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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   
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GAUGE SYMMETRY 
IS FINE

2-point STI can be still satisfied with
<latexit sha1_base64="BVeDwSjpKdj3A0rNl1YnwPYIP4A=">AAACQnicbZDLSgMxGIUzXmu9jbp0EyxKRSkzouimUNCFywrWC81YMmnGhmYy01yEMsyzufEJ3PkAblwo4taF6WXh7YfA4Zzzk+QLU86U9rwnZ2JyanpmtjBXnF9YXFp2V1YvVGIkoQ2S8ERehVhRzgRtaKY5vUolxXHI6WXYPR7kl3dUKpaIc91PaRDjW8EiRrC2Vsu93oLohHKNWxmKDRImL/e2qyiSmGT1716e9W72mv4Oqr OyVdtBvot6Brdh78aW4I9u1UOo2HJLXsUbDvwr/LEogfHUW+4jaifExFRowrFSTd9LdZBhqRnhNC8io2iKSRff0qaVAsdUBdkQQQ43rdOGUSLtERoO3e8bGY6V6sehbcZYd9TvbGD+lzWNjo6CjInUaCrI6KLIcKgTOOAJ20xSonnfCkwks2+FpIMtPm2pDyD4v7/8V1zsVfyDine2X6odjXEUwDrYAGXgg0NQA6egDhqAgHvwDF7Bm/PgvDjvzseoOuGMd9bAj3E+vwBWNK9d</latexit>

�µ⌫(q) =
Pµ⌫(q)

q2[1 +⇧(q2)]
, qµPµ⌫(q) = 0

<latexit sha1_base64="Y6Vgmz0uL38Z895IoxzTSZngcyg=">AAACBnicbVDLSgMxFM3UV62vUZciBItQN2WmtDpdCAU3LivYB3TqkEnTNjSZGZOMUIau3Pgrblwo4tZvcOffmGmLqPVAuIdz7uXmHj9iVCrL+jQyS8srq2vZ9dzG5tb2jrm715RhLDBp4JCFou0jSRgNSENRxUg7EgRxn5GWP7pI/dYdEZKGwbUaR6TL0SCgfYqR0pJnHrqMci+5vSm5KrQmaa3Tgi4n59wbeGbeKlarZafiQE2cU8cuQbtoTfFN8mCOumd+uL0Qx5wECjMkZce2ItVNkFAUMzLJubEkEcIjNCAdTQPEiewm0zMm8FgrPdgPhX6BglP150SCuJRj7utOjtRQ/vVS8T+vE6u+001oEMWKBHi2qB8zqEKYZgJ7VBCs2FgThAXVf4V4iATCSieX0yEsnLxImqWiXSlaV+V8zZnHkQUH4AgUgA3OQA1cgjpoAAzuwSN4Bi/Gg/FkvBpvs9aMMZ/ZB79gvH8BQwqYUg==</latexit>

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

<latexit sha1_base64="UH7jBzoqjL+FlX7UcN46N1SgMSQ=">AAACF3icbZBNS8MwGMfT+TbnW9Wjl+AQPJVWJu4iDDzoccLeYK0lzdItLE1Lkgqj9Ft48at48aCIV735bcy2HubmQwI//v/nIXn+QcKoVLb9Y5TW1jc2t8rblZ3dvf0D8/CoI+NUYNLGMYtFL0CSMMpJW1HFSC8RBEUBI91gfDP1u49ESBrzlpokxIvQkNOQYqS05JtWy8/cKNUnv3ZDgbAbEIVqtw9orvM0X2TfrNqWPSu4Ck4BVVBU0ze/3UGM04hwhRmSsu/YifIyJBTFjOQVN5UkQXiMhqSvkaOISC+b7ZXDM60MYBgLfbmCM3VxIkORlJMo0J0RUiO57E3F/7x+qsK6l1GepIpwPH8oTBlUMZyGBAdUEKzYRAPCguq/QjxCOh2lo6zoEJzllVehc2E5l5Z9X6s26kUcZXACTsE5cMAVaIA70ARtgMETeAFv4N14Nl6ND+Nz3loyiplj8KeMr19npKCt</latexit>

Tµµ =
�

4
Ga

µ⌫G
a
µ⌫

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

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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<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
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<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

Cui et al., CPC 44 (2020)

A QCD EHM  
PRIMER



<latexit sha1_base64="K05Qry8ysaUWps17VUVD+ZTUnuE="></latexit>

fM'
u

M
(x; ⇣H) =

1

16⇡3

Z
d2k?  

