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The Lagrangian of QCD
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> Lagrangian of QCD  £Laqcp = vi (17" (Dp)ij —m dij) ¥j — 7GGa
— G =gluon fields = (i7", — m); — 9GP PTED; —
— W = quark fields
» The key to complexity in QCD ... gluon field strength tensor
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» Generates gluon self-interactions, whose consequences are
qguite extraordinary
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The Lagrangian of QCD
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This complexity also affects the bare quark-
gluon vertex in a nonperturbative manner!



Nonperturbative quark-gluon vertex

L,ll(Phpz

Li(ﬁl,Pz Y- (p1 = p2) (7 —1!31'2)5u
L, (p1,p2) = i(p1—p2)ulp

L% (p1, 2 |

Opv P3 e T
2 .2 ’ .
T (p1 —p2) - (m —pg)“ Y P3 S T,}(plapz) i [P1u (P2 - p3) — p2u (P1 - p3)] Ip
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QCD’s Dyson-Schwinger Equations

T

o

The propagator can be obtained from QCD’s gap equation: the Dyson-Schwinger equation (DSE)
for the dressed-fermion self-energy, which involves the set of infinitely many coupled equations:

S~ p) = Zy(iv-p+m"™)+Z(p) = iy -pA(p®) + B(p®)
A 4 a
X(p) = 21/ (3;)14 gQDW(p—q)%wS(Q)Fﬁ(q,p)

with the running mass function M (p?) = B(p?)/A(p?).
~each satisfies

‘_,_/ iy
D,, : dressed-gluon propagator <€ // it's own DSE
I'%(q,p) :  dressed quark-gluon vertex e
e quark wave function renormalization constant
2 e quark-gluon vertex renormalization constant
g=p—k

ST P)lp2=cz = @y p+m(C)
where ( is the renormalization point. [ @] ="
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Bound State Equations for Pseudoscalars i

For RL truncation one may use the Bethe-Salpeter equation (BSE):

A

(0 Aa[ Aa’
U's,(k; P) = Zaysyu —92/ D*?(k — Q)?% St(a4+) Tsp(q; P) Sg(q_)775
q
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Bound State Equations for Pseudoscalars

i

For RL truncation one may use the Bethe-Salpeter equation (BSE):

A\ A?
5 Yo St(g+) Tsu(q; P) Sy(g—) =35

A
U5, (k; P) = Zovsy, — g° / D*?(k — q) 5
q

However, when using a quark-gluon vertex beyond RL, the exact BSE valid for
any symmetry-preserving ansatz of this vertex must be employed:

A
. A9 A9
M9k P) = Zz%'m—gQ/ D B(k_Q)?’Ya St(qy)TLS(q; P) So(a-) 5 Ts(g-, k)

q

A

o ACL a
+gt [ DU = )5S0 ALk as P
q

L. Chang & C.D. Roberts (2009)




For R

A
. ACL )\CL
Lok P) = Zers — 6" | D(k=0) 5 % Sy(as) Tan(a: P) Sy(a-) 5
! o
Valid for RL truncation because for I',(k,p) =7, = Agﬂ s(k,q; P) =0

However, when using a quark-gluon vertex beyond RL, the exact BSE valld for

any symmetry-preserving ansatz of this vertex must be employed:

A
(8% )\a
Mk P) = Zovsyy —92/ D (k — q)5 Vo S(q+)T12(q; P) Sy(q-) (q—, k)

q

A

o ACL a
+ g8 [ DOk = @)% 1Sy () 5 Al (i P) -
q L. Chang & C.D. Roberts (2009)
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Motivakions and mebthods

Motivated by heavy-light systems (flavored mesons) and excited mesons

and baryon states where rainbow-ladder truncation fails.

Development of DSE/BSE kernels in beyond rainbow-ladder approaches

with models for the quark-gluon interaction.

Combining constraints from lattice-QCD gluon, ghost and quark propagators
to study the DSE kernels and DCSB.

To produce sufficient dynamical chiral symmetry breaking (DCSB) the

transverse vertex components are mandatory.

Using constraints from Slavnov-Taylor identities in the longitudinal

AND transverse vertex tensor structure.



