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介子产生和相关的强子物理

Out of QCD vacuum, (anti-)quarks are born;
Out of (anti-)quarks, mass;

Out of mass, particles; 
Out of particles，the created universe

--- modified from Tao Te Ching
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Introduction

Real meson beams

Virtual meson beams

Summary
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Missing resonances

More states are predicted in 3-quark models than 

seen in the 𝜋𝑁 scattering

Redundant resonances

Less states are present in diquark models than 

seen in the 𝜋𝑁 and 𝛾𝑁 scattering

(𝑃13(1900) and 𝐹15(2000): remedy?)

First-principles calculation

Lattice QCD and Dyson-Schwinger calculations

Introduction
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BESIII, 

PRL110(2013)

2412.06247
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⚫ Baryon spectrum around and above 2.0 GeV:

⚫ Transition from resonant region to asymptotic range?

⚫ significant five-quark or gluonic components? 
⚫ Many (hybrid) states predicted by LQCD PRD 85(2012)054016 and QCD sum rules 2412.14878

⚫ New data:

⚫ Photo- and electron-production at Jlab

⚫ xsection and polarizations 
⚫ Burkert et al, 2212.08980; 2211.12906

⚫ New technique:
⚫ A crowd of resonances  and channels

⚫ Model analysis:

⚫ MAID

⚫ SAID

⚫ Bonn-Gatchina

⚫ Juelich-Bonn-GW

⚫ ANL-Osaka

⚫ Giessen K-matrix

Rise of the interest on 𝝅𝑵 and 𝑲𝑵 experiements

Introduction
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⚫ Meson beams:

⚫ probe nucleon’s excitation via pion/kaon

⚫ …… absence of K∗Λ、KΛ∗、KΣ∗、 K∗Σ …

For kaon, see BnGn, PRC 90, 065204, 2014; 92, 025205, 2015;

ANL-Osaka, Eur. Phys. J. A 55, 179; 55, 180, 2019

Introduction
⚫ Photon/Electron beams:

⚫ probe nucleon’s excitation via photon

⚫ …… also K∗Λ、KΛ∗、KΣ∗、 K∗Σ

… many polarization observables
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⚫ Historic Meson Factories:
⚫ Los Alamos Meson Physics Facility (LAMPF) with 𝑃𝜋 ∈190 ~ 730 MeV: update failed (neutrino& meson beam)

⚫ TRI University Meson Facility (TRIUMF) in Vancouver: KAON at TRIUMF failed (neutrino& meson beam)

⚫ Swiss Institute for Nuclear Research (SIN) (now the Paul Scherrer Institute (PSI))

⚫ Other experiments:

⚫ optical spark chambers at the 7-GeV proton accelerator NIMROD in the UK: 𝜋−𝑝 → 𝐾0Λ + …
⚫ Dubna with large statistical uncertainties: 𝜋−𝑝 → 𝑒+𝑒−𝑛
⚫ bubble chamber at the Saturne accelerator in Saclay: 𝜋−𝑝 → 𝜋𝜋𝑁
⚫ HADES at GSI: unpolarized data of 𝜋−𝑝 → 𝜋−𝑝, 𝜋+𝜋−𝑛, 𝜋0𝜋−𝑝, 𝜋0𝜋0𝑛, 𝑒+𝑒−𝑛
⚫ EPECUR at ITEP: 𝜋±𝑝 → 𝜋±𝑝, 𝐾0Λ
⚫ BNL at the 30 GeV AGS: kaon beam

⚫ COMPASS at the CERN SPS:  𝜇-beam, 190 GeV 𝜋-beam (Drell-Yan, DVCS, SIDIS)

⚫ Proposed facility: JLab, J-PARC, HADES, COMPASS, PANDA(suspended), and HIAF(?)
⚫ KLF Collaboration (approved) at GlueX of Hall D Jlab (2026-2028): 𝑒 12𝐺𝑒𝑉 → 𝛾 → 𝐾𝐿(10

