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Motivation

The non-Abelian character of QCD makes the ghost sector of the
theory non-trivial.

@ It is necessary to understand the ghost sector to correctly
describe the gauge sector.

@ While the ghost propagator in Landau gauge is well understood
from Lattice and continuum methods. ..

@ ...the ghost vertices are less known.

@ The ghost-gluon scattering kernel has not been studied much,
beyond perturbation theory.
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The ghost-gluon scattering kernel is given by

AN PN
7777’ q m q
]II//I<[Iﬂp” 7‘) = - + = T

v Fint v
p/SA p/A *'

and is closely related to the ghost-gluon vertex,

¢ Houula.p.7) = Tu(gp, 7).

= Du(Q:pv 7‘)
p // *'\q
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The ghost-gluon vertex is an ingredient in several Schwinger-Dyson
Equations (SDEs), e.g. the gluon propagator

AN p) = wwn +1
(az)
(ar)
e
(as) (as) (as)

and the ghost propagator *

q q q

*A. C. Aguilar, D. Ibafiez and J. Papavassiliou, Phys. Rev. D 87 (2013) 11, 114020.
*D. Dudal, O. Oliveira and J. Rodriguez-Quintero, Phys. Rev. D 86, 105005 (2012). 4/42
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The scattering kernel, is a bit more unusual.
It appears in the Slavnov-Taylor identity (STI) for the three-gluon

*
vertex

o (q.7.p) = F(r)[A™ (@) P (@) Huw (g, 7,p) — A (p) P (p) Hpa(p, 7, )]

where the gluon propagator, in Landau gauge is

quqv
¢’

Au(q) = —iPu(9)A(e),  Puw(q) = g —

and the ghost propagator is denoted by
iF(q)

D(q) = 7

o If A(q), F(g) and H,,(q, DT r) are known, one can solve the STI
for the three-gluon vertex".

@ Indeed, that was one of our main interests in studying
Hypu(g,p,m)"

*J. S. Ball and T. W. Chiu, Phys. Rev. D 22, 2550 (1980) Erratum: [Phys. Rev. D 23,
3085 (1981)].
**A. C. Aguilar, C. T. Figueiredo, M. N. F. and J. Papavassiliou, in preparation. 5/42
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Properties of the ghost-gluon scattering
kernel

The most general tensor structure of the ghost-gluon scattering kernel
is

Hl/,u(Qapv T) = gul/Al + q,uq”AQ + T;LTUAS + q;LruA4 + T[LquA5 )

where A; = A;(q,p,r).
q
H,u(q,p,7) o
])/ P , .\

The scalar form factors A;(q,p,r) are the objects to compute.
At tree level, Ago) (¢,p,r) = 1, and the others are zero, so that

Hz(/?} (Q7p7 T) =9vu -
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In its turn, the ghost-gluon vertex has the Lorentz structure

Tu(g,p,7) = qubBi(q,p,r) +ruBa(q,p,7).

- F‘u(% P, 7'>
P // *»\q
From, ¢"H,,(q,p,7) =T .(q,p,r), we can relate

Bi(q.p.r) =Ai(q,p,7) + ¢*A2(q. p.7) + ¢ - 7Asa(q, p, 7).,
Bs(q,p,7) =q - rAs(q,p,7) + ¢*As(q, p,7) -

At tree level, Bim (¢,p,r) =1 and Bé())(q,p, r) =0, so that

Fftm =qu -
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The Taylor theorem” guarantee’s that in Landau gauge,
Hyu(4,0,7) = gup + 0 (@05 7) 5

i-e. the ghost momentum, p, factorizes.

This is an immediate consequence of the transversality of the gluon
propagator.*

1 \7' H \7\
11% q m q
Hz/ll(q‘,p', 7”) = - l/<_ + St ; h

Then’ for b= 0 = Hl’ﬂ(‘]v 07 _q> = Hl(/(/))(Qa 07 _q> = gl/ll :

*J. C. Taylor, Nucl. Phys. B 33, 436 (1971).
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In particular, this implies that H,,(q,p,r) is finite in Landau gauge.

From ¢ H,,(q,p,7) =T ,(g,p,T), the renormalization constant is the
same for both, the scattering kernel and the vertex. Let

F‘l}%(q,pv T) = erp(Q7pa T) ’

then, 77 is finite in Landau gauge.

Moreover, if we renormalize in the Taylor scheme”,
(g0, —q) = ¢",

i-e. tree level for p = 0, then

We will see that in the MOM scheme Z; would be only slightly
different.

