
𝐺𝑃𝐷𝑠	𝑡ℎ𝑟𝑜𝑢𝑔ℎ
𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑎𝑙
𝑀𝑜𝑚𝑒𝑛𝑡
𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛

𝐹𝑎𝑡𝑚𝑎	𝐴𝑠𝑙𝑎𝑛

𝑻𝒉𝒆	𝑮𝑼𝑴𝑷	𝑭𝑹𝑨𝑴𝑬𝑾𝑶𝑹𝑲
𝐴	𝑚𝑜𝑚𝑒𝑛𝑡	𝑏𝑎𝑠𝑒𝑑	𝑎𝑝𝑝𝑟𝑜𝑎𝑐ℎ	𝑡𝑜	𝐺𝑃𝐷	𝑃ℎ𝑒𝑛𝑜

𝑃𝐼:Xiangdong	Ji
1

𝐺𝑈𝑀𝑃	𝐶𝑜𝑙𝑙𝑎𝑏𝑜𝑟𝑎𝑡𝑖𝑜𝑛



𝑶𝒖𝒕𝒍𝒊𝒏𝒆

ØGPDs	and	Challenges	of	the	GPD	Pheno
									Parametrization
									Inverse	problem

ØThe	GUMP	Project
𝐶𝑜𝑛𝑓𝑜𝑟𝑚𝑎𝑙	𝑤𝑎𝑣𝑒	𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛	𝑜𝑓	𝐺𝑃𝐷𝑠

Ø𝐷𝑉𝑀𝑃	𝑎𝑛𝑑	𝐷𝑉𝐶𝑆

Ø 𝑇𝐹𝐹𝑠	𝑓𝑟𝑜𝑚	𝜌	𝑚𝑒𝑠𝑜𝑛	𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛



GPDs (x, 𝜉,t) à Gravitational form factors

Ø Mass and energy distributions

Ø Angular momentum distribution

Ø Pressure distribution

Ø Shear force distribution

𝑏!

FFs(t) PDFs(x)

𝑘!

𝑏! 𝑘!
GPDs (x, 𝜉,t) 𝜉 = 0

Ø Impact parameter distributions

Ø Charge and magnetization distributions:

Ø Longitudinal momentum distribution:

"𝑑𝑥	 𝐺𝑃𝐷 𝑥, 𝜉, 𝑡 → 𝑒𝑚	𝐹𝐹𝑠(𝑡)

𝐺𝑃𝐷 𝑥, 𝜉 = 0, 𝑡 = 0 = 𝑃𝐷𝐹(𝑥)

𝑞 𝑥, 𝑏" = 𝐹𝑇 −∆#$ 	𝐺𝑃𝐷(𝑥, 𝜉 = 0,−∆#$ )

"𝑑𝑥	 𝑥	𝐺𝑃𝐷𝑠 𝑥, 𝜉, 𝑡 → 𝑔𝑟	𝐹𝐹𝑠(𝑡)

𝑅% = 0. 55	𝑓𝑚
𝐾ℎ𝑎𝑟𝑧𝑒𝑒𝑣 𝑃ℎ𝑦𝑠𝑅𝑒𝑣𝐷. 104.0540151

𝑃𝑜𝑙𝑦𝑎𝑘𝑜𝑣, 𝑆𝑐ℎ𝑤𝑒𝑖𝑡𝑧𝑒𝑟	(2018)	1805.06596	

o Mass radius of the proton:

V. D. Burkert, L. Elouadrhiri 
& F. X. Girod 2018
https://doi.org/10.1038/s41586-018-0060-z

o Pressure distribution of the proton

From GPDs we learned: 

GPDs…

https://arxiv.org/abs/1805.06596


That much information comes at a cost!



𝑻𝒘𝒐	𝒌𝒊𝒏𝒆𝒎𝒂𝒕𝒊𝒄	𝒓𝒆𝒈𝒊𝒐𝒏𝒔:
𝑫𝑮𝑳𝑨𝑷	𝒂𝒏𝒅	𝑬𝑹𝑩𝑳	(𝒐𝒓	𝑷𝑫𝑭	𝒐𝒓	𝑫𝑨)

𝟑	𝒗𝒂𝒓𝒊𝒂𝒃𝒍𝒆𝒔	𝒂𝒕	𝒇𝒊𝒙𝒆𝒅	𝒔𝒄𝒂𝒍𝒆: 𝒙, 𝝃	, 𝒕

𝑻𝒉𝒆	𝑪𝒉𝒂𝒍𝒍𝒆𝒏𝒈𝒆𝒔	𝒐𝒇	𝑮𝑷𝑫	𝒑𝒉𝒆𝒏𝒐	
𝑷𝒂𝒓𝒂𝒎𝒆𝒕𝒓𝒊𝒛𝒊𝒏𝒈	𝒕𝒉𝒆	𝑮𝑷𝑫𝒔

𝑪𝒐𝒏𝒔𝒕𝒓𝒂𝒊𝒏𝒕𝒔	𝒐𝒏	𝑮𝑷𝑫𝒔 𝒙, 𝝃, 𝒕

5

𝑥:Average longitudinal momentum fraction
𝜉:Longitudinal momentum transfer fraction
𝑡: Momentum transfer squared

We need to parametrize a multi dimensional function of three variables, (𝑥, 𝜉, 𝑡), that is 
defined in two kinematical regions and must obey certain theoretical constraints 



DVCS
DVMP

Lattice Experiment+Lattice

Lattice matching has 
limitations on 𝑥 = ±𝜉 

Experimental data and lattice 
calculations are complementary! 

+ =

𝑻𝒉𝒆	𝑪𝒉𝒂𝒍𝒍𝒆𝒏𝒈𝒆𝒔	𝒐𝒇	𝑮𝑷𝑫	𝒑𝒉𝒆𝒏𝒐	

𝑻𝒉𝒆	𝑰𝒏𝒗𝒆𝒓𝒔𝒆	𝑷𝒓𝒐𝒃𝒍𝒆𝒎



Experiment Lattice Experiment+Lattice

Lattice matching has 
limitations on 𝑥 = ±𝜉 

Experimental data and lattice 
calculations are complementary! 

