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QCD forthcoming facilities

Beijing’s electron-positron collider

COSY (Julich Cooler Synchrotron)

ELSA (Bonn Electron Strectcher and Accelerator)

MAMI (Mainz Microtron)

FAIR (Facility for Antiproton and Ion Research,Darmstadt)
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J-PARC (Japan Proton Accelerator Research
Complex,Japan)

AL-ICE, COMPASS (CERN)

JLab (USA)

RHIC (USA)
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quark gluon vertex

p2 −p1

p3

Figure: BSE

Γν =
∑
i

LB
i λi +

∑
i

Tiτi (1)
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Ball-Chiu vertex, longitudinal base elements

L1
µ(p1, p2) =γµ , (2)

L2
µ(p1, p2) =(/p1

− /p2
) (p1 − p2)µ , (3)

L3
µ(p1, p2) =i (p1 − p2)µ ID , (4)

L4
µ(p1, p2) =σµν (p1 − p2)ν (5)

, (6)
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Índice

QCD
forthcoming
facilities

quark gluon
vertex
structure

Rainbow
Ladder
approxima-
tion (RLA)

Ec. Bethe-
Salpeter
(BSE)

Results

Ball-Chiu vertex, transversal base elements

T 1
µ(p1, p2) =i [p1µ (p2 · p3)− p2µ (p1 · p3)] ID , (7)

T 2
µ(p1, p2) =i T 1

µ

(
/p1
− /p2

)
, (8)

T 3
µ(p1, p2) =p2

3 γµ − p3µ /p3
:= p2

3 γ
T
µ , (9)

T 4
µ(p1, p2) =− i T 1

µ(p1, p2)σαβ p
α
2 p

β
1 , (10)

T 5
µ(p1, p2) =σµν p

ν
3 , (11)

T 6
µ(p1, p2) =− γµ

(
p2

1 − p2
2

)
− (p1 − p2)µ /p3

, (12)

T 7
µ(p1, p2) =

i

2

(
p2

2 − p2
1

) [
γµ
(
/p1
− /p2

)
− (p1 − p2)µ ID

]
+ (13)

(p1 − p2)µ σαβ p
α
1 pβ2 , (14)

T 8
µ(p1, p2) =i γµ σαβ p

α
1 pβ2 − (p1µ /p2

− p2µ /p1
) , (15)
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Ball-Chiu Vertex

λ1(p1, p2, p3) =
X0(p3

3)F (p2
3)

2

[
A(p2

1) + A(p2
2)
]
, (16)

λ2(p1, p2, p3) =
X0(p3

3)F (p2
3)

2 (p2
2 − p2

1)

[
A(p2

2)− A(p2
1)
]
, (17)

λ3(p1, p2, p3) =
X0(p3

3)F (p2
3)

p2
1 − p2

2

[
B(p2

1)− B(p2
2)
]
, (18)

λ4(p1, p2, p3) =0 . (19)
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what says lattice about the vertex?
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Figure: E.R,J.P.B. de Melo,B. El-Bennich,O.Oliveira,T.Federico 2013
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what says lattice about the vertex?
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Figure: E.R,J.P.B. de Melo,B. El-Bennich,O.Oliveira,T.Federico 2013
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Rainbow Ladder approximation (RLA)

Γµ = γµ (20)

Maris Tandy model (1998)

G(s) =
4π2

ω6
Dse−s/ω2

+
8π2γm

ln
[
τ + (1 + s/Λ2

QCD)
]F(s) (21)

Qin, Chang, Liu, Roberts and Wilson 2011

G(s) =
8π2

ω4
De−s/ω2

+
8π2γm

ln
[
τ + (1 + s/Λ2

QCD)
]F(s) (22)
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Ec. Bethe-Salpeter (BSE)

= K

Γ Γ

S

S

Figure: BSE

λ(P2)Γab(P, p) =

∫
d4p′K̄ ab(p, p′;P)S(p′+)Γab(P, p′)S(p′−), (23)
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Bethe-Salpeter equation

