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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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but no size prescribed…

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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2 PI EFFECTIVE CHARGE
owing to the emergence of a non-zero gluon mass scale 

a process independent effective charge emerges 

parameter free prediction  
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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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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
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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)

k2 [GeV2]
��� ��� ��� ��� ��� ���

�

�

�

�

�
DB
RGI

Int
era

cti
on

 st
ren

gth

<latexit sha1_base64="7JWE6X6zdv8CX80j9cLpJEO8m6o="></latexit>

b↵(s) = 4⇡

(11� 2nf/3) log[K2(s)/⇤2]
, K2(s) =

a20 + a1s+ s2

b0 + s

<latexit sha1_base64="huTw8FDhyfKOqLN880/St04roLQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWktJruWt24rGAf0LRhMp20QyeTMDMRSqgbf8WNC0Xc+hfu/BunD0StBy4czrmXe+/xY0alsqxPI7Oyura+kd3MbW3v7O6Z+wdNGSUCkwaOWCTaPpKEUU4aiipG2rEgKPQZafmjq6nfuiNC0ojfqnFMuiEacBpQjJSWPPNoAINeinw8qfV8zw0TWOthz+WJZ+atQqVScsoO1MQ5d+witAvWDN8kDxaoe+aH249wEhKuMENSdmwrVt0UCUUxI5Ocm0gSIzxCA9LRlKOQyG46+2ACT7XSh0EkdHEFZ+rPiRSFUo5DX3eGSA3lX28q/ud1EhU43ZTyOFGE4/miIGFQRXAaB+xTQbBiY00QFlTfCvEQCYSVDi2nQ1h6eZk0iwW7XLBuSvnq5SKOLDgGJ+AM2OACVME1qIMGwOAePIJn8GI8GE/Gq/E2b80Yi5lD8AvG+xch6pa0</latexit>

gfabcAb
µA

c
⌫

A B

QCD 
LAGRANGIAN

<latexit sha1_base64="NugwyrIYcg5J4MWDNuKdXDvPKTg="></latexit>

LQCD =
X

j=u,s,d,...

q̄j [�µDµ +mj ] qj +
1

4
Ga

µ⌫G
a
µ⌫

Dµ = @µ + ig
1

2
�aAa

µ

Ga
µ⌫ = @µA

a
⌫ + @⌫A

a
µ�

<latexit sha1_base64="huTw8FDhyfKOqLN880/St04roLQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWktJruWt24rGAf0LRhMp20QyeTMDMRSqgbf8WNC0Xc+hfu/BunD0StBy4czrmXe+/xY0alsqxPI7Oyura+kd3MbW3v7O6Z+wdNGSUCkwaOWCTaPpKEUU4aiipG2rEgKPQZafmjq6nfuiNC0ojfqnFMuiEacBpQjJSWPPNoAINeinw8qfV8zw0TWOthz+WJZ+atQqVScsoO1MQ5d+witAvWDN8kDxaoe+aH249wEhKuMENSdmwrVt0UCUUxI5Ocm0gSIzxCA9LRlKOQyG46+2ACT7XSh0EkdHEFZ+rPiRSFUo5DX3eGSA3lX28q/ud1EhU43ZTyOFGE4/miIGFQRXAaB+xTQbBiY00QFlTfCvEQCYSVDi2nQ1h6eZk0iwW7XLBuSvnq5SKOLDgGJ+AM2OACVME1qIMGwOAePIJn8GI8GE/Gq/E2b80Yi5lD8AvG+xch6pa0</latexit>

gfabcAb
µA

c
⌫

<latexit sha1_base64="NugwyrIYcg5J4MWDNuKdXDvPKTg="></latexit>

LQCD =
X

j=u,s,d,...

q̄j [�µDµ +mj ] qj +
1

4
Ga

µ⌫G
a
µ⌫

Dµ = @µ + ig
1

2
�aAa

µ

Ga
µ⌫ = @µA

a
⌫ + @⌫A

a
µ�

<latexit sha1_base64="hFjAQg63ruzwVm1wo/tE9dB+Rls="></latexit>

+
1

2⇠
(@µA

a
µ)

