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Motivation: The emergence of gluon mass

» QCD is characterized by two emergent phenomena: . |
confinement and DGM, both tighly connected to the § Lach = Z il +mylg; + 100
running coupling. j=ud ...

» RGI gluon and chiral-limit quark masses can be G i R
defined and found to be commesurate with each other | ¢ =0x t103A°4,.
and of the order of half of the proton mass.
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Motivation: The Schwinger mechanism

> The 3-gluon vertex, triggered by the non-abelian nature of
QCD,
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Motivation: The Schwinger mechanism

> The 3-gluon vertex, triggered by the non-abelian nature of
QCD, is a key ingredient for the gluon mass generation
mechanism [Schwinger mechanism] .
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3-gluon vertex: Kinematics

A general kinematic
configuration remains fully
described by the three
squared momenta and can
be geometrically represented
by the three cartesian
coordinates:
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3-gluon vertex: Kinematics
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To calculate the required 2- and 3-point

Green’s functions and project out the 3-g
form factors.
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3-gluon vertex: planar degeneracy approximation

Specializing for the symmetric case: 1—-5 (g% = ]1m T . ¢ pP) + = T Ta(¢%. 4%, p°)

i m F —"E" 2
Fﬂr,ﬂw{r:q P ZFHF m;w QJT 'P} —sym 3
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3-gluon vertex: planar degeneracy approximation °

T . . ] —
Specializing for the symmetric case: 1—~53' (q2] _ ]1rn I wz qz pz]+
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1=1,2 P



3-gluon vertex: planar degeneracy approximation °

Specializing fgr the symmetric case: ﬁﬁ'“‘wz} _ p}i—}n}ﬁ f;(q{pﬂ) 7 f;(qzrpﬂ}
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3-gluon vertex: planar degeneracy approximation °

—svm : — & i
rzy (f}z] = lim FE(QE#PE} = EFE{QE’FE}

p?—q?

Specializing for the symmetric case: {ﬁﬁ'"‘(q2] _ p}i_}n}ﬁ T (g%, p?) — f;{qg,pgj

Specializing for the soft-gluon case: L. (q*) = ljmﬂ T:(QE:PE)
P=—*




3-gluon vertex: planar degeneracy approximation °

Specializing for the symmetric case: l——sl!f'“wz) = lim T(¢% p?)

p2—g?
T, (¢ = lim T, (¢% p°)
p?—q?
Specializing for the soft-gluon case: L. (q*) = ljmﬂ f;{qszz)
P=—*

We have found that f; Is compatible with zero except near the soft-gluon limit and at large momenta



3-gluon vertex: planar degeneracy approximation °

Specializing for the symmetric case: ﬁﬁ'“‘wzj —  lim FT{QE.,,FE]
pﬂ—}q?
(@)= Jlim, Ty (¢, p°)
Specializing for the soft-gluon case: L. (q*) = ljmﬂ T:(QE:PE)
D3

We have found that f; is compatible with zero except near the soft-gluon limit and at large momenta;
preliminary exploration also indicates that T also is. Thus, the planar degeneracy approximation
for the 3-gluon vertex implies:

g

Ff(!&'z, Tﬂ:pﬁ} ~= ff‘(sﬂ: SE: D:} ~= Lﬁg(*ﬂ"z}

- ~ (g% Dg¥ Dgd —sym [ 25°
F' E'ﬁ 21- 2 ﬁ I“ 1 3 E F :rr o
And then:
e Iy N XL =E¥IN 252 § CELLL
r : {g= r, p:} ~ LHF. {SE) '}‘lj [:q1 T:P]"'P; t (T) ':"'.Elr {QJ T:P)



3-gluon vertex: planar degeneracy approximation °

Specializing for the symmetric case: ﬁﬁ'“‘wzj —  lim FT{QE.,,FE]
pﬂ—}q?
(@)= Jlim, Ty (¢, p°)
Specializing for the soft-gluon case: L. (q*) = ljmﬂ T:(QE:PE)
D3

We have found that f; is compatible with zero except near the soft-gluon limit and at large momenta;

preliminary exploration also indicates that ﬁq also is. Thus, the planar degeneracy approximation
for the 3-gluon vertex implies:

il

Ff(!&'z, Tﬂ:pﬁ} ~= ff‘(sﬂ: SE: D:} ~= Lﬁg(*ﬂ"z}

s ~ 252 252 242 sy 254
FE(QE‘TE}P‘E) ~ FE ( ) ~z F;&rm (_)

- 3
And then:
T (q,7,p) & Lsg (s*) \7" (g, 7, )




3-gluon vertex: planar degeneracy approximation °

Specializing for the symmetric case: ﬁﬁ'“‘wzj —  lim FT{Q‘E.}FEJ
pﬂ—}q?
(@)= Jlim, Ty (¢, p°)
Specializing for the soft-gluon case: L. (q*) = ljmﬂ T: (G"E:FE)
D3

