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演示者
演示文稿备注
1，This is the outline. Firstly, I’ll briefly review the scheme of GPD.the Connections between different Hadron Structure FunctionsThen, it’s the Some basic properties spin-1 GPDs, and the following is our model and numeral results. 



Electric and magnetic proton form factors2D

Proton and Neutron charge distributions

Nucleon spin structure2D

Nucleon-Delta transition (other resonances)

Parton distributions2D

★ Generalized parton distributions (GPDs3D)

● Electromagnetic probes
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1, Introduction: Form factors and GPDs 



★ GPDs ( generalized parton distributions )nucleon

4

GPDs               naturally embody the information of both PDFs and 
FFs, and, therefore, display the unique properties to present  a  “3-D”   
description for a system.
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★GPDs



★ 2020 (DYB)年（甲子）终考核报告 5

GPDs  Gravitational FFs,
<|Energy-momentum tensors|>

Mechanics Observables:

Energy density, mass radius, 
●“pressure”, 

●“shear force”,

★“D-term” ★

Burkert V D, Nature,  2018

Gravitation form 
factors
(GFFs)

[ Polyakov
Proposed, 1998 ]

■

★

■ Other observables (Like Gravitational FFs)
and a Global Description of nucleon: 
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★ Spin-1 particle and basic properties example
• Form factor decomposition of Local current  EMFFS [Hoodbhoy ’89, Frederico ’97, 

Berger ’01,  Broniowski ’08 Cosyn’17]

Definitions of GPDs  (spin -1)
• Unpolarized [ PRL: Berger ’01 , for the deuteron]

LO

V :{g ,P n ,P n ,P P ,n n }µν µν µ ν ν µ µ ν µ ν

A-Symmetry 
in 

Longitudinal 
direction

● EMT (Energy Momentum tensor), 
Gravitational Form Factors  (GFFs) 

0 , EMFFs
Mellin Moment: 

1, GFFs
α
α
=

 =

( )

( ) ( ) ( )

z 0
1 ixP z

z 0

z 0

dz z z P n dx e n
2 2 2

d z zi n 0 n i 0
dz 2 2

xα

α
α

α ψ ψ
π

ψ ψ ψ ψ

+

+ −

=−
+

=

+
−

=

    ⋅ − +        

      = − + = ∂            

∫ ∫




C 1 Q

M 2

Q 1 2 3

G ( t ) G ( t ) 2 3 G ( t )

G ( t ) G ( t )
G ( t ) G ( t ) G ( t ) ( 1 )G ( t )

η

η

= + ⋅


=
 = − + +

ix( P z )
S 1
'

z 0 ,z 0

5
i q

1
i

i

for  S 1

H x, ,

z zq nq
2 2

1 dz eV

t

p', ' p,
2 ( 2 )

' *V

λ λ

β α
βα

λ λ
π

ε ξε

+

− ⋅
=

= =

=

   − +   
   

=

=

=∫

∑



( )( )



forward limit

3-D GPDs Schemes★: give rich information [ Diehl ’16  ]
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演示者
演示文稿备注
1, This figure is from a resent paper of Markus Diehl. It shows the scheme of the present topic. 	Once we have the Parton Correlation Function, we can obtain all of these structure functions. 	It’s will be very helpful when you compare the data from different experiments. 	As we can see that, the GPD  plays an important role by linking them together. 2, GPDs can give us the 3-D image of hadron structures, 	It will be more clearly if we transfer to the Impact Parameter Space, 3, Before us, many work have been done for the GPDs of  Pion and Nucleon, 	And there’re also some for light Nuclei, Like Helium-3, and Deuteron.	%%% Especially Helium-3, and Deuteron, they can be the targets in the experiments. 	But, GPDs of rho meson has been rarely studied. So our work can provide some basic knowledge of the Spin-1 system.  	So our work provides the missing piece of knowledge.3, Our recent work shows the specific dependence of GPDs on the variables x and the skewness \xi and momentum transfer \Delta. 	And the form factors are also calculated. 	By setting the \Delta to 0 in GPDs,  we can directly get the \rho PDFs. So our calculation bypassed the Impact Parameter Distribution. 3, By the way, the work about the Impact Parameter Distribution, GFFs (generalized form factors) are ongoing (under way). Pronunciations: Diehl [/`di:l/]  ; skewness ['skjuːnɪs] ; 



GPDs ( generalized parton distributions )Literature (S<3/2)

Generalized Parton distributions for pion, e. g.
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GPDs ① for pion (S=0),
Broniowski, PLB 574, PRD78; Choi et al., PRD64; Fanelli, EPJC76; ……

② for nucleon  (proton and neutron, S=1/2)
Diehl et al., EPJC 73; Kroll, EPJA53; Pire et al., PRD79; Selyugin, PRD91;……

③ Light Nuclei: He-3 (S=1/2)
Rinaldi et al., PRC87……

④ Deuteron (S=1)
Cano et al., PRL87, YBD et al., JPG19,……

Broniowski, PLB574,
In the limit of ξ=0
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●2, Spin (1->3/2)high-spin particles (selected) 
and the basic properties

★ Spin-1: deuteron target is accessible in some facilities

★ Spin-3/2 beams may be accessible in    
future EIC (EicC) and some other Facilities

★ Spin-3/2: particles, theoretically necessary

◆[ Electron-ion  collider in China
Fronties of Physics, 16, 64701]

■

e e  pair
p A  
Heavy ion collisions

+ − →
 +



(ΩΩ)

