, Christian S. Fischer*>(®, Craig D. Roberts®’-"®

I College of Science, Nanjing University of Posts and Telecommunications, Nanjing 210023, China

2 Interdisciplinary Center for Theoretical Study, University of Science and Technology of China, Hefei, Anhui 230026, China

3 Peng Huanwu Center for Fundamental Theory, Hefei 230026, Anhui, China

4 Institut fiir Theoretische Physik, Justus-Liebig-Universitiit GieBen, 35392 GieBen, Germany

5 Helmholtz Forschungsakademie Hessen fiir FAIR (HFHF), GS1 Helmholtzzentrum fiir Schwerionenforschung, Campus Giefien, 35392 Gielen,
Germany

6 School of Physics, Nanjing University, Nanjing 210093, Jiangsu, China

7 Institute for Nonperturbative Physics, Nanjing University, Nanjing 210093, Jiangsu, China

Received: 18 May 2023 / Accepted: 23 June 2023

28



— !!1232) Axial Form Factors

Eur. Phys. A (2023) 59:163 THE EUROPEAN m)
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A-Baryon axialvector and pseudoscalar form factors, and
associated PCAC relations
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I College of Science, Nanjing University of Posts and Telecommunications, Nanjing 2 @R«wwe«Wewwm-mmu
2 Interdisciplinary Center for Theoretical Study, University of Science and Technolog!
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Wx!al Form Factors

» Axial charge: g1(0) = 0.71(9)
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» h1(x): regular
> hi1(0) = 2.25(17)

xial Form Factors
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al and Pseudoscalar Form Factors
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Wa ana Pseudoscalar Form Factors
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xial and Pseudoscalar Form Factors
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Wa ana Pseudoscalar Form Factors

» The parity violation asymmetry
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— !ummary

Dyson-Schwinger equations, Bethe-Salpeter equations, Faddeev equation
Diquark correlations in baryons

Nucleon Axial Form Factor at large momentum transfers

A(1232) Axial Form Factors

N(940)->A(1232) Axial and Pseudoscalar Transition Form Factors
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— !ummary

YV V V V VY

Dyson-Schwinger equations, Bethe-Salpeter equations, Faddeev equation
Diquark correlations in baryons

Nucleon Axial Form Factor at large momentum transfers

A(1232) Axial Form Factors

N(940)->A(1232) Axial and Pseudoscalar Transition Form Factors

Thank you!
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”rons: Bound-states in QFT

» Mesons: a 2-body bound state problem in QFT

> Bethe-Salpeter Equation
» K - fully amputated, two-particle irreducible, quark-antiquark scattering kernel

N =
y

» Baryons: a 3-body bound state problem in QFT

» Faddeev equation: sums all possible quantum field theoretical exchanges
and interactions that can take place between the three dressed-quarks that

define its valence quark content.

Faddeev equation in rainbow-ladder truncation

39



o solve?
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—ow to solve?

& The dressed-quark propagator
€ Diquark amplitudes
€ Diquark propagators
& Faddeev amplitudes

Pd |
——

Pq

41



"w to solve?

€ The dressed-quark propagator
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m-!mdred model

& The dressed-quark propagator
€ Diquark amplitudes
€ Diquark propagators
& Faddeev amplitudes

Pd |
——

Pq
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-kindred model

» Diquark masses (in GeV): my = 1.18GeV
m[ud]0+ = 0.80 GeV

Miuu}, 1 = M{ud},y = M{dd}, 4 = 0.89 GeV

- mpr = 172 GeV
ma = 1.35 GeV
» These two values provide for a good description of numerous dynamical

properties of the nucleon, A-baryon and low-lying excitations, e.g., N(1440),
N(1535), A(1600).
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Wm' pute Form Factors?

> In the quark-diquark framework, the associated symmetry-preserving current:
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—roton Spin Structure

Y VYV

vV VYV

Flavour separation of proton axial charge

d-quark receives large contribution from probe+quark in presence of
axialvector diquark

% —o*&1* _g32(2)

94

95 _o* only _0 054(13)
gda
Experiment: 0.27(4)
Hadron scale: g% + g4 (+g% = 0) = 0.65(2) = quarks carry 65% of the

proton spin

Poincaré-covariant proton wave function: remaining 35% lodged with
quark+diquark orbital angular momentum

Contents lists available at ScienceDirect

Physics Letters B

journal homepage: www.elsevier.com/locate/physletb

Perspective on polarised parton distribution functions and proton spin | ) |

P. Cheng (F2M%)*P, Y. Yu (#7#)*", H-Y. Xing (I 3%i) ", C. Chen (FR/=) <,
Z.-F. Cui (& %)*P*, CD. Roberts *>*
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ucleon Axial Form Factor

» Light-front transverse
density profiles

» Scalar diquark only:

» magnitude of the d quark
contribution to GA is just 10% of
that from the u quark

» dquark is also much more localized

I . 1
rh, ~ 0514

> Scalar + axial-vector diquarks:

» dand u quark transverse profiles
are quite similar

I 1
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-e axnaI current — G2 & Gr

K, Q) = ﬂ(Pf)TZJ% [wGA(QQ) +1

> Two form factors:
e @Ga- axial form factor

 Grp—induced pseudoscalar form factor

@

2mN

GP(QZ)] (FP)
1.21% — herein
..... - A1
\\\ — — Meyer et al.

