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We investigate the equal-time (static) quark propagator in Coulomb gauge within the Hamiltonian
approach to QCD. We use a non-Gaussian vacuum wave functional which includes the coupling of the
quarks to the spatial gluons. The expectation value of the QCD Hamiltonian is expressed by the variational
kernels of the vacuum wave functional by using the canonical recursive Dyson-Schwinger equations
(CRDSES) derived previously. Assuming the Gribov formula for the gluon energy we solve the CRDSE for
the quark propagator in the bare-vertex approximation together with the variational equations of the quark
sector. Within our approximation the quark propagator is fairly insensitive to the coupling to the spatial
gluons and its infrared behavior is exclusively determined by the strongly infrared diverging instantaneous

color Coulomb potential.
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I. INTRODUCTION

Confinement and the spontaneous breaking of chiral
symmetry leading to the dynamical generation of a con-
stituent quark mass are the most important low-energy
phenomena of quantum chromodynamics (QCD) at ordi-
nary density and temperature. Research on this subject has
been ongoing for decades (see Refs. [1-7] for some recent
reviews) and various pictures have emerged, like the dual
Meiliner effect [8,9], the center vortex scenario [10-14],
and the Kugo-Ojima-Gribov-Zwanziger scenario [15-19].
Furthermore, these pictures are all supported by lattice
calculations [20] and have been shown to be closely related
[21-23]. Despite these efforts, a rigorous understanding of
these phenomena is still lacking.

Much progress has been made in recent years using
functional continuum methods like Dyson-Schwinger
equations (DSEs) [1,3,4], functional renormalization group
(FRG) flow equations [2,5], or variational methods in the
Hamiltonian [18,19,24-33] or Lagrange [34,35] form. The
variational approach has, in principle, the advantage over
other continuum methods that it provides a criterium for the
improvements of (the variational ansatz and) the trunca-
tions used. However, when one goes beyond Gaussian
wave functionals one faces a problem: Wick’s theorem no
longer applies, making a direct evaluation of expectation
values in terms of the variational kernels of the vacuum
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wave functional impossible. In Refs. [26,29] this problem
was elegantly solved using DSE techniques. The upshot is a
set of DSE-like equations (named canonical recursive
Dyson-Schwinger equations, CRDSEs) which relate the
various n-point functions of the quark and gluon fields to
the variational kernels of the vacuum wave functional. In
the present paper we investigate the CRDSE for the (static)
quark propagator.

The organization of the paper is as follows: In Sec. I we
give a short summary of the Hamiltonian approach to QCD
in Coulomb gauge developed in Ref. [29]. In Sec. III we
discuss the truncation and renormalization scheme of the
quark propagator CRDSE. The numerical input and the
results are presented in Sec. IV, and some final remarks are
given in Sec. V. In the Appendix we present the details of
the infrared analysis of the relevant CRDSE:s.

II. COULOMB GAUGE EQUAL-TIME
QUARK PROPAGATOR

In terms of the fermion field operators v, ' the equal-
time quark propagator S is defined by

S(1.2) = (lw(1).w" (2)]). (1)

| =

We use here a condensed notation where a single numerical
index stands collectively for the spatial coordinate and the
color and spinor indices. A repeated numerical label
[see e.g., Eq. (3) later] implies integration over the spatial
coordinate as well as summation over all discrete indices.
Both the factor 1/2 and the commutator on the right-hand
side of Eq. (1) arise from the equal-time limit of the time-
dependent propagator; the expectation value (...) is taken
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in the ground state of the QCD Hamiltonian, which in
Coulomb gauge takes the form [36]

1 1
= / QT3 B (X)L (X) + / & xBA(x)BY(x)

+ / Sy’ (x)[—ia - V = ga - A(x) + pm]y(x)

2
g - a a
+ [ L ). @

Here, E¢ =16/0A¢ and B¢ are the chromoelectric and
-magnetic fields, a; and f are the usual Dirac matrices, m is
the bare current quark mass, and A = A“%¢* are the (trans-
verse) gauge fields with #* being the Hermitian generators
of the 8u(N,) algebra. The last term in Eq. (2) is the
so-called Coulomb term: it describes the interaction of the
color charge density

p* =yl 1y — fAVES
through the Coulomb kernel
Fx(1.2) = G4(1,3)G5' (3.4)G4(4.2). (3)
where
Gi'(x.y) = (=6V3 = gf“PAf (x)97)8(x —y),
Go = Gy

is the Faddeev-Popov operator of Coulomb gauge.
Finally, J, = DetG;! is the corresponding Faddeev-
Popov determinant.