2
<latexit sha1_base64="nOZ/EBbF6Xguck/ChugrWq7G7/4=">AAACOnicbVC7SgNBFJ2NrxhfUUubwSBEAmFXFFNGbCwTMA/IJuHuZDYZMvtgZlYIS77Lxq+ws7CxUMTWD3A22cI8Dgyce+653LnHCTmTyjTfjMzG5tb2TnY3t7d/cHiUPz5pyiAShDZIwAPRdkBSznzaUExx2g4FBc/htOWM75N+64kKyQL/UU1C2vVg6DOXEVBa6ufrJTsEoRjwvu1F2HZAYNKDBVHXpaHbi8Eh0+Ja++Vdz0mtpJ8vmGVzBrxKrJQUUIpaP/9qDwISedRXhIOUHcsMVTdO1hBOpzk7kjQEMoYh7Wjqg0dlN56dPsUXWhlgNxD6+QrP1P8TMXhSTjxHOz1QI7ncS8R1vU6k3Eo3Zn4YKeqT+SI34lgFOMkRD5igRPGJJkAE03/FZAQCiNJp53QI1vLJq6R5VbZuymb9ulCtpHFk0Rk6R0VkoVtURQ+ohhqIoGf0jj7Rl/FifBjfxs/cmjHSmVO0AOP3D/2QrXs=</latexit>

+@µc̄
a@µc

a + gfabc(@µc̄
a)Ab

µc
c

(linear) gauge  
fixing

Faddeev-Popov ghost  
term

<latexit sha1_base64="iKfiddcdeTZynOO4ljY7y5e5lu4=">AAACOnicjVDLSgMxFM3UV62vqks3wSJUCmVGFLusuHHZgn1Apx1u0kwbmnmQZIQy9Lvc+BXuXLhxoYhbP8D0sVCp4IHAyTnncpNDYsGVtu0nK7Oyura+kd3MbW3v7O7l9w+aKkokZQ0aiUi2CSgmeMgammvB2rFkEBDBWmR0PfVbd0wqHoW3ehyzbgCDkPucgjaSl6+X3Bik5iA8N0iwS0Bi2oMformXBn4vBUInxaXx06seWUSply84ZXsG/DcpoAVqXv7R7Uc0CVioqQClOo4d6246XUMFm+TcRLEY6AgGrGNoCAFT3XT29Qk+MUof+5E0J9R4pn6fSCFQahwQkwxAD9Vvbyou8zqJ9ivdlIdxollI54v8RGAd4WmPuM8lo1qMDQEquXkrpkOQQLVpO/e/EppnZeeibNfPC9XKoo4sOkLHqIgcdImq6AbVUANRdI+e0St6sx6sF+vd+phHM9Zi5hD9gPX5BQIErX4=</latexit>

+@µc̄
a@µc

a + gfabc(@µc̄
a)Ab

µc
c

<latexit sha1_base64="nOZ/EBbF6Xguck/ChugrWq7G7/4=">AAACOnicbVC7SgNBFJ2NrxhfUUubwSBEAmFXFFNGbCwTMA/IJuHuZDYZMvtgZlYIS77Lxq+ws7CxUMTWD3A22cI8Dgyce+653LnHCTmTyjTfjMzG5tb2TnY3t7d/cHiUPz5pyiAShDZIwAPRdkBSznzaUExx2g4FBc/htOWM75N+64kKyQL/UU1C2vVg6DOXEVBa6ufrJTsEoRjwvu1F2HZAYNKDBVHXpaHbi8Eh0+Ja++Vdz0mtpJ8vmGVzBrxKrJQUUIpaP/9qDwISedRXhIOUHcsMVTdO1hBOpzk7kjQEMoYh7Wjqg0dlN56dPsUXWhlgNxD6+QrP1P8TMXhSTjxHOz1QI7ncS8R1vU6k3Eo3Zn4YKeqT+SI34lgFOMkRD5igRPGJJkAE03/FZAQCiNJp53QI1vLJq6R5VbZuymb9ulCtpHFk0Rk6R0VkoVtURQ+ohhqIoGf0jj7Rl/FifBjfxs/cmjHSmVO0AOP3D/2QrXs=</latexit>