4/𝑠) 1604.02141, 2008.08215 

⚫ J-PARC: < 2 GeV update to 10 GeV? 𝜋±𝑝 → 𝜋±𝑝, 𝜋𝜋𝑁, 𝐾𝑌, 𝜂𝑛, 𝜂′𝑛, 𝜑𝑛,𝜔𝑛, 𝜌𝑛,𝐷∗Λc
∗ ; 𝐾−𝑝 → 𝐾+𝐾Ξ∗−, Kd, 𝐾3He

⚫ COMPASS++/AMBER at the CERN SPS: first results in August, 2024 (Dark matter, meson PDF, proton radius)

⚫ Strange Meson Spectrum through diffractive scattering of Kaon beams (1808.00848) 

⚫ Virtual meson beams at future electron-ion colliders: Sullivan process

⚫ …… limited future facilities

Introduction
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⚫ I: Production of mesons via pN reactions:

⚫ Probe nucleon resonances coupling to those channels other than 𝜋𝑁 and 𝛾𝑁

⚫ Basic ingredient of 2π production in pd & pd & dd reactions (dibaryons?)

H. Clement, PPNP93(2017)195: C. Wilkin, EPJA53(2017)144: also series of work by Yu-Bing Dong. Fei Huang et al.

⚫ An input to transport model (at SlS energies)
J. Weil, H. van Hees, U. Mosel, EPJA48(2012)111

⚫ An input to baryon and baryon resonances in nuclear matter

H. Lenske, M. Dhar,T.Gaitanos,X.C.. PPNP98(2018)119

⚫ An input to heavy-ion induced Double Charge Exchange (DCE) reactions:

𝑛𝑛 → 𝑝𝑝𝑒− 𝑒−: similar to Nuclear Matrix Elements Z,N → Z+2,N-2

NUMEN project, EPJA54(2018)72,PLB807(2020)135528:

Real meson beams



2024年12月27~30日 8/29第一届介子束流物理研讨会

⚫ I: Production of mesons via pN reactions:

⚫ X. C., Bing-Song Zou, Hu-Shan Xu, 

PRC81(2010)065201;

X.C. IJMPA26(2011)505

⚫ For single pion production, see: 
Z. Ouyang, J. J. Xie, B. S. Zou, H. S. Xu, 

IJMPE18(2009)281, NPA821(2009)220

Real meson beams
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⚫ I: Production of mesons via pN reactions:

⚫ Single 

decay

⚫ Cascade 

decay

⚫ Double 

excitation

Real meson beams
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⚫ I: Production of mesons via pN reactions:

Real meson beams

, e.g. HIAF
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⚫ I: Production of mesons via pN reactions:

⚫ X.-Y. Wang, X. C., J.-J. Xie, X.-R. Chen, 

Phys. Rev. C 92, 015202 (2015);

X. C., Xi-Guo Lee, Qing-Wu Wang, 

Chin. Phys. Lett. 25, 888 (2008)

⚫ For η & η' production, see:
X. C., Xi-Guo Lee, 

Phys. Rev. C 78, 035207 (2008)

Real meson beams
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⚫ II: Physics of meson beams:

K-matrix Coupled-Channel model

I=1/2&3/2, J≤5/2, 𝑠<2.0 GeV

⚫ See: Feuster &Penner &Shklyar &CAO &Lenske & Mosel:

⚫ PRC58,457;59,460(1999);PRC66,055211;055212(2002);EPJA21,445(2004); PRC71,055206;72,015210(2005);

⚫ PLB650,172(2007);PRC80,058201(2009);87,015201(2013);88,055204(2013),PLB772,274(2017);PRC93,045206(2016)

Real meson beams
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⚫ II: Physics of meson beams:

⚫ X. C., V. Shklyar and H. Lenske, Phys. Rev. C 88, 055204 (2013)

Elastic πN partial waves for I = 3/2                               Inelastic 2πN total partial wave cross sections for I = 3/2

Real meson beams
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⚫ II: Physics of meson beams:

⚫ X. C., V. Shklyar and H. Lenske, Phys. Rev. C 88, 055204 (2013)                   γp →𝐾+Σ0 requires 

recoil polarization of the γp →𝐾0Σ+ γN → πN multipoles for I = 3/2

Real meson beams
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⚫ II: Physics of meson beams:

⚫ X. C., V. Shklyar and H. Lenske, Phys. Rev. C 88, 055204 (2013)                    𝑃31 (1750) is indispensable, * in PDG