Nonperturbative quark-gluon vertex: restrictions |

——*——‘M
® Must satisfy Slavnov-Taylor identities. Q;:Q
m I, (k,p) must be free of kinematic M@
singularities for k* — p°. e & s
B Must transform as bare vertex 7y, under
C, Pand T transformations.
® Correct weak-coupling limit: must reduce to the perturbative limit
when coupling is small.
B Vertex ansatz should lead to gauge independent physical observables,

l.e. fermion mass and condensate, meson masses and decay constants.
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Nonperturbative quark-gluon vertex: tensor structure |

The fermion-gauge-boson vertex can be decomposed into longitudinal
and transverse components: I',(p1,p2,p3) = Fﬁ(pl,pz,pg) +I’E(p1,pg,p3).

4
T(p1,p2,D3) > Ai(p1,p2,p3) L, (p1, p2)
1=1

8
L) (p1,p2p3) = Y Ti(p1,p2,p3) Th(p1,p2)
1=1 '

2 — T

F,u (p17p27p3> ‘P%ZP%ZP%ZM

p3 - FT(plypzaps) =0

10
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Nonperturbative quark-gluon vertex: tensor structure |
B e SR : 3-—-——-——-—-:*

Which independent tensor structures to specify the longitudinal and transverse
vertex? Following Ball and Chiu (1980), one can write:

L,ﬁ(pl,m) = Yu

Li(Plapz) = 7-(p1—p2) (M —PQ)M

Li(m,m) = i(p1 —p2)ulbD

Li(p1,p2) = Ou (1 —p2)”

T,(p1,p2) = i [p1u(P2-p3) —p2u(P1-p3)|lp

Ti(plap2) = @'T,}W' (P1 —p2) ,

T,(p1,D2) = DP3Yu—Pap Y D3 :=D3Vy,

Tﬁ(?lym) = -1 T,i (P1,P2) Oap pgpf

T.(p1,p2) = OuDh

T, (p1,p2) = —vu(pi—p3) — (1 —D2), 7 D3

TZ(phm) = % (p% —p%) [%’Y - (p1 —p2) — (11 —P2)u HD]
+ (p1—Dp2), 0ap DS P

TS(pl,m) = 1 Uaﬁp(fpg — (p1, 7 P2 +p2,7 1)




Nonperturbative quark-gluon vertex: Rainbow-Ladder

Since the Dyson-Schwinger Equation for QCD imply an infinite tower of non-linear
integral equations, a symmetry preserving truncation scheme must be employed.
The leading term in such a scheme is the Rainbow-Ladder (RL) truncation
(Abelian approach).

A A\
20k P) = ~ra(@)DE@ | 5| [0
ts U

RL truncation satisfies vector and flavour non-singlet axial-vector Ward-
Takahashi identities but has bad gauge dependence = Landau gauge!

12



Nonperturbative quark-gluon vertex: symmetries |

———————— e

Which steps to remedy this gauge dependence?

Clearly must be beyond the RL — bare vertex violates gauge variance:

iq" Y, # iv-k A(k?) + B(k*) —iy-p A(p?) — B(p?) |

Best "prepared” with Landau gauge to minimize dependence.

First step is the proposal for the longitudinal vertex by Ball and Chiu:

4
Fﬁ(plap27p3) — Z)\i(plap27p3)LZ(plap2)
i=1
Mpupops) = 5 [APD +AGE)]  elprpaps) = gz [AR2) — Alp))]
1
A3(P1,p2,p3) = = gy [B(p{) — B(p3)] Aa(p1,p2,p3) = 0
1~ D3

I EE=ES=——E———m———————

Widely employed in phenomenology and satisfies WGTI; however transverse

part remains undetermined — what about gauge covariance?

13



Nonperturbative quark-gluon vertex: ansdtze |

A step further is the Curtis-Pennington ansatz:

L'V (p1,p2,03) =T, (p1,02,p3) + Uy (p1, P2, 03)

Fgfll::(ppr)p?)) — 7_6(]9%,]7%) T,S(plap2)

1 A(py) — A(p3)
76(]?%7]73) — 5 dl(p2 pQ) 2
1> 2

2 242 27 9 2/ 9

p; — p5)° + |(IM=(p7) + M*(p

ot - PmE 0D+ M)
1 T D3

—— s

Gauge dependence reduced about 50% compared to RL truncation in

2

neighborhood of the Landau gauge (fix point) for critical coupling in QED.

A. Bashir, R. Bermudez, L. Chang, C.D. Roberts (2009)

14



Nonperturbative quark-gluon vertex: ansitze

Beyond rainbow-ladder approximations

Systematic truncation scheme; extends the rainbow-ladder approximation and ensures axial-

vector Ward-Takahashi identity (employs model gluon propagator but proof is independent).

