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ü  Determine the nonperturbative  structure of  three-gluon vertex is  
essential for the understanding the gluon mass generation. 

    
    

 
 
             
     

 

 

 

Motivation 
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A.C.A, D. Binosi and J.Papavassiliou, Phys.  Rev. D95, 034017 (2017); 
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Key ingredient of the BSE for massless poles, 
crucial  for the  dynamical gluon mass generation 
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ü Not only that, it appears in the nonperturbative skeleton expansion of 

others vertices (as the quark-gluon vertex) , effective potential,  BSE for the 

glueballs, hybrids etc. 
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Strong evidences of IR suppression 
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ü  Suppression with respect to its tree-value. 

ü  In the previous examples, it is crucial to use a model for the three-gluon 
vertex,   f3g(q2),  which  displays an IR suppression for a particular 
kinematic configurationà (symmetric). 

 
 

ü  Lattice also seems this suppression! 
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Lattice: 
A.Athenodorou, D.Binosi, P. Boucaud, F.De Soto, 
J.Papavassiliou, J.Rodriguez-Quintero and 
S.Zafeiropoulos, Phys.Lett.B761, 444 (2016) 
A. G. Duarte, O. Oliveira and P.J.Silva, Phys. Rev. D94, 
074502 (2016) 
 
 
Hybrids: 
S.S.Xu, Z.F.Cui, L.Chang, J.Papavassiliou, C.D.Roberts 
and H.S.Zong  arXiv:1805.06430 [nucl-th]. 
 

Variations in the value of   
à most likely each equation 
probes a different kinematics 

f3g(q
2
) = 1� exp(�q2/!2

3g)
<latexit sha1_base64="t93CFKAev5YzBjptS5IibjHagkM=">AAACE3icbVC7SgNBFJ2NrxhfUUubwSBEIXE3EbQRgjaWEcwDknWZndxNhsw+nJkVw5J/sPFXbCwUsbWx82+cPApNPDBwOOdc7tzjRpxJZZrfRmphcWl5Jb2aWVvf2NzKbu/UZRgLCjUa8lA0XSKBswBqiikOzUgA8V0ODbd/OfIb9yAkC4MbNYjA9kk3YB6jRGnJyR55TlLuDvN3t6VDfI4tXMBteIjyBS0ct0MfumQc0LaTzZlFcww8T6wpyaEpqk72q90JaexDoCgnUrYsM1J2QoRilMMw044lRIT2SRdamgbEB2kn45uG+EArHeyFQr9A4bH6eyIhvpQD39VJn6ienPVG4n9eK1bemZ2wIIoVBHSyyIs5ViEeFYQ7TABVfKAJoYLpv2LaI4JQpWvM6BKs2ZPnSb1UtMrF0vVJrnIxrSON9tA+yiMLnaIKukJVVEMUPaJn9IrejCfjxXg3PibRlDGd2UV/YHz+AFaSm1Q=</latexit>

!3g
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What is the origin of the IR suppression? 
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¥  It is the outcome of  the  competition  between the IR contributions  
originating from diagrams containing “massless” ghosts diagrams 
containing "massive" gluons”  

massless ghost propagators 

log-divergences in the infrared 

q2 = p2 = r2
<latexit sha1_base64="nndsGFTBoWtqKXA7UoTKknrpems=">AAAB9XicbVBNS8NAEJ3Urxq/qh69LBbBU0mioBeh6MVjBfsBbVo22027dLOJuxulhP4PLx4U8ep/8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3Cyura+kZx097a3tndK+0fNFScSkLrJOaxbAVYUc4ErWumOW0lkuIo4LQZjG6mfvORSsVica/HCfUjPBAsZARrI3Ufut5VYkp2PdtGvVLZqTgzoGXi5qQMOWq90lenH5M0okITjpVqu06i/QxLzQinE7uTKppgMsID2jZU4IgqP5tdPUEnRumjMJamhEYz9fdEhiOlxlFgOiOsh2rRm4r/ee1Uh5d+xkSSairIfFGYcqRjNI0A9ZmkRPOxIZhIZm5FZIglJtoEZZsQ3MWXl0nDq7hnFe/uvFy9zuMowhEcwym4cAFVuIUa1IGAhGd4hTfryXqx3q2PeWvBymcO4Q+szx/HQ5C7</latexit>

Symmetric point: 

massive loops  
IR protected log 

massless loops  
IR unprotected log 

f(0) ! �1
<latexit sha1_base64="PmXODiy97FDFJIjCSRSprCZrx5I=">AAAB/HicbVDLSsNAFJ3UV42vapduBotQF5akCrosunFZwT6gCWUynbRDJ5MwcyOEUH/FjQtF3Poh7vwbp4+Fth64cDjnXu69J0gE1+A431ZhbX1jc6u4be/s7u0flA6P2jpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8e3U7zwypXksHyBLmB+RoeQhpwSM1C+Vw6pzhj2I8bnHZQiZbeN+qeLUnBnwKnEXpIIWaPZLX94gpmnEJFBBtO65TgJ+ThRwKtjE9lLNEkLHZMh6hkoSMe3ns+Mn+NQoAxzGypQEPFN/T+Qk0jqLAtMZERjpZW8q/uf1Ugiv/ZzLJAUm6XxRmApsfp0mgQdcMQoiM4RQxc2tmI6IIhRMXrYJwV1+eZW06zX3ola/v6w0bhZxFNExOkFV5KIr1EB3qIlaiKIMPaNX9GY9WS/Wu/Uxby1Yi5ky+gPr8wd8xpK6</latexit>
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A.C.A, D.Binosi, D.Ibañez, J.Papavassiliou, Phys. Rev. D 89, no. 8, 085008 (2014) 
A.Athenodorou, D.Binosi, P. Boucaud, F.De Soto, J.Papavassiliou, J.Rodriguez-Quintero and 
S.Zafeiropoulos, Phys.Lett.B761, 444 (2016) 
 



�  Despite its physical importance, its nonperturbative behavior is still 
only partially known, mainly due to a variety of  serious technical 
difficulties 

