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WHICH RING?



Massless limits
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QCD IN COULOMB GAUGE



QCD IN COULOMB GAUGE

• An instantaneous potential obtained from QCD 

• All degree of freedom are physical 
ghost-free! 

• Confining and momentum dependent 
VS NJL



COULOMB GAUGE QED
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COULOMB GAUGE QCD
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2 form factors

+ non-trivial vacuum with
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INGREDIENTS OF CONFINEMENT
Infrared enhancement

VCoulomb � VQQ̄
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are IR div! But 

is finite! 

Also: 
Pions, GOR are fine!



DYNAMICAL MASS GENERATION

Dyson-Schwinger Equations

exact!

Hartree Fock

4-point

Zero here!



DYNAMICAL MASS GENERATION

Dyson-Schwinger Equations

self-consistent MF



DYNAMICAL MASS GENERATION

Dyson-Schwinger Equations

RPA

pml and E.Swanson PRD 81, 034030 (2010)  

M, T, mu, B etc.



DYNAMICAL CHIRAL QUARK 
MODEL

• Derive the medium dependence of  
4-quark coupling such that… 
 
no Tc rescaling by hand 
derive the natural (T, mu, B) dependences of coupling 

• Vec-Vec interaction to start with!  
Gv in NJL-like model? finite density? 

• Momentum dependence and confinement aspects



Gap eqn.
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G ! G(M ;T, µ,B)

Issues: 
Reg. Scheme dependent 
1st order phase transition 

+  
scheme of conf. 



PNJL: 
Tc  increases w B



W RING 
Tc  decreases B 
(and saturates)



DYNAMICAL CHIRAL QUARK 
MODEL

• Derive the medium dependence of  
4-quark coupling such that… 
 
no Tc rescaling by hand 
derive the natural (T, mu, B) dependences of coupling 

• Vec-Vec interaction to start with!  
Gv in NJL-like model? finite density? 

• Momentum dependence and confinement aspects
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Dynamical effects
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Dynamical model

Mean fields

<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:

VS

<latexit sha1_base64="pXAO12Oyinpdxue+5LtnH15Zwso=">AAACEXicbZDLSgMxFIYzXmu9VV26CRahQi0zxduy6EKXFewFeiOTZtrQzCRNMmIZ+gpufBU3LhRx686db2M6nYW2/hD4+M85nJzfFYwqbdvf1sLi0vLKamotvb6xubWd2dmtKh5KTCqYMy7rLlKE0YBUNNWM1IUkyHcZqbmDq0m9dk+kojy40yNBWj7qBdSjGGljdTK5ak7k4fAINpEQkj/A644Nm3lI2tGxaBfHMQwNdDJZu2DHgvPgJJAFicqdzFezy3Hok0BjhpRqOLbQrQhJTTEj43QzVEQgPEA90jAYIJ+oVhRfNIaHxulCj0vzAg1j9/dEhHylRr5rOn2k+2q2NjH/qzVC7V20IhqIUJMATxd5IYOaw0k8sEslwZqNDCAsqfkrxH0kEdYmxLQJwZk9eR6qxYJzVji9PcmWLpM4UmAfHIAccMA5KIEbUAYVgMEjeAav4M16sl6sd+tj2rpgJTN74I+szx9Yopre</latexit>

V (p, q) ⇡ G0 e
�p2

e�q2e.g.
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The meaning of Gv?

T. Kunihiro 1991

Problem already at  
muB = 0!
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Interesting questions
• More serious treatment of Gluons in dense matter  

 
should not pretend they are represented by some  
G(T, mu, B) 


• Non-locality comes in naturally from gluon exchange: 
UV: conformal limit, perturbative QCD 
IR: confinement and chiral symmetry 

• C-gauge conf VS PL conf



Or alternative model for conf?

Need stronger shift!

Effects of ring on PL pot? 
Back-Feeding; PL pots

Conf. for both quarks and gluons



2 DoFs
<latexit sha1_base64="XlkFo1qUPDJD4D5X9HbnHrjXyIo="></latexit>

` = X + i Y

X =
1

3
(cos q1 + cos q2 + cos(q1 + q2))

Y =
1

3
(sin q1 + sin q2 � sin(q1 + q2)).

