
Adam Szczepaniak IU

On the Coulomb Vacuum Wave Function

Propagators and all that 

Role of magnetic domains 

Coulomb gauge Gribov-Zwanziger scenario
(... no magnetic disorder)
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ground state (vacuum)
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! [A] is large for A near a solitary wave solution
confinement, UA(1) breaking 
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ghost propagator

gluon propagator

Coulomb form factor

What we want in the IR 
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Summation of all planar diagrams 
can be expressed in

 terms of two Dyson equation
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Three scenarios
 (depending on g(! ) and  " )
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Role of FP determinant
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Ghost dominance + mean field
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gluon propagator determined by 
curvature 

gluon propagator determined by 
curvature 

ghost dressing function

Coulomb form factor

1. No scaling solution. Only massive solution possible  
Too constrained  vacuum model

2. Perimeter law for spacial Wilson loop
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vacuum ~ fluctuation of A around a diluted gas 
of monopoles

Monopole dominated vacuum 

Monopole coordinates: 

A a → waa + ßuctuations
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Wilson loop 
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Vacuum wave functional in 
monopole background 

ghost dominance:  

AL = waAa Aa
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A-fluctuates around monopoles 
(assume common color orientation w)

J ! e! 1
2 A ! A

V.G. Bornyakov, M.N. Chernodub, F.V. Gubarev, 
S.M. Morozov, M.I. Polikarpov, Phys.Lett.B559:214-222,2003. 

! =
∑

N

1
!

N !

∫
dK 1 á á ádK N ! N " ! N,int.

ΨN,int. = ρ
N
2 e! 1

4

PN
i,j =1 qi Vij qidK = dcdn

∑

q± 1

e! 1
2 A ! A → ! N = e! 1

2 (A L !
PN

! =1 a! )" L (A L !
PN

! =1 a! ) × e! 1
2 A T " T A T



Treating monopoles as classical objects, matrix elements can be 
transformed into integrals over a sine-Gordon field, e.g

A. M. Polyakov, Nucl.Phys.B120:429-458,1977.
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V(x) - monopole-monopole screening 

free monopole gas (V=0): 

inconsistent with IR suppression of 
the gluon  propagator
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needed to suppress long range correlations
 from Coulomb-tail of the monopole field  

screened monopole gas: 
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Symmetric solutions

preliminary
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Summary :

N-ality from string breaking (see Greensite talk) 

Coulomb wave function with magnetic monopoles

Single monopole -> N-ality 

Noninteracting gas  ->Casimir, over-confines, IR enhanced gluon 
propagator 

Screened  gas  -> Casimir, area law, IR suppressed gluon, scaling 
solutions for ghost and Coulomb potential  

Scaling, confining solutions exist 