1.   Rich tensorial structure leads to a  proliferation of  form factors: 
ü  10 non-transverse tensors – constrained by STI 

ü  4 transverse tensors 

 

2.  Form factors depend on three kinematic variables   
ü  The moduli of  two momenta, q, r and their relative angle θ.  

3.   Satisfies STIs instead of simple QED-like WIs à contribution of  the 
ghost sector  à gluon-ghost scattering kernel. 
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J. S. Ball and T. W. Chiu, Phys. Rev. D 22, 2550 (1980) 

q↵I�↵µ⌫(q, r, p) =F (q)[��1(p)P↵
⌫ (p)H↵µ(p, q, r)���1(r)P↵

µ (r)H↵⌫(r, q, p)]
<latexit sha1_base64="8wXIRkF5YivZ9cVWVUCGEIQ2pkc="></latexit>

D(q2) =
iF (q2)

q2
<latexit sha1_base64="dKywAfLXM7DpnTCyFv/ypwd+FXQ=">AAACA3icbVDLSsNAFL3xWesr6k43wSLUTUmqoBuhqIjLCvYBbSyT6aQdOpnEmYlQQsCNv+LGhSJu/Ql3/o3TtAttPTDDmXPu5c49XsSoVLb9bczNLywuLedW8qtr6xub5tZ2XYaxwKSGQxaKpockYZSTmqKKkWYkCAo8Rhre4GLkNx6IkDTkt2oYETdAPU59ipHSUsfcvSze35UPz9q+QDihV9krTfSddsyCXbIzWLPEmZACTFDtmF/tbojjgHCFGZKy5diRchMkFMWMpPl2LEmE8AD1SEtTjgIi3STbIbUOtNK1/FDow5WVqb87EhRIOQw8XRkg1ZfT3kj8z2vFyj91E8qjWBGOx4P8mFkqtEaBWF0qCFZsqAnCguq/WriPdBpKx5bXITjTK8+SernkHJXKN8eFyvkkjhzswT4UwYETqMA1VKEGGB7hGV7hzXgyXox342NcOmdMenbgD4zPH+5DlnA=</latexit>
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¥ Conventional approach: Solve the SDE for the three-gluon vertex 
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R. Alkofer, M.Q. Huber, K. Schwenzer, Eur. Phys. J. C62 , 761 (2009),  
G. Eichmann, R. Williams, R. Alkofer, M. Vujinovic,Phys. Rev. D89,105014 (2014) 
A. Blum, M.Q. Huber, M. Mitter, L. von Smekal, Phys. Rev. D 89, 061703(R) (2014) 
A. K. Cyrol, L. Fister, M. Mitter, J. M. Pawlowski, N. Strodthoff, Phys. Rev. D94, 054005 (2016) 
R. Williams, C. S. Fischer, and W.Heupel,  Phys. Rev. D 93, no. 3, 034026 (2016) 

+ · · ·
<latexit sha1_base64="dHB6lmN5S8w795qkm9A5oUXImqA=">AAAB8nicbVBNS8NAEN3Urxq/qh69LBZBEEpSBT0WvXisYD8gDWWz2bRLN7thdyKU0p/hxYMiXv013vw3btsctPXBwOO9GWbmRZngBjzv2ymtrW9sbpW33Z3dvf2DyuFR26hcU9aiSijdjYhhgkvWAg6CdTPNSBoJ1olGdzO/88S04Uo+wjhjYUoGkiecErBScIF7NFZgXBf3K1Wv5s2BV4lfkCoq0OxXvnqxonnKJFBBjAl8L4NwQjRwKtjU7eWGZYSOyIAFlkqSMhNO5idP8ZlVYpwobUsCnqu/JyYkNWacRrYzJTA0y95M/M8LckhuwgmXWQ5M0sWiJBcYFJ79j2OuGQUxtoRQze2tmA6JJhRsSq4NwV9+eZW06zX/slZ/uKo2bos4yugEnaJz5KNr1ED3qIlaiCKFntErenPAeXHenY9Fa8kpZo7RHzifPzNQj+Q=</latexit>

¥  Instead, we reconstruct             from its  

 

 

 

I�↵µ⌫
<latexit sha1_base64="UC3e93/kmP6/NH/MdQVZQQznslM=">AAACDHicbVDLSgMxFM3UVx1fVZduokVwVWaqoMuiC3VXwT6gU8qdNG1Dk8yQZIQyzAe48VfcuFDErR/gzr8xfSy09UDgcM653NwTxpxp43nfTm5peWV1Lb/ubmxube8UdvfqOkoUoTUS8Ug1Q9CUM0lrhhlOm7GiIEJOG+Hwauw3HqjSLJL3ZhTTtoC+ZD1GwFipUyimgRLpbZYFh8E1CAFuJw2AxwMIRBLIJHNdbFNeyZsALxJ/Ropohmqn8BV0I5IIKg3hoHXL92LTTkEZRjjN3CDRNAYyhD5tWSpBUN1OJ8dk+NgqXdyLlH3S4In6eyIFofVIhDYpwAz0vDcW//NaieldtFMm48RQSaaLegnHJsLjZnCXKUoMH1kCRDH7V0wGoIAY259rS/DnT14k9XLJPy2V786KlctZHXl0gI7QCfLROaqgG1RFNUTQI3pGr+jNeXJenHfnYxrNObOZffQHzucPpCmasQ==</latexit>

Slavnov-Taylor identity (STI) 
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q↵I�↵µ⌫(q, r, p) =F (q)[��1(p)P↵
⌫ (p)H↵µ(p, q, r)���1(r)P↵

µ (r)H↵⌫(r, q, p)]
<latexit sha1_base64="8wXIRkF5YivZ9cVWVUCGEIQ2pkc="></latexit>

ü  Notice that in the three-gluon vertex,             , we have  

whereas in the gluon propagator, 

ü  Therefore the STI connects  

STI 

ßmassless ghost loop   
(unprotected log) 

ßmassless ghost loop   
(unprotected log) 