Γ =TH
[
iEπ(q : P) + γ · PFπ(q : P) + γ · qq · PGπ(q : P) (24)

+ σµνqµPνHπ(q : P)
]
≡ FαAα (25)

with

Aβ =γ5{i14×4, γµP
µ, (q · P)γµq

µ, σµ4q
µP4}

Fβ =Eπ,Fπ,Gπ,Hπ, (26)

TH =λ3/2 for Neutral mesons, (27)

TH =(λ4 ± iλ5)/2 for K+/− (28)
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Projecting in the tesonrial basis Pα

Fα(p;P) =
1

4
TrD [Pα(p;P)Γ(p : P)] (29)

para α = 1, · · · 4 (30)
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Índice

QCD
forthcoming
facilities

quark gluon
vertex
structure

Rainbow
Ladder
approxima-
tion (RLA)

Ec. Bethe-
Salpeter
(BSE)

Results

BS equation as a eigenvalue problem

λ(P2)FαH (p;P) =

∫
d4q

(2π)4
Kαβ(p, q;P)F βH(q;P) (31)

where

Kαβ(p, q;P) ≡

=Dphen
µν (k)

1

4
TrD[Pα(p;P)γµS

a(q+)Aβ(q;P)Sa(q−)γν ] (32)
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Índice

QCD
forthcoming
facilities

quark gluon
vertex
structure

Rainbow
Ladder
approxima-
tion (RLA)

Ec. Bethe-
Salpeter
(BSE)

Results

Chebyshev moments expansion

FβH (q;P) =
∞∑
n=0

FβH,n(q;P)Un(zq). (33)

λ(P2)FαH,m(p2;P2) =
∞∑
n=0

∫
q2dq2Kαβ

mn (p2, q2,P2)FβH,n(q2,P2) (34)

Kαβ
mn (p2, q2,P2) (35)

=
2

(2π)4

∫
dzpdzqdzqpW (zp)Um(zp)Kαβ(p, q;P)W (zq)Un(zq) (36)
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Normalization

2Pµ =

∫
d4q

(2π)4

{
Tr
[
ΓH(q;−P)

∂Sa(q+)

∂Pµ
ΓH(q;P)Sb(q−)+

ΓH(q;−P)Sa(q+)ΓH(q;P)
∂Sb(q−)

∂Pµ

]}
(37)

PµfH = Z ch
2

∫
d4q

(2π)4

{
Tr
[TH

2
Sa(q+)ΓH(q;P)Sb(q−)

]}
(38)
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Soluciónes a las ecuaciones de Schwinger-Dyson en
el plano complejo in the RLA
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Figure: E.R,J.P.B. de Melo,B. El-Bennich, work in preparation
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Figure: E.R,J.P.B. de Melo,B. El-Bennich, work in preparation
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Bethe-Salpeter spectrum para las resonancias del
pion
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Figure: E.R,J.P.B. de Melo,B. El-Bennich, work in preparation
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masa del pion como una función de la masa del
fermion en el regimen perturbativo (current mass)
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Figure: E.R,J.P.B. de Melo,B. El-Bennich, work in preparation
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this work Roberts et al. exp.
2011

A(0) 2.07 2.07
M(0) 0.62 0.62
mπ 0.1377 0.138 0.135
fπ 0.0955 0.094 0.9221
mπ1 1. —
mK 0.493 0.496 0.4976
fK 0.112 0.11 0.1104
mDs 2.13 — 1.869
fDs 0.251 — 0.257

mJPC=0−+

cc̄ 3.04 —
fcc̄ 0.377

Table: Dimensioned quantities are reported in GeV. We divide the
light quarks decay constants by

√
2 in order to compare with Roberts

et al. 2011. We use the standard values ω = 0.4GeV and
(ωD) = (0.8GeV )3 in the Roberts et al. 2011 model.
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Conclusions

there exist a great variety of forthcoming experiments and
facilities

implementation of the libraries based in the Arnoldi
factorization method allows to calcuate in a easy way
calculate high meson resonances and their corresponding
Bethe-Salpeter amplitudes
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