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• Introduction

• Meson and Parton 3-point correlators

• Program of 3pt and sequential source/propagator

• 3pt Numerical analysis

• Practice

• Outline
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• Introduction
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Local 2-point correlators

Hadron Spectrum



• Introduction
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• Non-local 2/3pt → Parton distribution functions • Local 3pt → Form factors

Nature 558, 91–94 (2018)

LPC, PRD 101 034020(2020) LPC, PRL127 (2021), 062002

• GPDs and TMDs
• …



• Meson and 3-point correlators

• Take the electromagnetic form factor as an example:

• The interpolator of Pion:

"𝒅

𝒖

"𝒅

𝒖
𝜋! 𝜋!
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• Meson and 3-point correlators

• Sequential source：

• Sequential propagator：

• 3pt trace："𝒅

𝒖

"𝒅

𝒖

Seq_prop

Seq_sourcetsrc=0 tseq

t=(0~tseq)
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• Parton/Neutron 3-point correlators

• The interpolator of Parton/Neutron:

• The definition of gV and gA

Pn /Pp : projection operators 
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• Parton/Neutron 3-point correlators

Similar but much more complex 

1: upper quark
2: down quark
abcd: color
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• Parton/Neutron 3-point correlators
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• Parton/Neutron 3-point correlators

• Sequential source：

• Sequential propagator：

• 3pt trace：

More details can be checked in note.

𝑔!: Γ = 𝛾"
𝑔#: Γ = 𝛾$𝛾%
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• Projection

The definition of gV and gAwith vector and axial vector current

How to choose a projection operator to project both gV and gA ?

11



• Projection

• Decompose the 4-components Dirac spinor into four pieces 𝑞!
"

!, 𝑞
"!"

! , 𝑞!
"

", 𝑞
"!"

"

Assume 

• Finally, the projection can be chosen as:

Considering
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More details can be checked in note.



• Projection

13

Form factor (3pt)

𝑔!: Γ = 𝛾"
𝑔#: Γ = 𝛾$𝛾%

Sequential Prop

Sequential Source 𝑇 = (
1 + 𝛾#
2

)(1 + 𝛾$𝛾%)



• Code for sequential source and propagator 
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perl >> xml chroma

Source codes
(Your measure)

sbatch

Soft (…) 

Data: iog(binary) 

read



• Code for sequential source and propagator 

tseq=3,4,5,6…
Extract ground state
Statistics
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u,d quark propagator

Sequential source id



source_code/
simple_baryon_seqsrc_w.cc

• Code for sequential source and propagator 
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• Code for sequential source and propagator 
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sequential source 

sequential propagator 



• Code for 3pt contraction

Notice, we need Seq_propagator with tseq=X to calculate 
3pt with tseq=X.
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source_code/
inline_gAgV.cc 



• Code for 3pt contraction
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𝑔!: Γ = 𝛾"
𝑔#: Γ = 𝛾$𝛾%



2pt 3pt

• Numerical results

tseq
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• Reduction and 3pt/2pt

What we want:

What we calculated (correlation function): ?
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• Reduction and 3pt/2pt

What we want:

What we calculated (correlation function): ?

Reduction by inserting:

Take the ratio:
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• Fit to extract ground state

• Consider lowest two energy states in the reduction process:

Assume 𝑶𝟎𝟏 = 𝑶𝟏𝟎

Ground State
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Phys.Rev.C 105, 065203(2022)

Finally:
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• Feynman-Hellmann Method

• Summing over t at each tsep ratio:

• Define Feynman-Hellmann factor as:

Without t dependence



• Date analysis

Wall
PointAsymmetries arising from wall to point
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Mass_670 (50 fgs)

• Date analysis

To extract the ground state
Joint fit for different t_seq:
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• Date analysis

The numerical results of  𝒈𝑨 can be define as:

• 𝒁𝑽, 𝒁𝑨 are renormalisation factors and 𝒁𝑽 ≈ 𝒁𝑨 are expected. （The chiral symmetry breaking do 
not conserve on clover， but is small compared to the statistical uncertainty.）

• 𝒁𝑽 ̇𝒈𝑽 = 𝟏 for conservation current

𝑔( = 1.284 ± 0.044
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Systematic uncertainties：
• Lattice spacing 0.11fm, 𝑎 → 0
• Pion mass 670MeV, 𝑚) → 130𝑀𝑒𝑉
• Chiral symmetry
• …



• Practice

1. Use the computed quark propagator and sequential propagator to compute 
the 2pt and 3pt, take ratio of 3pt/2pt to obtain gA and gV
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• Generate 2pt and 3pt data

2pt path： /dssg/home/acct-phyww/phyww/qazhang/training_camp_2023/class4_hua/ con_2pt

3pt path： /dssg/home/acct-phyww/phyww/qazhang/training_camp_2023/class4_hua/ con_3pt

• Data:   /dssg/home/acct-phyww/phyww/qazhang/training_camp/class4_hua/Save_data

• source_codes_Props ------ well written       

• source_codes_modify ------ need yourself complete
a) inline_gAgV.cc
b) simple_baryon_seqsrc_w.cc

soft links in linux:      ln –s ../source_codes_modify/chroma ./ 

Check the propagator path(Pi:670MeV)



• Practice
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• Take the ratio of 3pt/2pt then do the joint fit to obtain gA and gV(data: ~/class4_hua/Save_data)

• Check the number of gA /gV

3pt:  tseq3(t=0~3)
tseq4(t=0~5)
tseq5(t=0~5)
tseq6(t=0~6)

plt.errorbar(x, cv, err, capsize=4.0, fmt='D’,  ms=3.0, color=‘red’, label =‘name’)

plt.fill_between(x, cv-err, cv+err,  color='red', alpha=0.3,  label=‘name’)

plt.savefig(‘./name.png')

plt code:



2pt 3pt

tseq
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• Practice

Cfg Particle        t            Re                    Im Cfg gv=0/ga=1     t            Re                    Im



• Practice
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3pt:  tseq3(t=0~3)
tseq4(t=0~5)
tseq5(t=0~5)
tseq6(t=0~6)



• Practice
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2.   Try to compute a sequential propagator by yourself.

• Generate a sequential propagator 

path： /dssg/home/acct-phyww/phyww/qazhang/training_camp_2023/class4_hua/ seq_prop_cg
(source_codes_modify ------ need yourself    modify: *******) 

• Calculate a 3pt data with your sequential propagator 
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