Baryon Properties from Poincaré-Covariant

Faddeev Equation

Si-xue Qin
(EEZE)

Department of Physics, Chongqing University

) 74
. H GOETHE g )
@ http//CqUtporg/Sqln/ UNIVERSITAT Alexander von Humboldt

Stiftung/Foundation

FRANKFURT AN i MAIN

2019-08-18 @ Hadron2019, Guilin

Argonne &

NATIONAL LABORATORY



Introduction: Baryons of Special Importance

R AN
L Eud NG SV

Si-xue Qin: 2019-08-18 @ Hadron2019, Guilin 2 /18
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I Quarks are complex objects which have many intrinsic degrees of freedom,
e.g, spins, colors, flavors, and etc, and are strongly bound by gluons.

I Baryons are three-body systems of quarks, whose dynamics is a well-known
difficult problem, even in the classical level.
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1.1 DSE: QCD-connected Framework
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1.1 DSE: QCD-connected Framework

Classical Mechanics Quantum Field Theory

\ /
/ Degrees of freedom \

Fields on spacetime

e
\

Generalized coord.

N
—

Principle of Least Action

|
I
65ld] _ | <5S[¢(az)]> i
0q : op(x)

|

\ : /

/ Equations of Motion (EoM) \
1

Euler-Lagrange Equation : Dyson-Schwinger Equations

Si-xue Qin: 2019-08-18 @ Hadron2019, Guilin 4 /18



1.2 DSE: Three-Body Faddeev Equation
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* Scattering kernel

One-body gap equation
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* Scattering kernel

One-body gap equation

Gluon propagator
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1.3 Approximation: Rainbow-Ladder Truncation

Quark-gluon vertex Rainbow approximation

Scattering kernel Ladder approximation
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1.3 Approximation: Rainbow-Ladder Truncation

Quark-gluon vertex

Scattering kernel
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1.3 Approximation: Dynamically Massive Gluon

ks

Gluon propagator U

Gluon gap equation: Aguilar, Binosi, Papavassiliou and Rodriguez-Quintero Lattice simulations:
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See, e.g., PRC 84. 042202 (2018)
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1.3 Approximation: Dynamically Massive Gluon
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Baryon Spectra
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2.1 Spectra: Light & Strange flavors
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The interaction strength and current quark masses are fixed by
properties of pseudo-scalar mesons, €.g., pion, kaon, and etc.

See, e.g., Few-Body Syst 60, 26 (2019)
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2.2 Spectra: Charm & Bottom flavors

1/2+ Baryons

J=

3/2+ Baryons

J=

Si-xue Qin: 2019-08-18 @ Hadron2019, Guilin

7.0

6.0 - ppG ’

IQCD| ¢

5.0
4.0
3.0
2.0
1.0
0.0

7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

! ! !
¢ Here

1/2- Baryons

J=

1

] !
¢ Here |
- PDG

3/2- Baryons

J=

7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

2 4 ;
&)t A4 F

CHONGQING UNIVERSITY

¢ Here

- PDG

N A

- -
A A 3 5.3 =

=c =lc=cc =b =b' Qc

. Here
— PDG |
1QCD |

Zb = = =

i
Q Q

See, e.g., Few-Body Syst 60, 26 (2019)

=cC

11 /18



2.2 Spectra: Charm & Bottom flavors

1/2+ Baryons

J=

3/2+ Baryons

J=

Si-xue Qin: 2019-08-18 @ Hadron2019, Guilin

7.0
6.0
5.0

4.0

3.0

2.0
1.0
0.0

7.0

6.0

4.0

2.0

0.0

5.0
3.0

1.0

+ Here
— PDG

Iacp| ¢

: 4 .
&)t A%

CHONGQING UNIVERSITY

- e e -
Q T
e .
[ R T

= ZcZ'cZccSbEp' Qe

Z,

=c

~b

i
Q Q

See, e.g., Few-Body Syst 60, 26 (2019)

11 /18



Baryon Structures
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3.1 Structures: Wave Functions
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See, e.g., PRD 97, 114017 (2018)
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3.2 Structures: Tensor Charges

* New generation experiments aim to determine
nucleon TMDs, which, in a limit, are connected
with the tensor charges:

—1

orq = /1 dx hip(z) = /01 dz [hir(z) — hip(z)]

See, e.g., PRD 98, 054019 (2018)
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3.3 Structures: EM form factors
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3.3 Structures: EM form factors
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3.3 Structures: EM form factors
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3.3 Structures: EM form factors

1 -0 ' T ' T j T i T i T T 0.1 0 T T T T y T T T T T
| 1 i nrn2 ¥ Geis
08 B GE(QZ) 3 g;iwford ., 008 B GE(Q ) Passchier, Herberg,
| ¥ Zhan ] | . ér;u,.Bermuth,Warren |
0.6 % Eii};g? . 0.06 - i Plaster/Madey .
I g; ] I ij ]
04r = . 0.04 + .
R ) - , ﬁ
0.2+ T Meson Cloud Model -
I proton  _ S ™ 1
0 . 1 . 1 . I . I ° N R . | . 1 . 1 .
0 1 2 'V.ox/ 12 3
cl /yl\nlu i (1 /yl\nlv

meson /. o ' b
@/ /[ 9 § T T T T T T T
3_0 T T T T T T T T Light gray region... I S ‘: l;‘
O-meson cloud ° \\°
o] 2 ] 2) I % Anderson
G a - > Kubon

U valence .
O Anklin
quark
3 ¢ Lachniet
Lung
1.0+ Rock

— % T 2 s
1 2 3
Q?/ M3 Q*/ My

In progress (2019)

Si-xue Qin: 2019-08-18 @ Hadron2019, Guilin 16 /18



@)1 A4 £

CHONGQING UNIVERSITY

3.3 Structures: EM form factors
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Summary

4+ The framework of three-body Faddeev equation, which describes baryons in continuum
QCD, and its rainbow-ladder truncation scheme was introduced.

4+ Baryon properties are studied: a) full mass spectrum of J=1/2 and J=3/2 baryons; b) delta
wave functions and nucleon tensor charges; ¢) nucleon EM form factors.
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QCD, and its rainbow-ladder truncation scheme was introduced.

4+ Baryon properties are studied: a) full mass spectrum of J=1/2 and J=3/2 baryons; b) delta
wave functions and nucleon tensor charges; ¢) nucleon EM form factors.

Outlook

4 Use the three-body Faddeev equation to a wider range of applications in baryon problems
of QCD: transition form factors, parton distribution functions, and etc.

& Study baryon states beyond the simple rainbow-ladder truncation, e.g., radial excitations,
parity partners, their structures, and etc.
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