=

THE GUMP PROJECT𝑻𝒉𝒆	𝑰𝒏𝒗𝒆𝒓𝒔𝒆	𝑷𝒓𝒐𝒃𝒍𝒆𝒎

𝑻𝒉𝒆	𝑪𝒉𝒂𝒍𝒍𝒆𝒏𝒈𝒆𝒔	𝒐𝒇	𝑮𝑷𝑫	𝒑𝒉𝒆𝒏𝒐	

PDFs



Experiment Lattice Experiment+Lattice

Lattice matching has 
limitations on 𝑥 = ±𝜉 

Experimental data and lattice 
calculations are complementary! 

=

THE GUMP PROJECT𝑻𝒉𝒆	𝑰𝒏𝒗𝒆𝒓𝒔𝒆	𝑷𝒓𝒐𝒃𝒍𝒆𝒎

𝑻𝒉𝒆	𝑪𝒉𝒂𝒍𝒍𝒆𝒏𝒈𝒆𝒔	𝒐𝒇	𝑮𝑷𝑫	𝒑𝒉𝒆𝒏𝒐	

∗ 	𝑁𝑒𝑔𝑙𝑒𝑐𝑡𝑖𝑛𝑔	𝑡ℎ𝑒	𝑟𝑒𝑎𝑙	𝑝𝑎𝑟𝑡𝑠	𝑜𝑓	𝑡ℎ𝑒	𝐶𝐹𝐹𝑠	𝑎𝑛𝑑	𝑇𝐹𝐹𝑠

PDFs

DVCS
DVMP

Experimental data give 
information only on 𝑥 = ±𝜉 



Experiment Lattice Experiment+Lattice

Lattice matching has 
limitations on 𝑥 = ±𝜉 

Experimental data and lattice 
calculations are complementary! 

=

THE GUMP PROJECT𝑻𝒉𝒆	𝑰𝒏𝒗𝒆𝒓𝒔𝒆	𝑷𝒓𝒐𝒃𝒍𝒆𝒎

𝑻𝒉𝒆	𝑪𝒉𝒂𝒍𝒍𝒆𝒏𝒈𝒆𝒔	𝒐𝒇	𝑮𝑷𝑫	𝒑𝒉𝒆𝒏𝒐	

∗ 	𝑁𝑒𝑔𝑙𝑒𝑐𝑡𝑖𝑛𝑔	𝑡ℎ𝑒	𝑟𝑒𝑎𝑙	𝑝𝑎𝑟𝑡𝑠	𝑜𝑓	𝑡ℎ𝑒	𝐶𝐹𝐹𝑠	𝑎𝑛𝑑	𝑇𝐹𝐹𝑠

Why only 𝑥 = ±𝜉 ?

𝑑𝑥

PDFs

DVCS
DVMP

Experimental data give 
information only on 𝑥 = ±𝜉 

𝐺𝑃𝐷	𝑎𝑡	𝑥 = 𝜉



Experiment Lattice Experiment+Lattice

Lattice matching has 
limitations on 𝑥 = ±𝜉 

Experimental data and lattice 
calculations are complementary! 

=

THE GUMP PROJECT𝑻𝒉𝒆	𝑰𝒏𝒗𝒆𝒓𝒔𝒆	𝑷𝒓𝒐𝒃𝒍𝒆𝒎

𝑻𝒉𝒆	𝑪𝒉𝒂𝒍𝒍𝒆𝒏𝒈𝒆𝒔	𝒐𝒇	𝑮𝑷𝑫	𝒑𝒉𝒆𝒏𝒐	

∗ 	𝑁𝑒𝑔𝑙𝑒𝑐𝑡𝑖𝑛𝑔	𝑡ℎ𝑒	𝑟𝑒𝑎𝑙	𝑝𝑎𝑟𝑡𝑠	𝑜𝑓	𝑡ℎ𝑒	𝐶𝐹𝐹𝑠	𝑎𝑛𝑑	𝑇𝐹𝐹𝑠

Why only 𝑥 = ±𝜉 ?

𝑑𝑥

PDFs

DVCS
DVMP

Experimental data give 
information only on 𝑥 = ±𝜉 

How to take the GPDs off the 𝑥 = ±𝜉 line: Single diffractive hard exclusive processes. Qiu & Yu 2407.11304

𝐺𝑃𝐷	𝑎𝑡	𝑥 = 𝜉

https://arxiv.org/abs/2407.11304


PDFs

DVCS
DVMP

Experiment Lattice Experiment+Lattice

Experimental data give 
information only on 𝑥 = ±𝜉 Experimental data and lattice 

calculations are complementary! 

=

THE GUMP PROJECT𝑻𝒉𝒆	𝑰𝒏𝒗𝒆𝒓𝒔𝒆	𝑷𝒓𝒐𝒃𝒍𝒆𝒎

𝑻𝒉𝒆	𝑪𝒉𝒂𝒍𝒍𝒆𝒏𝒈𝒆𝒔	𝒐𝒇	𝑮𝑷𝑫	𝒑𝒉𝒆𝒏𝒐	

Lattice has limitations on 𝑥 = ±𝜉 

𝐸𝑟𝑟𝑜𝑟𝑠: 7
8	9E F,  

7
(7;8)	9E F, 

7
(=;8)	9E F



Experiment Lattice Experiment+Lattice

Experimental data and lattice 
calculations are complementary! 