Σ+ polarization of the 𝜋+p→𝐾+Σ+ Σ0 polarization of the 𝜋−p→𝐾0Σ0

Real meson beams
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⚫ II: Physics of meson beams:

⚫ X. C,H.Lenske, PhysicsLettersB772(2017)274                                                D33(1700) and 𝐹35(1905) are indispensable, 𝑆11(1680) P11(1720)

⚫ X. C., Front. Phys. (Beijing) 18, 44600 (2023) 

Differential cross sections     Beam polarization

Real meson beams
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⚫ II: Physics of meson beams:

⚫ Evidence of two exotic narrow states:  𝑆11(1680) and P11(1720)?

EPECUR’2015                                                                 Graal, confirmed by A2@MAMI

𝜋±𝑝→𝜋±p 𝛾p→𝜂𝑝 & 𝛾𝑛→𝜂𝑛

Real meson beams
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⚫ Polarized Electron-ion collider in China (EicC)

⚫ Energy:                                               中国科学: 物理学力学天文学, 50: 112005 (2020)

electron + proton: 3.5 GeV × 20 GeV                               核技术, 43(2): 020001 (2020)

electron + 3He:     3.5 GeV × 40 GeV Front. Phys. 16, 64701 (2021)

⚫ Luminosity: 

Instantaneous Lumi: 2 x 1033 cm-2 s-1

Integrated Lumi for simulation = 50 fb-1

⚫ Polarization:

electron: 80% L

proton& 3He: 70% L&T

⚫ Phase space coverage

√s ~ 16.7 (15 ~ 20)GeV

4x10-3 < x < ~ 0.1

Virtual meson beams

TMD: k ┴ & longi. Momentum 

GPD: trans. spatial position b┴ & longi. Momentum
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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 with high energy pion beams at HERA

⚫ Sullivan process: Detection of leading neutron/Lambda (Phys. Rev. D, 5:1732, 1972)

⚫ Validity: S.-X. Qin et al., Phys. Rev. C97:015203, 2018; Shastry et al., Phys.Rev.D108(2023)114024; Leao et al., Phys.Rev.D110.074035

⚫ Structure function
⚫ Sensitivity to elastic form factor and Parton Distribution Functions

⚫ π+-DVCS
⚫ quarks and gluons interfere destructively

⚫ see: D. Amrath et al., Eur. Phys. J. C (2008) 58: 179 

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

Virtual meson beams
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• Elastic scattering of high energy meson 

beam from atomic electron target

• Model independent way to measure 

form factor

• Limited at low Q2, need TeV meson 

to reach Q2 = ~1GeV2

• rπ = 0.657 ±0.012 fm

• rK = 0.560 ±0.031 fm

T. Horn and C. D. Roberts. J. 

Phys. G 43 (2016) 7, 073001

❑ At low Q2, Fp+ can be measured directly via high energy elastic p+ scattering 

from atomic electrons

[Amendolia et al, NPB277,168 (1986)]

– CERN SPS used 300 GeV pions to measure form factor up to  Q2 = 0.25 GeV2

– These data used to constrain the pion charge radius: rp = 0.657 ± 0.012 fm

Experimental Determination of the p +

Form Factor

❑ The maximum accessible Q2 is roughly 

proportional to the pion beam energy

– Q2 = 1 GeV2 requires 1000 GeV 

pion beam

Through p-e elastic scattering

4

Amendolia et al, NPB277,168 

(1986)

Meson Form Factor Meson Structure Function

• Drell-Yan process: quark-antiquark 

annihilation between pion’s and proton’s, 

virtual photon decays into lepton pair

• Information about the quark-gluon 

momentum fractions

Virtual meson beams
⚫ Status: structure of pions & kaons:
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EicC

