Collaboration in aspects of non-perturbative QFT
« Studies of Non-perturbative propagators, vertices in QED and QCD

« Dynamical Chiral Symmetry Breaking and criticality of
the running coupling using DSE

* Quark-gluon vertex on the Lattice
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Components of QCD
Gluon Propagator
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Simulation Parameters:

e
5.20 0.13506( 0.081 32° x 6 - 900
.20 0.12620] 0.071 322 % 6 199 7. 000

5.20 0.13632| 0.071 323 « 6 3! 3 008
643 % B - 114
5.40 0.13647|0.060 32° % 6 : y a0

Other fermion actions such as Staggered, overlap fermions are used in different studies..
Howeever continuum limit must stay the same
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SW action, an O(a) improved quark propagator

S(z,y) = =N

O(a) improvement of quark wave function
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S(z,y) = < (14 bam)*(1 — cqa P(2))So(z,y;U)(1 + cqa P(y)) >

tree level values:
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The O(a) improved quark propagator suffers from large tree-level lattice artefacts,
which complicate the determination of the physical momentum dependence of the
form factors.

L(q Witnal= o (=) (pa
Z(ap) = ZZ(O)((;;)) aM(p) = el Z,,S?)M ik

Need to remove lattice artefacts:
 momentum cuts (cylinder cut)
select momenta close to the diagonal in 4-
momentum space, which have the
smallest hypercubic artefacts.
» tree level correction

tree-level quark wave function



(my, = 422MeV ; my = 17.0MeV)
(my, = 280MeV ; m,; = 6.2MeV)
(my = 295MeV ; my; = 8.0MeV)

)

(my, = 426MeV ; m, = 18.4MeV
very slight dependence on the lattice spacing
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Finite Volume Effects

B=5.29 k=0.13632




(mr =422MeV ; my = 17.0MeV
(my = 280MeV ; myg = 6.2MeV
(mr =295MeV ; my = 8.0MeV

(m, =426MeV ; my, = 18.4MeV
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(mr = 426MeV ; my = 18.4MeV
(my =422MeV ; my = 17.0MeV
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)
)
)
(mr =280MeV ; m, = 6.2MeV)

The mass function M(p) shows the usual dynamically generated “constituent” quark
mass of 300—-400 MeV in the infrared, and approaches the bare quark mass m in the
ultraviolet.



Finite Volume Effects
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 M(0)= 339.9 + 3.7 MeV
« lattice artefacts under control for Z(p2) but not for for M(p?)
 mild effects on Z(p?)

 quark wave function seems to be lattice space independent at UV but not in
the IR
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1-Determining gqqg vertex perturbatively:

2- Nonperturbatively in continuum by solving qqg Vertex DSE

a-Either by solving DSE for the vertex itself

<

b-By solving coupled DSE for the propagators self consistently by
Imposing constraints on them

J.S. Ball and T.W. Chiu, Phys.Rev. D22 (1980) 2542

J.S. Ball and T.W. Chiu, Phys.Rev. D22 (1980) 2550,

c-using Ward-Green-Takahashi identities...
S-X Qin ,C. D. Roberts, S. M. Schmidt ,Phys.Lett. B733 (2014) 202-208

3-Non-perturbatively in discreet space by using latice gauge field theory



In Perturbation theory:




Quark-Gluon Vertex

Ghost-Quark Scattering Kernel
Slavnow Taylor Identity />

a"T,(p,q) = Gp(q?) [H(k,—p,—q)S" (k) — S ' (p)H(-p,k, —q)]
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Zeroth Order:
g% =[S 1 =S

One-loop Abelian:
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One-loop Non- Abelian :
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J.S.Ball and T.W. Chiu, Phys.Rev.D22, 2542(1980)
A.Kizilersu,M.Reenders and M.R.Pennington, Phys.Rev.D52,1242 (1995). (QED)

A.l.Davydychev, P.Osland and L.Saks, Phys.Rev.D63,014022 (2001) (QCD)
J.A.Gracey, Phys.Rev.D90,025014(2014) (QCD)



Dressed quark-quark-gluon vertex in continuum

Longitudinal Part:

I'7 (p, k) = Ax [VF] + A2 [(k+ p)(k + p)¥]
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Longitudinal Part of the Abelian Vertex : KNOWN AS BALL-CHIU VERTEX
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R. Williams.,J. Pawlowski, C. Fischer
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J. Skullerud, A.Kizilersu, T. Williams, D.Leinweber, P.Bowman
M. Pelaez, M. Tissier and N. Wschebor, (one-loop)