P Boucaud, F. De Soto, J. P. Leroy, A. Le Yaouanc, J. Micheli, O. Pene and
J. Rodriguez-Quintero, Phys. Rev. D 79, 014508 (2009). 9/42
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Also in the Landau gauge, the “classical” form factor of the vertex
has ghost-anti-ghost symmetry”

Bl(Qap7 T) = Bl(p7 q, T) .

= F‘U((L p, T)
RN

*A. C. Aguilar, D. Ibafiez and J. Papavassiliou, Phys. Rev. D 87 (2013) 11, 114020.
“R. Alkofer and L. von Smekal, Phys. Rept. 353, 281 (2001).
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The ghost-gluon scattering kernel satisfies the STT"

' F~Yr)Hy (q,p,7) + p"F~(p)Hy (q,7,9) = —q,.F~(q)C(r.p.q),

where
q o
Clr,p.q) =1+ O P
» .

Contracting with P¥(q) and rearranging one finds

F(r)[Ai(q,r,p) +p*As(q,r,p) + (¢ p)Aslq, 7, p)]

R(q”,p"r7) = F(p)[Ai(q,p,7) +12A3(q, p,7) + (q-7)As(q,p,7)]

=1.

*D. Binosi and J. Papavassiliou, JHEP 1103, 121 (2011).
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The truncation of an SDE may lead to the violation of the symmetries
of the theory.

For instance,
R(¢*p* %) =1,

may cease to hold for a truncated H,,(q,p,r).

In this case, we may take

F(T) [Al (qa T, p) +p2A3(q7 T, p) + (q : p)A4(qa T, p)]
F(p)[Ai(g,p, ) +72A3(q, p,7) + (¢ - 1) As(q,p, 7))

R(¢%,p?,r%) =

as a measure of the violation of the STI.
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Truncation

We truncate the SDE for H,,(q,p,r) at the “one-loop dressed”

*
level ",
L% N
o 77764.\7}
» / s » / 7 \._
where
Hoyr
r
N Y
q  “One-loop dressed’
R~ —————————> 5 L
p/ l\ iv approzimation | v q
-@ P/’f TN
(d1>mL
"A. C. Aguilar, C. T. Figueiredo, M. N. F. and J. Papavassiliou, in preparation. 13/42
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r Hoyr oy
N é# v
q  “One-loop dressed’ X l
@ - > i.f L3 +

@4

Pre g v N Y AN
(dl)v/r (dz)m
Then,
Hl/,u(vaa T) e m + (dl)l//l, + (dQ)l/,ll, )
where

e
(dl)’/ﬂ :gTApﬁ /Aﬁ(Z)D(Z +p)D(€ - Q)F#(q - é7é +p, T)Bl(_f 2y é) 5
4

2¢ .
(dQ)VM :g 2 Apf? /AV (Z)Aﬁﬁ(f + T‘)D(Z - q)FMQB(T7 Zv —£— T)Bl(q - é7p7é + T) )
4

and we use the notation

/f (2’j:>d Jate

Notice the overall factors of p, in both diagrams, in agreement with the
Taylor theorem.
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The renormalization of the SDE is achieved by replacing

Ar(q) =Z, Alq),
Fr(q) =Z, F(q),
I'z(q,p,7) Z ", p,7),
%% (q,p, 1) =Z3T"*%(q,p,7) ,
gr=2; g =272 2.y,

and invoking the STT for the renormalization constants”

Zs _ 4
ZA_ZC.

Then one finds
H'(q,p,7) = Z1[g"™" + (d1) g + (d2)F']
and may set Z; = 1, in the Taylor scheme.™

*J. C. Taylor, Nucl. Phys. B 33, 436 (1971).

p. Boucaud, F. De Soto, J. P. Leroy, A. Le Yaouanc, J. Micheli, O. Pene and
J. Rodriguez-Quintero, Phys. Rev. D 79, 014508 (2009). 15/42
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The ghost-anti-ghost symmetry is violated as a consequence of
truncation keeping only corrections to the ghost leg.

e / l/ 7,
TRAN é#
q  “One-loop dressed’ e
p ;_ approzimation d",\‘* q + )
A p2e 5 X ppe
( d 1 > v

This is remedied by averaging over ghost and anti-ghost dressings*,
which amounts to the substitutions

1
Bl(_g_pap7£) _>v1(£vq7pa,r) = 5[B1(_£_p7pa£) +B1(q7£_q7 _Z)]7
1
Bl(q _€7p7€+7’) _>V2(€7 q,p, T) = 5[Bl(q —é,p,é—F'V’) +BI(Q7Z_ q, _K)]7
into (d1)y, and (dz2),u, respectively.