ECal Pixel + MPGD

p
e

Coil ECal

ToF DIRC RICH FWD

• Scattered electron and meson very well covered by 

central detector: Eff. > 95%

• “Spectator” neutron and 𝚲 move very close to the 

initial p-beam: far-forward detectors

• Pion FF and SF require ZDC for neutron detection

• Kaon FF and SF need all detectors in far-forward 

region for 𝚲 neutral & charged decay

e-

𝝅/𝑲

𝒏/𝚲

5
0
 m

r c
ro

s
s
in

g
 a

n
g
le

𝒆𝒑→𝒆′𝑲+𝚲

𝒆𝒑→𝒆′𝝅+𝒏

Virtual meson beams
⚫ Form Factors Measurement
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• In hard scattering regime, QCD 

scaling predicts 𝜎𝐿 ∝ 𝑄−6,  𝜎𝑇 ∝ 𝑄−8

• 100% uncertainty in R = σT/ σL from 

model subtraction

• 2.5% point-to-point syst. uncertainty 

12% scaling syst. uncertainty

Eicc prelim. Compared to 

EIC(arXiv:2403.06000)

Virtual meson beams
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• energy setting: 3.5 GeV e x 20 GeV p

• Integrated luminosity: 50 fb-1

• Include full detector acceptance

• 100% uncertainty in R = σT/ σL from 

model subtraction

• 2.5% point-to-point syst. uncertainty 

12% scaling syst. Uncertainty

Virtual meson beams

• Courtesy: Ting Lin, Weizhi Xiong (Shandong U.), Yutie Liang, Aiqiang Guo (IMPCAS)
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• RAPGAP generator

• Impact on the PDF extraction: in progress

• Pion Meson Structure Function

Stat. uncertainty only

systematic studies ongoing

Virtual meson beams

Kaon Meson Structure Function
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⚫ π+-DVCS through Sullivan process: Meson GPD

X. C., Maxime Defurne, Ai-Qiang Guo, Yu-Tie Liang, Dexu Lin, Cédric Mezrag, José Manuel Morgado, Wei-Zhi Xiong et al.

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

⚫ Over eff. ~ 45.9% Asy.  0.13±0.04

~ 42.6%                                                                              0.11±0.04
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Virtual meson beams
⚫ π+-DVCS through Sullivan process (filtered by detector at EicC)

⚫ Over eff. ~ 35.0%                                                                     Asy. 0.003±0.006

~ 36.0%                                                                              0.064±0.006

~ 33.9%                                                                              0.095±0.008
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Virtual meson beams
⚫ π+-DVCS through Sullivan process (filtered by detector at EicC)

⚫ Over eff. ~ 17.8%                                                                     Asy. -0.124±0.003

~ 19.9%                                                                             -0.003±0.007

~ 20.6%                                                                               0.07 ± 0.02
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⚫ Rise of the worldwide interest on meson beams:

⚫ Low energies: JLab, J-PAC

⚫ High energies: COMPASS@CERN

… challenge the CC model construction above 2.0 GeV: 

A crowd of resonances and channels

⚫ Future electron-ion colliders: virtual meson beams

… challenge the facility design and theory: inverse problem, extract GPDs from CFFs

⚫ Artificial Intelligence, e.g. Neural Network, would be helpful

⚫ HIAF: Beams? Energies? Polarized Targets? Detector？

Thanks

Summary
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Status&Agenda of EicC
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BRing-N

BRing-S

pRing

eRing

SRF Linac-Ring

EicC

HIAF-U

Upgrade from High Intensity Heavy-ion Accelerator Facility

✓ Four potential interaction points

✓ Full energy injection for online bunch replacement

✓ Multi-stage electron cooling leading to smaller emittance

DC electron cooling in BRing-N

High energy bunched beam 

electron cooling in BRing-S

High energy bunched 

beam electron cooling

Status&Agenda of EicC
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18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

13th 14th 15th 16th 17th

HIAF Construction Operation

HIAF+

OperationWhite paper Construction

2024.08 CDR2020.02

CDR TDR

Fundings for detector and accelerator R&D:

Forward detectors: ZDC, OMD, EDT

proton polarimetry

Polarized proton beam

2021.06

Status&Agenda of EicC
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EicC

ECal Pixel + MPGD

p
e

Coil ECal

ToF DIRC RICH FWD

• Scattered electron and meson very 

well covered by central detector

• Acceptance and resolution studied 

extensively for central detector, fast 

simulation exist

➢ Eff. > 95% for both particles 

e-

𝝅/𝑲

3.5 GeV (e) x 20 GeV (p)

𝒆𝒑→𝒆′𝑲+𝚲

𝒆𝒑→𝒆′𝝅+𝒏

𝒆𝒑→𝒆′𝝅+𝒏

𝒆𝒑→𝒆′𝑲+𝚲

Meson Form Factor
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➢ L-T separation possible at EicC, but definitely not the entire kinematic region 

