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YM Schrödinger equation HΨ[A] = EΨ[A]

gauge invariant wave functionals:                   K. Johnson etal........ Ψ[A]
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YM Schrödinger equation HΨ[A] = EΨ[A]

gauge invariant wave functionals:                   K. Johnson etal........ 

more convenient:  gauge fixing  ∂A = 0

Ψ[A]
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 ∂A = 0

H = 1
2 (J −1Π⊥J∫ Π⊥ + B2 ) + HC

  J ( A⊥ ) = Det(−D∂)

 

HC = 1
2 J−1ρ(−D∂)−1(−∂2 )(−D∂)−1Jρ∫

color charge density:    ρ = −A⊥Π⊥ + ρm

Christ and Lee 

 
Φ ... Ψ = DAJ(A)

Λ
∫ Φ∗(A)...Ψ(A)

D = ∂ + gA

Π⊥ = δ / iδA⊥

HΨ[A] = EΨ[A]

Coulomb term 
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D. Campagnari, H. R.  &  A. Weber, Phys. Rev D(2009) 
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Ψ A( ) = exp − 1

2 dx dyA(x)ω(x, y)A(y)∫⎡
⎣

⎤
⎦

D. Schütte 1984 
....... 

A.  Szczepaniak & E. Swanson 2002 

C. Feuchter & H. R. 2004 
-ansatz 

              -FP determinant 
              -renormalization 
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gluon propagator 

determined from variational kernel 

C.Feuchter & H. R. PRD70(2004) 
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D. Epple, H. R.,  W.Schleifenbaum, 
PRD 75 (2007) 
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D(k) = (2ω (k))−1

Gribov´s formula

ω (k) = k 2 + M 4

k2

M = 0.88GeV

G. Burgio, M.Quandt , H.R., PRL102(2009) 

missing strength in 
 mid momentum regime: 

missing gluon loop 

H. Reinhardt Erice2011 
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wave functional                    
|ψ A⎡⎣ ⎤⎦ |2= exp(−S A⎡⎣ ⎤⎦)        

ansatz
S A⎡⎣ ⎤⎦ = ω A2∫ + 1

3! γ (3) A3∫ + 1
4! γ (4) A4∫

exploit DSE

D. Campagnari & H.R,  
Phys.Rev.D82(2010) 

See talk  by D. C.  

H. Reinhardt Erice2011 
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ghost  propagator :     (−D∂)−1 = d(k) / k2

supported by the lattice 

 horizon condition d−1(0) = 0    
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H.R. PRL101 (2008) 
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no free color charges in the vacuum: confinement 
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V(R) = R→∞⎯ →⎯⎯  σCR,           lattice  σC = 2...3σW

V(R) = R→0⎯ →⎯⎯   1 / R

D. Epple, H. Reinhardt 
W.Schleifenbaum,  

PRD 75 (2007) 
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... T =

Tr(D...)
TrD

,       Tr(...) = k
k
∑ ... k

 
k

H. Reinhardt Erice2011 

D = exp(− ßH )         ß = 1 / kBT

Reinhardt,  Campagnari, Szczepaniak, PRD,2011 
Heffner, Reinhardt, Campagnari, to be published 
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gauge field

A(k) = 1
2ω (k)

(a(k) + a†(−k)),      ω (k) − arbitrary

vacuum

a(k) 0 = 0,          A 0 = exp(− 1
2 AωA)∫

complete basis
0 ,    a†(k) 0 ,     a†(k)a†(k) 0 ,....

 

k =
1

Det(−D∂)
k
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D = exp(−β H),      H = dkΩ(k)a†(k)a(k)∫

a†a ≡ n(k) = exp(βΩ(k)) −1[ ]−1

S = −kBTr(D lnD)

F[Ω,ω ] = H T − TS

H. Reinhardt Erice2011 

AA = (1+ 2n) / (2ω )

D = exp(− ßH )



25 

F[Ω,ω ] = E[Ω,ω ]− TS[Ω]→ min

δF[n,ω ] /δn(k) = 0     ⇒   Ω(k) =ω (k)(1+ IC (k))       
                                              quasi-gluon energy

