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CONFINEMENT MECHANISM IN 
COUOMB GAUGE QCD



QED IN COULOMB GAUGE
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How confinement works?
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BUT… 
not really confinement… 

mess up chiral physics in vac. 
mess up hadron spectrum
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<latexit sha1_base64="017YvmXMRHSaxDuJ1apRfvsi8Aw=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzLje1l047KCfUBnWjJppg3NY0gyQhm78FfcuFDErb/hzr8xbWehrQcCJ+fcy733RAmj2njet7OwuLS8slpYK65vbG5tuzu7dS1ThUkNSyZVM0KaMCpIzVDDSDNRBPGIkUY0uBn7jQeiNJXi3gwTEnLUEzSmGBkrddz9IFEyMRJmAU/b9kM5GbVPO27JK3sTwHni56QEclQ77lfQlTjlRBjMkNYt30tMmCFlKGZkVAxSTRKEB6hHWpYKxIkOs8n+I3hklS6MpbJPGDhRf3dkiGs95JGt5Mj09aw3Fv/zWqmJr8KMiiQ1RODpoDhl0N47DgN2qSLYsKElCCtqd4W4jxTCxkZWtCH4syfPk/pJ2b8on9+dlSrXeRwFcAAOwTHwwSWogFtQBTWAwSN4Bq/gzXlyXpx352NauuDkPXvgD5zPH1L5lk8=</latexit>

/ µ03

<latexit sha1_base64="2WkMv2FW5OpzZ4F2TPernEvQG1I=">AAACDXicbVA7T8MwGHTKq5RXgJHFoiAxVQnvsYKFsUj0ITWhclyntWo7ke0gVVH+AAt/hYUBhFjZ2fg3OG0GaDnJ8unu+2TfBTGjSjvOt1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6Dr32w9EKhqJOz2Oic/RQNCQYqSN1LMPPJ7ce7GknEBzRbGOYC6lXigRTt0sPcmynl11as4EcJ64BamCAo2e/eX1I5xwIjRmSKmu68TaT5HUFDOSVbxEkRjhERqQrqECcaL8dJImg4dG6cMwkuYIDSfq740UcaXGPDCTHOmhmvVy8T+vm+jw0k+piBNNBJ4+FCYMmsh5NbBPJcGajQ1BWFLzV4iHyNSgTYEVU4I7G3metI5r7nnt7Pa0Wr8q6iiDPbAPjoALLkAd3IAGaAIMHsEzeAVv1pP1Yr1bH9PRklXs7II/sD5/AD7TnFI=</latexit>

µ0 / µ
1
3

<latexit sha1_base64="cnD4SmD6VmAqtbCLocmD2mGWSGQ=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KknxtSy6cVnRPqCNYTKdtEMnkzAzUUKpv+LGhSJu/RB3/o3TNgttPXDhcM693HtPkHCmtON8W0vLK6tr64WN4ubW9s6uvbffVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvJr4rQcqFYvFnc4S6kW4L1jICNZG8u0S8W/vq6grWX+gsZTxI3J9u+xUnCnQInFzUoYcdd/+6vZikkZUaMKxUh3XSbQ3wlIzwum42E0VTTAZ4j7tGCpwRJU3mh4/RkdG6aEwlqaERlP198QIR0plUWA6I6wHat6biP95nVSHF96IiSTVVJDZojDlSMdokgTqMUmJ5pkhmEhmbkVkgCUm2uRVNCG48y8vkma14p5VTm9OyrXLPI4CHMAhHIML51CDa6hDAwhk8Ayv8GY9WS/Wu/Uxa12y8pkS/IH1+QO1hJQu</latexit>

c2S ! 1

<latexit sha1_base64="zBa0rmIzC8DDmnidsyg68++CsvE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUnE17LoxmUF+4Amlsl00g6dR5iZKCUU3Pgrblwo4tafcOffOG2z0NYDFw7n3Mu990QJo9p43rdTWFhcWl4prpbW1jc2t9ztnYaWqcKkjiWTqhUhTRgVpG6oYaSVKIJ4xEgzGlyN/eY9UZpKcWuGCQk56gkaU4yMlTruXsDTuyBRlBMYKNrrG6SUfIBW7rhlr+JNAOeJn5MyyFHruF9BV+KUE2EwQ1q3fS8xYYaUoZiRUSlINUkQHqAeaVsqECc6zCY/jOChVbowlsqWMHCi/p7IENd6yCPbyZHp61lvLP7ntVMTX4QZFUlqiMDTRXHKoJFwHAjsUkWwYUNLEFbU3gpxHymEjY2tZEPwZ1+eJ43jin9WOb05KVcv8ziKYB8cgCPgg3NQBdegBuoAg0fwDF7Bm/PkvDjvzse0teDkM7vgD5zPH0dUl/E=</latexit>