—~

Z 0.8f

> Ga can reliably be represented by dipole
characterised by mass-scale ma

0.4r

gA my(ry)'* my [my

oo 3503 32500 1.2303)
Faddeovs [31]  0.99(02)  263(06)  1.32(03)
Exp [4] [2756(13) = .
Exp[13] — 3.02(11) 1.15(04)
Exp [14] - 303(72)  1.15(08)
Exp[17] = 24131 LA4(18)
I0CD[57] 21000 2450803 1410400 ©
1QCD [58] 13006)  357130)  0.97(16)
1QCD, [39] 1.23(3) 2.48(15) 1.39(09)
IQCD.[59] |  13009)  3.1930)  1.09(11)

----- MiniBooNE

~
~
~
. ~
. ~
. ~
. ~
Sw
~

04 08 12 16
x=Q2/m,2\,

— herein

s Alexandrou (2017)
Alexandrou (2020) 1

+ Jang (2019)

04 08 12 16
x=Q?/m3,



s of Ga(0), Gr(0) and G5(0)
TABLE 1. Referring to Fig. 3, separation of G4(0), Gp(0) Pf‘ Qé .Pi Pf‘ ) ) 'Pi

and G5(0) into contributions from various diagrams, listed as
a fraction of the total @*> = 0 value. Diagram (1): (J)5 —
weak-boson strikes dressed-quark with scalar diquark specta- Q;
tor; and (J)§ — weak-boson strikes dressed-quark with axial-
vector diquark spectator. Diagram (2): (J )écf‘ — weak-boson
interacts strikes axial-vector diquark with dressed-quark spec-
tator. Diagram (3): (J )g(;‘”AS — weak-boson mediates transi-
tion between scalar and axial-vector diquarks, with dressed-
quark spectator. Diagram (4): (J)ex — weak-boson strikes
dressed-quark “in-flight” between one diquark correlation and
another. Diagrams (5) and (6): (J)sg — weak-boson couples
inside the diquark correlation amplitude. The listed uncer-
tainty in these results reflects the impact of 5% variations

> Projections:

in the diquark masses in Eq. (16), e.g. 0.71: = 0.71 + 0.01. | T
Ga = ————trp|Js ;
A 4(1 ol 7_) I'D[ N757u]
(E e e W e P 1 G,
Ga(0) | 0.714, 0.0642, 0.0255, 0.130,  0.07232, O = o B e PR T

Gp(0)| 0.744, 0.0705, 0.0255, 0.130.  0.224, —0.191 1
G5(0) | 0.744, 0.0695, 0.0255, 0.130_  0.224, —0.191_ Gs = o-trp[J57s]

> Gp(0) ~ G5(0)

1
Gp ~ %tTD [J5uY5] ~ ;tI“D [J575] ~ G5,

when Q2 ~ 0 GeV2. 49



QCD-kindred model

» The dressed-quark propagator
S(p) = —ir - poy(p?) + o5(p?)
» algebraic form:
Gs(x) =2mF(2(x + m?))
- F(byx)F (byx)[by + by F (ex)], (A3a)

[1 = F(2(x + m?))], (A3b)

EV(X) =x b

with x = p? /A%, m = m/A,

|l —e™

F(x) = (A4)

G¢(x) = Aog(p?) and &y (x) = 226y (p?). The mass scale,
A = 0.566 GeV, and parameter values,

i by b, by by
0.00807 0.131 290 0.603 0.185°

(AS)

associated with Eq. (A3) were fixed in a least-squares fit to
light-meson observables [79,80]. [e = 10~ in Eq. (A3a)
acts only to decouple the large- and intermediate- p®
domains. | 50




QCD-kindred model

» The dressed-quark propagator
S(p) = —ir - poy(p*) + o5(p*)

» Based on solutions to the gap equation that were obtained with a dressed gluon-quark
vertex.

» Mass function has a real-world value at p2 = 0, NOT the highly inflated value typical of
RE truncation.

» Propagators are entire functions, consistent with sufficient condition for confinement
and completely unlike known results from RE truncation.

» Parameters in quark propagators were fitted to a diverse array of meson observables.
ZERO parameters changed in study of baryons.