+ =

THE GUMP PROJECT𝑻𝒉𝒆	𝑰𝒏𝒗𝒆𝒓𝒔𝒆	𝑷𝒓𝒐𝒃𝒍𝒆𝒎

𝑻𝒉𝒆	𝑪𝒉𝒂𝒍𝒍𝒆𝒏𝒈𝒆𝒔	𝒐𝒇	𝑮𝑷𝑫	𝒑𝒉𝒆𝒏𝒐	

PDFs

DVCS
DVMP

Experimental data give 
information only on 𝑥 = ±𝜉 

Lattice has limitations on 𝑥 = ±𝜉 

Combining all the possible constraints on GPDs, including both experimental and lattice calculations and 
parametrizing the t dependence of the conformal moments of valence  and sea distributions



§ 𝐶𝑜𝑛𝑠𝑖𝑑𝑒𝑟	 𝑤𝑒	𝑒𝑥𝑝𝑎𝑛𝑑	𝑡ℎ𝑒	𝐺𝑃𝐷	𝑖𝑛	𝑡𝑒𝑟𝑚𝑠	𝑜𝑓	𝑎	𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒	𝑠𝑒𝑡	𝑜𝑓	𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑠:

§ 𝑇ℎ𝑒𝑛	𝑡ℎ𝑒	𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛	𝑐𝑜𝑒𝑓𝑓𝑐𝑖𝑒𝑛𝑡𝑠, 𝐹!
" 𝜉, 𝑡 	𝑎𝑟𝑒	𝑠𝑖𝑚𝑝𝑙𝑦	𝑡ℎ𝑒	𝑚𝑜𝑚𝑒𝑛𝑡𝑠	𝑜𝑓	𝐹 𝑥, 𝜉, 𝑡 :

𝑪𝒐𝒏𝒇𝒐𝒓𝒎𝒂𝒍	𝒘𝒂𝒗𝒆	𝒆𝒙𝒑𝒂𝒏𝒔𝒊𝒐𝒏	𝒐𝒇	𝑮𝑷𝑫𝒔

13



§ 𝐶𝑜𝑛𝑠𝑖𝑑𝑒𝑟	 𝑤𝑒	𝑒𝑥𝑝𝑎𝑛𝑑	𝑡ℎ𝑒	𝐺𝑃𝐷	𝑖𝑛	𝑡𝑒𝑟𝑚𝑠	𝑜𝑓	𝑎	𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒	𝑠𝑒𝑡	𝑜𝑓	𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑠:

§ 𝑇ℎ𝑒𝑛	𝑡ℎ𝑒	𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛	𝑐𝑜𝑒𝑓𝑓𝑐𝑖𝑒𝑛𝑡𝑠, 𝐹!
" 𝜉, 𝑡 	𝑎𝑟𝑒	𝑠𝑖𝑚𝑝𝑙𝑦	𝑡ℎ𝑒	𝑚𝑜𝑚𝑒𝑛𝑡𝑠	𝑜𝑓	𝐹 𝑥, 𝜉, 𝑡 :

𝑪𝒐𝒏𝒇𝒐𝒓𝒎𝒂𝒍	𝒘𝒂𝒗𝒆	𝒆𝒙𝒑𝒂𝒏𝒔𝒊𝒐𝒏	𝒐𝒇	𝑮𝑷𝑫𝒔

14

q 𝑇ℎ𝑒𝑟𝑒	𝑎𝑟𝑒	𝑖𝑛𝑓𝑖𝑛𝑖𝑡𝑒𝑙𝑦	𝑚𝑎𝑛𝑦	𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒	𝑜𝑝𝑡𝑖𝑜𝑛𝑠	𝑓𝑜𝑟	𝐶! 𝑥 ; 	𝑤ℎ𝑖𝑐ℎ	𝑐ℎ𝑜𝑖𝑐𝑒	𝑖𝑠	𝑡ℎ𝑒	𝑚𝑜𝑠𝑡	𝑠𝑢𝑖𝑡𝑎𝑏𝑙𝑒	𝑜𝑛𝑒	𝑓𝑜𝑟	𝐺𝑃𝐷𝑠?



§ 𝐶𝑜𝑛𝑠𝑖𝑑𝑒𝑟	 𝑤𝑒	𝑒𝑥𝑝𝑎𝑛𝑑	𝑡ℎ𝑒	𝐺𝑃𝐷	𝑖𝑛	𝑡𝑒𝑟𝑚𝑠	𝑜𝑓	𝑎	𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒	𝑠𝑒𝑡	𝑜𝑓	𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑠:

§ 𝑇ℎ𝑒𝑛	𝑡ℎ𝑒	𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛	𝑐𝑜𝑒𝑓𝑓𝑐𝑖𝑒𝑛𝑡𝑠, 𝐹!
" 𝜉, 𝑡 	𝑎𝑟𝑒	𝑠𝑖𝑚𝑝𝑙𝑦	𝑡ℎ𝑒	𝑚𝑜𝑚𝑒𝑛𝑡𝑠	𝑜𝑓	𝐹 𝑥, 𝜉, 𝑡 :

𝑪𝒐𝒏𝒇𝒐𝒓𝒎𝒂𝒍	𝒘𝒂𝒗𝒆	𝒆𝒙𝒑𝒂𝒏𝒔𝒊𝒐𝒏	𝒐𝒇	𝑮𝑷𝑫𝒔

15

Ø 𝑇ℎ𝑒	𝑎𝑛𝑠𝑤𝑒𝑟	𝑖𝑠	𝑚𝑜𝑡𝑖𝑣𝑎𝑡𝑒𝑑	𝑏𝑦	𝑡ℎ𝑒	𝐺𝑃𝐷	𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛

q 𝑇ℎ𝑒𝑟𝑒	𝑎𝑟𝑒	𝑖𝑛𝑓𝑖𝑛𝑖𝑡𝑒𝑙𝑦	𝑚𝑎𝑛𝑦	𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒	𝑜𝑝𝑡𝑖𝑜𝑛𝑠	𝑓𝑜𝑟	𝐶! 𝑥 ; 	𝑤ℎ𝑖𝑐ℎ	𝑐ℎ𝑜𝑖𝑐𝑒	𝑖𝑠	𝑡ℎ𝑒	𝑚𝑜𝑠𝑡	𝑠𝑢𝑖𝑡𝑎𝑏𝑙𝑒	𝑜𝑛𝑒	𝑓𝑜𝑟	𝐺𝑃𝐷𝑠?