I�↵µ⌫
<latexit sha1_base64="JeH1PuX0i4NuGkwFl9vjub5WA40=">AAACCnicbVA9SwNBEN2LXzF+nVrabAyCVbiLgpZBC7WLYBIhF8LcZpMs2d07dveEcFxt41+xsVDE1l9g579x81Fo4oOBx3szzMwLY8608bxvJ7e0vLK6ll8vbGxube+4u3sNHSWK0DqJeKTuQ9CUM0nrhhlO72NFQYScNsPh5dhvPlClWSTvzCimbQF9yXqMgLFSxy2mgRLpTZYFxeAKhACMO2kAPB5AIJJAJlnHLXllbwK8SPwZKaEZah33K+hGJBFUGsJB65bvxaadgjKMcJoVgkTTGMgQ+rRlqQRBdTudvJLhI6t0cS9StqTBE/X3RApC65EIbacAM9Dz3lj8z2slpnfeTpmME0MlmS7qJRybCI9zwV2mKDF8ZAkQxeytmAxAATE2vYINwZ9/eZE0KmX/pFy5PS1VL2Zx5NEBOkTHyEdnqIquUQ3VEUGP6Bm9ojfnyXlx3p2PaWvOmc3soz9wPn8AQLWanw==</latexit>

�(q2)
<latexit sha1_base64="FeneigIhFrWrxUzYtlk5gm5FSus=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2W3Cnos6sFjBfsB7VqyabYNzSZrMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMC2LBDbjut5NbWV1b38hvFra2d3b3ivsHTaMSTVmDKqF0OyCGCS5ZAzgI1o41I1EgWCsYXU/91hPThit5D+OY+REZSB5ySsBKne4NE0DKjw/V016x5FbcGfAy8TJSQhnqveJXt69oEjEJVBBjOp4bg58SDZwKNil0E8NiQkdkwDqWShIx46ezkyf4xCp9HCptSwKeqb8nUhIZM44C2xkRGJpFbyr+53USCC/9lMs4ASbpfFGYCAwKT//Hfa4ZBTG2hFDN7a2YDokmFGxKBRuCt/jyMmlWK95ZpXp3XqpdZXHk0RE6RmXkoQtUQ7eojhqIIoWe0St6c8B5cd6dj3lrzslmDtEfOJ8/KUiQhA==</latexit>



A sophisticated version of the gauge technique 
 �  Prototype: Three-particle vertex of  scalar QED  

�  It satisfies the Ward-Takahashi identity 

 

write the vertex as 

�  The longitudinal piece satisfies the WTI  

 

 

while the transversal part is automatically conserved 
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qµ�µ(q, r, p) = D�1(p2)�D�1(r2)
<latexit sha1_base64="crNsHrGN/4lyjwnEKxrUukjmt7c="></latexit>

�µ(q, r, p) = �L
µ(q, r, p) + �T

µ (q, r, p)
<latexit sha1_base64="KrTQzWb57cB5BotouYLmLMoFAjA=">AAACOHicbZDLSgMxFIYz9VbrrerSTbAIFUuZqYJuhKILXQhW6A06tWTSTBuazIxJRijDPJYbH8OduHGhiFufwLSdhW09EPj5v3M4Ob8TMCqVab4aqYXFpeWV9GpmbX1jcyu7vVOXfigwqWGf+aLpIEkY9UhNUcVIMxAEcYeRhjO4HPHGIxGS+l5VDQPS5qjnUZdipLTVyd7aV4hz1IlsHsb5h4IoBIfwHE7c+8gWHN7E0/RoilanaSebM4vmuOC8sBKRA0lVOtkXu+vjkBNPYYakbFlmoNoREopiRuKMHUoSIDxAPdLS0kOcyHY0PjyGB9rpQtcX+nkKjt2/ExHiUg65ozs5Un05y0bmf6wVKvesHVEvCBXx8GSRGzKofDhKEXapIFixoRYIC6r/CnEfCYSVzjqjQ7BmT54X9VLROi6W7k5y5YskjjTYA/sgDyxwCsrgGlRADWDwBN7AB/g0no1348v4nrSmjGRmF0yV8fMLrnyrHw==</latexit>

�L
µ(q, r, p) =

(r � p)µ
p2 � r2

[D�1(p2)�D�1(r2)]

“longitudinal” “transverse” 

qµ�T
µ (q, r, p) = 0

<latexit sha1_base64="6bCOS8VZExqQd9ujEg81lo4KzCY=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVChlpgq6EYoudFmhN2jrkEnTNjTJTJOMUIZ5Aje+ihsXirh17c63Mb0stPWHwMd/zuHk/H7IqNKO822lVlbX1jfSm5mt7Z3dPXv/oK6CSGJSwwELZNNHijAqSE1TzUgzlARxn5GGP7ye1BsPRCoaiKoeh6TDUV/QHsVIG8uzc6P7uM2jpH2DOEeGJYfVxJt6+VFBFsKTSwd6dtYpOlPBZXDnkAVzVTz7q90NcMSJ0JghpVquE+pOjKSmmJEk044UCREeoj5pGRSIE9WJp+ckMGecLuwF0jyh4dT9PREjrtSY+6aTIz1Qi7WJ+V+tFeneRSemIow0EXi2qBcxqAM4yQZ2qSRYs7EBhCU1f4V4gCTC2iSYMSG4iycvQ71UdE+LpbuzbPlqHkcaHIFjkAcuOAdlcAsqoAYweATP4BW8WU/Wi/VufcxaU9Z85hD8kfX5AzkOm4g=</latexit>

à undertermined 

But non-perturbative aspects make the construction rather subtle 
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�np
↵µ⌫(q, r, p)

