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GAUGE SYMMETRY 
IS FINE

2-point STI can be still satisfied with
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but no size prescribed…

GLUON  
SELF-INTERACTION

pure-glue QCD displays a  
mass gap  

Cornwall, PRD 26 (1982)
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GLUON  
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pure-glue QCD displays a  
mass gap  

Cornwall, PRD 26 (1982)
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1 RGI MASSES
40 years+ non-perturbative methods uncover the size of 
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and reveal the associated RGI running masses,  

unifies matter-based and gauge-focused understanding  
of QCD interactions,… 

DB et al., PLB 742 (2015)
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GAUGE SYMMETRY 
IS FINE

2-point STI can be still satisfied with
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(“only” requires the presence of 
longitudinally coupled massless poles) 

Schwinger, PR 125 and 128 (1962)
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but no size prescribed…

GLUON  
SELF-INTERACTION

pure-glue QCD displays a  
mass gap  

Cornwall, PRD 26 (1982)
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owing to the emergence of a non-zero gluon mass scale 

a process independent effective charge emerges 

parameter free prediction  
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candidate for QCD interaction strength @ all moment   

1 RGI MASSES
40 years+ non-perturbative methods uncover the size of 

the gluon mass
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Aguilar et al., EPJC 80 (2020)
and reveal the associated RGI running masses,  

unifies matter-based and gauge-focused understanding  
of QCD interactions,… 

DB et al., PLB 742 (2015)
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GAUGE SYMMETRY 
IS FINE

2-point STI can be still satisfied with
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STRESS-ENERGY TENSOR  
IS ANOMALOUS
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but no size prescribed…

GLUON  
SELF-INTERACTION

pure-glue QCD displays a  
mass gap  

Cornwall, PRD 26 (1982)
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2 PI EFFECTIVE CHARGE
owing to the emergence of a non-zero gluon mass scale 

a process independent effective charge emerges 

parameter free prediction  
defines a screening mass of ζH ≈ 1.4Λ = 0.331(2) GeV 

practically identical to Bjorken sum rule coupling measured in DIS 
candidate for QCD interaction strength @ all moment   

1 RGI MASSES
40 years+ non-perturbative methods uncover the size of 

the gluon mass
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Aguilar et al., EPJC 80 (2020)
and reveal the associated RGI running masses,  

unifies matter-based and gauge-focused understanding  
of QCD interactions,… 

DB et al., PLB 742 (2015)
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2 PI EFFECTIVE CHARGE
owing to the emergence of a non-zero gluon mass scale 

a process independent effective charge emerges 

parameter free prediction  
defines a screening mass of ζH ≈ 1.4Λ = 0.331(2) GeV 

practically identical to Bjorken sum rule coupling measured in DIS 
candidate for QCD interaction strength @ all moment   

GAUGE SYMMETRY 
IS FINE

2-point STI can be still satisfied with
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(“only” requires the presence of 
longitudinally coupled massless poles) 

Schwinger, PR 125 and 128 (1962)
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but no size prescribed…

GLUON  
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pure-glue QCD displays a  
mass gap  

Cornwall, PRD 26 (1982)
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mg ⇠ 0.5 GeV

1 RGI MASSES
40 years+ non-perturbative methods uncover the size of 

the gluon mass
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and reveal the associated RGI running masses,  

unifies matter-based and gauge-focused understanding  
of QCD interactions,… 

DB et al., PLB 742 (2015)
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2 PI EFFECTIVE CHARGE
owing to the emergence of a non-zero gluon mass scale 

a process independent effective charge emerges 

parameter free prediction  
defines a screening mass of ζH ≈ 1.4Λ = 0.331(2) GeV 

practically identical to Bjorken sum rule coupling measured in DIS 
candidate for QCD interaction strength @ all moment   

GAUGE SYMMETRY 
IS FINE

2-point STI can be still satisfied with
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�µ⌫(q) =
Pµ⌫(q)

q2[1 +⇧(q2)]
, qµPµ⌫(q) = 0
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lim
q2!0

q2⇧(q2) = mg

(“only” requires the presence of 
longitudinally coupled massless poles) 

Schwinger, PR 125 and 128 (1962)

STRESS-ENERGY TENSOR  
IS ANOMALOUS
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but no size prescribed…

GLUON  
SELF-INTERACTION

pure-glue QCD displays a  
mass gap  

Cornwall, PRD 26 (1982)
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mg ⇠ 0.5 GeV

1 RGI MASSES
40 years+ non-perturbative methods uncover the size of 

the gluon mass
<latexit sha1_base64="G9JwxT7eGgWrNCP9FUTRN9pPQ+8=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUhqrXEhFFzosoJ9QBPKZDpth84kYWYilFBw46+4caGIW3/CnX/jpC2i1gMXDufcy733BDGjUtn2p7GwuLS8sppby69vbG5tmzu7DRklApM6jlgkWgGShNGQ1BVVjLRiQRAPGGkGw8vMb94RIWkU3qpRTHyO+iHtUYyUljrmPuSd/oVtlU+KzrEHPY7UQPD0ijTGHbNgW+eu41RKMCOVsutCx7In+CYFMEOtY3543QgnnIQKMyRl27Fj5adIKIoZGee9RJIY4SHqk7amIeJE+unkhzE80koX9iKhK1Rwov6cSBGXcsQD3ZndKP96mfif105Uz/VTGsaJIiGeLuolDKoIZoHALhUEKzbSBGFB9a0QD5BAWOnY8jqEuZfnSaNkOaeWfVMuVN1ZHDlwAA5BETjgDFTBNaiBOsDgHjyCZ/BiPBhPxqvxNm1dMGYze+AXjPcvc12WIg==</latexit>

mg = 0.43(1) GeV

Aguilar et al., EPJC 80 (2020)
and reveal the associated RGI running masses,  

unifies matter-based and gauge-focused understanding  
of QCD interactions,… 

DB et al., PLB 742 (2015)
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2 PI EFFECTIVE CHARGE
owing to the emergence of a non-zero gluon mass scale 

a process independent effective charge emerges 

parameter free prediction  
defines a screening mass of ζH ≈ 1.4Λ = 0.331(2) GeV 

practically identical to Bjorken sum rule coupling measured in DIS 
candidate for QCD interaction strength @ all moment   

GAUGE SYMMETRY 
IS FINE

2-point STI can be still satisfied with
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STRESS-ENERGY TENSOR  
IS ANOMALOUS
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but no size prescribed…

GLUON  
SELF-INTERACTION

pure-glue QCD displays a  
mass gap  
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1 RGI MASSES
40 years+ non-perturbative methods uncover the size of 

the gluon mass
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Aguilar et al., EPJC 80 (2020)
and reveal the associated RGI running masses,  

unifies matter-based and gauge-focused understanding  
of QCD interactions,… 

DB et al., PLB 742 (2015)
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2 PI EFFECTIVE CHARGE
owing to the emergence of a non-zero gluon mass scale 

a process independent effective charge emerges 

parameter free prediction  
defines a screening mass of ζH ≈ 1.4Λ = 0.331(2) GeV 

practically identical to Bjorken sum rule coupling measured in DIS 
candidate for QCD interaction strength @ all moment   

GAUGE SYMMETRY 
IS FINE

2-point STI can be still satisfied with
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(“only” requires the presence of 
longitudinally coupled massless poles) 

Schwinger, PR 125 and 128 (1962)

STRESS-ENERGY TENSOR  
IS ANOMALOUS
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but no size prescribed…

GLUON  
SELF-INTERACTION

pure-glue QCD displays a  
mass gap  

Cornwall, PRD 26 (1982)
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1 RGI MASSES
40 years+ non-perturbative methods uncover the size of 

the gluon mass
<latexit sha1_base64="G9JwxT7eGgWrNCP9FUTRN9pPQ+8=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUhqrXEhFFzosoJ9QBPKZDpth84kYWYilFBw46+4caGIW3/CnX/jpC2i1gMXDufcy733BDGjUtn2p7GwuLS8sppby69vbG5tmzu7DRklApM6jlgkWgGShNGQ1BVVjLRiQRAPGGkGw8vMb94RIWkU3qpRTHyO+iHtUYyUljrmPuSd/oVtlU+KzrEHPY7UQPD0ijTGHbNgW+eu41RKMCOVsutCx7In+CYFMEOtY3543QgnnIQKMyRl27Fj5adIKIoZGee9RJIY4SHqk7amIeJE+unkhzE80koX9iKhK1Rwov6cSBGXcsQD3ZndKP96mfif105Uz/VTGsaJIiGeLuolDKoIZoHALhUEKzbSBGFB9a0QD5BAWOnY8jqEuZfnSaNkOaeWfVMuVN1ZHDlwAA5BETjgDFTBNaiBOsDgHjyCZ/BiPBhPxqvxNm1dMGYze+AXjPcvc12WIg==</latexit>