<latexit sha1_base64="uw1cgCdJ375SG7Y7deiFaNbza8Y=">AAACAXicbZDLSgMxFIYz9VbrbdSN4Ca0CIJSZhS0y6IblxXsBTrDkEkzbWiSGZKMUIa68RV8BDcuFHHrW7jr25heBG39IfDxn3M4OX+YMKq044ys3NLyyupafr2wsbm1vWPv7jVUnEpM6jhmsWyFSBFGBalrqhlpJZIgHjLSDPvX43rznkhFY3GnBwnxOeoKGlGMtLEC+8DLoNdFnKPg/PSHKtAbBnbJKTsTwUVwZ1CqFr2Tp1F1UAvsL68T45QToTFDSrVdJ9F+hqSmmJFhwUsVSRDuoy5pGxSIE+VnkwuG8Mg4HRjF0jyh4cT9PZEhrtSAh6aTI91T87Wx+V+tneqo4mdUJKkmAk8XRSmDOobjOGCHSoI1GxhAWFLzV4h7SCKsTWgFE4I7f/IiNM7K7kXZvTVpXIGp8uAQFMExcMElqIIbUAN1gMEDeAav4M16tF6sd+tj2pqzZjP74I+sz2/Mt5jP</latexit>

{�3, �8}

or w 8 adjoint angles 
depend on

�T

�L
�L

�T

<latexit sha1_base64="cZqGmfxdXG9cDZtoqhTkVRsRu28=">AAACF3icbVDLTgIxFO3gC/GFunTTQEwwKpmyUJdEN+7ERB4Jg5NOKdjQ6Yxtx2Qy4S/Y+CtuXGiMW93xN3aAhYInae7JOfem9x4v5Exp2x5bmaXlldW17HpuY3Nreye/u9dQQSQJrZOAB7LlYUU5E7Sumea0FUqKfY/Tpje4Sv3mE5WKBeJOxyHt+LgvWI8RrI3k5suOYj5E8BQ6PtYPBPPkZghL8NFF95UTUyrTglIKj9x80S7bE8BFgmakWC04x6NxNa65+W+nG5DIp0ITjpVqIzvUnQRLzQinw5wTKRpiMsB92jZUYJ+qTjK5awgPjdKFvUCaJzScqL8nEuwrFfue6UyXV/NeKv7ntSPdu+gkTISRpoJMP+pFHOoApiHBLpOUaB4bgolkZldIHrDERJsocyYENH/yImlUyuisjG5NGpdgiiw4AAVQAgicgyq4BjVQBwSMwAt4A+/Ws/VqfVif09aMNZvZB39gff0A6tae9w==</latexit>

⇠ 1�O(q21 , q
2
2 , q1q2)

<latexit sha1_base64="YuaDwJvDDH5w2XBZuzuuUsq0Oi4=">AAACEnicbVC7TsMwFHXKq5RXgJHFaoXUClQlGYCxgoWNItGH1KSR47qtVeeB7SBFUb+Bpb/CwgBCrExs/RuctgO0HOlKx+fcK997vIhRIQ1jquXW1jc2t/LbhZ3dvf0D/fCoKcKYY9LAIQt520OCMBqQhqSSkXbECfI9Rlre6CbzW0+ECxoGDzKJiOOjQUD7FCOpJFev2IL60PaRHGLE0rsxLMNH11Rlda3zjHat7AErrl4yqsYMcJWYC1KqFe2zybSW1F392+6FOPZJIDFDQnRMI5JOirikmJFxwY4FiRAeoQHpKBognwgnnZ00hqdK6cF+yFUFEs7U3xMp8oVIfE91ZruLZS8T//M6sexfOSkNoliSAM8/6scMyhBm+cAe5QRLliiCMKdqV4iHiCMsVYoFFYK5fPIqaVpV86Jq3qs0rsEceXACiqAMTHAJauAW1EEDYPAMXsAbeNcm2qv2oX3OW3PaYuYY/IH29QPTmp37</latexit>

⇠ O(q1q
2
2 , q

2
1q2)



order parameter and 
fluctuations

L = LL + iLT
�L = V (hLLLLi � hLLi2)
�T = V (hLTLT i � hLT i2)





THANK YOU