§ 𝐶𝑜𝑛𝑠𝑖𝑑𝑒𝑟	 𝑤𝑒	𝑒𝑥𝑝𝑎𝑛𝑑	𝑡ℎ𝑒	𝐺𝑃𝐷	𝑖𝑛	𝑡𝑒𝑟𝑚𝑠	𝑜𝑓	𝑎	𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒	𝑠𝑒𝑡	𝑜𝑓	𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑠:

§ 𝑇ℎ𝑒𝑛	𝑡ℎ𝑒	𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛	𝑐𝑜𝑒𝑓𝑓𝑐𝑖𝑒𝑛𝑡𝑠, 𝐹!
" 𝜉, 𝑡 	𝑎𝑟𝑒	𝑠𝑖𝑚𝑝𝑙𝑦	𝑡ℎ𝑒	𝑚𝑜𝑚𝑒𝑛𝑡𝑠	𝑜𝑓	𝐹 𝑥, 𝜉, 𝑡 :

𝑪𝒐𝒏𝒇𝒐𝒓𝒎𝒂𝒍	𝒘𝒂𝒗𝒆	𝒆𝒙𝒑𝒂𝒏𝒔𝒊𝒐𝒏	𝒐𝒇	𝑮𝑷𝑫𝒔

16

Ø 𝑇ℎ𝑒	𝑎𝑛𝑠𝑤𝑒𝑟	𝑖𝑠	𝑚𝑜𝑡𝑖𝑣𝑎𝑡𝑒𝑑	𝑏𝑦	𝑡ℎ𝑒	𝐺𝑃𝐷	𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛

q 𝑇ℎ𝑒𝑟𝑒	𝑎𝑟𝑒	𝑖𝑛𝑓𝑖𝑛𝑖𝑡𝑒𝑙𝑦	𝑚𝑎𝑛𝑦	𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒	𝑜𝑝𝑡𝑖𝑜𝑛𝑠	𝑓𝑜𝑟	𝐶! 𝑥 ; 	𝑤ℎ𝑖𝑐ℎ	𝑐ℎ𝑜𝑖𝑐𝑒	𝑖𝑠	𝑡ℎ𝑒	𝑚𝑜𝑠𝑡	𝑠𝑢𝑖𝑡𝑎𝑏𝑙𝑒	𝑜𝑛𝑒	𝑓𝑜𝑟	𝐺𝑃𝐷𝑠?



§ 𝐶𝑜𝑛𝑠𝑖𝑑𝑒𝑟	 𝑤𝑒	𝑒𝑥𝑝𝑎𝑛𝑑	𝑡ℎ𝑒	𝐺𝑃𝐷	𝑖𝑛	𝑡𝑒𝑟𝑚𝑠	𝑜𝑓	𝑎	𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒	𝑠𝑒𝑡	𝑜𝑓	𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑠:

𝑪𝒐𝒏𝒇𝒐𝒓𝒎𝒂𝒍	𝒘𝒂𝒗𝒆	𝒆𝒙𝒑𝒂𝒏𝒔𝒊𝒐𝒏	𝒐𝒇	𝑮𝑷𝑫𝒔

§ 𝐺𝑒𝑔𝑒𝑛𝑏𝑎𝑢𝑒𝑟	𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑠	𝑎𝑟𝑒	𝑡ℎ𝑒	𝑏𝑒𝑠𝑡	𝑐ℎ𝑜𝑖𝑐𝑒	𝑏𝑒𝑐𝑎𝑢𝑠𝑒	𝑡ℎ𝑒𝑦	𝑠𝑖𝑚𝑝𝑙𝑖𝑓𝑦	𝑡ℎ𝑒	𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛	𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛𝑠.

17

§ 𝑇ℎ𝑒𝑛	𝑡ℎ𝑒	𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛	𝑐𝑜𝑒𝑓𝑓𝑐𝑖𝑒𝑛𝑡𝑠, 𝐹!
" 𝜉, 𝑡 	𝑎𝑟𝑒	𝑠𝑖𝑚𝑝𝑙𝑦	𝑡ℎ𝑒	𝑚𝑜𝑚𝑒𝑛𝑡𝑠	𝑜𝑓	𝐹 𝑥, 𝜉, 𝑡 :

q 𝑇ℎ𝑒𝑟𝑒	𝑎𝑟𝑒	𝑖𝑛𝑓𝑖𝑛𝑖𝑡𝑒𝑙𝑦	𝑚𝑎𝑛𝑦	𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒	𝑜𝑝𝑡𝑖𝑜𝑛𝑠	𝑓𝑜𝑟	𝐶! 𝑥 ; 	𝑤ℎ𝑖𝑐ℎ	𝑐ℎ𝑜𝑖𝑐𝑒	𝑖𝑠	𝑡ℎ𝑒	𝑚𝑜𝑠𝑡	𝑠𝑢𝑖𝑡𝑎𝑏𝑙𝑒	𝑜𝑛𝑒	𝑓𝑜𝑟	𝐺𝑃𝐷𝑠?



§ 𝐶𝑜𝑛𝑠𝑖𝑑𝑒𝑟	 𝑤𝑒	𝑒𝑥𝑝𝑎𝑛𝑑	𝑡ℎ𝑒	𝐺𝑃𝐷	𝑖𝑛	𝑡𝑒𝑟𝑚𝑠	𝑜𝑓	𝑎	𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒	𝑠𝑒𝑡	𝑜𝑓	𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑠:

𝑪𝒐𝒏𝒇𝒐𝒓𝒎𝒂𝒍	𝒘𝒂𝒗𝒆	𝒆𝒙𝒑𝒂𝒏𝒔𝒊𝒐𝒏	𝒐𝒇	𝑮𝑷𝑫𝒔

18

§ 𝐺𝑒𝑔𝑒𝑛𝑏𝑎𝑢𝑒𝑟	𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑠	𝑎𝑟𝑒	𝑡ℎ𝑒	𝑏𝑒𝑠𝑡	𝑐ℎ𝑜𝑖𝑐𝑒	𝑏𝑒𝑐𝑎𝑢𝑠𝑒	𝑡ℎ𝑒𝑦	𝑠𝑖𝑚𝑝𝑙𝑖𝑓𝑦	𝑡ℎ𝑒	𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛.