<latexit sha1_base64="by1oUoCY08/3VbrG+14lZSHmSVw=">AAACEnicbVBNSwMxEM36WdevVY9egkWoIGW3CnosetBjBVsL3Vpm09QGk2xMskJZ+hu8+Fe8eFDEqydv/hvT2oNfDwYe780wMy9RnBkbhh/e1PTM7Nx8YcFfXFpeWQ3W1hsmzTShdZLyVDcTMJQzSeuWWU6bSlMQCacXyfXxyL+4pdqwVJ7bgaJtAVeS9RgB66ROsBOfgBBwmcdaYKmGfiePgas+xCKLZTYs3ezqXbXj+7gTFMNyOAb+S6IJKaIJap3gPe6mJBNUWsLBmFYUKtvOQVtGOB36cWaoAnINV7TlqARBTTsfvzTE207p4l6qXUmLx+r3iRyEMQORuE4Btm9+eyPxP6+V2d5hO2dSZZZK8rWol3FsUzzKB3eZpsTygSNANHO3YtIHDcS6FH0XQvT75b+kUSlHe+XK2X6xejSJo4A20RYqoQgdoCo6RTVURwTdoQf0hJ69e+/Re/Fev1qnvMnMBvoB7+0TQgGchw==</latexit>

�p
↵µ⌫(q, r, p)

<latexit sha1_base64="2BhmJUjoHN8ysOt9aNpuUpsMcEg=">AAACEXicbVBNSwMxEM3Wr7p+rXr0EixCBSm7KuhR9KDHClaFbi2zaWpDk2xMskJZ+he8+Fe8eFDEqzdv/hvT2oO2Phh4vDfDzLxEcWZsGH55hanpmdm54ry/sLi0vBKsrl2aNNOE1kjKU32dgKGcSVqzzHJ6rTQFkXB6lXRPBv7VPdWGpfLC9hRtCLiVrM0IWCc1g3J8CkLATR5rgVXfb+YxcNWBWGSxzPrlux29o7Z9HzeDUlgJh8CTJBqREhqh2gw+41ZKMkGlJRyMqUehso0ctGWE074fZ4YqIF24pXVHJQhqGvnwoz7eckoLt1PtSlo8VH9P5CCM6YnEdQqwHTPuDcT/vHpm24eNnEmVWSrJz6J2xrFN8SAe3GKaEst7jgDRzN2KSQc0EOtC9F0I0fjLk+RytxLtVXbP90tHx6M4imgDbaIyitABOkJnqIpqiKAH9IRe0Kv36D17b977T2vBG82soz/wPr4BZW6cDw==</latexit>

Massless 
excitations 

Massless 
excitations 

trigger Schwinger 
mechanism 

dynamical 
gluon mass 

generates 

µ, a

α, bβ, c

= +
˜
Γnp i

q2

︸
︷︷

︸

˜
Γp

p r

q

= +
<latexit sha1_base64="5t1rS4VUTeQF8Du8dqmC/28PvYg=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEpSBT0WvXisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaW9/Y3Cpvuzu7e/sHlcOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6cJ10aBS9WreHGiV+AWpQoHmoPLVH8YkFVQawrHWPd9LTJBhZRjhdOb2U00TTCZ4RHuWSiyoDrL5rTN0ZpUhimJlSxo0V39PZFhoPRWh7RTYjPWyl4v/eb3URDdBxmSSGirJYlGUcmRilD+OhkxRYvjUEkwUs7ciMsYKE2PjcW0I/vLLq6Rdr/mXtfrDVbVxW8RRhhM4hXPw4RoacA9NaAGBMTzDK7w5wnlx3p2PRWvJKWaO4Q+czx8xA40F</latexit>

I�↵µ⌫(q, r, p) = �NP
↵µ⌫(q, r, p) + �P

↵µ⌫(q, r, p)
<latexit sha1_base64="9MZPl9DpsIySX6ClTqVZrOsc00w="></latexit>

��1(q2) = q2J(q2) +m2(q2)
<latexit sha1_base64="fRTaPXn+bdhhgaXp94Y9i6eqhUc=">AAACFHicbZDLSgMxFIYz9VbH26hLN8EiVIplZhR0IxR1Ia4q2Au005JJM21o5mKSEcrQh3Djq7hxoYhbF+58GzOdLrT1QMjH/59Dcn43YlRI0/zWcguLS8sr+VV9bX1jc8vY3qmLMOaY1HDIQt50kSCMBqQmqWSkGXGCfJeRhju8TP3GA+GChsGdHEXE8VE/oB7FSCqpa5TaV4RJ1EmOrHHxvmMfwnOorpuMS9Dv2BlCXe8aBbNsTgrOgzWFAphWtWt8tXshjn0SSMyQEC3LjKSTIC4pZmSst2NBIoSHqE9aCgPkE+Ekk6XG8EApPeiFXJ1Awon6eyJBvhAj31WdPpIDMeul4n9eK5bemZPQIIolCXD2kBczKEOYJgR7lBMs2UgBwpyqv0I8QBxhqXJMQ7BmV56Hul22jsv27UmhcjGNIw/2wD4oAgucggq4BlVQAxg8gmfwCt60J+1Fe9c+stacNp3ZBX9K+/wBL3mZ0Q==</latexit>



Piece-wise realization of the STI  
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q↵I�↵µ⌫(q, r, p) =F (q)[��1(p)P↵
⌫ (p)H↵µ(p, q, r)���1(r)P↵

µ (r)H↵⌫(r, q, p)]
<latexit sha1_base64="8wXIRkF5YivZ9cVWVUCGEIQ2pkc="></latexit>

q↵I�↵µ⌫(q, r, p) =[��1(p)Pµ⌫(p)���1(r)Pµ⌫(r)]
<latexit sha1_base64="DucBLLqDK3KKa6hwZXT4PvdFmhM="></latexit>

q↵�NP
↵µ⌫(q, r, p) =[p2J(p2)Pµ⌫(p)� r2J(r2)Pµ⌫(r)]

<latexit sha1_base64="OAjBtrCkl/2z9nQnSuvElfwzvAQ="></latexit>

q↵�P
↵µ⌫(q, r, p) =[m2(p2)Pµ⌫(p)�m2(r2)Pµ⌫(r)]