mg = 0.43(1) GeV

Aguilar et al., EPJC 80 (2020)
and reveal the associated RGI running masses,  

unifies matter-based and gauge-focused understanding  
of QCD interactions,… 

DB et al., PLB 742 (2015)
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2 PI EFFECTIVE CHARGE
owing to the emergence of a non-zero gluon mass scale 

a process independent effective charge emerges 

parameter free prediction  
defines a screening mass of ζH ≈ 1.4Λ = 0.331(2) GeV 

practically identical to Bjorken sum rule coupling measured in DIS 
candidate for QCD interaction strength @ all moment   

GAUGE SYMMETRY 
IS FINE

2-point STI can be still satisfied with
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(“only” requires the presence of 
longitudinally coupled massless poles) 

Schwinger, PR 125 and 128 (1962)
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IS ANOMALOUS
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but no size prescribed…

GLUON  
SELF-INTERACTION

pure-glue QCD displays a  
mass gap  

Cornwall, PRD 26 (1982)
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2 PI EFFECTIVE CHARGE
owing to the emergence of a non-zero gluon mass scale 

a process independent effective charge emerges 

parameter free prediction  
defines a screening mass of ζH ≈ 1.4Λ = 0.331(2) GeV 

practically identical to Bjorken sum rule coupling measured in DIS 
candidate for QCD interaction strength @ all moment   

GAUGE SYMMETRY 
IS FINE

2-point STI can be still satisfied with
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(“only” requires the presence of 
longitudinally coupled massless poles) 

Schwinger, PR 125 and 128 (1962)

STRESS-ENERGY TENSOR  
IS ANOMALOUS
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but no size prescribed…

GLUON  
SELF-INTERACTION

pure-glue QCD displays a  
mass gap  

Cornwall, PRD 26 (1982)
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mg ⇠ 0.5 GeV

1 RGI MASSES
40 years+ non-perturbative methods uncover the size of 

the gluon mass
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mg = 0.43(1) GeV

Aguilar et al., EPJC 80 (2020)
and reveal the associated RGI running masses,  

unifies matter-based and gauge-focused understanding  
of QCD interactions,… 

DB et al., PLB 742 (2015)
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2 PI EFFECTIVE CHARGE
owing to the emergence of a non-zero gluon mass scale 

a process independent effective charge emerges 

parameter free prediction  
defines a screening mass of ζH ≈ 1.4Λ = 0.331(2) GeV 

practically identical to Bjorken sum rule coupling measured in DIS 
candidate for QCD interaction strength @ all moment   

GAUGE SYMMETRY 
IS FINE

2-point STI can be still satisfied with
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but no size prescribed…

GLUON  
SELF-INTERACTION

pure-glue QCD displays a  
mass gap  

Cornwall, PRD 26 (1982)
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1 RGI MASSES
40 years+ non-perturbative methods uncover the size of 

the gluon mass
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and reveal the associated RGI running masses,  

unifies matter-based and gauge-focused understanding  
of QCD interactions,… 
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2 PI EFFECTIVE CHARGE
owing to the emergence of a non-zero gluon mass scale 

a process independent effective charge emerges 

parameter free prediction  
defines a screening mass of ζH ≈ 1.4Λ = 0.331(2) GeV 

practically identical to Bjorken sum rule coupling measured in DIS 
candidate for QCD interaction strength @ all moment   

GAUGE SYMMETRY 
IS FINE

2-point STI can be still satisfied with
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lim
q2!0

q2⇧(q2) = mg

(“only” requires the presence of 
longitudinally coupled massless poles) 

Schwinger, PR 125 and 128 (1962)

STRESS-ENERGY TENSOR  
IS ANOMALOUS
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but no size prescribed…

GLUON  
SELF-INTERACTION

pure-glue QCD displays a  
mass gap  

Cornwall, PRD 26 (1982)
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mg ⇠ 0.5 GeV