§ 𝑇ℎ𝑒𝑛	𝑡ℎ𝑒	𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛	𝑐𝑜𝑒𝑓𝑓𝑐𝑖𝑒𝑛𝑡𝑠, 𝐹!
" 𝜉, 𝑡 	𝑎𝑟𝑒	𝑠𝑖𝑚𝑝𝑙𝑦	𝑡ℎ𝑒	𝑚𝑜𝑚𝑒𝑛𝑡𝑠	𝑜𝑓	𝐹 𝑥, 𝜉, 𝑡 :

q 𝑇ℎ𝑒𝑟𝑒	𝑎𝑟𝑒	𝑖𝑛𝑓𝑖𝑛𝑖𝑡𝑒𝑙𝑦	𝑚𝑎𝑛𝑦	𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒	𝑜𝑝𝑡𝑖𝑜𝑛𝑠	𝑓𝑜𝑟	𝐶! 𝑥 ; 	𝑤ℎ𝑖𝑐ℎ	𝑐ℎ𝑜𝑖𝑐𝑒	𝑖𝑠	𝑡ℎ𝑒	𝑚𝑜𝑠𝑡	𝑠𝑢𝑖𝑡𝑎𝑏𝑙𝑒	𝑜𝑛𝑒	𝑓𝑜𝑟	𝐺𝑃𝐷𝑠?



§ 𝐶𝑜𝑛𝑠𝑖𝑑𝑒𝑟	 𝑤𝑒	𝑒𝑥𝑝𝑎𝑛𝑑	𝑡ℎ𝑒	𝐺𝑃𝐷	𝑖𝑛	𝑡𝑒𝑟𝑚𝑠	𝑜𝑓	𝑎	𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒	𝑠𝑒𝑡	𝑜𝑓	𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑠:

𝑪𝒐𝒏𝒇𝒐𝒓𝒎𝒂𝒍	𝒘𝒂𝒗𝒆	𝒆𝒙𝒑𝒂𝒏𝒔𝒊𝒐𝒏	𝒐𝒇	𝑮𝑷𝑫𝒔

𝑇ℎ𝑖𝑠	𝑠𝑒𝑟𝑖𝑒𝑠	𝑑𝑖𝑣𝑒𝑟𝑔𝑒𝑠! 
𝐶𝑎𝑛𝑛𝑜𝑡	𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡	𝐺𝑃𝐷𝑠

19

§ 𝐺𝑒𝑔𝑒𝑛𝑏𝑎𝑢𝑒𝑟	𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑠	𝑎𝑟𝑒	𝑡ℎ𝑒	𝑏𝑒𝑠𝑡	𝑐ℎ𝑜𝑖𝑐𝑒	𝑏𝑒𝑐𝑎𝑢𝑠𝑒	𝑡ℎ𝑒𝑦	𝑠𝑖𝑚𝑝𝑙𝑖𝑓𝑦	𝑡ℎ𝑒	𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛.

𝜉

𝑥1

1

-1

𝑥 = 𝜉𝑥 = −𝜉

𝐸𝑅𝐵𝐿

𝐷𝐺𝐿𝐴𝑃

§ 𝑇ℎ𝑒𝑛	𝑡ℎ𝑒	𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛	𝑐𝑜𝑒𝑓𝑓𝑐𝑖𝑒𝑛𝑡𝑠, 𝐹!
" 𝜉, 𝑡 	𝑎𝑟𝑒	𝑠𝑖𝑚𝑝𝑙𝑦	𝑡ℎ𝑒	𝑚𝑜𝑚𝑒𝑛𝑡𝑠	𝑜𝑓	𝐹 𝑥, 𝜉, 𝑡 :

q 𝑇ℎ𝑒𝑟𝑒	𝑎𝑟𝑒	𝑖𝑛𝑓𝑖𝑛𝑖𝑡𝑒𝑙𝑦	𝑚𝑎𝑛𝑦	𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒	𝑜𝑝𝑡𝑖𝑜𝑛𝑠	𝑓𝑜𝑟	𝐶! 𝑥 ; 	𝑤ℎ𝑖𝑐ℎ	𝑐ℎ𝑜𝑖𝑐𝑒	𝑖𝑠	𝑡ℎ𝑒	𝑚𝑜𝑠𝑡	𝑠𝑢𝑖𝑡𝑎𝑏𝑙𝑒	𝑜𝑛𝑒	𝑓𝑜𝑟	𝐺𝑃𝐷𝑠?



§ 𝐶𝑜𝑛𝑠𝑖𝑑𝑒𝑟	 𝑤𝑒	𝑒𝑥𝑝𝑎𝑛𝑑	𝑡ℎ𝑒	𝐺𝑃𝐷	𝑖𝑛	𝑡𝑒𝑟𝑚𝑠	𝑜𝑓	𝑎	𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒	𝑠𝑒𝑡	𝑜𝑓	𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑠:

𝑪𝒐𝒏𝒇𝒐𝒓𝒎𝒂𝒍	𝒘𝒂𝒗𝒆	𝒆𝒙𝒑𝒂𝒏𝒔𝒊𝒐𝒏	𝒐𝒇	𝑮𝑷𝑫𝒔

𝑇ℎ𝑖𝑠	𝑠𝑒𝑟𝑖𝑒𝑠	𝑑𝑖𝑣𝑒𝑟𝑔𝑒𝑠! 
𝐶𝑎𝑛𝑛𝑜𝑡	𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡	𝐺𝑃𝐷𝑠

20

§ 𝐺𝑒𝑔𝑒𝑛𝑏𝑎𝑢𝑒𝑟	𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑠	𝑎𝑟𝑒	𝑡ℎ𝑒	𝑏𝑒𝑠𝑡	𝑐ℎ𝑜𝑖𝑐𝑒	𝑏𝑒𝑐𝑎𝑢𝑠𝑒	𝑡ℎ𝑒𝑦	𝑠𝑖𝑚𝑝𝑙𝑖𝑓𝑦	𝑡ℎ𝑒	𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛.