<latexit sha1_base64="n0CH3iD4NLuNLTWE5p8wlbSmDAc="></latexit>

Turn off  ghost sector   
F (q) = 1; H↵µ = g↵µ

<latexit sha1_base64="MQ+Lzr5H8wIXeflF0Dse8sDshuo=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0mzJTBQUpFAXpsoJ9QGcY7qRpG5p5NMkIZeg3uPFX3LhQxK0rd/6N6WNRWw9cODnnXnLv8SLOpDLNHyO1tr6xuZXezuzs7u0fZA+PGjKMBaF1EvJQtDyQlLOA1hVTnLYiQcH3OG16g9uJ33ykQrIweFCjiDo+9ALWZQSUltxs4S4/LJSta2wPY+jgqpvYwKM+2H48LvcWX242ZxbNKfAqseYkh+aoudlvuxOS2KeBIhykbFtmpJwEhGKE03HGjiWNgAygR9uaBuBT6STTk8b4TCsd3A2FrkDhqbo4kYAv5cj3dKcPqi+XvYn4n9eOVffKSVgQxYoGZPZRN+ZYhXiSD+4wQYniI02ACKZ3xaQPAojSKWZ0CNbyyaukUSpa58XS/UWucjOPI41O0CnKIwtdogqqohqqI4Ke0At6Q+/Gs/FqfBifs9aUMZ85Rn9gfP0C+3KdGw==</latexit>

I�↵µ⌫(q, r, p) = �NP
↵µ⌫(q, r, p) + �P

↵µ⌫(q, r, p)
<latexit sha1_base64="9MZPl9DpsIySX6ClTqVZrOsc00w="></latexit>

��1(q2) = q2J(q2) +m2(q2)
<latexit sha1_base64="fRTaPXn+bdhhgaXp94Y9i6eqhUc=">AAACFHicbZDLSgMxFIYz9VbH26hLN8EiVIplZhR0IxR1Ia4q2Au005JJM21o5mKSEcrQh3Djq7hxoYhbF+58GzOdLrT1QMjH/59Dcn43YlRI0/zWcguLS8sr+VV9bX1jc8vY3qmLMOaY1HDIQt50kSCMBqQmqWSkGXGCfJeRhju8TP3GA+GChsGdHEXE8VE/oB7FSCqpa5TaV4RJ1EmOrHHxvmMfwnOorpuMS9Dv2BlCXe8aBbNsTgrOgzWFAphWtWt8tXshjn0SSMyQEC3LjKSTIC4pZmSst2NBIoSHqE9aCgPkE+Ekk6XG8EApPeiFXJ1Awon6eyJBvhAj31WdPpIDMeul4n9eK5bemZPQIIolCXD2kBczKEOYJgR7lBMs2UgBwpyqv0I8QBxhqXJMQ7BmV56Hul22jsv27UmhcjGNIw/2wD4oAgucggq4BlVQAxg8gmfwCt60J+1Fe9c+stacNp3ZBX9K+/wBL3mZ0Q==</latexit>

Piece-wise realization : 

The sum  
recovers the  
original STI 

P↵↵0(q)Pµµ0(r)P⌫⌫0(p)�p
↵µ⌫(q, r, p) = 0

<latexit sha1_base64="jxZnYA8q2RICnV4oDtrfX9eOOqY="></latexit>

Drops out from observables 



Constructing the three-gluon vertex 
�  The most general decomposition of  the full three-gluon             

vertex has 14 tensorial structures.    

�  It can be separated in “longitudinal” and “transverse” part 

 

ü  The transverse part (4 tensorial structures) is automatically 
conserved: 

 

ü  While the 10  “longitudinal” structures saturate the STI:  
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�NP
↵µ⌫(q, r, p) = �L

↵µ⌫(q, r, p) + �T
↵µ⌫(q, r, p)

<latexit sha1_base64="WR9Wf7LFbxGXHSjv5B72qaMYxTA="></latexit>

q↵�L
↵µ⌫(q, r, p) =F (q)[p2J(p2)P↵

⌫ (p)H↵µ(p, q, r)� r2J(r2)P↵
µ (r)H↵⌫(r, q, p)]

<latexit sha1_base64="UMPRhWDQxo7tJytLf65JEp6smsg="></latexit>



Tensorial basis 
�  The most general Lorentz decomposition of  the non-

transverse part  in the Ball-Chiu basis is 

where the tensors 

 

�  At tree level the form factors reduce to   

13 

J. S. Ball and T. W. Chiu, Phys. Rev. D 22, 2550 (1980) 
D. Binosi and J. Papavassiliou, JHEP 1103, 121 (2011) 

X1(q, r, p) = 1 X4(q, r, p) = 1 X7(q, r, p) = 1
<latexit sha1_base64="fSTvYV01W+oKY7RDSr/jWnv+/Pk=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARKpSStIW6EYpuXFawbaANYTKZtEMnl85MhBL6IG58FTcuFHHjQvBtnLYBtfWHgZ/vnMOZ87sxo0IaxpeWW1vf2NzKbxd2dvf2D/TDo46IEo5JG0cs4paLBGE0JG1JJSNWzAkKXEa67uh6Vu/eEy5oFN7JSUzsAA1C6lOMpEKOXrMcszQu83J8fmnC/jhBHrSc+ipq/CBHLxoVYy64aszMFEGmlqN/9L0IJwEJJWZIiJ5pxNJOEZcUMzIt9BNBYoRHaEB6yoYoIMJO58dN4ZkiHvQjrl4o4Zz+nkhRIMQkcFVngORQLNdm8L9aL5H+hZ3SME4kCfFikZ8wKCM4Swp6lBMs2UQZhDlVf4V4iDjCUuVZUCGYyyevmk61YtYq1dt6sXmVxZEHJ+AUlIAJGqAJbkALtAEGD+AJvIBX7VF71t6090VrTstmjsEfaZ/foeSdWg==</latexit>