★ Spin-3-/2 (Ω hyperon) 
target might be possible
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Spin-3/2 -- Rarita-Schwinger spinor uα(p,λ)

Light-Cone

★ 2.1), Spin-3/2 particle and basic properties

'u ( p, ')u ( p, ) 2Mα
α λ λλ λ δ= −

DYF, BDS, YBD, PRD105, 096002,
PRD106,116012, 2305.02680

2n 0 , lightlike four vector=
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● EMFFs  of a Spin-3/2 particle : (2S+1)=4

µγ→

One can select  a reference frame
to proceed  a calculation (say Breit frame)
for EM-multipole form factors

★

★

( ) ( )E 0 M 1 10 11 2 212 0E M 3G F ( t ),F ( t( t ),G ( t ),G ( t ),G ( ),F ( t )t ,F )) ( t⇐
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● GPDs for spin-3/2 particles
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Some other on-shell relations
+Conservations
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● GPDs of a  Spin-3/2 particle
Definitions of GPDs (spin -3/2) ★ Unpolarized

★ Polarized
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Symmetry properties:

Decomposition of EMT

● GPDs, EMFFs, and EMTEnergy-Momentum Tensor
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Mellin moment
0 , EMFFs
1, GFFs
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● GPDs  and  (EMT, GFFs, GMFFs)

One can select  a reference frame
to proceed  a calculation (say Breit frame)
for gravitational multi-pole form factors

★

Forward limit● GPDs and Structure Functions



3. Numerical calculation and Results
3.1), Framework: Covariant quark-diquark model  (S=3/2)
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演示者
演示文稿备注
1, In analogy to the chiral interaction Lagrangian for the Pion-q-qbar vertex, 	We can introduce the effective Lagrangian for the Rho-Q-Qbar vertex.  		Under the Isospin projection, 5 unpolarized GPDs can be expressed in this form. 	Remember the G parity, we only need to calculate one of the two quark flavors.1.1 As we know that, in the decomposition of the hadronic tensor W^{\mu\nu},   [ Best1997 -> Hoodbhoy:1988am]	there are 4 structure functions for spin-half targets, and spin-1 targets have 8. 	b_1 ~ b_4 are new 2, Comparing this decomposition, with the local case CODES:H_{i,\rho^\pm}^{I=1} (x,\xi,t) = \frac{1}{2} [ H_{i,\rho^\pm}^{u} (x,\xi,t) - H_{i,\rho^\pm}^{d} (x,\xi,t) ]\lefteqn{\frac{1}{2} \int \frac{d \lambda}{2\pi}\, e^{ix (P z)}  \langle \rho^b (p',\la')|\, \bar{q}(-\half z)\, \slash{n} \, \tau_3 q(\half z)\,  \,|\rho^a (p,\la) \rangle \Big|_{z = \lambda n}= \imath \epsilon_{3ab} \Bigg\{ - (\epsilon'^* \cdot \epsilon)\, H_{1,\rho^b}^{I=1}}\nonumber \\[0.2em]& {}+ \frac{(\epsilon \cdot n) (\epsilon'^* \cdot P)       + (\epsilon'^* \cdot n) (\epsilon \cdot P)}{P \cdot n}\, H_{2,\rho^b}^{I=1}  - \frac{2 (\epsilon \cdot P)(\epsilon'^* \cdot P)}{m^2}\, H_{3,\rho^b}^{I=1}\nonumber \\& {}+ \frac{(\epsilon \cdot n) (\epsilon'^* \cdot P)       - (\epsilon'^* \cdot n) (\epsilon \cdot P)}{P \cdot n}\, H_{4,\rho^b}^{I=1}%\nonumber \\ && {}+ \Bigg[m^2\, \frac{(\epsilon \cdot n)(\epsilon'^* \cdot n)}{(P \cdot n)^2} +\frac{1}{3} (\epsilon'^* \cdot \epsilon) \Bigg] H_{5,\rho^b}^{I=1} \; \Bigg\}
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3.2), Results: a), EMFFs of ∆
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3.2), Results: b), GPDs of ∆ :  
b.1), 3-D plots for  d-quark 

unpolarized GPDs of ∆+  (ξ=0, or  -0.4)

qH ( x , ,Q )ξ 2
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c), GFFs  of ∆
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① Focus on spin-3/2 particles (∆ &Ω) and their GPDs,  
EMFFs,  GFFs, and some other properties;
★ GPDs of the systems with spin-3/2 are defined and given.

② Numerical calculation: (Quark-diquark approach or 
quark diquark spectator approach)

③ Results: electromagnetic form factors of the example look   
okay (at least qualitatively)√

④ Some properties (static) of the systems are obtained (√)

⑤ The calculations and analyses maybe useful for EicC (EIC)…
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4.1, Summary
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4.2, discussions and questions (GFFs)
I.  Gravitational form factors of the systems ( governed  

by the strong interaction) are also discussed through the 
GPDs and their moments.

II. Understanding the mechanical properties of the systems is 
necessary. 

♣ In continuum media theory

Classical  Systems
            
Quantum Systems
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4.2, discussions and questions (GFFs)
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Moreover,   there is an equilibrium relation 
between the pressure and shear force densities
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von Laue condition is indeed satisfied

■ × But not inequality   
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Questions: 
0.  Numerical results: model-dependent

1. The interpretation of “pressure” and 
“shear force” in this quantum few-
body system?

2. EMT and the                     is sufficient?
momentum current density?   

ij
i T 0∇ =



END Thanks!− −

ijT  momentum current
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