µ0 ! µ
<latexit sha1_base64="YmAPX5kLDNf1OvrfGjPtVL5SyrQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiT1uSy6cVnBPqCJYTKdtEMnM2FmopSQlRt/xY0LRdz6De78G6ePhbYeuHA4517uvSdMGFXacb6twsLi0vJKcbW0tr6xuWVv7zSVSCUmDSyYkO0QKcIoJw1NNSPtRBIUh4y0wsHVyG/dE6mo4Ld6mBA/Rj1OI4qRNlJg7+NA3VWhJ2mvr5GU4gF6kUQ4c/PsOA/sslNxxoDzxJ2SMpiiHthfXlfgNCZcY4aU6rhOov0MSU0xI3nJSxVJEB6gHukYylFMlJ+N38jhoVG6MBLSFNdwrP6eyFCs1DAOTWeMdF/NeiPxP6+T6ujCzyhPUk04niyKUga1gKNMYJdKgjUbGoKwpOZWiPvIpKBNciUTgjv78jxpVivuWeX05qRcu5zGUQR74AAcARecgxq4BnXQABg8gmfwCt6sJ+vFerc+Jq0FazqzC/7A+vwB7W6YzQ==</latexit>

c2s ! 1

3
If V->0 as p-> Inf:

versus

e.g. (SEPARABLE APPROX.)
<latexit sha1_base64="pPDZ5XVJtpmGKSSTMp8D0bD46C8="></latexit>

V (p, q) ⇡ V0 e
�p2/⇤2

e�q2/⇤2





χ2 =
∂nv

∂μ

BARYON  FLUCTUATIONS 



SPEED OF SOUND V/S BARYON FLUCTUATIONS





CONFINEMENT



Conf. via: 
A -> Infinity 

thermal weights -> 0;  
non-sense!Alkofer et al. A->1 in thermal

QUARK SDE



Conf. via: 
A -> Infinity 

thermal weights -> 0;  
non-sense!Alkofer et al. A->1 in thermal

QUARK SDE

R. Alkofer, P. A. Amundsen, K. Langfeld 
Z. Phys. C 42 199-208 (1989)

<latexit sha1_base64="A5KNm8g07zEAy+Xi6NWaIRXP2AY=">AAAB+XicbVDLSsNAFL2prxpfUZduBovgqiQuqhux6sZlBfuANpTJdNIOnUzCzKRSQv/EjYgibv0I927Ev3H6WGjrgQuHc+7l3nuChDOlXffbyi0tr6yu5dftjc2t7R1nd6+m4lQSWiUxj2UjwIpyJmhVM81pI5EURwGn9aB/PfbrAyoVi8WdHibUj3BXsJARrI3UdpxL1JKs29NYyvgeeajtFNyiOwFaJN6MFC4+7PPk6cuutJ3PVicmaUSFJhwr1fTcRPsZlpoRTkd2K1U0waSPu7RpqMARVX42uXyEjozSQWEsTQmNJurviQxHSg2jwHRGWPfUvDcW//OaqQ7P/IyJJNVUkOmiMOVIx2gcA+owSYnmQ0MwkczcikgPS0y0Ccs2IXjzLy+S2knRKxVLt26hfAVT5OEADuEYPDiFMtxABapAYAAP8AwvVmY9Wq/W27Q1Z81m9uEPrPcfqPiWCg==</latexit>

A ! 1 in
<latexit sha1_base64="9uuQqxb77UzDFn6o/O0DBNMsX6Q=">AAAB8XicbVDLSgNBEOyNrxhfUY+KDAbBg4RdD9Fj0IvHBMwDkyXMTmaTITOzy8ysEJYc/QMvHhTx6g/kO7z5Df6Ek8SDJhY0FFXddHcFMWfauO6nk1laXlldy67nNja3tnfyu3t1HSWK0BqJeKSaAdaUM0lrhhlOm7GiWAScNoLB9cRv3FOlWSRvzTCmvsA9yUJGsLHSnTxD7QCrVI46+YJbdKdAi8T7IYXy4bj69XA0rnTyH+1uRBJBpSEca93y3Nj4KVaGEU5HuXaiaYzJAPdoy1KJBdV+Or14hE6s0kVhpGxJg6bq74kUC62HIrCdApu+nvcm4n9eKzHhpZ8yGSeGSjJbFCYcmQhN3kddpigxfGgJJorZWxHpY4WJsSHlbAje/MuLpH5e9ErFUtWmcQUzZOEAjuEUPLiAMtxABWpAQMIjPMOLo50n59V5m7VmnJ+ZffgD5/0bFFGUQQ==</latexit>

n, n̄



Conf. via: 
A -> Infinity 

thermal weights -> 0;  
non-sense??  

Quark Suppression

QUARK SDE



Constituent Quark Mass (GeV)



Kaczmarek et. al.

confined

deconfined

|hLi|2 = e��FQQ̄[r!1,T ]

HEAVY QUARK FREE ENERGY

T < Tc

hLi = 0

hLi 6= 0

T > Tc



Kaczmarek et. al.

confined

deconfined

HEAVY QUARK FREE ENERGY

<latexit sha1_base64="PEhtuKKlpsST3ihaBEl3G1x7tDU="></latexit>

e���V (r) ⇠ e�� �
⇤IR

model in C-Gauge: IR scale

chiral?

T < Tc

hLi = 0

hLi 6= 0

T > Tc

|hLi|2 = e��FQQ̄[r!1,T ] V(r) − V(0) =
−σ
ΛIR

[e−rΛIR − 1]
IR-regulated potential



illustrationnew model



SUMMARY & CONCLUSIONS

• Dynamical interaction —> asymptotic freedom —>  cs^2 and χ_2 receive 
essential, quantifiable contribution (from dynamical interaction). 

• Towards a first attempt to determine phase diagram of Coulomb gauge 
QCD 

• Fixing vacuum naturally leads to a Tc ~ 155 MeV —> Alkofer 
approximation. 

• Polyakov loop can be computed as an observable. 

• To do: beyond Alkofer, include confinement in dense matter (ring - 
Eur.Phys.J.A 58 (2022) 9, 172).  

Thank you for your attention.