➢ Generally, one can apply L-T separation (like JLab) and isolate σL, where the meson factors 

live

Weizhi Xiong

A . JL ab data and analysis

A s an exam ple ofw hat isfeasible atJLab,w e present som e results from the recently com -

pleted E 01-004 (Fpi-2) experim ent [24]. T his experim ent m easured Fπ w ith the H M S+ SO S

spectrom eters in H allC .

T he cross section for pion electroproduction can be w ritten as

d3σ

dE dΩe dΩπ

= ΓV J(dtdφ→ dΩπ)
d2σ

dtdφ
, (2)

w here ΓV is the virtual photon flux factor, J is the Jacobian that transform s the virtual

photon crosssection from t,φ to the pion solid angle,φ isthe azim uthalangle ofthe outgoing

pion w ith respect to the electron scattering plane and t is the M andelstam variable t =

(pπ − q)2. T he tw o-fold dif ferentialcross section can be w ritten as

2π
d2σ

dtdφ
=
dσL
dt
+
dσT
dt
+ 2 ( + 1)

dσLT
dt
cosφ

+
dσT T
dt
cos2φ. (3)

T he cross sections σX ≡ dσX
dt depend on W , Q

2, and t. T he longitudinal cross section

σL at sm all− t is dom inated by the t-pole term , w hich contains Fπ. T he φ acceptance of

the experim ent allow s the com bination σL + σT , and the interference term s σLT and σT T

to be determ ined. D ata at least tw o energies are required at every Q 2, so that σL can be

separated from σT by m eans of a R osenbluth separation. T he kinem atics used in the tw o

JLab experim ents are listed Table I.

In parallelkinem atics,it is not possible to hold W and Q 2 fixed,and stillvary − t,since

in this case they are not independent variables. In order to m easure the dependence ofσL

versus t,to test the success ofthe R egge m odeland aid in the extraction ofFπ,θπ w as varied

aw ay from parallelkinem atics. In this case, the LT and T T term s also contribute, and so

additionaldata at±3o from parallelkinem atics w ere obtained to com plete the φ-coverage at

the high setting (w here the pion arm w as at sufficiently large angle to allow this). T hese

response functions w ere obtained from the φ dependence of the data, and incorporated in

the extraction ofσL (Fig. 5).

Fig. 6 show s the L and T separated cross sections from E 01-004,plotted versus − t. T his

dependence on − t w as obtained by m aking fulluse ofthe acceptance ofthe spectrom eters.

It is seen in Fig. 6 that that the R egge m odelpredictions are in good agreem ent w ith the σL
data,but do not agree w ellw ith the σT data. H ow ever,since σL is dom inated at sm all|t|by

the t-channelprocess, other processes should have only lim ited influence on the extraction

of Fπ from σL . T his w as checked by varying the ρ trajectory cutoff param eter,Λρ. W hile

this caused a large change in the prediction forσT ,σL w as nearly unaffected. T he Fπ values

at the tw o Q 2 w ere obtained from the best fit values ofΛπ and equation 1.

11

Extraction of Fp from L Jlab data

❑ JLab 6 GeV Fp experiments used the 

VGL/Regge model as it has proven to 

give a reliable description of L across a 

wide kinematic domain

o Feynman propagator replaced by p

and trajectories

Fit of L to model gives Fpat each Q2

22
491.0,513.0 GeVLp

2

pmt

[Vanderhaeghen, Guidal, Laget, PRC 57, (1998) 1454]

o Model parameters fixed by pion 

photoproduction data

o Free parameters: 22 ,p LL

22

2

/1

1
)(

p

p
L+Q

QF

22 7.1 GeVL

[Horn et al., PRL 97, (2006) 192001]

9

TA B LE IX :A nticipated system atic errors based on our Fpi-2 experience. T he uncorrelated errors

betw een the low and high settings are given in the first and second colum ns. T he uncorrelated

errors dom inate the final error on Fπ and have been conservatively estim ated. T he equivalent

values determ ined in the Fpi-2 experim ent are also listed, for com parison. T he point-to-point

uncertainties are m agnified by 1/∆ in the L/T separation. T he t-correlated uncertainties also

suffer m agnification. T he scale uncertainties propagate directly into the separated cross sections.