» Compare with that computed using the
DCSB-improved gap equation kernel (DB).
The parametrization is a sound representation
numerical results, although simple and introdu
long beforehand.

p ! GeV

FIG. 6. Sohd curve (blue)—quark mass function generated by
the parametnzation of the dressed-quark propagator specified by
Egs. (A3) and (A4) (A5); and band (green)—exemplary range of
numerical results obtained by solving the gap equation with the
modern DCSB-improved kernels described and Shsed in
Refs. [16,81-83].




QCD-kindred model

» Diquark amplitudes: five types of correlation are possible in a J=1/2 bound state:
isoscalar scalar(1=0,J"P=0"+), isovector pseudovector, isoscalar pseudoscalar,
isoscalar vector, and isovector vector.

» The LEADING structures in the correlation amplitudes for each case are,
respectively (Dirac-flavor-color),

" (kK) = go- FiCTjgf(kjfmﬁ_).
1::1:_ (k; K) = fﬂl-}’FCfﬁ F(k*/ar.),
[ (k; K) = igy- C2HF (12 /w}-),
[, (kK) = Q’l-FyTECTlgf{sznﬁ-).

[y (k:K) = igi-[r,.7 - KlysCTH F (R /w7.),

» Simple form. Just one parameter: diquark masses.

» Match expectations based on solutions of meson and diquark Bethe-Salpeter
amplitudes.



QCD-kindred model

» The diquark propagators

1 3 )
AY(K) =— F (k™ /wg. ),
mg.
+ K, K | S
AL (K) = [ﬁ;w + r;r:j| — F(k* /7).
I I

» The F-functions: Simplest possible form that is consistent with infrared and

ultraviolet constraints of confinement (IR) and 1/q”2 evolution (UV) of meson
propagators.

» Diquarks are confined.

» free-particle-like at spacelike momenta
» pole-free on the timelike axis

» This is NOT true of RL studies. It enables us to reach arbitrarily high values of
momentum transfer.



QCD-kindred model

» The Faddeev ampitudes:
v (P, 0;) = [T (ks K)|22AY (K ) gg. (5 Plu(P)]s;
+ 0 1AL 0] (2 PYu(P)]
+ [T A% i (£ P)u(P)]
+ [Ty 1A i, (45 P)Y(P)), (9)

» Quark-diquark vertices:

Z,ﬁi (¢2,¢ - P)S'(¢;P)G*,
where G'(~) = Ip(ys) and
j+ JEXr) i
q:r’ (£;P) = Zfz (2,6 - P)ysAL(¢; P)G*, S' =1, S =iy.-£-¢ Pl
Al=y-t*h,, A =-iPly, A=y P
3 i A
Zﬂ: (2.2 - P)S'(¢: P)G, A =ilyTn, KB=r-A, A=iny-& -4,

@ (¢:P) Z” (¢2,¢ - P)ys AL(¢; P)GT,



QCD-kindred model

» Both the Faddeev amplitude and wave function are Poincare covariant, i.e. they
are qualitatively identical in all reference frames.

» Each of the scalar functions that appears is frame independent, but the frame
chosen determines just how the elements should be combined.

> In consequence, the manner by which the dressed quarks’ spin, S, and orbital
angular momentum, L, add to form the total momentum J, is frame dependent: L,
S are not independently Poincare invariant.

» The set of baryon rest-frame quark-diquark angular momentum identifications:
2§ ST AZ (A + AD),
S, AL (A + A9),
p:(2A4F = .A%)/3,
(247 - 4)/3,

» The scalar functions associated with these combinations of Dirac matrices in a
Faddeev wave function possess the identified angular momentum correlation
between the quark and diquark.



m !mai and Pseudoscalar Form Factors

Thus, the discrepancy between our

1.4 - - . - - . -
prediction and the IQCD results is not 12 . hu
explained by the larger than physical pion = 1QCD m,, = 297 MeV

masses used in their simulation. Instead, + 1QCD m,. = 330 MeV

the existing simulations are affected by e 1QCD mj; = 353 MeV

=
=
3
some as yet unknown and uncontrolled ¥ O'S;b
S ke
systematic lattice artifact. x 04
x 0.2
The figure at right augments Figs. 6, 7 in %0 o
the |QCD paper. It highlights the issue and _0.2
shows that factorizing a pion pole _04 ) ) , ) ) , )
component consistent with PPD 0 0.4 0.8 1.4 16
accentuates the visual power of the X = Qzﬁz

discrepancy between our prediction and the IQCD results.

We elect to keep the original version of our figure because we are not in a position to explain systematic
issues with lattice simulations, which have, furthermore, not been explained by the |QCD practitioners
themselves. Notwithstanding that, we have highlighted the challenge in the revised manuscript, adding
a closing sentence to the penultimate paragraph of Sec. 4:

It seems fair to judge that these Céﬁ discrepancies owe partly to the larger than physical pion
masses which characterise the lattice configurations. However, there are other systematic issues
with the IQCD results —see, e.g., Ref. [37, Figs. 6, 7].
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mmal and Pseudoscalar Form Factors

> Pseudoscalar form factor
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