𝐴𝑛𝑎𝑙𝑦𝑡𝑖𝑐	𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑎𝑡𝑖𝑜𝑛
(𝑈𝑠𝑖𝑛𝑔	𝑎𝑠𝑦𝑚𝑝𝑡𝑜𝑡𝑖𝑐	𝑏𝑒ℎ𝑎𝑣𝑖𝑜𝑢𝑟)

𝜉

𝑥1

1

-1

𝑥 = 𝜉𝑥 = −𝜉

𝐸𝑅𝐵𝐿

𝐷𝐺𝐿𝐴𝑃

§ 𝑇ℎ𝑒𝑛	𝑡ℎ𝑒	𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛	𝑐𝑜𝑒𝑓𝑓𝑐𝑖𝑒𝑛𝑡𝑠, 𝐹!
" 𝜉, 𝑡 	𝑎𝑟𝑒	𝑠𝑖𝑚𝑝𝑙𝑦	𝑡ℎ𝑒	𝑚𝑜𝑚𝑒𝑛𝑡𝑠	𝑜𝑓	𝐹 𝑥, 𝜉, 𝑡 :

q 𝑇ℎ𝑒𝑟𝑒	𝑎𝑟𝑒	𝑖𝑛𝑓𝑖𝑛𝑖𝑡𝑒𝑙𝑦	𝑚𝑎𝑛𝑦	𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒	𝑜𝑝𝑡𝑖𝑜𝑛𝑠	𝑓𝑜𝑟	𝐶! 𝑥 ; 	𝑤ℎ𝑖𝑐ℎ	𝑐ℎ𝑜𝑖𝑐𝑒	𝑖𝑠	𝑡ℎ𝑒	𝑚𝑜𝑠𝑡	𝑠𝑢𝑖𝑡𝑎𝑏𝑙𝑒	𝑜𝑛𝑒	𝑓𝑜𝑟	𝐺𝑃𝐷𝑠?



§ 𝐶𝑜𝑛𝑠𝑖𝑑𝑒𝑟	 𝑤𝑒	𝑒𝑥𝑝𝑎𝑛𝑑	𝑡ℎ𝑒	𝐺𝑃𝐷	𝑖𝑛	𝑡𝑒𝑟𝑚𝑠	𝑜𝑓	𝑎	𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒	𝑠𝑒𝑡	𝑜𝑓	𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑠:

𝑪𝒐𝒏𝒇𝒐𝒓𝒎𝒂𝒍	𝒘𝒂𝒗𝒆	𝒆𝒙𝒑𝒂𝒏𝒔𝒊𝒐𝒏	𝒐𝒇	𝑮𝑷𝑫𝒔

𝑇ℎ𝑖𝑠	𝑠𝑒𝑟𝑖𝑒𝑠	𝑑𝑖𝑣𝑒𝑟𝑔𝑒𝑠! 
𝐶𝑎𝑛𝑛𝑜𝑡	𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡	𝐺𝑃𝐷𝑠

21

§ 𝐺𝑒𝑔𝑒𝑛𝑏𝑎𝑢𝑒𝑟	𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑠	𝑎𝑟𝑒	𝑡ℎ𝑒	𝑏𝑒𝑠𝑡	𝑐ℎ𝑜𝑖𝑐𝑒	𝑏𝑒𝑐𝑎𝑢𝑠𝑒	𝑡ℎ𝑒𝑦	𝑠𝑖𝑚𝑝𝑙𝑖𝑓𝑦	𝑡ℎ𝑒	𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛.

𝑀𝑒𝑙𝑙𝑖𝑛	𝐵𝑎𝑟𝑛𝑒𝑠	𝐼𝑛𝑡𝑒𝑔𝑟𝑎𝑙:

𝐴𝑛𝑎𝑙𝑦𝑡𝑖𝑐	𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑎𝑡𝑖𝑜𝑛
(𝑈𝑠𝑖𝑛𝑔	𝑎𝑠𝑦𝑚𝑝𝑡𝑜𝑡𝑖𝑐	𝑏𝑒ℎ𝑎𝑣𝑖𝑜𝑢𝑟)

§ 𝑇ℎ𝑒𝑛	𝑡ℎ𝑒	𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛	𝑐𝑜𝑒𝑓𝑓𝑐𝑖𝑒𝑛𝑡𝑠, 𝐹!
" 𝜉, 𝑡 	𝑎𝑟𝑒	𝑠𝑖𝑚𝑝𝑙𝑦	𝑡ℎ𝑒	𝑚𝑜𝑚𝑒𝑛𝑡𝑠	𝑜𝑓	𝐹 𝑥, 𝜉, 𝑡 :

Muller and Schafer hep-ph/0509204 (2005)

q 𝑇ℎ𝑒𝑟𝑒	𝑎𝑟𝑒	𝑖𝑛𝑓𝑖𝑛𝑖𝑡𝑒𝑙𝑦	𝑚𝑎𝑛𝑦	𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒	𝑜𝑝𝑡𝑖𝑜𝑛𝑠	𝑓𝑜𝑟	𝐶! 𝑥 ; 	𝑤ℎ𝑖𝑐ℎ	𝑐ℎ𝑜𝑖𝑐𝑒	𝑖𝑠	𝑡ℎ𝑒	𝑚𝑜𝑠𝑡	𝑠𝑢𝑖𝑡𝑎𝑏𝑙𝑒	𝑜𝑛𝑒	𝑓𝑜𝑟	𝐺𝑃𝐷𝑠?