Xi(q, r, p) = 0
<latexit sha1_base64="sX5YrTtJsCMBENfhV/n0loBr6v8=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJUKGW3CnoRil48VrAf0C4lm2bb0Gw2JlmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXiA508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NRxoghtkJjHqh1gTTkTtGGY4bQtFcVRwGkrGN1O/dYTVZrF4sGMJfUjPBAsZAQbK3XbPVZ6LKuyPLt2e4WiW3FnQMvEy0gRMtR7ha9uPyZJRIUhHGvd8Vxp/BQrwwink3w30VRiMsID2rFU4IhqP53dPEGnVumjMFa2hEEz9fdEiiOtx1FgOyNshnrRm4r/eZ3EhFd+yoRMDBVkvihMODIxmgaA+kxRYvjYEkwUs7ciMsQKE2NjytsQvMWXl0mzWvHOK9X7i2LtJosjB8dwAiXw4BJqcAd1aAABCc/wCm9O4rw4787HvHXFyWaO4A+czx85RZB/</latexit>



Bose Symmetry 
�  Bose symmetry implies that some form factors are 

related to each other by cyclic permutations of  the 
legs 

As consequence, only 4 out of the 10 form factors 
should be determined à  X1, X2, X3 and  X10. 

14 



Abelianized solution 

�  Turn of  the ghost sector à  

�  We are “solving” 

�  Then   

15 

F (q) = 1; H↵µ = g↵µ
<latexit sha1_base64="MQ+Lzr5H8wIXeflF0Dse8sDshuo=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0mzJTBQUpFAXpsoJ9QGcY7qRpG5p5NMkIZeg3uPFX3LhQxK0rd/6N6WNRWw9cODnnXnLv8SLOpDLNHyO1tr6xuZXezuzs7u0fZA+PGjKMBaF1EvJQtDyQlLOA1hVTnLYiQcH3OG16g9uJ33ykQrIweFCjiDo+9ALWZQSUltxs4S4/LJSta2wPY+jgqpvYwKM+2H48LvcWX242ZxbNKfAqseYkh+aoudlvuxOS2KeBIhykbFtmpJwEhGKE03HGjiWNgAygR9uaBuBT6STTk8b4TCsd3A2FrkDhqbo4kYAv5cj3dKcPqi+XvYn4n9eOVffKSVgQxYoGZPZRN+ZYhXiSD+4wQYniI02ACKZ3xaQPAojSKWZ0CNbyyaukUSpa58XS/UWucjOPI41O0CnKIwtdogqqohqqI4Ke0At6Q+/Gs/FqfBifs9aUMZ85Rn9gfP0C+3KdGw==</latexit>

q↵�L
↵µ⌫(q, r, p) =[p2J(p2)Pµ⌫(p)� r2J(r2)Pµ⌫(r)]

<latexit sha1_base64="4OGAYFdzMaG7SXOYy++nPVJZldk="></latexit>

But the full STI has… 



The STI solution  

...the gluon-ghost scattering kernel, H 

ü  which has the following Lorentz decomposition 

 

 

                        à form factors (function of  two momenta and 
the angle between them) 

ü  At tree level:  
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A(0)
1 = 1

+Hνµ(q, p, r) =
ν

q

p

µ

r

p

µ

ν

q

r



The STI solution for 
�  Replacing in the STI the tensorial decompositions 

for the three-gluon vertex and  gluon-ghost 
scattering kernel 
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We obtain… 

q↵�L
↵µ⌫(q, r, p) =F (q)[p2J(p2)P↵

⌫ (p)H↵µ(p, q, r)� r2J(r2)P↵
µ (r)H↵⌫(r, q, p)]

<latexit sha1_base64="UMPRhWDQxo7tJytLf65JEp6smsg="></latexit>

�L
↵µ⌫(q, r, p)

<latexit sha1_base64="3tJvI1hYe8dQDi6Q2GQnnRK51y4="></latexit>



�  The following expressions for the longitudinal three-gluon 
form factors 

 

where 

 

The longitudinal form factors 
may be construct from:  

18 J. S. Ball and T. W. Chiu, Phys. Rev. D 22, 2550 (1980) 

X2(q, r, p) = · · ·
X3(q, r, p) = · · ·
X10(q, r, p) = · · ·

<latexit sha1_base64="kVXU6OfySeykZctjE3uW1S2gyYM=">AAACMHicbVDLSsNAFJ3UV42vqEs3g0WoUErSCroRii50WcG2gSaEyWTSDp08nJkIJfST3PgpulFQxK1fYdJmoW0PXDiccy/33uPGjAqp6+9KaWV1bX2jvKlube/s7mn7B10RJRyTDo5YxE0XCcJoSDqSSkbMmBMUuIz03NF17vceCRc0Cu/lOCZ2gAYh9SlGMpMc7cZ0GtWHGq/Fp/ASWtiLpICWpZpOc7mcGvpkwVFVR6vodX0KuEiMglRAgbajvVhehJOAhBIzJETf0GNpp4hLihmZqFYiSIzwCA1IP6MhCoiw0+nDE3iSKR70I55VKOFU/TuRokCIceBmnQGSQzHv5eIyr59I/8JOaRgnkoR4tshPGJQRzNODHuUESzbOCMKcZrdCPEQcYZllnIdgzL+8SLqNutGsN+7OKq2rIo4yOALHoAoMcA5a4Ba0QQdg8ARewQf4VJ6VN+VL+Z61lpRi5hD8g/LzCxQIpCY=</latexit>

J(p), F (r), A1, A3 and A4
<latexit sha1_base64="wuhaf6LwTn3W3nZp9xBvzevyF7w=">AAACEXicbVDLSgMxFM3UV62vUZdugkUYQcpMW1Bw0yqIuKpgH9ApQyZN29BMZkgyYhn6C278FTcuFHHrzp1/Y6btQlsP5HJyzr0k9/gRo1LZ9reRWVpeWV3Lruc2Nre2d8zdvYYMY4FJHYcsFC0fScIoJ3VFFSOtSBAU+Iw0/eFl6jfviZA05HdqFJFOgPqc9ihGSkuead1Y0fEJvLKErlXPSUvJPYdu4IcPCeLdsb5UvXLOM/N2wZ4ALhJnRvJghppnfrndEMcB4QozJGXbsSPVSZBQFDMyzrmxJBHCQ9QnbU05CojsJJONxvBIK13YC4U+XMGJ+nsiQYGUo8DXnQFSAznvpeJ/XjtWvbNOQnkUK8Lx9KFezKAKYRoP7FJBsGIjTRAWVP8V4gESCCsdYhqCM7/yImkUC06pULwt5ysXsziy4AAcAgs44BRUwDWogTrA4BE8g1fwZjwZL8a78TFtzRizmX3wB8bnDwF0mWQ=</latexit>