1 RGI MASSES
40 years+ non-perturbative methods uncover the size of 

the gluon mass
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mg = 0.43(1) GeV

Aguilar et al., EPJC 80 (2020)
and reveal the associated RGI running masses,  

unifies matter-based and gauge-focused understanding  
of QCD interactions,… 

DB et al., PLB 742 (2015)
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2 PI EFFECTIVE CHARGE
owing to the emergence of a non-zero gluon mass scale 

a process independent effective charge emerges 

parameter free prediction  
defines a screening mass of ζH ≈ 1.4Λ = 0.331(2) GeV 

practically identical to Bjorken sum rule coupling measured in DIS 
candidate for QCD interaction strength @ all moment   

GAUGE SYMMETRY 
IS FINE

2-point STI can be still satisfied with
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�µ⌫(q) =
Pµ⌫(q)

q2[1 +⇧(q2)]
, qµPµ⌫(q) = 0
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lim
q2!0

q2⇧(q2) = mg

(“only” requires the presence of 
longitudinally coupled massless poles) 

Schwinger, PR 125 and 128 (1962)

STRESS-ENERGY TENSOR  
IS ANOMALOUS
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but no size prescribed…

GLUON  
SELF-INTERACTION

pure-glue QCD displays a  
mass gap  

Cornwall, PRD 26 (1982)

<latexit sha1_base64="Q1QXeEJ0AVCLRh7Vv1OdvDFouM8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8BQSsdhjwYMeK9haaELYbDft0t1N2N0IJdSLf8WLB0W8+i+8+W/ctDlo64OBx3szzMyLUkaVdt1vq7Kyura+Ud2sbW3v7O7Z+wddlWQSkw5OWCJ7EVKEUUE6mmpGeqkkiEeM3Efjq8K/fyBS0UTc6UlKAo6GgsYUI22k0D7i4dBXlLtOw4c+R3okeX5NutPQrruOOwNcJl5J6qBEO7S//EGCM06Exgwp1ffcVAc5kppiRqY1P1MkRXiMhqRvqECcqCCffTCFp0YZwDiRpoSGM/X3RI64UhMemc7iRrXoFeJ/Xj/TcTPIqUgzTQSeL4ozBnUCizjggEqCNZsYgrCk5laIR0girE1oNROCt/jyMumeO17DcW8v6q1mGUcVHIMTcAY8cAla4Aa0QQdg8AiewSt4s56sF+vd+pi3Vqxy5hD8gfX5A6lLlls=</latexit>

mg ⇠ 0.5 GeV
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Aguilar et al., EPJC 80 (2020)
and reveal the associated RGI running masses,  

unifies matter-based and gauge-focused understanding  
of QCD interactions,… 

DB et al., PLB 742 (2015)
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SPM INTERPOLATION
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D = {(xi, yi = f(xi)), i = 1, . . . , N}
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D = {(xi, yi = f(xi)), i = 1, . . . , N}

with without?π/K FORM FACTORS
ELECTROMAGNETIC singularities move in the complex k2 domain 

sampled by the bound-state equations

dressed-quark propagators singularities 
limit mass of bound-state 

Q2maxYao, DB, Roberts, PLB 855 (2024)
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· · · aN�1(x� xN�1)
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D = {(xi, yi = f(xi)), i = 1, . . . , N}
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CN (xi) = yi 8xi 2
<latexit sha1_base64="0E9i2vZ/ziSHHpNfYYvg87Cj8iw=">AAACIHicbVDLSgMxFM34rPU16tJNsAgtlDIjSrspFHThSirYB3RKyaSZNjTzIMmIwzCf4sZfceNCEd3p15iZzkJbLySce849JPfYAaNCGsaXtrK6tr6xWdgqbu/s7u3rB4dd4Ycckw72mc/7NhKEUY90JJWM9ANOkGsz0rNnl6neuydcUN+7k1FAhi6aeNShGElFjfS65SI5FU58lcAmtOLyw4jCKozU3YRO2lUqVQumnVm1xr4USr2xkpFeMmpGVnAZmDkogbzaI/1TuXHoEk9ihoQYmEYghzHikmJGkqIVChIgPEMTMlDQQy4RwzhbMIGnihlDx+fqeBJm7G9HjFwhItdWk9k6i1pK/qcNQuk0hjH1glASD88fckIGpQ/TtOCYcoIlixRAmFP1V4iniCMsVaZFFYK5uPIy6J7VzIuacXteajXyOArgGJyAMjBBHbTANWiDDsDgETyDV/CmPWkv2rv2MR9d0XLPEfhT2vcPrlyfgA==</latexit>