δF[Ω,ω ] /δω (k) = 0

n(k) = [exp(βΩ(k) −1]−1         A 0 = exp(− 1
2 AωA)∫

H. Reinhardt Erice2011 

gap equationω 2 (k) = k2 + χ 2 (k) + Itad[n]+ IC[n](k)
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ω 2 (k) = k2 + χ 2 (k) + Itad[n]+ IC[n](k)

renormalization as at T=0 

H. Reinhardt Erice2011 
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−irrelevant in the YM sector
−utterly important for quarks: 
        confining potential

  

HC = 1
2 J−1ΠJΠ∫ = 1

2 J−1ρ(−D∂)−1(−∂2 )(−D∂)−1Jρ∫
color charge density:    ρ = −A⊥Π⊥ + ρm
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ω 2 (k) = k2 + χ 2 (k) + Itad[n]+ IC[n](k)

H. Reinhardt Erice2011 

×
×

vacuum  A 0 = exp(− 1
2 AωA)∫

occupation number    n(k) = exp(βΩ(k)) −1[ ]−1Ω(k) =ω (k)

quasi-gluon energy 

Heffner, Reinhardt  & Campagnari 



gluon energy  ω(p) = A / pα
 d(p) = B / pβ

ghost form factor 
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T = 0    sum rule  α = 2β + 2 − d

d = 3  β = 1.0(0.99)           β = 0.796(0.85)  

d = 2  β = 0.5(0.45)
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at arbitrarily finite T infrared analysis=impossible! n(k) = exp(βω (k)) −1[ ]−1
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T = 0    sum rule  α = 2β + 2 − d

d = 3  β = 1.0(0.99)           β = 0.796(0.85)  

d = 2  β = 0.5(0.45)

sum rule

 β = 0.5           α = 0
 α = 2β + 2 − d

d = 3

at arbitrarily finite T infrared analysis=impossible! n(k) = exp(βω (k)) −1[ ]−1

 n(k)  1 / βω (k)T →∞ 
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m(T ) =ω (k = λIR ,T )
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TC = 162MeV σC /σW      σC − Coulomb string tension
                                           σW −Wilson string tension
SU(2) − lattice :σC = 2.....3σW

                   ⇒  TC = 230......280MeV

SU(2) − lattice :TC = 295MeV
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m(T ) =ω (k = λIR ,T )
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m(T ) =ω (k = λIR ,T )
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critical  behaviour  of  effective gluon mass near  TC :
mcrit (T )  (t −1)−κ       t = T /TC                                 κ  0.37
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critical  behaviour  of  effective gluon mass near  TC :
mcrit (T )  (t −1)−κ       t = T /TC                                 κ  0.37

 

quasi-gluon picture (Castorina, Miller, Satz 2011): 
κ = (1+η −ν)
ν − critical exponent of the correlation length ξ(T ) ∼ (t -1)−ν

η − anomalous dimension exponent
SU(2)   d=3 Ising model:  ν  0.63, η  0.04,       κ  0.41
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 ∂A = 0

HYM = 1
2 (J −1Π⊥J∫ Π⊥ + B2 )

  J ( A⊥ ) = Det(−D∂)

  

HC = 1
2 J−1ρ(−D∂)−1(−∂2 )(−D∂)−1Jρ∫

color charge density:    ρa = (−A
⊥
Π⊥ )a +Ψ†(x)taΨ(x)

Christ and Lee 

D = ∂ + gA

H = HYM + HC + Hq

 
Hq = Ψ†(x)[α(p + gA) + βm0]Ψ(x)∫
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quark  w. f . (Thoules theorem)  

 A Φ q = exp Ψ†(sβ+vα

⋅A


)Ψ∫⎡⎣ ⎤
⎦ 0

v = 0 :   BCS − wave function (Adler& Davis)
v ≠ 0 :  quark − gluon coupling

M. Pak & H. R. 2011 
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without  quark − gluon coupling(v = 0)

         qq = (−113MeV σC σW )3

with quark − gluon coupling

          qq = (−135MeV σC σW )3     20% − increase
lattice:        σC σW = 2...3
          qq = (−191....234MeV )3

exp :   qq = (−230MeV )3
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without  quark − gluon coupling(v = 0)

         m = 84MeV σC σW

with quark − gluon coupling

          m = 132MeV σC σW     57% − increase
lattice:        σC σW = 2...3
          m = 187....230MeV



47 

 α = 2β −1 β = 1      β = 0.8

β = 1 / 2

H. Reinhardt Erice2011 

 ω (k)  k−α         d(k)  k−β

TC = 230....280MeV

qq = (−191....234MeV )3
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