T ype ofsystem atic uncertainty

pt-to-pt t-correlated scale

Source (% ) (% ) (% )

A cceptance 0.4 0.4 1.0

Target T hickness 0.2 0.8

B eam C harge 0.2 0.5

H M S+ SH M S Tracking 0.1 0.1 1.5

C oincidence B locking 0.2

P ID 0.4

π D ecay 0.03 0.5

π A bsorption 0.1 1.5

M onte C arlo G enerator 0.2 1.0 0.5

R adiative C orrections 0.1 0.4 2.0

O ffsets 0.4 1.0

Q uadrature Sum 0.6 1.6 3.3

Fpi-2 Values 0.9 1.9 3.5

X I. P R O JE C T E D E R R O R B A R S A N D B E A M T IM E E ST IM A T E

To a good approxim ation in our kinem atics,σL ∝F 2π, so w e need to first estim ate the

error on σL . T w o m easurem ents at fixed (Q 2, W ) and dif ferent values of are needed in

order to determ ine σL . T hus ifσ1 = σT + 1σL and σ2 = σT + 2σL then

σL =
1

1 − 2

(σ1 − σ2).

A ssum ing uncorrelated errorsin the m easurem entofσ1 and σ2,w e obtain theinterm ediate

expression
∆ σL

σL
=

1

( 1 − 2)

1

σL
∆ σ21 + ∆ σ22.

and by defining r≡σT /σL and ∆ σ/σ≡∆ σi/σi and assum ing ∆ σ1/σ1 = ∆ σ2/σ2,then

∆ σL

σL
=

1

1 − 2

∆ σ

σ
(r + 1)2 + (r + 2)2.
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TA B LE IX :A nticipated system atic errors based on our Fpi-2 experience. T he uncorrelated errors

betw een the low and high settings are given in the first and second colum ns. T he uncorrelated

errors dom inate the final error on Fπ and have been conservatively estim ated. T he equivalent

values determ ined in the Fpi-2 experim ent are also listed, for com parison. T he point-to-point

uncertainties are m agnified by 1/∆ in the L/T separation. T he t-correlated uncertainties also

suffer m agnification. T he scale uncertainties propagate directly into the separated cross sections.

T ype ofsystem atic uncertainty

pt-to-pt t-correlated scale

Source (% ) (% ) (% )

A cceptance 0.4 0.4 1.0

Target T hickness 0.2 0.8

B eam C harge 0.2 0.5

H M S+ SH M S Tracking 0.1 0.1 1.5

C oincidence B locking 0.2

P ID 0.4

π D ecay 0.03 0.5

π A bsorption 0.1 1.5

M onte C arlo G enerator 0.2 1.0 0.5

R adiative C orrections 0.1 0.4 2.0

O ffsets 0.4 1.0

Q uadrature Sum 0.6 1.6 3.3

Fpi-2 Values 0.9 1.9 3.5
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To a good approxim ation in our kinem atics,σL ∝F 2π, so w e need to first estim ate the

error on σL . T w o m easurem ents at fixed (Q 2, W ) and dif ferent values of are needed in

order to determ ine σL . T hus ifσ1 = σT + 1σL and σ2 = σT + 2σL then
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1 − 2
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A ssum ing uncorrelated errorsin the m easurem entofσ1 and σ2,w e obtain theinterm ediate

expression
∆ σL

σL
=

1

( 1 − 2)

1

σL
∆σ21 + ∆σ22.
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TA B LE IX :A nticipated system atic errors based on our Fpi-2 experience. T he uncorrelated errors

betw een the low and high settings are given in the first and second colum ns. T he uncorrelated

errors dom inate the final error on Fπ and have been conservatively estim ated. T he equivalent

values determ ined in the Fpi-2 experim ent are also listed, for com parison. T he point-to-point

uncertainties are m agnified by 1/∆ in the L/T separation. T he t-correlated uncertainties also

suffer m agnification. T he scale uncertainties propagate directly into the separated cross sections.