J. Skullerud and A.Kizilersu, JHEP09(2002)013
J. Skullerud, P.O.Bowman, A .Kizilersu,D.B. Leinweber, A.G.Williams, JHEP04(2003)047
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Transverse Projection

D, does not exist, so we will be looking at transverse projection
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We study transverse projected vertex:
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General Kinematics: PM T iy k,u T8 2]9“ gl om
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On the lattice :
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In Continuum:
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Tree level lattice expression :
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Soft Gluon Kinematics : (g, = 0 e — gl
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Soft Gluon Kinematics: g, = 0 Ky =Dpu =

Try| FZ] = T A0




We thank the Regensburg Collaboration(RQCD) for allowing us to use their
configurations in this project

G. S. Bali et all, Phys Rev D91, 054501 (2014) [arXiv:1412.7336]

The calculations ( gauge fixing , propagators) where performed using the
HLRN (Germany) for supercomputing

g&;mion Actiqn is Clover Rotated 323 R 1 ottice
configurations
B =5.29
k=0.13632
a=0.07fm

m,. = 290MeV


https://www.hlrn.de/home/view/Service
https://www.hlrn.de/home/view/Service
https://www.hlrn.de/home/view/Service
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5 —IGEIR GRS | — 0.09 fm
mg = 122MeV , (1.5fm)® x (4.5fm)

J. Skullerud and A.Kizilersu, JHEP09(2002)013



Soft gluon Kinematics (Asymmetric) -Unquenched

Ny =2: =540,k = 0.13647,323 x 64
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Soft Gluon Kinematics :

Ny =0, Quenched
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Renormalised form factors Aq, Aa, A3 versus p.
Mean-field improved SW action, 8 = 0.6 and
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m = 115MeV.
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without TL corrections
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Form factors A1, Ao, A3 versus pa.

B =254, a=0.06fm and
323 x 64, 900 configuration,

J. Skullerud,P. Bowman, A.Kizilersu,
D.Leinweber,A.Williams, JHEP04(2003)047
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Soft gluon Kinematics (Asymmetric) -Unquenched

Ny =2: =540,k = 0.13647,323 x 64
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Soft gluon Kinematics (Asymmetric) -Unquenched

N;=2: =540,k = 0.13647,323 x 64




Hard Reflection Kinematics: P, = 0 [ Ea
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Quenched results Hard Reflection Kinematics : PM = ku

Ny =0, Quenched

Renormalised form factors Aq, 7 versus p.
Mean-field improved SW action, 8 = 0.6 and
163 x 48 lattice, u = 2GeV, 495 configuration, m = 115MeV.



Orthogonal Kinematics : g =
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Orthogonal Kinematics : g =0 fl = p°
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Orthogonal Kinematics : g =0 fl = p°

T
Ny = 0, Quenched = 1) (Tr4 (%‘P“)>'

Form factor X\, (p?, k?,¢%) versus p and ¢ for (k? = p?).
Quenched, 3 = 6.0 clover (SW) fermion action with mean
field improvement coefficient, m, = 115MeV.




A. Kizilersu, D.B. Leinweber, J.l. Skullerud, A.G. Williams, Eur. Phys. J. C50, 871
(2007



Backround Field Method
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Comparison with our Quenched Calc.

L2(p) (GeV™?)

Form factors A1, Ao, A3 versus pa.
B8 =25.9,a=0.07fm and

323 x 64, m, 290MeV config.,
532 configuration,

Curci-Ferrar1t Model (One loop)

M. Pelaez, M.Tissier and N. Wschebor, Hep-th-1504.05157v2(2015)
J. Skullerud,P. Bowman, A .Kizilersu,
D.Leinweber,A.Williams, JHEP04(2003)047




excited states

0
Y
S
o
@
<
S
S
0
=
()

E. Rojas, B, EL-Bennich, 2.P.B.C.Melo, Phys. Rev. D90, 074025 (2014)
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Conclusion:

/&
Soft Gluon Kinematics: gy, = 0 ky =pu = 7“
Bl 0 it i il
Hard Reflection Kinematics : PM = k,u = —py = ?
Orthogonal Kinematics : q-P =0 k2 = p2

General Kinematics :




* high statistics quark propagator and quark-gluon vertex
computation closer to the physical point

A1 IR enhanced

« qualitative agreement with quark-gluon models

« explore further kinematics + form factors of the vertex

* need to have a better understanding of the lattice artefacts