We have found that f; is compatible with zero except near the soft-gluon limit and at large momenta;
preliminary exploration also indicates that T also is. Thus, the planar degeneracy approximation
for the 3-gluon vertex implies:

g

F;‘(QE? Tﬂ:pﬁ} ~= ff‘(sﬂ: SE: D:} ~= Lﬁg(*ﬂ"z}

s ~ 252 252 242 sy 254
FE(QE‘TE}P‘E} s FE ( ) == F;&rm (_)

- 3
And then:
T (q,7,p) A Leg (s%) X (q,7,D)

Concerning the kernel for the displacement function:

1 _
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3-gluon vertex: planar degeneracy approximation °

Specializing for the symmetric case: ﬁﬁ'“‘wzj —  lim FT{QE.,,FE]
pﬂ—}q?
(@)= Jlim, Ty (¢, p°)
Specializing for the soft-gluon case: L. (q*) = ljmﬂ T:(QE:PE)
D3

We have found that f; is compatible with zero except near the soft-gluon limit and at large momenta;
preliminary exploration also indicates that T also is. Thus, the planar degeneracy approximation
for the 3-gluon vertex implies:

g

Ff(!&'z, Tﬂ:pﬁ} ~= ff‘(sﬂ: SE: D:} ~= Lﬁg(*ﬂ"z}

s ~ 252 252 242 sy 254
FE(QE‘TE}P‘E) s FE ( ) == F;&rm (_)

- 3
And then:
T (q,7,p) & Lsg (s*) \7" (g, 7, )

Concerning the kernel for the displacement function:
IW(EIE? rzspﬂ] ~= IEV{QE:: TE:IPE} LHH {:SE)



3-gluon vertex: planar degeneracy approximation °

Specializing for the symmetric case: ﬁﬁ'“‘wz} _ -_nil'i—}n:l;? fl{q{pg]
=sym_ 9 TR, - g
I, ()= p;ﬂ}?i [y (g%, p%)

Specializing for the soft-gluon case: L. (q*) = ljmﬂ f;(qz:ﬁz)
P=—*

We have found that f; is compatible with zero except near the soft-gluon limit and at large momenta;
preliminary exploration also indicates that T also is. Thus, the planar degeneracy approximation
for the 3-gluon vertex implies:
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FH!}'EJE:PE} g Tf{sz, 5%,0) = Lﬁg(f"z}
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And then:
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Concerning the kernel for the displacement function:
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3-gluon vertex: planar degeneracy approximation °

Specializing for the symmetric case:

—sym

Iy

Specializing for the soft-gluon case:

()= Jim, T

Lsﬂ;{qg} = 121

P

@)= lim Ti(ep°)

21. ‘3)

m T (g% p%)
—0

We have found that f; is compatible with zero except near the soft-gluon limit and at large momenta;
preliminary exploration also indicates that T also is. Thus, the planar degeneracy approximation

for the 3-gluon vertex implies:
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And then:
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Concerning the kernel for the displacement function:
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3-gluon vertex: planar degeneracy approximation °

Specializing for the symmetric case: ﬁﬁ'“‘wz} —  lim f?{qg}pgj
p*—rq?
FRRll ot g
L (@)= Jim I3, p)
Specializing for the soft-gluon case: L. (q*) = ljmﬂ f;(qz:ﬁz)
D3

We have found that f; is compatible with zero except near the soft-gluon limit and at large momenta;
preliminary exploration also indicates that T also is. Thus, the planar degeneracy approximation

for the 3-gluon vertex implies: L attice direct calculation: ;{q — )8 (0,7 D)
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And then: T wlsd)
N W
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Concerning the kernel for the displacement function:
IW(EIE? rznpﬂ] ~= IEV{QE:I TE:IPE} LHH {:SE)
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Specializing for the symmetric case: ﬁﬁ'“‘wz} _ -_r.-il'i—}rr};? fl(qg,pgj
=sym_ 9 TR, - g
I, (@)= p;l_lf?i [, (q%, p°)

Specializing for the soft-gluon case: L. (q*) = ljmﬂ f;(qz:f)
P=—*

We have found that f; is compatible with zero except near the soft-gluon limit and at large momenta;
preliminary exploration also indicates that T also is. Thus, the planar degeneracy approximation

for the 3-gluon vertex implies: L attice direct calculation: ;{q — )8 (0,7 D)
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3-gluon vertex: planar degeneracy approximation °

Specializing for the symmetric case: ﬁﬁ'“‘wz} —  lim FT{qg,pE]
p*—rq?
FRRll ot g
L (@)= Jim I3, p)
Specializing for the soft-gluon case: L. (q*) = ljmﬂ f;(qz:f)
D3