T ype ofsystem atic uncertainty

pt-to-pt t-correlated scale

Source (% ) (% ) (% )

A cceptance 0.4 0.4 1.0

Target T hickness 0.2 0.8

B eam C harge 0.2 0.5

H M S+ SH M S Tracking 0.1 0.1 1.5

C oincidence B locking 0.2

P ID 0.4

π D ecay 0.03 0.5

π A bsorption 0.1 1.5

M onte C arlo G enerator 0.2 1.0 0.5

R adiative C orrections 0.1 0.4 2.0

O ffsets 0.4 1.0

Q uadrature Sum 0.6 1.6 3.3

Fpi-2 Values 0.9 1.9 3.5
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To a good approxim ation in our kinem atics,σL ∝F 2π, so w e need to first estim ate the

error on σL . T w o m easurem ents at fixed (Q 2, W ) and dif ferent values of are needed in

order to determ ine σL . T hus ifσ1 = σT + 1σL and σ2 = σT + 2σL then

σL =
1

1 − 2

(σ1 − σ2).

A ssum ing uncorrelated errorsin the m easurem entofσ1 and σ2,w e obtain theinterm ediate

expression
∆σL

σL
=

1

( 1 − 2)

1

σL
∆σ21 + ∆σ22.

and by defining r≡σT /σL and ∆σ/σ≡∆σi/σi and assum ing ∆σ1/σ1 = ∆σ2/σ2,then
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➢ Measure two CS at same Q2 and W, and solve for σL and σT

TA B LE IX :A nticipated system atic errors based on our Fpi-2 experience. T he uncorrelated errors

betw een the low and high settings are given in the first and second colum ns. T he uncorrelated

errors dom inate the final error on Fπ and have been conservatively estim ated. T he equivalent

values determ ined in the Fpi-2 experim ent are also listed, for com parison. T he point-to-point

uncertainties are m agnified by 1/∆ in the L/T separation. T he t-correlated uncertainties also

suffer m agnification. T he scale uncertainties propagate directly into the separated cross sections.

T ype ofsystem atic uncertainty

pt-to-pt t-correlated scale

Source (% ) (% ) (% )

A cceptance 0.4 0.4 1.0

Target T hickness 0.2 0.8

B eam C harge 0.2 0.5

H M S+ SH M S Tracking 0.1 0.1 1.5

C oincidence B locking 0.2

P ID 0.4

π D ecay 0.03 0.5

π A bsorption 0.1 1.5

M onte C arlo G enerator 0.2 1.0 0.5

R adiative C orrections 0.1 0.4 2.0

O ffsets 0.4 1.0

Q uadrature Sum 0.6 1.6 3.3

Fpi-2 Values 0.9 1.9 3.5

X I. P R O JE C T E D E R R O R B A R S A N D B E A M T IM E E ST IM A T E

To a good approxim ation in our kinem atics,σL ∝F 2π, so w e need to first estim ate the

error on σL . T w o m easurem ents at fixed (Q 2, W ) and dif ferent values of are needed in

order to determ ine σL . T hus ifσ1 = σT + 1σL and σ2 = σT + 2σL then

σL =
1

1 − 2

(σ1 − σ2).

A ssum ing uncorrelated errorsin the m easurem entofσ1 and σ2,w e obtain the interm ediate

expression
∆ σL

σL
=
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( 1 − 2)

1

σL
∆ σ21 + ∆ σ22.

and by defining r≡σT /σL and ∆ σ/σ≡∆ σi/σi and assum ing ∆ σ1/σ1 = ∆ σ2/σ2,then
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➢ 𝛥𝜀 amplifies uncertainty, ideally need 𝛥𝜀 > 0.2 (need small 

center-of-mass energy), difficult for EIC

➢ Alternatively, one may also use models to isolate σL (with 

additional uncertainties)

Meson Form Factor
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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 (PyTorch)

⚫ in collaboration Krešimir Kumerički, Yuanyuan Huang et. al

proton DVCS