"#
Mu

(x, k2?; ⇣H)

DISTRIBUTION AMPLITUDES DISTRIBUTION FUNCTIONS
<latexit sha1_base64="kRnozAPQemU0Wo07QJewjyxFl3g="></latexit>

uM (x; ⇣H) =

Z
d2k? | "#

Mu
(x, k2?; ⇣H)|2

FACTORIZED APPROXIMATION
<latexit sha1_base64="S4ObGX41R28mWQKNJUMzfhWm74s="></latexit>

 "#
Mu

(x, k2?; ⇣H) = 'u

M
(x; ⇣H) "#

Mu
(k2?; ⇣H)

<latexit sha1_base64="DaRRA7tQvOpL7aFH8IiGSlKmLSo="></latexit>

=) uM (x; ⇣H) / |'u

M
(x; ⇣H)|2

Pion1

2 ⍺ + DGLAP 

<latexit sha1_base64="duHTJ5/mwLKKPRBsOEUGHLTbsbM="></latexit>

=) uM (x; ⇣H) / |'u

M
(x; ⇣H)|2

<latexit sha1_base64="QLZVQSt3lRA2/wNM/SEJh3Kcvh8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYo8FLx4r2A9oQ9lsN+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+55FrI2L1gNOE+xEdKREKRtFKnf4TRzqoDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/HcyFJozlFNLKNPC3krYmGrK0CZUsiF4qy+vk3at6l1X3furSqOex1GEMziHS/DgBhpwB01oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifPxEJj1s=</latexit>

⇣2
<latexit sha1_base64="VEnmfhgCXiwn0AgMe6F3O4LTPFg=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0nEYo8FLx4r2A9oQ9lsJ+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5nfudR9BGxOoBpwn4ERspEQrO0Eqd/hMgG9QG5YpbdReg68TLSYXkaA7KX/1hzNMIFHLJjOl5boJ+xjQKLmFW6qcGEsYnbAQ9SxWLwPjZ4twZvbDKkIaxtqWQLtTfExmLjJlGge2MGI7NqjcX//N6KYZ1PxMqSREUXy4KU0kxpvPf6VBo4CinljCuhb2V8jHTjKNNqGRD8FZfXiftq6pXq7r315VGPY+jSM7IObkkHrkhDXJHmqRFOJmQZ/JK3pzEeXHenY9la8HJZ07JHzifPxWVj14=</latexit>

⇣5

Brodsky, and Lepage, ASDHEP 5 (1989)

Xu et al PRD 97 (2018) 
Cui et al  EPJA 57 (2021)

BA

<latexit sha1_base64="sQXiE69/+koVUNGCulKbuuHQ12A="></latexit>

hxni⇣u⇡
= hxni⇣Hu⇡

�
h2xi⇣u⇡

��n

0 /�1
0

<latexit sha1_base64="HC4ha0WqaUGfedjmlRE0ztzyDJQ="></latexit>

1

2n
 hxni⇣Hu⇡

 1

1 + n



J/ѱ 
PRODUCTION

<latexit sha1_base64="mNuo5bauHOvmHPkKsljdTmRduS4="></latexit>

d�

dxF

����
J/ 

= F
X

i,j=q,q̄,g

Z 4m2
D

4m2
c

dM2
cc̄

1

s
q
x2
F + 4M2

cc̄
s

b�ij(4m
2
c/M

2
cc̄, µ

2
R/m

2
c) f

⇡±

i (x1, µF ) f
N
j (x2, µF )

set by the experiment known at LO and NLO fit to data global QCD analyses 
(nCTEQ 15) 

�����
��
��
-��

� � �� �� �� �� �� ��
����

����

����

�

�

��

�

��
*�

(�
�
>�

)[
��

/�
��
�	

�

]

�-�� 	/� 

��*�(��>
)

�=
�
��

�� /���=����

�����
��
��
-��

-��� -��� ��� ��� ��� ��� ��� ���

�����

�����

�����

�

��

��
/�
� �

(�
�/
��
��
�	
�)

�	
�-�
���/
�
�
�-��

� =���� ���

�=
�
�


�� /���=����

�����
��
��
-��

-��� -��� ��� ��� ��� ��� ��� ���

�����

�����

�����

�

��

��
/�
� �

(�
�/
��
��
�	
�)

�	
�-�
�
�
�-��

� =���� ���

�=
�
���
�� /���=����

�����
��
��
-��

-��� -��� ��� ��� ��� ��� ��� ���

�����

�����

�����

�

��

��
/�
� �

(�
�/
��
��
�	
�)

�	

�-�

 ���
�-�

� =���� ���

�=
�
���
�� /���=
���

�����
��
��
-��

-��� -��� ��� ��� ��� ��� ��� ���

�����

�����

�����

�

��

��
/�
� �

(�
�/
��
��
�	
�)

�	

�-�

 
��
�-�

� =���� 
��

�=
�
���
�� /���=����

�����
��
��
-��

-��� -��� ��� ��� ��� ��� ��� ���

�����

�����

�����

�

��

��
/�
� �

(�
�/
��
��
�	
�)

�	


�-��

� =

�� ���

�=�����

�� /���=����

�����
��
��
-��

-��� -��� ��� ��� ��� ��� ��� ���

�����

�����

�����

�

��

��
/�
� �

(�
�/
��
��
�	
�)

�	

�-�

 ���
�-�

� =���� ���

�=
�
���
�� /���=
���




