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⚫ From 1D to 3D structure of proton:
⚫ GPD: DVCS, TCS, DVMP, DDVCS

⚫                                                   Deeply Virtual Compton Scattering

⚫                                                   Timelike Compton Scattering
⚫                                               share the same final states with nucleon-to-photon TDA 

⚫                                               but with backward u-channel

⚫                                                   Deeply Virtual Meson Production
⚫                                              share the same light meson with nucleon-to-meson TDA & hadron physics

⚫                                              heavy quarkonium:  gravitation form factors or proton mass?

⚫                                              fully construction of all particles & kinematics

Introduction
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Introduction
⚫ From CFFs to GPDs, for example, in the case of DVCS:

GK, VGG model

KM model

PARTONS, Gepard

⚫ DVMP: Factorization? CLAS12, 2307.07874, Q2 < 8 GeV2
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⚫ 3D structure of nucleon (GPDs) @ EicC

⚫ Worldwide data VS. pseudodata 

     (flitered by the state-of-the-art detetctor)

 

Exclusive Process I: DVCS
High Lumi. Low Lumi.
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⚫ 3D structure of nucleon (GPDs) @ EicC

⚫ Accessing Compton Form Factors by all pseudo-data of asymmetry at the EicC

~ 1 day running surpasses old data of AUT
     X. C, Jinlong Zhang, EPJC 83 (2023) 505

⚫  Re-training (less-biased) within Gepard neural network (Kresimir, Yuanyuan Huang)

⚫  Have rewriten and polished most of the text: quark OAM is addressed

Exclusive Process I: DVCS
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⚫ 3D structure of nucleon (GPDs) @ EicC

⚫ DVMP events generated by updating Sartre (Yaping Xie)

⚫  Input: state-of-the-art GK model (arxiv: 2206.06547,2209.14493)

Exclusive Process II: DVMP
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⚫ 3D structure of nucleon (GPDs) @ EicC

⚫ DVMP pseudo-data of asymmetry (Ting Lin)

⚫ Test Factorization up to Q2 ~ 20.0 GeV2 

Exclusive Process II: DVMP
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⚫ 3D structure of nucleon (GPDs) @ EicC

⚫ Proton longitudinal spin asymmetry (Jian Zhou)

⚫ Free of the contamination from final state soft gluon radiation effect

⚫ A twist-three contribution, such that the asymmetry can be maximally enhanced

⚫ Probe quark OAM in relation to the Jaffe-Manohr sum rule

Exclusive Process II: DVMP
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⚫ From 1D to 3D structure of pions & kaons:
⚫ Pions/Kaons as the approximate Nambu–Goldstone bosons of spontaneously broken chiral 

symmetries associated with the (near) masslessness of quarks

⚫ Probed by Drell-Yan process and Sullivan process

⚫ Detection of leading neutron/Lambda

⚫                                                       Structure function: see Weizhi Xiong’s talk
⚫                                                               Sensitivity to elastic form factor and Parton Distribution Functions

⚫                                                       π+-DVCS
⚫                                                              quarks and gluons interfere destructively

⚫                                                              see J. M. Morgado Chávez et al., Phys.Rev.Lett. 128 (2022) 202501 

Exclusive Process III: Sullivan processes
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⚫ 1D & 3D structure of meson @ EicC

⚫  Kaon is hightlighted at EicC

Exclusive Process III: Sullivan processes
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⚫ Nucleon-to-meson TDA @ EicC

⚫ Forward Photon Detection (Ting Lin)

⚫  Pseudorapidity distributions of photons from u-channel ω production

Exclusive Process III: backward DVMP
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⚫ Many new processes proposed @ EicC& EIC
⚫ Mostly Stay at the theoretical level

⚫ backward DVCS

⚫ Timelike Compton scattering

⚫ Double deeply virtual Compton scattering

⚫ ……many others

⚫ The small cross sections of those processes emphasize the urgent 

need of careful feasibility studies.

Bernard Pire, Paweł Sznajder, Víctor Martínez-Fernández, Jakub Wagner (NCBJ, Warsaw)

Exclusive Process III: new ideas
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⚫ Fruitful exclusive processes have been written in the EicC CDR
⚫ Selected observables are highlighted in different processes

⚫ A lot of efforts from detector group
⚫ Coverage, reconstruction efficiency and resolution of detector

⚫ small Q2 & large-t

⚫ Detect all particles! efficiencyn

Efforts and comments are welcome 

Summary

Special Thanks to Many Contributors in Exclusive Working Group ……
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⚫ From 1D to 3D structure of proton:

⚫ TDA: backward (u-channel) processes

⚫                                                                                            Backward meson production

⚫                                                                                            Backward DVCS

⚫                                                                                                … and more new theotical ideas: 
                                                                                                                     η, η ór meson+photon

Introduction

2111.08965
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⚫ 3D structure of nucleon (GPDs) @ EicC: ~ 1day running surpasses old data of AUT

⚫ Accessing Compton Form Factors: An Impact study on ImE

     see X. C, Jinlong Zhang, arXiv:2301.06940, EPJC 83 (2023) 505

⚫ NNPDF:

⚫ quark OAM: neutron target or a transversely polarized proton beam 

⚫ reweighting the replicas from PARTONS(EPJC79:614) by sin(ϕ−ϕs)cos(ϕ) module of AUT 

Q2 > 1.5 GeV2, |t/Q2| < 0.2

Exclusive Process I: DVCS
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⚫ 3D structure of nucleon (GPDs) @ EicC

⚫ Accessing Compton Form Factors by all pseudo-data at the EicC

⚫  Re-training (less-biased) within Gepard neural network

⚫  Have rewriten and polished most of the text 

Exclusive Process I: DVCS
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⚫ structure function of meson through inclusive processes @ EicC

⚫ Kaon is hightlighted at EicC

Exclusive Process III: Sullivan processes
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Exclusive Process III: Sullivan processes
⚫ 1D & 3D structure of meson @ EicC

⚫ π+-DVCS through Sullivan process (filtered by detector at EicC)

⚫ Over eff. ~ 20.0% 
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⚫ Nucleon-to-meson TDA @ EicC

⚫ Forward Charge Pion Detection (Ting Lin)

⚫  pseudorapidity distribution of π± from u-channel ρ0 production

Exclusive Process III: backward DVMP
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…………………

Exclusive Process II: DVMP
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⚫ GPD: General Parton Distributions (trans. spatial position b┴ & longi. Momentum):

⚫ TDA: Transition Distribution Amplitudes (nucleon-to-photon & nucleon-to-meson):

⚫ How does proton's spin influence the spatial distribution of partons?

⚫ …… probed by the exclusive process

⚫ From 1D to 3D picture of hadron & meson

⚫ Origin of the Proton/Meson mass & spin

             

Introduction
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…………………

Exclusive Process II: DVMP
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⚫ 3D structure of nucleon (GPDs) @ EicC
⚫ Preliminary simulation of timelike Compton Scattering, Detector efficiency is not implemented

⚫ cross section 0.05nb (3 – 8% of DVCS)

⚫ Quasi-Real photon!

⚫ generated by EpIC, Eur. Phys. J. C (2022) 82:819

Exclusive Process II: TCS

Included: BH + GPD

Not-included: vector meson electroproduction 
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⚫ 3D structure of pion (GPDs) @ EicC (Phys.Rev.Lett. 128 (2022) 202501) 

⚫ π+-DVCS through Sullivan process

                                                                                    Relies on a state-of-the-art model of π+-GPD

Exclusive Process VII

w/o gluon GPD
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⚫ Structure of pion/kaon (Elastic Form factors) (from Jiangshan Lan, Xingbo zhao et al. ) 

⚫ Nucleon GPDs (from 2307.09869)

                                         (from Xingbo Zhao et al, 2308.08275)

Theoretical tools II: BLFQ
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Projection Bins of DVCS@EicC

⚫ AUT with -t in all 1.0 < Q2 < 30.0 GeV2 and xB bins.

⚫ HERMES data with the relative statistical errors divided by a factor of 10. 
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⚫ 3D structure of nucleon (GPDs) @ EicC

⚫ Pseudo-rapidity, azimuthal angle coverage and pt coverage?

⚫ Any requirement on far-forward detector?

⚫ large rapidity coverage, good high momentum resolution

⚫ DVCS&DVMP Electron (Q2 > 1.0 GeV2, η > 2.0); TCS & hadron (Q2 <1.0 GeV2) need e-far-forward 

⚫ Proton: good far-forward detector; Photon: several to 15 GeV, 4π coverage

⚫                                                                                                                           >5mrad (previously 2mrad)

⚫ π / K / η / η  ́/ ω / φ separation: η/π0→γ γ required by DVMP and TDA physics

Exclusive Process
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⚫ Detector efficiency
⚫  coutercy of detector group

Exclusive Process
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⚫ 3D structure of nucleon (TDA)
⚫ u-channel meson production (Bill Wenliang@WM&JLab)

⚫ Pseudo-rapidity, azimuthal angle coverage and pt coverage?
⚫ outgoing scattered e': 0< η <3; recoiled proton: 1.5 < η < 4; π0 :  0 < η < 3.69; 

⚫ Note: η = 3.69 is the far-forward region

⚫ Momentum/Energy resolution?
⚫ Energy resolution  (σ(ΔE / E)) in the far forward region and forward endcap: 

      0.02 + 0.077√E for photon. minimum requirement 0.35*√0.35

⚫ PID requirements?          Note (η  ́for glue, see 2111.08965): 

⚫ Any requirement on far-forward detector?
⚫ Excellent forward γ/neutron separation

⚫ Reconstruct photon energy. 

⚫ The forward acceptance: ±7mrad, >±5 mrad

Exclusive Process
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⚫ e+p, e+d, e+3He ……
⚫ Effective tool for flavor separation

⚫ The Luminosity is under optimization
⚫ lever arm Q2  > 30 GeV2

Introduction
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⚫ 3D structure of nucleon (GPDs)

⚫ What is the flagship physics at EicC and the golden observables?

⚫ Beam polarization requirement?

Exclusive Process
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Ultimate Goal: impact of EicC on GPD of proton

⚫ Flavor seperation? CFF , , , & , , , 
~ ~~ ~
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Ultimate Goal: impact of EicC on GPD of neutron

⚫ Error propagation? CFF , , , → GPD H, E, H, E
~~~~
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