We have found that f; is compatible with zero except near the soft-gluon limit and at large momenta;
preliminary exploration also indicates that T also is. Thus, the planar degeneracy approximation

for the 3-gluon vertex implies: L attice direct calculation: ;{q — )8 (0,7 D)
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232 Qg% 2g° ~ YT %
9(3’3’3)“ : (3)
And then:
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Specializing for the symmetric case: ﬁﬁ'“‘wz} —  lim FT{qg,pE]
p*—rq?
FRRll ot g
L (@)= Jim I3, p)
Specializing for the soft-gluon case: L. (q*) = ljmﬂ f;(qz:f)
D3

We have found that f; is compatible with zero except near the soft-gluon limit and at large momenta;
preliminary exploration also indicates that T also is. Thus, the planar degeneracy approximation

for the 3-gluon vertex implies: L attice direct calculation: ;{q — )8 (0,7 D)

(¢ r%,p%) ~ T1(s% 5%,0) ~ Leg(s?) 15

s - 252 252 242 sy 254
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Concerning the kernel for the displacement function:

Iw(a’, % p%) ~Ty(g*, 1% p") Ly (5°)

Tole’,r*,p%) = ﬁ [fiq"*f"’ =[p* =P r"‘}z] .
X [3*??’-"2 = i (r*=¢* =p%) (¢ —r° - F’E]] “ (g2, r2, p?)




3-gluon vertex: planar degeneracy approximation °
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Concerning the kernel for the displacement function:
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3-gluon vertex: planar degeneracy approximation °
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Concerning the kernel for the displacement function:
IW(EIE? rznpﬂ] ~= IEV{QE:I TE:IPE} LHH {:SE)

. . 1 o e o s
y(g v p") = T [‘itfrj - (P* - ¢* - 1*) ]

Eqﬂr
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Averaging over all kinematic configurations
sharing the same s, a smoothly behaving
curve fully agreeing with L., is left, both
strongly supporting planar degeneracy and
greatly improving the statistics for the
determination of this latter form factor.



3-gluon vertex: renormalization and coupling

Assuming multiplicative renormalizability
Ar(¢*) = lim Z; " (a)A(g*; a)
: -3/2
ng:r,uy [Qsﬂp) = &1_1}1}3 ZA_ ¢ {a)gaﬁy(‘;"a T D ﬂ)

Only one further renormalization constant needs to be introduced for all the form factors of the 1Pl
3-aluon vertex

Diale®, 7, p°) = lim Z3(a)T'; (¢%,72%,p% a)

Gow @1, p) = 8Law(q, 1. PIAGHAP)A(P?)

gr = lim Z3/*(a) 23 (a) g(a)



3-gluon vertex: renormalization and coupling

Assuming multiplicative renormalizability and applying MOM prescription

Ar(q®) = lim Z " (a)A(q*; a) > Za(a?) = (*A(¢%0)
G (4,7,) = limy 7 (@)Geus (0,7, 75 )

Only one further renormalization constant needs to be introduced for all the form factors of the 1Pl
3-aluon vertex

- : =, . k(C) o\ T 2, -
P.!-_R{qi, Tzf'pz) T ‘112}} 33["1}1_1;', (-1?2,?‘2,1}2;[1} >:]il—rrl}lza {ﬂ'} rl{q2+rz1p“1 ﬂ]‘k{ij_ 1

r k(¢) = {¢%,04p,0:
G @, 1, p) = 8law (g, 1, PAGHA)A(P?) (€) = {¢%,bgp, 0rp}

gr = lim Z3/*(a) 23 (a) g(a)



3-gluon vertex: renormalization and coupling

Assuming multiplicative renormalizability and applying MOM prescription

Ar(q®) = lim Z " (a)A(q*; a) > Za(a?) = (*A(¢%0)
: -3/2

gRﬂryv [{}',T,.j'}') = &1_1}1%. ZA / [{I)gﬂcﬁu(‘;"a Ty P '3'*)

Only one further renormalization constant needs to be introduced for all the form factors of the 1Pl
3-aluon vertex
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Summary

The 3-gluon vertex, triggered by the non-perturbative nature of QCD, contains a key ingredient for
the activation of Schwinger mechanism, responsible for the gluon mass generation. Such an
ingredient is made crucially manifest by analysing the STId involving the 3-gluon vertex, through the
so-called displacement function.

To perform this analysis, the required piece can be directly accessed from lattice QCD calculations:
the transversely projected 3-gluon vertex.

> We have expanded the trasversely projected 3-gluon vertex by using a basis for which any of its

elements satisfies the Bose symmetry, thus obtaining form factors that can only depend on Bose-
symmetric combinations of momenta. Such form factors. particularly the one behaving as the tree-
level one, are seen to depend basically on s* = 3 (.:;F +r+ p?) and nothing else. We called this
property planar degeneracy.

Owing to planar degeneracy, the transverselly projected 3-gluon vertex can be well and easily
approximated, and applied to deliver a compact expression of the kernel involved in the computation
of the displacement function. A direct lattice calculation supportss the approximation.

- To the extent that planar degeneracy works as a reliable approximation, a unique definition of the

3-gluon QCD coupling can be made, irrespectively of any particular kinematic configuration.
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