Ingredients 
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m2(q2) =
m2

0

1 + (q2/⇢2m)1+�
<latexit sha1_base64="uuqoKDtFsjs+2iq+aLVUnijiH2I="></latexit>

•  Solving the dynamical equations for the gluon propagator  

Ghost loop 
Creates the zero 
crossing in J(q) 

m2(q2) =

Z

k
K2(q, k,m

2, J) J(q2) = 1 +

Z

k
K1(q, k,m

2, J)

“zero crossing”



Ghost dressing function   

I. L. Bogolubsky, et al.  PoS LATTICE, 290 (2007). 
A. C. A., D. Ibáñez, and J. Papavassiliou, Phys.Rev. D87, 114020 (2013). 
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( )−1 = ( )−1 +

k

q q q k + q



Scattering gluon-ghost kernel 
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Contribution of 2 dressed diagrams  

p

µ

ν

q

r

One-loop dressed
approximation

p

ℓ+ p

r

ℓ− q

q

ℓ

µ

ℓ+ r

r

ℓ

q

ℓ− q

µ

p
ν ν

+

(dνµ1 ) (dνµ2 )

+Hνµ(q, p, r) =
ν

q

p

µ

r

p

µ

ν

q

r

A1, A3 and A4
<latexit sha1_base64="GJGfq1eRELxYO3JUmX6RwXj+ch8=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAILqQkbUGhm1Y3LivYBzQhTCaTduhkJsxMxBLqxl9x40IRt/6FO//G6WOhrQcuHM65l3vvCRJKpLLtbyO3srq2vpHfLGxt7+zumfsHbclTgXALccpFN4ASU8JwSxFFcTcRGMYBxZ1geD3xO/dYSMLZnRol2Ithn5GIIKi05JtHDd85b/gVt+bGAX/IIAvHbq3hV32zaJfsKaxl4sxJEczR9M0vN+QojTFTiEIpe46dKC+DQhFE8bjgphInEA1hH/c0ZTDG0sumH4ytU62EVsSFLqasqfp7IoOxlKM40J0xVAO56E3E/7xeqqJLLyMsSRVmaLYoSqmluDWJwwqJwEjRkSYQCaJvtdAACoiUDq2gQ3AWX14m7XLJqZTKt9Vi/WoeRx4cgxNwBhxwAergBjRBCyDwCJ7BK3gznowX4934mLXmjPnMIfgD4/MHjOqVrg==</latexit>

A.C.A, M. N. Ferreira, C. T. Figueiredo and J. Papavassiliou:  Phys. Rev. D99, no. 3, 034026 (2019)  



22 
A.C.A, M. N. Ferreira, C. T. Figueiredo and J. Papavassiliou:  Phys. Rev. D99, no. 3, 034026 (2019)  

Sizable deviation from  
their tree level values! 



Numerical results for the three-gluon vertex 
ü  The angular dependence is weak and barely visible in the 3D plots 
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X1(q
2, r2, ✓ = 0)

<latexit sha1_base64="1QEuwjtjJXKMAOVl5N0Wp3waPGA=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRKkhJqqAXoejFYwX7AW0Mm+22XbrZxN2JUELBv+LFgyJe/R3e/Ddu2xy0+mDg8d4MM/OCWHANjvNl5RYWl5ZX8quFtfWNzS17e6eho0RRVqeRiFQrIJoJLlkdOAjWihUjYSBYMxheTfzmA1OaR/IWRjHzQtKXvMcpASP59l7Ld0v3d5VjZaoDAwbkwjny7aJTdqbAf4mbkSLKUPPtz043oknIJFBBtG67TgxeShRwKti40Ek0iwkdkj5rGypJyLSXTs8f40OjdHEvUqYk4Kn6cyIlodajMDCdIYGBnvcm4n9eO4HeuZdyGSfAJJ0t6iUCQ4QnWeAuV4yCGBlCqOLmVkwHRBEKJrGCCcGdf/kvaVTK7km5cnNarF5mceTRPjpAJeSiM1RF16iG6oiiFD2hF/RqPVrP1pv1PmvNWdnMLvoF6+MblPaT9A==</latexit>

X2(q
2, r2, ✓ = 0)

<latexit sha1_base64="hRqhCshpjRcJmuZUV0LrkLnsCnA=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AIFaQkUdCLUPTisYL9gDaGzXbTLt1s4u5EKKHgX/HiQRGv/g5v/hu3bQ5afTDweG+GmXlBwpkC2/4yCguLS8srxdXS2vrG5pa5vdNUcSoJbZCYx7IdYEU5E7QBDDhtJ5LiKOC0FQyvJn7rgUrFYnELo4R6Ee4LFjKCQUu+udf23cr9nXssdXVhQAFf2Ee+Wbar9hTWX+LkpIxy1H3zs9uLSRpRAYRjpTqOnYCXYQmMcDoudVNFE0yGuE87mgocUeVl0/PH1qFWelYYS10CrKn6cyLDkVKjKNCdEYaBmvcm4n9eJ4Xw3MuYSFKggswWhSm3ILYmWVg9JikBPtIEE8n0rRYZYIkJ6MRKOgRn/uW/pOlWnZOqe3Narl3mcRTRPjpAFeSgM1RD16iOGoigDD2hF/RqPBrPxpvxPmstGPnMLvoF4+MbloyT9Q==</latexit>

A.C.A, M. N. Ferreira, C. T. Figueiredo and J. Papavassiliou: arXiv:1903.01184 [hep-ph] 

Related to 
the tree level 
tensorial 
structure 
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X3(q
2, r2, ✓ = 0)