1 d*l
19 (k,p) = — [ —

A. Bender, L. von Smekal & C. D. Roberts, Phys. Lett. B380, 7 (1996)

Dominant non-Abelian contributions to the dressed quark-gluon vertex stemming from the
gluon self-interaction have been taken into account. The corresponding Bethe-Salpeter
kernel satisfies the axial-vector Ward-Takahashi identity = allows to investigate the
influence of the gluon self-interaction in (light) mesons.

C. S. Fischer & R. Williams, Phys. Rev. Lett. 103, 122001 (2009)

156



Nonperturbative quark-gluon vertex: ansatze

Bashir, Bermudez, Chang & Roberts (2012)
Guided by perturbation theory; draws on comparison with structural dependence of the Ball-Chiu
vertex on A(p?) and B(p?); perturbative limit of the transverse vertex conforms with its one loop

expansion in the asymptotic limit of k* > p* .

n(2p) = aasr) e
(k2 4 p?) p = p2
2 .2
T (k?, p?) = &2(i£4—(|_kp72]>9 ) q
m3(k%,p?) = azAa(k®p®)
Ty (k*,p°) = 94 A5 (K, p')
|k + M>(k?)[p?> + M>(p?)]
5 (k*,p°) = asAp(k’,p?)
(K2, p?) = ag(k” + p*) Aa(k?, p°)
(k% = p?)* + (M?(k?) + M?(p?))?]
7'7(k2,p2) _ Ap(k?, p?)

(k* +p?)
7-8<k27p2) — QSAA(k27p2>




a; Ap(k?, p?) k= p1

(k2 + p?) p=p2
Ay (K2, p?)
L2 2 _ a2 QA )
T2( P ) (k’Q _|_p2)
T3(k27p2) = as AA(k27p2)
7’4(]62 p2) _ aq AB(k27p2)

k2 + M?2(k?)[p* + M?(p?)]
m5(k%,p?) = asAp(k*, p?)
( ag(k* + p*) Aa(k?, p?)
[(k* —p?)? + (M?*(k?) + M*(p?))?]
a7 Ap(k?,p?)
(k* +p?)
ms(k*,p*) = asAa(k* p?)

ﬁ

Bashir, Bermudez, Chang & Roberts (2012)
Guided by perturbation theory; draws on comparison with structural dependence of the Ball-Chiu
vertex on A(p?) and B(p?); perturbative limit of the transverse vertex conforms with its one loop

expansion in the asymptotic limit of &* > p? .

Qin, Chang, Liu, Roberts & Schmidt (2013)
Make use of longitudinal + transverse WGTI to constrain the Abelian gauge-boson-fermion

vertex. Agreement of T3 T5and Tg with functional form derived by Bashir et al.

16



Based on Abelian longitudinal and transverse vertex of Qin et al. in the background
field method and all-order relation connecting this background-field vertex with the

guark-gluon vertex.

A.C. Aguilar, D. Binosi, D. Ibanez & J. Papavassiliou, Phys.Rev. D90, 6 (2014)

17









Ward-Takahashi identity:

Q,uir,u(kap)

Transverse Ward-Takahashi identities:

0.1 (k,p) — T (K, p) ST P + 0 ST (k)
27:mr,u1/(kap) + t)xg)\,uz/przl(kap) =+ A;‘Lfy(kap)

.15 (k,p) — T} (k, p)




What is the origin of these transverse identities?
e~~~ —

Fs

S

21
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What is the origin of these transverse identities? |
e~ - "—M

Y(z) — ¢'(2) = ¥(2) +iga(z)Y(z), Y(z) — ¥'(2) = ¥(2) — ige(z)P(2),

0, T% (p1,p2) = Sp' (p1) — S5 (p2),

1(z) = 790(@) 0 b (z), S1() = 790(@)H (@)

Infinitesimal Lorentz transformation

H.-x. He Phys.Rev. D80 (2009)

ig"TY, (p1,p2) — i¢" T (p1, p2)
— SEI(Pl)UW + UWSEI(Pz) + 2mI‘f}”(p1,p2)
d*k

(27!')4 zk/\e)‘”VpI‘Ap (pl sy P25 k)a

+(p1x + P2r)eMPT 4, (1, D2) —

21




Non-Abelian Ward-Takahashi identities: divergence and curl |

4

et - 1————*—‘
Slavnov-Taylor identity:
qu il (k,p) = F(¢°)[S™ (k)H"(k,p) — H*(k,p)S™" (p)]

qMFz(kap) o QVFZ(kap) —

q. L5 (k) — @, U5 (k,p) =

Transverse Slavnov-Taylor identities:

F(q®) [S™ (p)ouwH (k,p) + H*(k,p)o S~ (k)]
21m Fzy(k,p) + t)\g)\ul/pFZA(kvp) + AZ‘I//(k7p)

F(¢®) [S~(p)os, H(k,p) — H*(k,p)os, S~ (k)]
t)\g)\,uup Fg(kap) + V,L?I;Ll(kap)

22



Slavnov-Taylor Identity |

R ———

One can relate the longitudinal form factors A; to the quark propagator’s
scalar and vector pieces, B(p?) and A(p?) via an STI:

g 0%k, p) = F(¢®) [STH(k)H (k,p) — H*(k,p)S~ (p)] |

—————————

23
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Slavnov-Taylor Identity |

One can relate the longitudinal form factors A; to the quark propagator’s
scalar and vector pieces, B(p?) and A(p?) via an STI:

quils(k,p) = F(¢*) [S™ (k)

Ghost dressing function

Quark-ghost scattering kernel

23



Slavnov-Taylor Identity |

L ——

One can relate the longitudinal form factors A; to the quark propagator’s
scalar and vector pieces, B(p?) and A(p?) via an STI:

g iT%(k,p) = F(q®) [SH(k)H (k,p) < H (k,p)S ()] |

Ghost dressing function

Quark-ghost scattering kernel

Decomposition of H(k,p) and its conjugate in terms of Lorentz covariants:

H(p1,p2,p3) = XOHD+iX17'p1+iX2”Y'p2+iX30aﬁp(fp§
H(pa,p1,ps) = Xolp—iXovy-p1—iX17-p2+iX30a3D7P)

X;(p, k,q) = X;(k,p,q) X; = Xi(p1,p2,p3)

Davydychev, Osland & Saks (2001) |

23
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Longitudinal form factors of the quark-gluon vertex from the STI \

S —— e e T —

Since the transverse part of the quark-gluon vertex does not contribute to the
"longitudinal” STI, the longitudinal form factors A; may be written in terms of
A(p2), B(p?), F(p?) and the quark-ghost scattering functions X; .

32— FO) 442 (X0 4 (8 = k- p) Xa] + AGP) [Fo + (6 — k) Xy
+ B(k?)[X1 + X2) + B(p?) [X1 + X2 } |
AP = (pﬁ;(f 22) LA [(K? + k- p) Xa — Xo] + AG?) [Ko— (° + k-p) X
; + B [X - Xa] + BGA) [K1 - %) }
A = /f;(_q?z {A(k2) X1+ k-p Xo] = A(p®) [p* X1+ -p Xo]
; + B Xo— BOH Ko}
AQCP = _FQ(QZ) {A(K?) X5 - Ap?) X + B(k?) X5 - B(p*) X3 |

Aguilar & Papavassiliou (2011)




B

Longitudinal form factors of the quark-gluon vertex from the STI \

e —— =

————

Since the transverse part of the quark-gluon vertex does not contribute to the

"longitudinal” STI, the longitudinal form factors Ai may be written in terms of

A(p2), B(p?), F(p?) and the quark-ghost scattering functions X; .

A?CD
AgCD

AgCD

AQCD

Aguilar & Papavassiliou (2011)

24



Decoupling the transverse STIs

Consider the transverse STl which involves the axialvector vertex:

g b ) —a.b kp) = F(¢®) [S-p)o), Hkp) —H (kD)o 557 k)]
+  taEaup Lok, p) + Vil (k,p)

1
Contract it with the two tensors: T, = 5 EapuvptadsID t =ik+p
1!
2
Th, = 3 €ouplals
and use the relations: T, txexuw, Lo(k,p) = t2q-T(k,p) —q-tt-T(k,p)
i e n b (kb —Sens b D kep) =g o iBthin)

H.-x. He (2009) ; S.-x. Qin, L. Chang, Y.-x. Liu, C.D. Roberts & S. Schmidt (2013)
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Decoupling the transverse STIs

Consider the transverse STl which involves the axialvector vertex:

g b ) —a.b kp) = F(¢®) [S-p)o), Hkp) —H (kD)o 557 k)]
+  taEaup Lok, p) + Vil (k,p)