22

𝐼𝑛𝑣𝑒𝑟𝑠𝑒	𝑐𝑜𝑛𝑓𝑜𝑟𝑚𝑎𝑙	𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚

𝑷𝒂𝒓𝒂𝒎𝒆𝒕𝒓𝒊𝒛𝒂𝒕𝒊𝒐𝒏	𝒐𝒇	𝑮𝑷𝑫𝒔



23

𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑖𝑡𝑦

𝐼𝑛𝑣𝑒𝑟𝑠𝑒	𝑐𝑜𝑛𝑓𝑜𝑟𝑚𝑎𝑙	𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚

𝑷𝒂𝒓𝒂𝒎𝒆𝒕𝒓𝒊𝒛𝒂𝒕𝒊𝒐𝒏	𝒐𝒇	𝑮𝑷𝑫𝒔
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𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑖𝑡𝑦

𝐼𝑛𝑣𝑒𝑟𝑠𝑒	𝑐𝑜𝑛𝑓𝑜𝑟𝑚𝑎𝑙	𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚

𝑷𝒂𝒓𝒂𝒎𝒆𝒕𝒓𝒊𝒛𝒂𝒕𝒊𝒐𝒏	𝒐𝒇	𝑮𝑷𝑫𝒔

𝐶𝑜𝑚𝑚𝑜𝑛	𝑎𝑛𝑠𝑎𝑡𝑧	𝑓𝑜𝑟	𝑃𝐷𝐹𝑠 𝑅𝑒𝑔𝑔𝑒	𝑇𝑟𝑎𝑗𝑒𝑐𝑡𝑜𝑟𝑦

𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑	
exp. 𝑓𝑎𝑙𝑙	𝑜𝑓𝑓

5	𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠	𝑖𝑛	𝑡ℎ𝑒	𝑠𝑒𝑚𝑖 − 𝑓𝑜𝑟𝑤𝑎𝑟𝑑	𝑙𝑖𝑚𝑖𝑡

𝛼 𝑡 = 𝛼G + 𝛼′G𝑡
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𝐺𝑈𝑀𝑃	𝑃𝐴𝑃𝐸𝑅𝑆

Gluon GPDs from 𝐷𝑉𝐽/𝜓𝑃 using 
HERA data at NLO

Analysis of t-dependent PDFs 
which correspond to GPDs in 
the ξ → 0 limit.

Extending the framework to 
allow for the global analysis at 
non-zero skewness. 

Deriving an asymptotic condition 
on the conformal moments of 
GPDs to satisfy the boundary 
condition at x=1

Current project: Global analysis combining DVCS and DVMP + lattice data at NLO
Fatma Aslan, Yuxun Guo, Xiangdong Ji, M. Gabriel Santiago 



𝑫𝑽𝑪𝑺	𝒂𝒏𝒅	𝑫𝑽𝑴𝑷; 	𝒄𝒐𝒎𝒑𝒍𝒆𝒎𝒆𝒏𝒕𝒂𝒓𝒚	𝒓𝒂𝒕𝒉𝒆𝒓	𝒕𝒉𝒂𝒏	𝒓𝒆𝒅𝒖𝒏𝒅𝒂𝒏𝒕	

26

𝐷𝑉𝐶𝑆

q 𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑠	𝑓𝑟𝑜𝑚	𝑣𝑒𝑐𝑡𝑜𝑟	𝐺𝑃𝐷𝑠	 𝐻	&	𝐸	 𝑎𝑛𝑑
	𝑎𝑥𝑖𝑎𝑙	𝑣𝑒𝑐𝑡𝑜𝑟	𝐺𝑃𝐷𝑠	 _𝐻	 &	�̀�

q 𝑇ℎ𝑒	𝑔𝑙𝑢𝑜𝑛𝑠	𝑠𝑡𝑎𝑟𝑡	𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑛𝑔	𝑡ℎ𝑒	ℎ𝑎𝑟𝑑	𝑝𝑎𝑟𝑡	𝑎𝑡	𝑁𝐿𝑂.	
𝑇ℎ𝑒𝑖𝑟	𝑖𝑚𝑝𝑎𝑐𝑡	𝑎𝑡	𝐿𝑂	𝑎𝑟𝑖𝑠𝑒𝑠	𝑜𝑛𝑙𝑦	𝑡ℎ𝑟𝑜𝑢𝑔ℎ	𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛.	

𝐴	𝑙𝑒𝑝𝑡𝑜𝑛	𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑠	𝑜𝑓𝑓	𝑡ℎ𝑒	𝑝𝑟𝑜𝑡𝑜𝑛
𝑏𝑦	𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑖𝑛𝑔	𝑎	𝑣𝑖𝑟𝑡𝑢𝑎𝑙	𝑝ℎ𝑜𝑡𝑜𝑛,	
𝑎𝑛𝑑	𝑖𝑛	𝑡ℎ𝑒	𝑓𝑖𝑛𝑎𝑙	𝑠𝑡𝑎𝑡𝑒, 𝑎	𝑟𝑒𝑎𝑙	
𝑝ℎ𝑜𝑡𝑜𝑛	𝑖𝑠	𝑒𝑚𝑖𝑡𝑡𝑒𝑑

𝑒	𝑝 → 𝑒′	𝑝′	𝛾
𝐷𝑉𝑉!𝑃

q 𝑉𝑒𝑐𝑡𝑜𝑟	𝐺𝑃𝐷𝑠	𝐻	 𝑎𝑛𝑑	𝐸	 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑒	𝑡𝑜	𝑣𝑒𝑐𝑡𝑜𝑟	𝑚𝑒𝑠𝑜𝑛	
𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛.

q 𝑇ℎ𝑒	𝑔𝑙𝑢𝑜𝑛𝑠	𝑠𝑡𝑎𝑟𝑡	 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑛𝑔	𝑡𝑜	𝑡ℎ𝑒	ℎ𝑎𝑟𝑑	𝑝𝑎𝑟𝑡	𝑎𝑡	𝐿𝑂.	

