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• Effective QCD gluon Hamiltonian

Hg
eff = Tr

∫
dx [Πa(x) ·Πa(x) + Ba

A(x) ·Ba
A(x)]

− 1

2

∫
dxdy ρa

g(x)V (x,y)ρa
g(y)

• color charge density a, b, c = 1, 2, ...8

ρa
g(x) = fabcAb(x) ·Πc(x)

• Abelian magnetic fields

Ba
A = ∇×Aa

• gauge fields Aa, conjugate momenta Πa = −Ea

Aa(x) =

∫
dq

(2π)3
1√
2ωk

[aa(q) + aa†(−q)]eiq·x

Πa(x) = −i

∫
dq

(2π)3

√
ωk

2
[aa(q)− aa†(−q)]eiq·x

• bare gluon Fock operators

aa
µ(q) momentum q , spin µ = 0,±1

• Coulomb gauge transverse condition

∇ ·Aa = 0 =⇒ q · aa(q) = (−1)µqµa
a
−µ(q) = 0



• Bogoliubov-Valatin canonical transformation
(BCS rotation) to dressed gluon operators

αa
µ(q) = cosh Θ(q) aa

µ(q) + sinh Θ(q) aa†
µ (−q)

• satisfy the transverse commutation relations

[αa
µ(q), αb†

ν (q′)] = δab(2π)3δ3(q− q′)Dµν(q)

Dµν(q) =

(
δµν − (−1)µ

qµq−ν

q2

)
• PQCD vacuum |0 > =⇒ BCS vacuum |Ω >BCS

• minimize ground state energy

δ

δΘ

(
〈Ω|Heff − E|Ω〉

〈Ω|Ω〉

)
= 0

• generates a gap equation

ω(q)2 = q2−3

4

∫
dk

(2π)3
V̂ (|q−k|)(1+(q̂·̂k)2)

(
w(k)2 − w(q)2

w(k)

)
• gluon self-energy

ω(q) = qe−2Θ(q)



• confinement via Cornell type potential

V (|x− y|) = σ|x− y| − αs

|x− y|
σ = 0.18(from lattice) αs = 0.42

• solve gap eq. for gluon constituent mass

mg ≡ ω(0) ∼= 0.8GeV

• predicted gluon condensate (cooper pairs)

〈αGa
µνG

µν
a 〉 = (433 MeV )4

[agrees with lattice (441 MeV )4]

• TDA two gluon glueball wavefunction

|ΨJPC
LS 〉 =

∑
am1m2

∫
dk

(2π)3
ΦJPC

LSm1m2
(k)αa†

m1
(k)αa†

m2
(−k)|Ω〉

• solve for glueball mass MJPC

H|ΨJPC
LS 〉 = MJPC|ΨJPC

LS 〉 [agree with lattice]

• predict a Regge trajectory close to the pomeron

αP ≈ .25t + 1



• variational three gluon glueball wavefunction

|ΨJPC〉 =

∫
dq1dq2dq3δ(q1 + q2 + q3)

F JPC
µ1µ2µ3

(q1,q2,q3)C
abcαa†

µ1
(q1)α

b†
µ2

(q2)α
c†
µ3

(q3)|Ω〉BCS

• Bose statistics Cabc = fabc (C = 1) or dabc (C = −1)

• variational equation for the JPC glueball

〈ΨJPC|Hg
eff |ΨJPC〉

〈ΨJPC|ΨJPC〉
= MJPC [agree with lattice]

• predict leading Regge trajectory (odderon)

αeff
O = .23t− 0.88 [note low intercept]

• compare to nonrelativistic constituent model

HM =
∑

i

q2
i

2mg
+ V0 +

∑
i<j

[σrij −
α

rij
+ VssSi · Sj]

• use qq̄ funnel potential

V0 = -.9 GeV, α = .27, σ = .25 GeV2 mg = .8 GeV
and adjust Vss → 0.085 GeV to fit pomeron

• predict leading Regge trajectory (odderon)

αM
O = .18t + 0.25 [note low intercept]



lattice, Hg
eff and HM odderons vs. ω trajectory
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SUMMARY

• lattice, Hg
eff and HM models predict an odderon

• starts with 3−− (not 1−−, need lattice 5−−)

• odderon slope is similar to pomeron

• odderon intercept is low, below 0.5

• search for odderon where ω trajectory is not
dominant (examine dσ

dt , not σtotal ∝ sαω(0)−1)