1
Contract it with the two tensors: T, = 5 Eamptagsn t=Fk+p
1
Tiv = 5 Fappaldp
and use the relations: T, txexuw, Lo(k,p) = t2q-T(k,p) —q-tt-T(k,p)
Lo b Lo(kiD). = Yebge Tk p) — ¢ i7E(k,p)
q-tt-T%k,p) = T, F(g*) [S™ (p)o), H (k,p) — H(k,p)o,, S~ (k)]
+ t2q-T%k,p) + T, Vet (k,p),

q-tvy-TFk,p) T., F(¢*) [S~ (p)o,, H(k,p) — H*(k,p)o,, S~ (k)]

+ y-tq-T%k,p) + T2, Ve(k,p).

puv v puv

— I, R ——

H.-x. He (2009) ; S.-x. Qin, L. Chang, Y.-x. Liu, C.D. Roberts & S. Schmidt (2013)
25



These two identities involve ONLY the vector vertex!

q-ttIk,p)) = T,, F(¢*)[S™ (p)o,, H(k,p) — H(k,p)o,, S " (k)]
+ t2q-F\“(2@+ijVﬁf‘(k,p),
¢ty {l°(k,p)) = T., F(¢°) S~ (p)o,, H (k,p) — H(k,p)o,, S (k)]

+ y-tq -F\“(@ + 12,V (k,p).

The unfamiliar complicated components in these identities can simply be decomposed:

T, Vid(k,p) = InYi(k,p)+7v-qYa(k,p) +7 tYs(k,p) + [v- g7 t]Ya(k,p)
iTiVV;f(k,p) — ID Y5(k,p) i Y QYG(k,p) o SR tY7(]~C,p) b [7 Gy t]Yg(k,p)

S.-x. Qin, L. Chang, Y.-x. Liu, C.D. Roberts & S. Schmidt (2013)

26



These two identities involve ONLY the vector vertex!

q tt'@ — Tl ( )[S 1( )1 ; Ija(k,p)—Fla(k,p)ain_l(k)}
+ 2 q- Tk, p)+ T, Vol (k,p),
q tv-@ = Tin(Q) S~ '(p)o,, H*(k,p) — H*(k,p)o,, S~ (k)]

+ - telI*(k,p) +T3,,V5,:“<k,p>-

The unfamiliar complicated components in these identities can simply be decomposed:

T, Vid(k,p) = InYi(k,p)+7v-qYa(k,p) +7 tYs(k,p) + [v- g7 t]Ya(k,p)

T2, Vid(k,p) = InYs(k,p)+7v-qYs(k,p) +7 tYe(k,p) + [v-q, 7 t]Ys(k,p)

S.-x. Qin, L. Chang, Y.-x. Liu, C.D. Roberts & S. Schmidt (2013)

Not known for now until some Ansatz/Model for them is found:

aA d4k a
VMV — (27‘_)4 Qk)\ EXuvp Fp(k,p)

26
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Transverse form factors of the quark-gluon vertex from transverse STIs |

e~ R T T = — _———————J
D 5 A(K?) — A(p?)  2Ya (k* —p*) — (Y3 — Y5)(k +p)?
T TNk S TR @ = )
| D 2 B(k*) — B(p?) Y1 2Y, + Ye
50 = —F(¢*)Xo(k,p)——; 2 3R 2 )
D 5 A(k*) — A(p?) 2Y3 (k — p)°Ya + (k* — p*)Ys3
Tg?c — —F(C] )X()(k,p) L2 _p2 o L2 _p2 o 4(k2 _pg) (k2p2 — (]f p)2)
_Qcp Y
. 2 (k% —p?) (k?p? — (k- p)?)
| _QCcp Y5 — 3Y3
P AR =) (R = (k-p)?)
_QCD  _ Y1 — (6Y1 + Yg) (k2 — p?) — Y7 (k +p)°
' 2(k2 —p2)° (k2p2 — (k-p)2)
_QCD  _ oY, (k — p)* — (Y3 — Y5) (k2 — p?)
° 8 (k2 — p?) (k2p2 — (k- p)?)
acp _ Ya(k—p)® —4Vi(k?p — (k- p)*)
! 4 (k2 — p?) (k2p? — (k - p)?)

2%



Quark-ghost and ghost-gluown scattering




Quark-ghost scattering

———————— R

The functions X;are known in pQCD at one-loop order, see Davydychev, Osland & Saks (2001).
Nonperturbative approach to quark-ghost scattering kernel by Aguilar & Papavassiliou (2011)

with the approximation X; 2 3 = 0. This yields a “ghost-improved” Ball-Chiu vertex.