<latexit sha1_base64="Ea0LBwqF+wOOmysY0ytjIu1I76g=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQIkjYTQS9CEEvHiOYByTrMjuZTYbMPpzpFcIS8Fe8eFDEq9/hzb9xkuxBEwsaiqpuuru8WHAFlvVt5JaWV1bX8uuFjc2t7R1zd6+pokRS1qCRiGTbI4oJHrIGcBCsHUtGAk+wlje8nvitRyYVj8I7GMXMCUg/5D6nBLTkmgdtt1p6uK+cSl1dGDAgl9aJaxatsjUFXiR2RoooQ901v7q9iCYBC4EKolTHtmJwUiKBU8HGhW6iWEzokPRZR9OQBEw56fT8MT7WSg/7kdQVAp6qvydSEig1CjzdGRAYqHlvIv7ndRLwL5yUh3ECLKSzRX4iMER4kgXucckoiJEmhEqub8V0QCShoBMr6BDs+ZcXSbNStqvlyu1ZsXaVxZFHh+gIlZCNzlEN3aA6aiCKUvSMXtGb8WS8GO/Gx6w1Z2Qz++gPjM8fmCKT9g==</latexit>

X10(q
2, r2, ✓ = 0)

<latexit sha1_base64="789fYWa7DRY7np9Y9noLuN+rHL4=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiCBhNwp6EYJePEYwD0jWZXYymwyZfTjTK4QlXvwVLx4U8epfePNvnCR70MSChqKqm+4uLxZcgWV9G7mFxaXllfxqYW19Y3PL3N5pqCiRlNVpJCLZ8ohigoesDhwEa8WSkcATrOkNrsZ+84FJxaPwFoYxcwLSC7nPKQEtueZey01ta1S6v6scS10d6DMgF9aRaxatsjUBnid2RoooQ801vzrdiCYBC4EKolTbtmJwUiKBU8FGhU6iWEzogPRYW9OQBEw56eSDET7UShf7kdQVAp6ovydSEig1DDzdGRDoq1lvLP7ntRPwz52Uh3ECLKTTRX4iMER4HAfucskoiKEmhEqub8W0TyShoEMr6BDs2ZfnSaNStk/KlZvTYvUyiyOP9tEBKiEbnaEqukY1VEcUPaJn9IrejCfjxXg3PqatOSOb2UV/YHz+AN4zlTo=</latexit>

In the abelian 
approximation is 
identically zero 



Remark 1:  
Suppression is a nonperturbative effect 
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ü  Cyan surface is the one-loop 
result 

ü  Nonperturbative result is more 
tilted towards the IR à presence 
of  the crossing 

 



�  The configuration where q2 =r2 is less suppressed then 
others configurations 
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Remark 2:  



Comparison with the lattice results  
�  In the totally symmetric configuration  

�  Lattice has access to the following combination of  form factors 

 

�  In our approach we can not determine the transverse form 
factors using the STI, then we will consider in the above 
expression Ti=0  

✓ = 120�

0 
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Comparison with the lattice results: Symmetric  

A.C.A, M. N. Ferreira, C. T. Figueiredo and J. Papavassiliou,  1903.01184 [hep-ph] 
Lattice data: 
A. Athenodorou, D. Binosi, P. Boucaud, F. De Soto, J. Papavassiliou, J. Rodriguez-Quinteros and S. Zafeiropoulos, 
Phys. Lett. B 761, 444 (2016). 

Good agreement 
In the IR two sources 
of errors:  
ü  Truncation 
ü  Transverse form 

factors 

Crossing at q 

28 



�  In the asymmetric configuration : 

�  We have 
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No transversal contamination! 

p = 0 and r = �q
<latexit sha1_base64="sVMdbEMfoVOKf9woyviEPDt9oe0=">AAACAHicbVDLSgMxFM34rPU16sKFm2AR3FhmqqAghaIblxXsAzpDyWQybWiSGZOMWIbZ+CtuXCji1s9w59+YPhbaeuDCyTn3kntPkDCqtON8WwuLS8srq4W14vrG5ta2vbPbVHEqMWngmMWyHSBFGBWkoalmpJ1IgnjASCsYXI/81gORisbiTg8T4nPUEzSiGGkjde39pOp4l9DjQfyYIRHm5iGrJ/ddu+SUnTHgPHGnpASmqHftLy+MccqJ0JghpTquk2g/Q1JTzEhe9FJFEoQHqEc6hgrEifKz8QE5PDJKCKNYmhIajtXfExniSg15YDo50n01643E/7xOqqMLP6MiSTURePJRlDKoYzhKA4ZUEqzZ0BCEJTW7QtxHEmFtMiuaENzZk+dJs1J2T8uV27NS7WoaRwEcgENwDFxwDmrgBtRBA2CQg2fwCt6sJ+vFerc+Jq0L1nRmD/yB9fkDDQOVag==</latexit>



Comparison with the lattice results: Asymmetric  

A.C.A, M. N. Ferreira, C. T. Figueiredo and J. Papavassiliou,  1903.01184 [hep-ph] 
Lattice data: 
A. Athenodorou, D. Binosi, P. Boucaud, F. De Soto, J. Papavassiliou, J. Rodriguez-Quinteros and S. Zafeiropoulos, 
Phys. Lett. B 761, 444 (2016). 

Good agreement! 

Crossing at q 
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Conclusions 
¥ We have  determined the longitudinal form factors of the 

three-gluon vertex for general values of the Euclidean 
momenta. 

¥  STI fixes completely its 10 longitudinal form factors in terms 
of  the gluon propagator, the ghost dressing function, and the 
gluon-ghost scattering kernel.  

¥  Due to the Bose symmetry out of 10 form factors we have to 
computed only 4. 

¥  The form factors of  the gluon-ghost scattering kernel have 
been computed within the ``one-loop dressed'' approximation 

¥  There is a sizable suppression in the IR caused by the 
presence of  the massless ghost loops  

¥  In agreement with lattice simulations and  phenomenological 
requirements 
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