D = {(xi, yi = f(xi)), i = 1, . . . , N}
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D = {(xi, yi = f(xi)), i = 1, . . . , N}
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CN (xi) = yi 8xi 2
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D = {(xi, yi = f(xi)), i = 1, . . . , N}
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SPM INTERPOLATION
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D = {(xi, yi = f(xi)), i = 1, . . . , N}
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D = {(xi, yi = f(xi)), i = 1, . . . , N}
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Yao, DB, Cui, Roberts, 2403.08088 (FR in press)
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experiment is only 1.4σ away from our prediction!
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Schlessinger, PR 167 (1968)
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D = {(xi, yi = f(xi)), i = 1, . . . , N}
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J(0)=½ 
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property of the nucleon…

A(0)=1 
J(0)=½ 

D(0)=-3.11(1)
rmass = 0.81(5)rch

rmech = 0.72(2)rch

Schlessinger, PR 167 (1968)
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D = {(xi, yi = f(xi)), i = 1, . . . , N}

<latexit sha1_base64="DzPCXcjffeiIroWOxf/x9hr8llk=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxKR6kYoduNKKtgHNCFMJpN26GSSzkzEEPoBbvwVNy4UcesHuPNvnLZZaOuBgcM55zL3Hi9mVCrT/DaWlldW19YLG8XNre2d3dLefltGicCkhSMWia6HJGGUk5aiipFuLAgKPUY63rAx8Tv3REga8TuVxsQJUZ/TgGKktOSWyg33pvLg0pPL1KX2aJQgH9pBJBBjUMvQphzqlFk1p4CLxMpJGeRouqUv249wEhKuMENS9iwzVk6GhKKYkXHRTiSJER6iPulpylFIpJNNjxnDY634UK+gH1dwqv6eyFAoZRp6OhkiNZDz3kT8z+slKrhwMsrjRBGOZx8FCYMqgpNmoE8FwYqlmiAsqN4V4gESCCvdX1GXYM2fvEjap1WrVq3dnpXrV3kdBXAIjkAFWOAc1ME1aIIWwOARPINX8GY8GS/Gu/Exiy4Z+cwB+APj8wcEqZpa</latexit>

CN (xi) = yi 8xi 2
<latexit sha1_base64="0E9i2vZ/ziSHHpNfYYvg87Cj8iw=">AAACIHicbVDLSgMxFM34rPU16tJNsAgtlDIjSrspFHThSirYB3RKyaSZNjTzIMmIwzCf4sZfceNCEd3p15iZzkJbLySce849JPfYAaNCGsaXtrK6tr6xWdgqbu/s7u3rB4dd4Ycckw72mc/7NhKEUY90JJWM9ANOkGsz0rNnl6neuydcUN+7k1FAhi6aeNShGElFjfS65SI5FU58lcAmtOLyw4jCKozU3YRO2lUqVQumnVm1xr4USr2xkpFeMmpGVnAZmDkogbzaI/1TuXHoEk9ihoQYmEYghzHikmJGkqIVChIgPEMTMlDQQy4RwzhbMIGnihlDx+fqeBJm7G9HjFwhItdWk9k6i1pK/qcNQuk0hjH1glASD88fckIGpQ/TtOCYcoIlixRAmFP1V4iniCMsVaZFFYK5uPIy6J7VzIuacXteajXyOArgGJyAMjBBHbTANWiDDsDgETyDV/CmPWkv2rv2MR9d0XLPEfhT2vcPrlyfgA==</latexit>

D = {(xi, yi = f(xi)), i = 1, . . . , N}

 EHM predictions

<latexit sha1_base64="44g03QNFOTM1oo5RJw4p8fDywLk="></latexit>

CN (x) =
y1
1+

a1(x→ x1)

1+

a2(x→ x2)

1+
· · · aN→1(x→ xN→1)

1

rch > rmass > rmech

rq,ζ2
mass = 0.62(4)rch rg,ζ2

mass = 0.52(3)rch

rq,ζ2
mech = 0.55(2)rch rg,ζ2

mech = 0.47(2)rch
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