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Motivation

® The Schwinger-Dyson Equations (SDE) are the equations of
motion corresponding to the Green’s function in QCD.
SDE have been solved in covariant gauge.
The main adventage of the light-cone approach is that it
automatically gets rid of all ghosts and non-physical
degrees of freedom.
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For an arbitrary four-vector in Minkowski, we
following transformation:

ight cone coordinates

erform the
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QCD Lagrangian in the light cone gauge

$LCC——4FSVF”V (”pA“)z*'ZlI//[(lY”D mj)u/l, with 72 =0
J
A represents the gluonic field and ¢ is the fermionic field
With the covariant derivative D, ] = (‘9“’9/)! IJHlkl,)kA“

And the gluonic field tensor F:u — (‘)#Afj — (‘),,Az+gfabCAz A :



Feynman rules
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Gluon propagator:
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Quark-gluon vertex:
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Schwinger-Dyson Equations
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Poincare invariance
They form a set of infinitely many functional

differential equations.
® They work very well for studying non-perturbative phenoma



SDE for the quark propagator

For a fully dressed quark of flavor f, the SDE in Euclidean
space 1s given by:

Sf_l(p; A) = iy-p+me(A)+2s(p;A),

A 4
, d*q . y
Y¢(p;A) = Cr / (Qﬂ)4gz(A)A,,,,,(k:;A)wa(q;A)F,,(q,p;/\),

These structures do not
. appear in covariant gauge!
with k=p-q P S

The most general decomposition for the quark self-energy can be
written as

Se(p; A) = iA(p*; A)y - p+ B(p*; A) +iC (% A)y - n+iD(p?, A)y - n*



Z» = Quark propagator renormalization constant.
. Znz = Self-energy renormalization constant
R e n 0 rm a I Ized S D E Zm = Renormalization constant for the mass of the quark
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g s : 2 oy d*q . 5
Sy Y(p) = Zaliy - p + Zmmy(p)) + Z: Z5Cr / —(2ﬂ)4g‘ZA,“,(k)’y,“Sf(q)I‘,,(q,p)

Where the fully dressed quark propagator can be expressed
quite generally as:

S;l(p) = iA(pz)y-p+B(p2)+iC(pz)y-n+iD(pz)y-n*, A(pz) _ A(p2)+l
. : ; . 2 A9
S;(p) = —lA(pZ)Y.p+B(p2) —ﬁz(Cng)Y.n—lD(pZ)y.n , B(p ] = Bi(p )+mf(u),
B(p) >A%(p*) + B*( 2)+2i1( 2)C(p*)(n-p) @) = Ci)
p) = p-A°(p p pIC(p ) (n-p -
D(p®) = D(p*,

+2A(p?)D(p?)(n* - p) +2C(P*)D(P) (n* - n), g



Renormalization conditions

A2 = 1
BY 2 = m,

We would also expect

cWu?) = 0
DM = 0

at tree level ,S&S(p)::ﬂ

thus at the renormalization
behavior

One-loop calculations suggest
that in LCG we need to choose
a “renormalization direction”!

Y-p+m

point p2=u? one would expect this



One loop solutions

In the leading log.
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approximation:
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i - a=0.118, m,=0.004GeV, = 19.0GeV
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Numerical results (for p,=0)
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Conclusions and work for the future

A(pi,p2 ,p3, P4), the same feature stands for C & D.

Lorentz symmetry hides.

Tree level gluon propagator in this gauge is not transverse.
In order to compute non-perturbative solutions, we must
propose an interaction model taking into account the above

features.

Thank you!
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QCD Lagrangian
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Rainbow-ladder aproximation

The quark-gluon vertex obeys its own SDE, so we must truncate
the infinite system of equations.

gZApv(k)rv(q» p) = ZZD/.tv(k)')’v ’

k2

Where Dyv(k) = AT

We choose §&=0
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SDE after rainbow-ladder aproximation

A 4
S;H(p) = Zoliy- p+ Zmms(W) + Z;Cg f ﬁl)yv(kmsf(q)rv»

In order to get a coupled system of equations for A, B, C and
D, we apply the following projectors

—iy-p 1 —iy-n —iy-n*
- 2 — PC= ) PD: ’
4p 4 4(n-p) 4(n* - p)
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SDE
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