For the fermionic operators , y' we use a representa-
tion based on coherent states |£) (see Ref. [29] for details),
where the action of w, y' onto a fermionic state |¢) reads

(e (1)) = (5_<1> +5§%1))¢[5},

(e (1)) = («sim +6§_L(1))¢m. 4

In Eq. (4), @[] = (é|p) is the coherent-state functional
representation of the state |¢), and
() =& (M) +&(1), &) =As(1,2)¢(2)

is a spinor-valued Grassmann field, with

d3p )
As(1.2) = / (2x)3 elPimIAL (p),
1 a-p+pm
A(p) =5+

2 2ypr+m?

being the projectors onto positive/negative energy eigen-
states of the free Dirac operator.

Denoting the ground state of the QCD Hamiltonian by
W&, A, the vacuum expectation value (O) of an operator O
depending on both the gauge field A and the fermionic
fields w', w is given by the functional integral

(OlA.Eyy))= [ D DEDAT e 6.4
Yie.Al

(6)

1 o 1
0 A"_9 — ) i e e

where

p=¢&(1)8(1.2)¢(2)
is the integration measure of the coherent fermion states,
which involves the bare quark propagator
1
$0(1.2) =5 (A (1,2) = A(1,2)]
a-p-+pm

2/pr+m?

The vacuum wave functional W[&, A] can be written as

So(p) = (7)

veAlsep{ =35l -s el ®

where S, defines the vacuum wave functional of the pure
Yang-Mills theory, while S, is the fermionic contribution,
which includes also the coupling of the quarks to the spatial
gluons. When all functional derivatives in Eq. (6) are
worked out, expectation values of operators reduce to
quantum averages of field functionals with an “action”

This formal equivalence between vacuum expectation
values in the Hamiltonian approach and functional integrals
of a Euclidean field theory can be exploited to derive exact
functional equations similar to Dyson-Schwinger equations
[26,29]. They differ from the standard DSEs in the sense
that they do not connect propagators and vertices with
the ordinary action but rather with the exponent of the
vacuum wave functional. To stress the conceptual differ-
ence between the usual DSEs and the equations arising in
our approach we named these “canonical recursive DSEs”
(CRDSEs).

The vacuum wave functional Eq. (8), and hence the
action Eq. (9), is eventually determined by means of the
variational principle: first we choose a suitable ansatz for
the vacuum wave functional, which depends on some
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variational kernels whose high-energy behavior is known
from perturbation theory [37-41], unless they are of non-
perturbative origin. Then we evaluate the vacuum expect-
ation value (H) of the Hamiltonian using the CRDSE:s to
relate the n-point functions appearing in (H) to the
variational kernels of the vacuum wave functional. The
resulting vacuum energy is then minimized with respect to
the variational kernels. This procedure results in a set of
coupled equations for the variational kernels, which have to
be solved together with the CRDSEs. The ansatz chosen in
Refs. [30,32,33] reads

S+ 8p=&(17(1.2)8(2) + £ (1)To(1,2:3)£(2)A(3).
where the biquark kernel

7(1,2) = AL (1. 1)Ko (1, 2)A_ (2, 2)
+A_(1L1)KH (1), 2)A(2,2)  (10)

and the bare quark-gluon vertex

Fo(1,2:3) = AL (1, 1)K(1",2;3)A_(2',2)
FAL(LIKT(11,233)A,(2.2)  (11)

involve the variational kernels K, and K, for which we have
chosen the form

Ky(p) = ps(p), (12)

K{(p,q:k) = gt°[;V(p. q) + fa;W(p, q)]
x (27)%5(p +q + k). (13)

A more general form for K, could be chosen, but as shown
in Ref. [33] the simple form Eq. (12) already captures the
relevant physics. The variational kernel K [Eq. (13)]
contains a leading-order term involving the Dirac matrix
a; and a further contribution proportional to fa;. The latter
term, introduced in Ref. [30], turns out to be of purely
nonperturbative nature but is crucial to ensure one-loop
renormalizability of the physical quark propagator [33].
In Refs. [30,32,33] the vacuum expectation value of the
QCD Hamiltonian was calculated in the chiral limit m = 0
up to including two-loop order, and the minimization with
respect to the variational kernels resulted in four coupled
equations for the scalar functions s, V, W, and the gluon
energy . The equations for the vector kernels V and W can
be explicitly solved in terms of the scalar kernel s and the
gluon energy Q, yielding'

'Whenever there is no ambiguity, we will write the momentum
dependence as a subscript in order to simplify the notation.

ST i 1

FIG. 1. Diagrammatic representation of the CRDSE (17) for the
quark propagator. Full lines and filled dots represent, respec-
tively, dressed propagators and vertices. The line with an
empty square stands for the biquark kernel 7 [Eq. (10)]; the
vertex with a square box represents the bare quark-gluon vertex
T [Eq. (11)].

1+s,s
V(p’q):_ —s2 L a 2 ,
—55425,s 1=s5+2s,s,
Q(p +4q) + [pl—55 + la| —
(14a)
_ Sp 184
W(p’ q) - Q 1-s2 25,5, 1-s2—2s,s,
(p+a) + [p|— + lal =75
(14b)

The scalar kernel s, itself obeys a gap equation (see
Sec. III B). The same is true for the gluon energy Q. It
was shown in Ref. [30] that the unquenching of the gluon
energy by the quarks is negligible. We will therefore use for
Q the Gribov formula, see Eq. (32) below, which nicely fits
the lattice data for the gluon propagator in pure Yang-Mills
theory.

As pointed out above, in the CRDSEs the variational
kernels occurring in the vacuum wave functional [or, more
exactly, their combinations Eqgs. (10) and (11)] play the role
of the bare vertices in the Lagrangian approach. We stress,
however, that the word “bare” means here leading-order in
a skeleton expansion, and not lowest-order in perturbation
theory. In fact, the scalar kernel s » and the vector kernel W
are identically zero in any order perturbation theory.

In terms of the fermionic fields &, £, the physical quark
propagator Eq. (1) reads

S(1.2) = (€(1)§7(2)) = So(1.2), (15)

where S, is the bare quark propagator Eq. (7). The
additional term S, is a consequence of the chosen coher-
ent-state representation, Eq. (4), of the fermion field
operators.2 The quantity

0(1.2) = (5(1)§'(2)). (16)

2Other functional representations, see e.g., Refs. [42,43],
would not give rise to such a contact term; they would, however,
make the choice for the ansatz of the quark vacuum wave
functional much more involved, since one should discriminate
after the minimization of the energy between the positive/
negative energy components. The choice Eq. (4) already takes
care of the correct filling of the Dirac sea and is for our
calculations much more convenient.
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FIG. 2. Possible forms of the CRDSE for the quark-gluon vertex with the bare vertex attached to the external quark (top) and gluon
(bottom) leg. The ellipsis in the bottom figure stands for two-loop diagrams.

referred to as fermion propagator, obeys the CRDSE [29]

071(1.2) = [280(1.2)]7" +7(1.2)

~Fy(1.3:4)0(3. 3)D(4, 4)1(3, 2:4),
(17)

which is diagrammatically represented in Fig. 1. In
Eq. (17), Sy is the bare quark propagator Eq. (7),

(A(1)A(2)) (18)

is the gluon propagator, and I" is the full quark-gluon vertex
defined by

(E(1)ET(2)A(3)) = —Q(1. 1)T(1'.2:3) (2

D(1,2) =

.2)D(3.3).
(19)

The full quark-gluon vertex I also obeys a CRDSE, whose
form is diagrammatically represented in Fig. 2. The leading
term is given by [y [Eq. (11)], thus justifying its inter-
pretation as bare quark-gluon vertex.

Assuming a power law behavior

—> 1 p—)(]l
~ s

o(p)” (20)

L(p.p)'~

for the vertex and the propagator an IR analysis of the quark
propagator CRDSE (17) leads to the condition (see the
Appendix)

§=min(0,5 -6 -17),

while the vertex CRDSE truncated to include only the
triangle diagrams yields

n=max(—=1,2n+86—-17,2n+ 285 -5).

Combining these two relations results in the following
conditions for the IR exponents

{5:0 {—2§6S0
or
n=-lor5 n=1>5-26.

In the case of an IR constant quark propagator, 6 = 0, the
possible outcomes are 7 = —1 (i.e., IR suppressed quark-
gluon vertex) and # = 5. In view of the experience from
FRG and DSE investigations in Landau gauge [44-57] and
since the CRDSE for the quark-gluon vertex does not
contain a primitively IR divergent diagram (like e.g., the
CRDSE for three-gluon vertex [58]) such a strongly IR
divergent spatial vertex appears quite unlikely. We are
confident that the solution with § = 0 and n = —1 repre-
sents the physically realized case. For this solution the full
quark-gluon vertex has the same infrared behavior as the
bare vertex.

III. TRUNCATION SCHEME AND
RENORMALIZATION

A. Bare-vertex approximation

By global color invariance the quark propagator has to be
color diagonal. For the inverse quark propagator we assume
the following Dirac structure

0~'(p) = A(p)a - p + SB(p). (21)
In principle there might be further Dirac structures propor-
tional to fa; and 1. However, from continuum studies [59]
it is known that the term « fa; cannot arise until two-
loop order in perturbation theory. Furthermore, lattice
simulations [60,61] show no indication for the presence
of such a structure. A term proportional to the unity matrix
might well exist in the full (i.e., energy dependent) quark
propagator but drops out when performing the energy
integration required to obtain the static propagator. We will
therefore stick to the form Eq. (21). With the explicit form
of the biquark kernel Eq. (10) we obtain from the CRDSE
(17) in the chiral limit the following system of coupled
equations for the dressing functions A and B of the quark
propagator Eq. (21)

114042-4
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1 d3q A _mn.a —nm,da
Ap=1- IN. / 22y trle - pIg“(p. —q:q — p)Q(q)D;;(p — Q)T “(q. —p;p — @)].
B [ S e )0()Dy(p - )T ( ) @)
=5, - [T (p. —q: q — (P — @)™ (q,—p;p — q)].
P P 4N, (2”)3 0. P-—4:q—P qQ)0;;(P—q); q,—p:pP—1q

where the traces are taken over Dirac indices, and

PiP;
ti;(p) = d;; — p21 (23)

is the static gluon propagator Eq. (18), conveniently
expressed by the quasi-gluon energy Q(p).

Equation (22) still involves the full quark-gluon vertex
I' [Eq. (19)]. In the continuum QCD studies in Landau
gauge both in the DSE and in the FRG approaches [44-57]
a nonperturbative dressing of the quark-gluon vertex is
crucial to obtain spontaneous breaking of chiral symmetry.
In Coulomb gauge the situation is different: chiral sym-
metry breaking is already triggered by the instantaneous
color Coulomb potential (see Sec. IIIB) when the
|

A :1+92CF/ S
! 2 J @n’Q(p+49)h,

B — gch d3q Bq
=sp+ 3
2 J 2P Qp+q)a,

where Cr = (N2 —1)/(2N.) is the Casimir eigenvalue in
the fundamental representation,
— A2 2
A, =A; + By,
and the factors

p-(p+aq)q-(p+q)
(p+4q)?

arise from the contraction of the trace of Dirac matrices
with the transverse projector 7;;(p).

B. The biquark kernel

In principle we should solve the two CRDSEs (24)
with the vector kernels V and W [Eq. (14)] together with
the gap equation for the scalar kernel s, derived in
Refs. [30,32,33]. However, these previous investigations
have shown that the effect of the spatial gluons on the scalar
kernel s, is rather small. For physical values of the
coupling g, the scalar kernel is dominated by the strongly
IR divergent color Coulomb potential: in particular the IR
behavior of s, is exclusively determined by the Coulomb

(X_(p.q)V*(p.q) + X, (p.)W(p.q)] = 1 + I,

[X_(p.q)V*(p.q) — X..(p.q)W?(p.q)].

|
BCS-type wave functional is used for the quarks, i.e.,
when the vector kernels V and W in Eq. (13) are put to zero
and thus the coupling of the quarks to the spatial gluons is
disregarded. Furthermore, it was shown in Ref. [32] that for
reasonable values of the strong coupling constant the
inclusion of the coupling of the quarks to the spatial gluons
influences only the high-momentum behavior of the scalar
kernel. Moreover, as shown above, bare and dressed quark-
gluon vertices have the same IR behavior. Therefore, in the
following we replace the full quark-gluon vertex I" by the
bare one Ty [Eq. (11)]. We will discuss the quality of this
approximation later. After replacing the full vertices in the
CRDSE (22) by bare ones, the Dirac traces can be worked
out and the coupled equations (22) for the dressing functions
of the quark propagator reduce to

(24a)

(24b)

|
term. Therefore, in the following we assume that the scalar
kernel s, satisfies the gap equation obtained without the
coupling to the spatial gluons, which is given by

2 3
gCr [ d°q
= F(p —
Ipls, 7 /(2”)3 (P—q)
qu(l—S%)—ﬁ-ﬁsp(l—SE)

2
1—|—sq

. (26)

Here, the color Coulomb potential F(p) is the expectation
value of the Coulomb kernel Eq. (3). Previous studies
[19,23,70,71] show that in coordinate space the expectation
value of F, raises linearly for large distances. In fact, an IR
analysis of the variational equations of the Yang-Mills
sector reveals the IR behavior

FF(p) = (8;") 27)

*When F (p) is replaced by a linearly rising potential or by
more general types of four-body instantaneous potentials one
recovers the equations studied in Refs [62-69].
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FIG. 3. Numerical solution of the gap equation (29) together
with the fit Eq. (30).

where oc is the Coulomb string tension: oc is larger
than the Wilson string tension ¢ by a factor ranging from
2.5 to 4 [72-74], the latter value seemingly being favored
by recent lattice calculations [75]. In the numerical solution
of Eq. (26) we use the IR from Eq. (27) of the Coulomb
propagator and set 6c ~ 4o, fixing our scale at \/oc =
0.88 GeV. For numerical reasons the gap equation (26) is
reformulated in terms of the mass function® m »

2ps /——
mp:ﬁésp: 1+p2/mf,—p/mp, (28)

p

resulting in

m

:ngF/ d*q F(p-q) [m P-q
P 2 (27[)3 q2+m2 4
\/ q

The numerical solution [76] of the gap equation Eq. (29)
can be fitted by

- 0.19099, /G¢ 0)
m, = T 0‘95086(p/\/0—c)1.7648]2.6632‘

Figure 3 shows the numerical solution of the gap equa-
tion (29) together with the fit Eq. (30).