+@µc̄
a@µc

a + gfabc(@µc̄
a)Ab

µc
c

○

○

○

○ ○

○

○

○

○

○

○

○

○

○

○

○

○

○ ○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○
○

○

○

○

○

○

○

○

○

○

○

○

○ ○

○ ○

○

○

○

○

○

○

○

○

○

○
○

○

○

○

○

○

○

○○

○○

○○
○○

○

○

○

○

○

○

○

○

○

○

○○

○○

○○

○○

○○

○○

○

○

○

○

○

○

○ ○

○

○

○

○

○

○

○

○

○

○

○

○

○

○
○

○

○ ○
○

○

○

○

○

○

○

○

○

○

○
○

○

○

○
○

○

○
○

○

○

○

○

○

○

○

○

○
○

○

○

○

○

○

○
○

○

○

○
○

○

○

○

○

○

○

○

○

○

○

○

○

○ ○

○ ○

○

○

○

○

○

○

○

○

Hall A/CLAS
JLab CLAS (2008)
JLab CLAS (2014)
DESY HERMES
CERN COMPASS
CERN SMC
CERN OPAL

SLAC E142/E143
SLAC E154/E155
JLab RSS
Fermilab
JLab EG4 (2022)
JLab E97110 (2022)
JLab EG1dvcs

0.0 0.5 1.0 1.5 2.0

0.0

0.2

0.4

0.6

0.8

1.0

r /pr

α (
k)
/π

Brodsky, Deur, Roberts, SCIAM 05 (2024)



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
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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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lim
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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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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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(“only” requires the presence of 
longitudinally coupled massless poles) 
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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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unifies matter-based and gauge-focused understanding  
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<latexit sha1_base64="7JWE6X6zdv8CX80j9cLpJEO8m6o="></latexit>

b↵(s) = 4⇡

(11� 2nf/3) log[K2(s)/⇤2]
, K2(s) =

a20 + a1s+ s2

b0 + s

<latexit sha1_base64="huTw8FDhyfKOqLN880/St04roLQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWktJruWt24rGAf0LRhMp20QyeTMDMRSqgbf8WNC0Xc+hfu/BunD0StBy4czrmXe+/xY0alsqxPI7Oyura+kd3MbW3v7O6Z+wdNGSUCkwaOWCTaPpKEUU4aiipG2rEgKPQZafmjq6nfuiNC0ojfqnFMuiEacBpQjJSWPPNoAINeinw8qfV8zw0TWOthz+WJZ+atQqVScsoO1MQ5d+witAvWDN8kDxaoe+aH249wEhKuMENSdmwrVt0UCUUxI5Ocm0gSIzxCA9LRlKOQyG46+2ACT7XSh0EkdHEFZ+rPiRSFUo5DX3eGSA3lX28q/ud1EhU43ZTyOFGE4/miIGFQRXAaB+xTQbBiY00QFlTfCvEQCYSVDi2nQ1h6eZk0iwW7XLBuSvnq5SKOLDgGJ+AM2OACVME1qIMGwOAePIJn8GI8GE/Gq/E2b80Yi5lD8AvG+xch6pa0</latexit>

gfabcAb
µA

c
⌫

A B

QCD 
LAGRANGIAN

<latexit sha1_base64="NugwyrIYcg5J4MWDNuKdXDvPKTg="></latexit>

LQCD =
X

j=u,s,d,...

q̄j [�µDµ +mj ] qj +
1

4
Ga

µ⌫G
a
µ⌫

Dµ = @µ + ig
1

2
�aAa

µ

Ga
µ⌫ = @µA

a
⌫ + @⌫A

a
µ�

<latexit sha1_base64="huTw8FDhyfKOqLN880/St04roLQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWktJruWt24rGAf0LRhMp20QyeTMDMRSqgbf8WNC0Xc+hfu/BunD0StBy4czrmXe+/xY0alsqxPI7Oyura+kd3MbW3v7O6Z+wdNGSUCkwaOWCTaPpKEUU4aiipG2rEgKPQZafmjq6nfuiNC0ojfqnFMuiEacBpQjJSWPPNoAINeinw8qfV8zw0TWOthz+WJZ+atQqVScsoO1MQ5d+witAvWDN8kDxaoe+aH249wEhKuMENSdmwrVt0UCUUxI5Ocm0gSIzxCA9LRlKOQyG46+2ACT7XSh0EkdHEFZ+rPiRSFUo5DX3eGSA3lX28q/ud1EhU43ZTyOFGE4/miIGFQRXAaB+xTQbBiY00QFlTfCvEQCYSVDi2nQ1h6eZk0iwW7XLBuSvnq5SKOLDgGJ+AM2OACVME1qIMGwOAePIJn8GI8GE/Gq/E2b80Yi5lD8AvG+xch6pa0</latexit>

gfabcAb
µA

c
⌫

<latexit sha1_base64="NugwyrIYcg5J4MWDNuKdXDvPKTg="></latexit>

LQCD =
X

j=u,s,d,...

q̄j [�µDµ +mj ] qj +
1

4
Ga

µ⌫G
a
µ⌫

Dµ = @µ + ig
1

2
�aAa

µ

Ga
µ⌫ = @µA

a
⌫ + @⌫A

a
µ�

<latexit sha1_base64="hFjAQg63ruzwVm1wo/tE9dB+Rls="></latexit>

+
1

2⇠
(@µA

a
µ)

2
<latexit sha1_base64="nOZ/EBbF6Xguck/ChugrWq7G7/4=">AAACOnicbVC7SgNBFJ2NrxhfUUubwSBEAmFXFFNGbCwTMA/IJuHuZDYZMvtgZlYIS77Lxq+ws7CxUMTWD3A22cI8Dgyce+653LnHCTmTyjTfjMzG5tb2TnY3t7d/cHiUPz5pyiAShDZIwAPRdkBSznzaUExx2g4FBc/htOWM75N+64kKyQL/UU1C2vVg6DOXEVBa6ufrJTsEoRjwvu1F2HZAYNKDBVHXpaHbi8Eh0+Ja++Vdz0mtpJ8vmGVzBrxKrJQUUIpaP/9qDwISedRXhIOUHcsMVTdO1hBOpzk7kjQEMoYh7Wjqg0dlN56dPsUXWhlgNxD6+QrP1P8TMXhSTjxHOz1QI7ncS8R1vU6k3Eo3Zn4YKeqT+SI34lgFOMkRD5igRPGJJkAE03/FZAQCiNJp53QI1vLJq6R5VbZuymb9ulCtpHFk0Rk6R0VkoVtURQ+ohhqIoGf0jj7Rl/FifBjfxs/cmjHSmVO0AOP3D/2QrXs=</latexit>

+@µc̄
a@µc

a + gfabc(@µc̄
a)Ab

µc
c

(linear) gauge  
fixing

Faddeev-Popov ghost  
term

<latexit sha1_base64="iKfiddcdeTZynOO4ljY7y5e5lu4=">AAACOnicjVDLSgMxFM3UV62vqks3wSJUCmVGFLusuHHZgn1Apx1u0kwbmnmQZIQy9Lvc+BXuXLhxoYhbP8D0sVCp4IHAyTnncpNDYsGVtu0nK7Oyura+kd3MbW3v7O7l9w+aKkokZQ0aiUi2CSgmeMgammvB2rFkEBDBWmR0PfVbd0wqHoW3ehyzbgCDkPucgjaSl6+X3Bik5iA8N0iwS0Bi2oMformXBn4vBUInxaXx06seWUSply84ZXsG/DcpoAVqXv7R7Uc0CVioqQClOo4d6246XUMFm+TcRLEY6AgGrGNoCAFT3XT29Qk+MUof+5E0J9R4pn6fSCFQahwQkwxAD9Vvbyou8zqJ9ivdlIdxollI54v8RGAd4WmPuM8lo1qMDQEquXkrpkOQQLVpO/e/EppnZeeibNfPC9XKoo4sOkLHqIgcdImq6AbVUANRdI+e0St6sx6sF+vd+phHM9Zi5hD9gPX5BQIErX4=</latexit>

+@µc̄
a@µc

a + gfabc(@µc̄
a)Ab

µc
c

<latexit sha1_base64="nOZ/EBbF6Xguck/ChugrWq7G7/4=">AAACOnicbVC7SgNBFJ2NrxhfUUubwSBEAmFXFFNGbCwTMA/IJuHuZDYZMvtgZlYIS77Lxq+ws7CxUMTWD3A22cI8Dgyce+653LnHCTmTyjTfjMzG5tb2TnY3t7d/cHiUPz5pyiAShDZIwAPRdkBSznzaUExx2g4FBc/htOWM75N+64kKyQL/UU1C2vVg6DOXEVBa6ufrJTsEoRjwvu1F2HZAYNKDBVHXpaHbi8Eh0+Ja++Vdz0mtpJ8vmGVzBrxKrJQUUIpaP/9qDwISedRXhIOUHcsMVTdO1hBOpzk7kjQEMoYh7Wjqg0dlN56dPsUXWhlgNxD6+QrP1P8TMXhSTjxHOz1QI7ncS8R1vU6k3Eo3Zn4YKeqT+SI34lgFOMkRD5igRPGJJkAE03/FZAQCiNJp53QI1vLJq6R5VbZuymb9ulCtpHFk0Rk6R0VkoVtURQ+ohhqIoGf0jj7Rl/FifBjfxs/cmjHSmVO0AOP3D/2QrXs=</latexit>