[PY=Xo(p3)F(p3) T J° < Xo=1+0(g?) and X; = O0(¢?),i=1,2,3

A(p1,p2,p3) = Xo(pgiF(pg) A(p%) + A(p%)
A2(p1,p2,p3) = )gogz%)i(g;’) A(p3) — A(p1)
A3(p1,p2,p3) = Xo](?zszpép 3) [B(p?}) — B(p3)]
Ai(p1,p2,p3) = O
ﬁ
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Quark-ghost scattering

The functions X;are known in pQCD at one-loop order, see Davydychev, Osland & Saks (2001).
Nonperturbative approach to quark-ghost scattering kernel by Aguilar & Papavassiliou (2011)

with the approximation X; 2 3 = 0. This yields a "ghost-improved” Ball-Chiu vertex.

[PY=Xo(p3)F(p3) T 0C° Xo=1+0(g?) and X; = O0(¢?),i=1,2,3

A1 (p1,p2,p3) = XO(pg;F(pg) (A(p?) + A(p3)]
A2(p1,p2,p3) = )gogz?i()%%’) A(p3) — A(p1)
As(P1,p2,ps) = Xogfiz §p§> B3) - B)]
Ai(p1,p2,p3) = O

ﬁ

One still needs a nonperturbative model for Xo(p1,p2,p3) !
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Quark-ghost scattering

The quark-quark-ghost-ghost scattering amplitude is given by connected
and a disconnected diagrams.

Connected diagrams in terms of dressed vertices:

30



Quark-ghost scattering

——— e

The quark-quark-ghost-ghost scattering amplitude is given by connected
and a disconnected diagrams.

Connected diagrams in terms of dressed vertices:

No tree-level contributions! Perturbative expansion starts with O(g*) two-gluon exchange!

30



Quark-ghost-gluon-ghost scattering ;

Aguilar & Papavassiliou (2011)
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4

Quark-ghost-gluon-ghost scattering !

————e
To obtain H(p;,p2,p3), an outgoing P2
quark-ghost pair of the scattering Hpupops) =1 + \{Q\'i
amplitude must be contracted forming | N/
an non-standard QCD vertex. p; O

Aguilar & Papavassiliou (2011)



v

Quark-ghost-gluon-ghost scattering |

————
To obtain H(p;,p2,p3), an outgoing P2
quark-ghost pair of the scattering Hpupops) =1 + \{O\'i
amplitude must be contracted forming | N A
an non-standard QCD vertex. p; O

A tractable calculation of the functions

Xi(p1,p2,p3) can be based on the dressed
one-loop approximation.

H(p17p27p3) —

92

o A
2 F / D(ps — k)G, (ps — k) A" (k)S(k + p2)Tpu(p2, —p2 — k. k)
k

| H[l](plap27p3) =1+

Aguilar & Papavassiliou (2011) 31



4

Quark-ghost-gluon-ghost scattering !

—M

1 Tr {H}
ps Tr{y-p1 H} — (p1-p2) Tr{v-p2 H}
4 [p%P% — (p1-p2)?]
piTe{y-p2o H} — (p1-p2) Tr{v-p1 H}
4 [p%P% — (p1-p2)?]
Ir {5ap p%pg H}

4[(p1-p2)? — pip3]

Aguilar & Papavassiliou (2011)
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1.5

1.4

1.3

X, (q?)

0
1.2

1.1

Result for Xo

— enhanced ghost-gluon vertex
- H1(X) =1

0.1

1 10

q° [GeV’]

Ghost-gluon vertex lattice-
QCD parametrization

Dudal, Oliveira, Rodriguez-Quintero (2012)

Form factor contributions from X4, X2 and X3 are suppressed relative to Xo.

E. Rojas, J.P.B.C. de Melo, B. EI-Bennich, O. Oliveira, T. Frederico (2013)
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Use with STI derived quark-gluon vertex in the limit:
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Use with STI derived quark-gluon vertex in the limit:

Xl(q2)7X2(q2)7X3(q2) =g and Yl(q2) Y8(q2) =l

QCD
>‘1

QCD
>‘2

)\?(;QCD

)\?CD

2 (k? —p?)
(@) Xolh,p) 2 =)
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Concluding remarks

We did not solve the inhomogeneous Bethe-salpeter equation for the

quark-gluon vertex.
Instead, derived a quark-gluon vertex from symmetries.

No free parameters, only ingredients are the Nr = 4 gluon and ghost

propagators from lattice QCD.
Current status of DCSB not satisfying when only known terms are kept.
Next step: use Yiform factors from nonlocal tensors.

If the same vertex form is employed with a phenomenological interaction,

(Qin, Chang & Roberts) then DCSB is large = M(0) = 370 MeV.
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