* Similar procedures:
A. Blum, M. Q. Huber, M. Mitter and L. von Smekal, Phys. Rev. D 89, 061703 (2014).
A. K. Cyrol, M. Q. Huber and L. von Smekal, Eur. Phys. J. C 75, 102 (2015).
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With the “symmetrized” version of the one-loop dressed truncation we
preserve

@ the Taylor theorem, effortlessly;

o and the ghost-anti-ghost symmetry, with only a slight
adjustment.

The STI for H,,(¢,p,r), however, is violated, as we shall see.
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Inputs and additional approximations

We found by experience that the STI constraint

F(r)[Ai(q,r,p) +p*As(q,r,p) + (¢ p)Aslq, 7. p)]
F(p)[Ai(q,p,r) +12A3(q, p,7) + (q-7)As(q,p,7)]

R(q*, p*,r°) =1,

is violated by the truncated H,,(q,p,r).

Moreover, the violation is worse in the UV.

@ This is due to higher order corrections that should cancel with
others that are missing.
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Mauricio N. Ferreira Infrared ghost-gluon scattering kernel



This problem can be somewhat mitigated by constructing inputs that
reduce continuously to tree level in the UV, then

Tree level in the UV as input = one-loop in the UV as output.

For instance, for the ghost dressing function we use a fit to lattice

data”,
3 . . : :
{ Lattice
o 25 A
1 . - - Tree level |
Flg) =1+ —
q° + o2 5
such that =
15
lim F(¢)=1. L s
q2— o0 L

05

10 102 10t 1 10 10?

¢ [GeV?)

Throughout, we shall use p = 4.3 GeV and a(u) = 0.22.

"I L. Bogolubsky, E. M. Ilgenfritz, M. Muller-Preussker and A. Sternbeck, PoS
LATTICE 2007, 290 (2007). 19/42
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Something on the same lines may be used for the gluon propagator.

8{ T 15—
¢ 31 6:00% @%' - - Tree level
6 % 1
\
= Y _
T4 ’1,@ S os
’é\ -1
T, 1 1 Lattice v = 64t
Lattice V = 72! 0
{ Lattice V = 80*
—Fit
0 -0.5
10° 102 10 1 10 10° 10° 102 10? 1 10 10%
¢* [GeV?] ¢* [GeV?]
Specifically,
-1 2 2
A7 () =q J(a) + m7(q),
where the kinetic term is given by
Chra 1 2 4+ om? 1 2
Jg) =14 2 (LT oy (CEom@)) | 1y (4]
4 q* + 1 W 6 w
and the dynamical mass by
2
m*(q) = T
1+42/p%
I. L. Bogolubsky, E. M. Ilgenfritz, M. Muller-Preussker and A. Sternbeck, PoS
LATTICE 2007, 290 (2007).
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For the ghost-gluon vertex that appears as input, we do the following;:
1 Run the SDE with bare vertices.
2 Keep only the tree level structure
Fu(qapa 'I’) — QMBl(Qapa T) .
3 Fit the resulting B (g, p,r) in the symmetric point,

¢ =p’=r"=Q?%,
2

¢p=qr=pr=——,

1.3
—Fit
1.25
T1 Q2
B =14+ —, 12
1(Q) 15 o) -

51.15
which satisfies 11
1.05

Q2_>OO 10 5 10 15 20

Q [GeV]
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™ Copn (q.7.p) = F(r)[A™ ()P (q)Huw (q,7,p) — A7 () PL () Hpa (p, 7, 9)]

As for the three-gluon vertex, we keep only the tree level structure
and use an “Abelianized” Ball-Chiu ansatz,

Lo (1, 0,1) =gua(r — 0)sX1(r, £,t) + gap(f — ) X1(4,1,7)
+ g8u(t —7)a X, (t,m0),

where t = —r — £ and

Xi(r0,1) = %[J(r) + ).

This simplified ansatz preserves the Bose symmetry of I',,os(r, ¢, )
and the feature of a zero-crossing, and. ..

@ ...reduces to tree level as long as J(q) does.

22/42
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Numerical results for H,,(q,p, )

In Euclidean space it is convenient to use spherical coordinates, such
that

Al (q7p7 T) — Al(q27p27 9) )

where
q-p = |ql[p| cos®,

and similarly for the other form factors.

23/42
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Form factor A;, recalling Ago) =1 and

Huu (q’pv 7") = gl/u + quVA2 + THTVA3 + quT‘VAél + qurp,AS .

¢ [GeV?) g P [GeV?) ¢ [GeV?) 0 108 P [GeV?)

Differs significantly from tree level in the IR.
24/42
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Form factor As, recalling Aéo) =0 and

Huu (Q7p7 T) = gl/MAl + unu + THTVAB + QM”VA4 + QVTHAS .

Wttt
II‘II';'IIM,

e P [GeV?] ¢ [GeV?) o 100 P [GeV?)

Differs significantly from tree level in the IR.
25/42
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Form factor As, recalling Ago) =0 and

Huu(Qapv T) = gl/MAl + ququA2 + 7"”7"1, + qHTVAAL + quTuAS .

7 [GeV?)

¢ [Gev?) i g P [GeV?)

Differs significantly from tree level in the IR.
26,/42
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Form factor Ay, recalling Aflo) =0 and

HIJH(q7p7 T) = gl/MAl + unuA2 + THTVAB + Q;ﬂ“u + QVTHAS .

¢ [GeV?) W6 30 7 [GeV?) ¢ [Gev?) 00 109 P [Gev?)

Differs significantly from tree level in the IR.
27/42
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Form factor As, recalling Aéo) =0 and

Huu(Qapv 70) = gl/MAl + ququA2 + THTVAB + quuAél + quru'

As(¢%,p%,0) [GeV?)

107! 107"
00 10° 7 [GeV? ¢ [GeVv?) 100 10° P [Gev?)

Differs significantly from tree level in the IR.
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We can check the UV behavior by comparing the results with a
one-loop calculation”.

At one-loop
o 1.07 —
Agl)(Q) =1 + 28A8a7: [27 +I] 5 1.06 One-loop
1.05
where
5104
1 2 =z
I= — ) - )~ 1.03
(2] <3) ¢1<3> 7.03,
1.02
and 1.01
d 10 2 1‘1 é é 10
Pi(z) = pr) In['(2)] . 0 Gev]

At p=4.3 GeV, A1 () = 1.033, only 3% larger than tree level.

“Our perturbative results agree with those of:
A. I. Davydychev, P. Osland and O. V. Tarasov, Phys. Rev. D 54, 4087 (1996).
Erratum: [Phys. Rev. D 59, 109901 (1999)].
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Similarly, for the other form factors.

CAO(S CAas

QA(Q = -5 12+, QAP Q= [4+37] .
0 T T T T 0.2 J
—SDE
0.02 One-loop
0.151
-0.04
S) S
£ -0.06 2 o1y
-0.08
0.05
01 —SDE
One-loop
-0.120 2 4 6 8 10 00 2 4 6 8 10
Q [GeV] Q [GeV]
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And finally,

2 4(1) _ Chas 2 (1) _ Chas
A = 3427 A = —6+7].
QA (@Q) = T 3+ 21, QAV(Q = Th -6 +1]
0.05 : : : . 0.05 : ; ‘ .
—SDE —SDE
0.04 One-loop One-loop
0.04f 1
0.03
S 002 S 003¢ 1
= =
S 001 So.02f ]
0
0.01 oot ]
-0.02 0
0 2 4 6 8 10 0 2 4 6 8 10
Q [GeV] Q [GeV]

31/42

Infrared ghost-gluon scattering kernel




The STI constraint

We now turn to the STI constraint over H,,(q,p, 7).

We shall consider the ratio

F(T) [Al (qa T, p) + p2A3(q7 T, p) + (q : p)A4(q7 T, p)]
F(p)[Ai(g,p, ) +72A3(q, p,7) + (¢ - 1) As(q,p, 7))

R(¢*,p*, %)
as a measure of the violation of the STI by the truncation.
Recall that the STT requires

R(¢*,p*1%) =1.

32/42
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o To compute H,,(q,p,r) we used inputs that tend to tree level in
the UV.

o Consequently our H,,(q,p,r) reduces to the one-loop level in the
UV.

@ To maintain the one-loop behavior for R(¢?, p?, %), we shall use
an F(q) that reduces to one-loop in the UV as well.

We shall use” 3 - e
QCAQS > e { Lattice V = 80!
F =14 2275 (1 4 DePr4ad 25 : —F(g)
r(g) =1+ — ( + De ) %Q% —F
7> + psM?(q) _ 2 N
xIn{ ——5—")> s \
M &
15
where \%
1 b ]
2
m
M?*(q) = ——5 -
2/ 42 05 . . . .
I+q / P2 102 1072 10 1 10 102

¢ [GeV?]

"A. C. Aguilar, J. C. Cardona, M. N. F. and J. Papavassiliou, Phys. Rev. D 98, no. 1,
014002 (2018).
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We can always rewrite,
R(¢*,p* r%) = R(Q*,aQ%,bQ%)

ie. ¢ = Q3?, p? =aQ? and r? = bQ>.

We compare H,,, with bare vertices vs. dressed vertices in the SDE.

a=1, b=3 a=3, b=4.
1.02 1.01
1 o —
1
%0.98 s b 2
g = b\
o o ! '
S o096t Sooep 7 ]
~ - ! i
S5 <) v
20941 153 Vo
L !
K — Constraint 0.98 e Constraint
0.92 L - - All vertices bare v - - All vertices bare
—All vertices dressed ) —All vertices dressed
0.9 ‘ : 0.97 ‘ s ‘
0 2 4 6 8 10 0 2 4 6 8 10
Q [GeV]

Q [GeV]

With dressed vertices, deviation from R = 1 is less than 5%.
34/42
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Implications for the ghost-gluon vertex

Once H,,(q,p,r) has been computed, we may obtain I',(g, p,r) from

q¢"Hyu(q,p,r) =Tulg,p,7).

For the vertex there are more nonperturbative results to compare.

35/42
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Form factor B, recalling B%O) =1 and

Lygp,r) = qum +ruBa(a;p,r).

¢ [GeV?] g P [GeV?]

36,42
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Form factor B>, recalling Béo) =0 and

T,(a,p,7) = uB1(a,p,7) + 7 Balg,p,7) |-

N N

. /ﬂlll Q‘Q&\{\‘“

A AN

Ba(¢,p%,0)

¢ [GeV?] W 7 [GeV?)]

37/42
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In the soft gluon kinematics, » = 0, we may compare B to
previous works.

1.4 T T
—Present work
- - Huber, Ref. [1]

1.3 Mintz, Ref. [2]

---Dudal, Ref. [3]
Tlgenfritz, Ref. [4
12 i [4]

11

Bi(g,~4,0)

M. Q. Huber and L. von Smekal, JHEP 1304, 149 (2013).

2B. W. Mintz, L. F. Palhares, S. P. Sorella and A. D. Pereira, Phys. Rev. D 97,
no. 3, 034020 (2018).

3D. Dudal, O. Oliveira and J. Rodriguez-Quintero, Phys. Rev. D 86, 105005
(2012).

4E.-M. Tlgenfritz, M. Muller-Preussker, A. Sternbeck, A. Schiller and

I. L. Bogolubsky, Braz. J. Phys. 37, 193 (2007). 38/42
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The ansatz for the three-gluon vertex has a major effect on the

ghost-gluon one.

This is seen by running the SDE again with bare I' ;g and comparing

the results.

In the symmetric point we find:

10

1.4
. From H,, with:
N -
" —Lap
o ©
13l --r®, ]
P
| \
— ! !
S ' \
—12r, \ 1
Q ' N
' .
|
11! s 1
1
]
1 . .
0 2 4 6 8

Q [GeV)

By(Q)

0.2

0.15¢

0.1p

0.05

-0.05

From H,, with:

Q [GeV]

Suppression of the amplitude on the 50% order around

1 GeV with dressed three-gluon vertex.
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This suppression happens because our ansatz for the three-gluon
vertex goes below one in the IR:

Recall
Fuaﬁ(ﬁ 0,t) =gua(r — €)X ( ) s
+ gaﬁ(e - ) 7 (é t 7”) - - Tree level
+ gou(t —1)a X1 (t,7,0),
with
¥ 1
X1(r,l,t) = i[J(T) +J(0)].
In the symmetric point, o5
10® 102 10t 1 10 102
X 2 [GeV?]
X1(Q) = J(Q)
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@ The exact amount of suppression is model dependent,

@ but the lattice results for I',,,3 do display the same behavior ™.

The following projection has been simulated on the lattice,

—iW e (q,r, )AL (AL ()AL (D) s (.7, )

L p ) = R A AW (g, p) Wapo (@.rop)

1.5
where the projector
1
Aoy (2,75 p)
Wauu(qvpv 7') = )\Zﬂ:f(q,r,p)-‘r% ) 0.5 b ‘L T@(
S | i
is defined in terms of the transverse £ 0 ] %
tensors 3 !
0) ’ ’ ’ 05
Mg (@) =T, @r P @PE 0P o), 7
>‘¢S)¢p,u (q7 Ty p) :(T - P)a(P - q),u,(q - 7')1//7'2 5 s { Various lattices
T 107 10* 1 10
@ [GeV?]

"A. Athenodorou, D. Binosi, P. Boucaud, F. De Soto, J. Papavassiliou,
J. Rodriguez-Quintero and S. Zafeiropoulos, Phys. Lett. B 761, 444 (2016). /
41/42
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Conclusions

A one-loop dressed SDE for the ghost-gluon scattering kernel can
be devised that preserves its Landau gauge properties,

* The Taylor theorem;

+ and the ghost-anti-ghost symmetry.
However, this truncation does violate the STI that H,,(q,p,r)
should satisfy.
With a careful choice of inputs the problem can be minimized,
albeit not entirely avoided.

The resulting H,,,(q,p,r) displays significant departure from its
perturbative behavior in the IR.

Moreover, H,,(q,p,r) suffers a suppression in the IR when the
three gluon vertex is dressed, in accordance with the effect
observed in several other quantities.
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H,,(g,p,r) also plays a role in relating Background and Quantum
Green’s functions, by participating in some Background-Quantum
Identities”.

For instance
.\/\/\/\.\/\/\/0: 1+G 2®¢\N\/\.\/\/\/\,
Alg) = [1+G(9)2Alg)

\/\/\/\/\.\/\/\/‘ (1 + G)_1®vvv\/\.\/v\/y

Alg) =1+ G(g) " Aq)

where

Pl‘
1+ G(q)

/H<0>Dp kYA (k) Ho (—p — &, p, ) -

*D. Binosi and J. Papavassiliou, Phys. Rev. D 66, 025024 (2002).
“P. A. Grassi, T. Hurth and M. Steinhauser, Annals Phys. 288, 197 (2001).
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The form factors A; can be obtained by projecting out the truncated
SDE for H,,(qp,r),

77“/ (Q? T)HV/L (Qa p7 T)

Ai(Qapar): 2h2(q,7’)
where
T (q,r) =h(q,7) [h(q,7)g"" + W' (g, 7)] ,
T3 (q,7) = = h(g, r)r?g"" — 2h(q,r)r¥r" = 3r®n* (q,7),
T (q,r) =T3" (r,q),
Ti (g, 7) =h(g,m)(r - @)g"" + 2h(q, r)g"r” + 3(r - Q)h"" (¢, 7) ,
T4 (q,r) =T (r,q),
and

W (g, ) =(q-7) [¢"r" +q 7““] —r2q"q” — i

3/7
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More perturbative comparisons:
Soft anti-ghost H,,(q,p, )

In the soft anti-ghost configuration, i.e. ¢ =0,
Hl(/t)((), —7r,7) = Agl)(O, =7, 7) G + Agl)(()7 =T, )Ty

where

1 ].].CAO[S
Aé )(0’ ) = 32mr2

Agl)(O7 —rr)=14+ ————
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The nonperturbative results are in good agreement with the
perturbative ones.

1.2 0.25
—SDE —SDE
One-loop One-loop
0.21 1
- £015)
| -
5 g
< :‘5 0.1p
1.05 1
0.05[ 1
1 . . . . 0 . . . .
0 2 4 6 8 10 0 2 4 6 8 10
r [GeV] r [GeV]
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More perturbative comparisons:
Soft gluon H,,(q,p, )

In the soft gluon configuration, i.e. r =0,

Hl(,}) (Q7 —q, O) = Agl) (Q7 —q, O)g;w + Aél)(Q7 —q, O)Q;LQV )
where, in this case

_3CAOzS

A(l) o =1 A(l) _ _ )
1 (q7 q, O) ’ 2 (qa q, 0) 167Tq2
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The nonperturbative

perturbative ones.

results are in good agreement with the

Maur

1.05 0
—SDE —SDE
One-loop One-loop
1.04 1 -0.02
—~ = -0.04
< 1.03 =
= |
L <-0.06
Z1.02 =
= "L.-0.08
1.01
-0.1
1 L L L -0.12 L L
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