𝐴	𝑙𝑒𝑝𝑡𝑜𝑛	𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑠	𝑜𝑓𝑓	𝑡ℎ𝑒	𝑝𝑟𝑜𝑡𝑜𝑛
	𝑏𝑦	𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑖𝑛𝑔	𝑎	𝑣𝑖𝑟𝑡𝑢𝑎𝑙	𝑝ℎ𝑜𝑡𝑜𝑛,	
𝑎𝑛𝑑	𝑖𝑛	𝑡ℎ𝑒	𝑓𝑖𝑛𝑎𝑙	𝑠𝑡𝑎𝑡𝑒, 𝑎	𝑚𝑒𝑠𝑜𝑛	
𝑖𝑠	𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑

𝑒	𝑝	 → 𝑒#𝑝#𝑀



Fitting the DV𝜌!P cross section using HERA data

∆= 𝑍𝐸𝑈𝑆
Ο = 𝐻1

o We are using only HERA data 
for DVMP

o We are making an L\T 
separation of the differential 
cross section



TFF = Hard part ⊗ GPD (x,𝜉)

(LO+NLO…)
perturbative

TFF = Hard part ⊗ Evolution ⊗ GPD (x,𝜉)
perturbative perturbative
(LO+NLO+…) (LO+NLO+…)

The Real and Imaginary parts of the transition form factor at NLO 
Singlet= 𝑢 + �𝑢 + 𝑑 + �̅�
Non-singlet= - 𝑢 + �𝑢 + 𝑑 + �̅�

NLO 𝐻$%% (Q=2GeV) NLO 𝐻$%% (Q=4GeV)

Ø At LO, real part is negligibly small:

Ø This is also the case at NLO



Singlet= 𝑢 + �𝑢 + 𝑑 + �̅�
Non-singlet= - 𝑢 + �𝑢 + 𝑑 + �̅�

Imaginary part of the transition form factor at LO and NLO 

Im (𝐻$%%) (Q=2GeV) Im (𝐻$%%) (Q=4GeV)

Significant contribution from NLO!
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𝐶ℎ𝑎𝑙𝑙𝑒𝑛𝑔𝑒𝑠	𝑜𝑓	𝐺𝑃𝐷	𝑃ℎ𝑒𝑛𝑜 𝑇ℎ𝑒	𝐺𝑈𝑀𝑃	𝑝𝑟𝑜𝑗𝑒𝑐𝑡
Parametrization 𝑊𝑜𝑟𝑘𝑖𝑛𝑔	𝑤𝑖𝑡ℎ	𝑐𝑜𝑛𝑓𝑜𝑟𝑚𝑎𝑙	𝑚𝑜𝑚𝑒𝑛𝑡𝑠	𝑜𝑓	𝐺𝑃𝐷𝑠

(𝑒𝑎𝑠𝑦	𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛, 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙𝑖𝑡𝑦, … )
𝐼𝑛𝑣𝑒𝑟𝑠𝑒	𝑝𝑟𝑜𝑏𝑙𝑒𝑚 𝐶𝑜𝑚𝑏𝑖𝑛𝑖𝑛𝑔	𝑡ℎ𝑒	𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙	𝑎𝑛𝑑	𝑙𝑎𝑡𝑡𝑖𝑐𝑒	𝑑𝑎𝑡𝑎

Ø Implementation of Next-to-leading order NRQCD factorization of Jpsi production and photo-productions
Ø Bayesian and ML analysis for GUMP/GPD
Ø String-based parameterization and phenomenological studies
Ø phi-production and strange quark distributions
Ø Implement large-xi and threshold production into GPD analysis
Ø Next-to-leading order refactorization of Deeply virtual J/psi Production
Ø EIC simulations with GUMP
Ø Kinematic higher twist effects in DVCS and DVMP
Ø …
Ø … THANK YOU!

THE GUMP PROJECT

DV𝜌P at NLO o The real part of the TFFs are negligible also at NLO
o Significant contributions from NLO to the imaginary part of the TFFs
Ø Global analysis combining DVCS and DVMP + lattice data 

Outlook



BACK UP…



𝐷𝑉	𝑉	𝑃

𝐷𝑉𝑀𝑃

𝐷𝑉	𝑃	𝑃
𝑀𝑒𝑠𝑜𝑛𝑠: 	𝜋, 𝐾, 𝜂, 𝜂# M𝑒𝑠𝑜𝑛𝑠: 	𝜌, 𝜔, 𝜙, 𝐽/𝜓

Leading twist GPDs : �𝐻, �𝐸

HERA data: 𝜙, 𝐽/𝜓, 𝜌

DVCS: 𝐻, 𝐸, �𝐻, �𝐸 (Jlab+HERA data)
DVMP: Depends on the final state meson (HERA data)

The GPDs that contribute to DVCS and DVMP

No HERA data
𝐽/𝜓 → 𝑐 ̅𝑐

No HERA data fo
r 𝜔

𝜙 → 𝑠�̅� 𝜌 → 𝑢�𝑢 − d�̅�

Good f
or 

gluon
 GPDs 

only

We did not include 
the s flavor in 
the code yet



𝐷𝑉𝜌	𝑃

𝐷𝑉𝑀𝑃

𝐷𝑉	𝑃	𝑃
𝑀𝑒𝑠𝑜𝑛𝑠: 	𝜋, 𝐾, 𝜂, 𝜂#

Leading twist GPDs : �𝐻, �𝐸

HERA data: 𝜙, 𝐽/𝜓, 𝜌

DVCS: 𝐻, 𝐸, �𝐻, �𝐸 (Jlab+HERA data)
DVMP: Depends on the final state meson (HERA data)

The GPDs that contribute to DVCS and DVMP

No HERA data

𝐷𝑉𝜌!	𝑃 𝐷𝑉	𝜌"	𝑃

Leading twist GPDs :	𝐻, 𝐸 No factorization (higher twist)

The SCHC assumption:

polarization of the meson 

follows that of the photon 



EVOLUTION
The operator 𝐸&'	governing the perturbative evolution of the singlet vector GPDs - Representative picture

Leading order structure Next to leading order structure

Singlet evolution

Non-Singlet evolution

Reduce the matrix-valued quantities in the singlet evolution
to scalar values associated with quark contributions 