+@µc̄
a@µc

a + gfabc(@µc̄
a)Ab

µc
c

○

○

○

○ ○

○

○

○

○

○

○

○

○

○

○

○

○

○ ○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○
○

○

○

○

○

○

○

○

○

○

○

○

○ ○

○ ○

○

○

○

○

○

○

○

○

○

○
○

○

○

○

○

○

○

○○

○○

○○
○○

○

○

○

○

○

○

○

○

○

○

○○

○○

○○

○○

○○

○○

○

○

○

○

○

○

○ ○

○

○

○

○

○

○

○

○

○

○

○

○

○

○
○

○

○ ○
○

○

○

○

○

○

○

○

○

○

○
○

○

○

○
○

○

○
○

○

○

○

○

○

○

○

○

○
○

○

○

○

○

○

○
○

○

○

○
○

○

○

○

○

○

○

○

○

○

○

○

○

○ ○

○ ○

○

○

○

○

○

○

○

○

Hall A/CLAS
JLab CLAS (2008)
JLab CLAS (2014)
DESY HERMES
CERN COMPASS
CERN SMC
CERN OPAL

SLAC E142/E143
SLAC E154/E155
JLab RSS
Fermilab
JLab EG4 (2022)
JLab E97110 (2022)
JLab EG1dvcs

0.0 0.5 1.0 1.5 2.0

0.0

0.2

0.4

0.6

0.8

1.0

r /pr

α (
k)
/π

Brodsky, Deur, Roberts, SCIAM 05 (2024)

RL herein

Observable-constrained bRL

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

k/GeV

M
(k
)/G

eV

k2 [GeV2]
��� ��� ��� ��� ��� ���

�

�

�

�

�
DB
RGI

Int
era

cti
on

 st
ren

gth

A QCD EHM  
PRIMER



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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�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
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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)

<latexit sha1_base64="7JWE6X6zdv8CX80j9cLpJEO8m6o="></latexit>

b↵(s) = 4⇡

(11� 2nf/3) log[K2(s)/⇤2]
, K2(s) =

a20 + a1s+ s2

b0 + s

<latexit sha1_base64="huTw8FDhyfKOqLN880/St04roLQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWktJruWt24rGAf0LRhMp20QyeTMDMRSqgbf8WNC0Xc+hfu/BunD0StBy4czrmXe+/xY0alsqxPI7Oyura+kd3MbW3v7O6Z+wdNGSUCkwaOWCTaPpKEUU4aiipG2rEgKPQZafmjq6nfuiNC0ojfqnFMuiEacBpQjJSWPPNoAINeinw8qfV8zw0TWOthz+WJZ+atQqVScsoO1MQ5d+witAvWDN8kDxaoe+aH249wEhKuMENSdmwrVt0UCUUxI5Ocm0gSIzxCA9LRlKOQyG46+2ACT7XSh0EkdHEFZ+rPiRSFUo5DX3eGSA3lX28q/ud1EhU43ZTyOFGE4/miIGFQRXAaB+xTQbBiY00QFlTfCvEQCYSVDi2nQ1h6eZk0iwW7XLBuSvnq5SKOLDgGJ+AM2OACVME1qIMGwOAePIJn8GI8GE/Gq/E2b80Yi5lD8AvG+xch6pa0</latexit>

gfabcAb
µA

c
⌫

A B

QCD 
LAGRANGIAN

<latexit sha1_base64="NugwyrIYcg5J4MWDNuKdXDvPKTg="></latexit>

LQCD =
X

j=u,s,d,...

q̄j [�µDµ +mj ] qj +
1

4
Ga

µ⌫G
a
µ⌫

Dµ = @µ + ig
1

2
�aAa

µ

Ga
µ⌫ = @µA

a
⌫ + @⌫A

a
µ�

<latexit sha1_base64="huTw8FDhyfKOqLN880/St04roLQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWktJruWt24rGAf0LRhMp20QyeTMDMRSqgbf8WNC0Xc+hfu/BunD0StBy4czrmXe+/xY0alsqxPI7Oyura+kd3MbW3v7O6Z+wdNGSUCkwaOWCTaPpKEUU4aiipG2rEgKPQZafmjq6nfuiNC0ojfqnFMuiEacBpQjJSWPPNoAINeinw8qfV8zw0TWOthz+WJZ+atQqVScsoO1MQ5d+witAvWDN8kDxaoe+aH249wEhKuMENSdmwrVt0UCUUxI5Ocm0gSIzxCA9LRlKOQyG46+2ACT7XSh0EkdHEFZ+rPiRSFUo5DX3eGSA3lX28q/ud1EhU43ZTyOFGE4/miIGFQRXAaB+xTQbBiY00QFlTfCvEQCYSVDi2nQ1h6eZk0iwW7XLBuSvnq5SKOLDgGJ+AM2OACVME1qIMGwOAePIJn8GI8GE/Gq/E2b80Yi5lD8AvG+xch6pa0</latexit>