C. Renormalization and chiral condensate

The equation (24a) for the dressing function A, is UV
divergent. Using a sharp UV cutoff we find

C
A, =1+ ajl E(1+s3)In A + finite terms,
n

*Let us stress that the interpretation of m,, as “mass function”
of the quark propagator is valid only when one ignores the
coupling of the quark field to the spatial gluons and sets A, = 1
and B, =s,. When the interaction with the spatial gluons
is taken into account, m,, is just a useful auxiliary quantity.

where a; = ¢*/(4r) is the strong coupling constant. As we
have shown in Ref. [33], the occurrence of a momentum-
dependent divergence poses no conceptual problem, since
A, and B, are the dressing functions of the propagator Q
[Eq. (16)] of the coherent-state fields & &' and not of
the physical quark propagator S [Eqs. (1) and (15)]. We
renormalize the equation for A, by subtracting it at an
arbitrary scale u, obtaining

1+s2
A =1 P
P +lJrsﬁ

(A}l - 1)

2

1+s
lim |I,(p,A) — PLiu.N)|, (31
+Aggo[A(p ) 552 Al N)|, (31

where [, is the loop integral on the right-hand side of
Eq. (24a).

Once the results for A, and B, are known, the chiral
condensate can be evaluated by

2N, B
a0) — — dpp?——2 .
<qq> 7 / pp A?, + B?,

IV. RESULTS

We have solved the coupled equations (24b) and (31)
with the variational kernels V [Eq. (14a)], W [Eq. (14b)]
and s, [Eq. (28)] calculated from the solution Eq. (30) of
the gap equation (26). The quasi-gluon energy Q is para-
metrized by the Gribov formula [15,77]

Q(p) = \/p* + mj/p*. (32)

For the Gribov mass m, we have taken the value

m2 —Nco*
=-—oc
AT g

resulting from the IR analysis of the gluon gap equation
[19]. The results are shown in Fig. 4 in a MOM scheme
with A, = 1 for the renormalization scale 4 = 2 GeV. The

value a,(2 GeV) = 0.30(1) [78] in the MS scheme can be
converted to the MOM value aM°M(2 GeV)~0.44 by
means of the three-loop f# function [79]. Figure 4 shows
the dressing functions A, and B, of the fermion propagator
Eq. (16) together with the values A, =1 and B, =5,
which follow when the coupling to the spatial gluons is
ignored. The coupling to the spatial gluons affects mainly
the dressing function A ,, which is related to the quark wave
function renormalization (see later). The dressing function
B, is almost unchanged: this can be easily understood by

’In Ref. [47] the coupling was fixed to aMM (2 GeV) = 0.45
by fitting the ghost propagator to the lattice data.
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(a) Dressing functions A, and B, of the fermion propagator Eq. (16) renormalized at 4 = 2 GeV. (b) Dressing function B, in

logarithmic scale, showing the effect of the coupling to the spatial gluon in the high-momentum regime. The curves labeled “no

coupling” refer to the case where the coupling to the spatial gluons is ignored, which results in A, =1 and B, = s

looking at the integrand in Eq. (24b) for small external
momenta p — 0. Since s(p = 0) = 1, the vector kernels V
and W [Egs. (14)] become in this limit

I1+1-5
Vip > 0.q) ~~ 1—qs,2+2sl ’
Q(q) + la| 5

I+s
W(p = 0.q) ~ - i,
Q(q) + la| 5

and the factors X, [Eq. (25)] reduce to

X:(p—>0,q)>1£(p-q).

0.6
05— T
\‘\. //
,,,,,,,,,,,,, N L
0.4 <\ — fa
---- f, (no coupling
0.3 ‘ fo ( pling) |
N I3
0.2 “\‘:‘\f — f5 (no coupling) |
Y
0.1 N\ 1
N
~.
i
0.01 0.1 1 10
p/GeV

FIG. 5. Dressing functions of the physical quark propagator
Eq. (33). The curves labeled “no coupling” refer to the case where
the coupling to the spatial gluons is ignored, which results in

A,=1land B, =s,.

p-

For small momenta the loop integral in Eq. (24b) is thus
almost vanishing. The coupling to the spatial gluons affects
the dressing function B, only in the high-momentum
regime, as shown in Fig. 4(b).

The physical quark propagator Eq. (15) becomes in
momentum space

S(p) = Q(p) — So(p)
_Apa~f)+Bpﬂ_a-f):
- AL+ B 2

fo(P)a-p+ f5(P)P,
(33)
with dressing functions

A, 1 B

p
=1 7 T 50 T5(p) = 2
A2+ B2 2 21 B

fa(P)
which are shown in Fig. 5. The dressing function f, of the ¢;
piece of the propagator develops an anomalous dimension in
the UV, compatible with the perturbative analysis [41].
For the chiral condensate we recover the value
(=236 MeV)?3. Both the dressing functions of the physical
quark propagator and the chiral condensate differ only little
from the values obtained by ignoring the coupling to the
spatial gluons and from the one-loop expansion of Ref. [33].

V. CONCLUSIONS

We have solved numerically the CRDSEs for the quark
propagator under the assumptions that (i) the scalar kernel
is dominated by the IR diverging color Coulomb inter-
actions, and (ii) that we can replace the full quark-gluon
vertex by the bare one. While we are very confident that
the first assumption is reliable, the second one is less
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under control. It is well known from Landau gauge studies
[44-57] that a number of Dirac structures beyond the
leading order y* contribute to the overall strength of the
vertex. The quark-gluon vertex in Coulomb gauge is
currently under investigation. It is more involved than its
Landau-gauge counterpart: because of the projectors
Eq. (5) in Eq. (11), the bare vertex alone involves five
different Dirac structures instead of one. Furthermore, since
the Coulomb gauge is noncovariant the total number of
Dirac structures must be nearly doubled, because the
temporal and spatial Dirac matrices must be treated
separately. It is very likely that all these further tensor
structures appearing in the full vertex are not as relevant as
in Landau gauge; this is because in our approach chiral
symmetry breaking is caused by the Coulomb term and not
by the quark-gluon vertex as it is the case in Landau gauge.
Keeping only this dominant contribution could be a useful
phenomenological tool for further calculations at finite
temperature and density.
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APPENDIX: INFRARED ANALYSIS

Suppressing all indices, the fermion propagator CRDSE
(17) can be written as

o' =[28,! +7+/foOD. (A1)

The IR analysis is performed in the usual way by rescaling
all momenta by a factor 4, p — Ap and q — Aq, sending
A — 0, replacing the various Green functions by their
assumed IR scaling behavior [Eq. (20)], and comparing
the powers of A. The biquark kernel 7 [Egs. (10) and (12)]
and the bare quark propagator S, [Eq. (7)] are IR constant

y~So~ A

while the bare quark-gluon vertex [Eqgs. (11) and (13)] and
the gluon propagator D [Eq. (23)] vanish in the IR because
of the IR diverging gluon energy Q [Eq. (32)] in the
denominators,

1:‘0’\//1, DN/’{

From Eq. (A1) we find with a factor 2*> coming from the
momentum integration:

10~ 0 +l3_'7_5+1+1.
For 4 — 0 the smaller exponent dominates, and we obtain
5 =min(0,5 -5 —7).

For the IR analysis of the CRDSE for the quark-gluon
vertex we choose the equation with the bare vertex attached
to the external gluon leg (second equation in Fig. 2)
and keep only the triangle diagrams. This CRDSE then
becomes

C=T0,+ / or,oro + / rorn%y;, (A2)

where y5 is the three-gluon kernel determined in Ref. [26].
The latter vanishes as 4> for 4 — 0. From the CRDSE (A2)
we find

AN~} Q300 L L 93n=5-n 1242
resulting in
—n =min(1,5-25-2n,7 - 2n-9).

Using the version of the CRDSE with the bare vertex
attached to the incoming quark line (first equation in Fig. 2)
forces one to consider also the full three-gluon vertex,
which was investigated in Ref. [58]. However, the con-
clusions presented at the end of Sec. II remain unaltered.

A possibly strong IR enhancement might come from the
quark four-point function (see Fig. 2 bottom). Even if our
vacuum wave functional Eq. (8) does not involve a four-
point function, we can nevertheless try to estimate its effect:
if we had such a term in our ansatz, its leading-order
expansion would be of the form

Loag~F 4T,
where F is the Coulomb propagator Eq. (27). Even with an

IR exponent of —4 from the Coulomb propagator the whole
diagram would not change the results of the IR analysis.
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