gfabcAb
µA

c
⌫

<latexit sha1_base64="NugwyrIYcg5J4MWDNuKdXDvPKTg="></latexit>

LQCD =
X

j=u,s,d,...

q̄j [�µDµ +mj ] qj +
1

4
Ga

µ⌫G
a
µ⌫

Dµ = @µ + ig
1

2
�aAa

µ

Ga
µ⌫ = @µA

a
⌫ + @⌫A

a
µ�

<latexit sha1_base64="hFjAQg63ruzwVm1wo/tE9dB+Rls="></latexit>

+
1

2⇠
(@µA

a
µ)

2
<latexit sha1_base64="nOZ/EBbF6Xguck/ChugrWq7G7/4=">AAACOnicbVC7SgNBFJ2NrxhfUUubwSBEAmFXFFNGbCwTMA/IJuHuZDYZMvtgZlYIS77Lxq+ws7CxUMTWD3A22cI8Dgyce+653LnHCTmTyjTfjMzG5tb2TnY3t7d/cHiUPz5pyiAShDZIwAPRdkBSznzaUExx2g4FBc/htOWM75N+64kKyQL/UU1C2vVg6DOXEVBa6ufrJTsEoRjwvu1F2HZAYNKDBVHXpaHbi8Eh0+Ja++Vdz0mtpJ8vmGVzBrxKrJQUUIpaP/9qDwISedRXhIOUHcsMVTdO1hBOpzk7kjQEMoYh7Wjqg0dlN56dPsUXWhlgNxD6+QrP1P8TMXhSTjxHOz1QI7ncS8R1vU6k3Eo3Zn4YKeqT+SI34lgFOMkRD5igRPGJJkAE03/FZAQCiNJp53QI1vLJq6R5VbZuymb9ulCtpHFk0Rk6R0VkoVtURQ+ohhqIoGf0jj7Rl/FifBjfxs/cmjHSmVO0AOP3D/2QrXs=</latexit>

+@µc̄
a@µc

a + gfabc(@µc̄
a)Ab

µc
c

(linear) gauge  
fixing
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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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and reveal the associated RGI running masses,  

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

<latexit sha1_base64="51xKmzNELNlg/6mJ70x4J7PhMSY="></latexit>

CN (x) =
y1
1+

a1(x� x1)

1+

a2(x� x2)

1+
· · · aN�1(x� xN�1)

1

<latexit sha1_base64="0E9i2vZ/ziSHHpNfYYvg87Cj8iw=">AAACIHicbVDLSgMxFM34rPU16tJNsAgtlDIjSrspFHThSirYB3RKyaSZNjTzIMmIwzCf4sZfceNCEd3p15iZzkJbLySce849JPfYAaNCGsaXtrK6tr6xWdgqbu/s7u3rB4dd4Ycckw72mc/7NhKEUY90JJWM9ANOkGsz0rNnl6neuydcUN+7k1FAhi6aeNShGElFjfS65SI5FU58lcAmtOLyw4jCKozU3YRO2lUqVQumnVm1xr4USr2xkpFeMmpGVnAZmDkogbzaI/1TuXHoEk9ihoQYmEYghzHikmJGkqIVChIgPEMTMlDQQy4RwzhbMIGnihlDx+fqeBJm7G9HjFwhItdWk9k6i1pK/qcNQuk0hjH1glASD88fckIGpQ/TtOCYcoIlixRAmFP1V4iniCMsVaZFFYK5uPIy6J7VzIuacXteajXyOArgGJyAMjBBHbTANWiDDsDgETyDV/CmPWkv2rv2MR9d0XLPEfhT2vcPrlyfgA==</latexit>

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}

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
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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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CN (xi) = yi 8xi 2
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D = {(xi, yi = f(xi)), i = 1, . . . , N}
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experiment is only 1.4σ away from our prediction!
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D(0)=-3.11(1)
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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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