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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 Locp =

running coupling.
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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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With the the angles:

cos b, = (p* — q* — 1) /2 q*r?

And equivalentely for B By



3-gluon vertex: Kinematics

A general kinematic
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3-gluon vertex: Kinematics
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3-gluon vertex: Kinematics
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3-gluon vertex: Kinematics

N

qz
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With the the angles:

cos b, = (p* — q* — 1) /2 q*r?

And equivalentely for B By

Momentum conservation implies for the
3-g kinematic representations to lie on the
incircle

- -5 1 Pt
qq + 5t < _pq
2
Some particular cases can be then

displayed



3-gluon vertex: Kinematics

N

qz

A general kinematic More symmetrically:
configuration remains fully a2 _ -
described by the three q;: - (rz 9 )‘fﬁ’
squared momenta and can a2 _ 2 _ 2
be geometrically represented s (ZF 9 rz)
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(q ,ﬁ,p ) - ( ) ) 3-g kllnematlc representations to lie on the
With the the angles: nereie ot ot o 14

' g +r ==p
={od = o2 = 2510 S 2

cos by = (p°—q"—r)/2+/q

ANd valentely f Some particular cases can be then
nd equivalentely for  g..,, @aq displayed, particularly the bisectoral line.



3-gluon vertex: Lattice data and tensor basis

Capitalizing on lattice QCD, one can only access non-amputated Green’s function:
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3-gluon vertex: Lattice data results

Specializing for the bisectoral case:
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To calculate the required 2- and 3-point

Green’s functions and project out the 3-g
form factors.




3-gluon vertex: Lattice data results

+ ?:E,ﬁ'r'.f’ﬁ]ﬁ!

Specializing for the bisectoral case:

\
pv . T eIy
4,7 (q,r,p) = lim 3,7 (q,r, p)

re—g-

3
lim 5" = )" fi@ 4" (g, p)
T i=1 -

\f

9 9 3 3
h() = EE“ -2) f(@)= 32273 fiz) = 32 Y

r=pt/ [‘3‘2 L %} T ¢ PP =T & D) + £ Tu(d . ¢, PP

Exploiting the following lattice
configurations

B L*/a® a(fm) confs
56 32 0.236 2000
58 3 0.144 2000 .
6.0 32* 0.096 2000 =
62 3 0.070 2000 |
To calculate the required 2- and 3-point

Green'’s functions and project out the 3-g u_-, T -
form factors. d ' 2 -




3-gluon vertex: Lattice data results

Specializing for the bisectoral case:

A" (g,r,p) = lim 3 (q,r,p)

re—g-

\

\f

3
hm Aﬁp? e FLpA fl‘-m? + s
i ;f(}, (g P)/
9 90 3
AQ=12-2 KO=gmi-§ AO=gz

r=pt/ [‘3‘2 L %} T ¢ PP =T & D) + £ Tu(d . ¢, PP

5 —

Exploiting the following lattice
configurations

B L*/a® a(fm) confs
56 32 0.236 2000
58 3 0.144 2000
60 32¢ 0.096 2000 =
62 3 0.070 2000

To calculate the required 2- and 3-point

Green’s functions and project out the 3-g o ]
form factors. 0 i ;




3-gluon vertex: Lattice data results

Specializing for the bisectoral case:

A" (g,r,p) = lim 3 (q,r,p)

re—g-

\

\f

3
hm Aﬁp? = i\< fl‘-m? + s
Ay ;f(}, (q P)/
9 I
fO=120-0 fO=gi-§ F@=g

27 [_ = =
r=pt/ [‘3‘2 L %} [(q",q".p") =Tiq’,¢", p*) + fi@) Talq*. ¢°, P*)

Exploiting the following lattice
configurations

B L*/a® a(fm) confs
56 32 0.236 2000
58 3 0.144 2000
60 32¢ 0.096 2000
6.2 32* 0.070 2000
To calculate the required 2- and 3-point

Green’s functions and project out the 3-g
form factors.




3-gluon vertex: Lattice data results

+ ?:E,ﬁ'r'.f’ﬁ]ﬁ!

Specializing for the bisectoral case:

\
pv . T eIy
4,7 (q,r,p) = lim 3,7 (q,r, p)

re—g-

3
lim 5" = )" fi@ 4" (g, p)
T i=1 -

\f

9 9 3 3
h() = EE“ -2) f(@)= 32273 fiz) = 32 Y

r=pt/ [‘3‘2 L %} T ¢ PP =T & D) + £ Tu(d . ¢, PP

Exploiting the following lattice I " |
configurations :
B L*'a® a(fm) confs L k
56 32 0236 2000 B
58 32° 0.144 2000 :
6.0 32* 0.096 2000 = [ i
62 3 0.070 2000 i /3
i . | 8= 9" =z (¢® +7* +7°)
To calculate the required 2- and 3-point I 2 ]
Green’s functions and project out the 3-g S T T T
form factors. 0 ' ) . 4 ;



3-gluon vertex: Lattice data results

Specializing for the bisectoral case:

A" (g,r,p) = lim 3 (q,r,p)

re—g-

\

\f

3
hm Aﬁp? = i\< fl‘-m? + s
Ay ;f(}, (q P)/
9 I
fO=1g20-2 =35 fO=z

r=pt/ [‘3‘2 L %} T ¢ PP =T & D) + £ Tu(d . ¢, PP

Exploiting the following lattice
configurations

B L*/a® a(fm) confs
56 32 0.236 2000
58 3 0.144 2000
60 32¢ 0.096 2000
6.2 32* 0.070 2000
To calculate the required 2- and 3-point

Green’s functions and project out the 3-g “'_I L _
form factors. 0 i 2




3-gluon vertex: Lattice data results

Specializing for the bisectoral case:

A" (g,r,p) = lim 3 (q,r,p)

re—g-

\

\f

3
hm Aﬁp? = i\< fl‘-m? + s
Ay ;f(}, (q P)/
9 I
fO=120-0 fO=gi-§ F@=g

27 [_ = =
r=pt/ [‘3‘2 L %} [(q",q".p") =Tiq’,¢", p*) + fi@) Talq*. ¢°, P*)

s o

Exploiting the following lattice I Fulien

configurations . |: o= tym)
B L*/a® a(fm) confs
56 32¢ 0.236 2000
5.8 32° 0.144 2000
60 32 0.096 2000
6.2 32* 0.070 2000

To calculate the required 2- and 3-point I |
Green’s functions and project out the 3-g ok .
form factors. 0 . 2 = 4 5




3-gluon vertex: Lattice data results

Specializing for the bisectoral case:

\
XUV s - SV
4,7 (q,r,p) = lim 3,7 (q,r, p)

re—g-

\f

3
hm Aﬁp? = i\< fl‘-m? + s
Ay ;f(}, (q P)/
9 I
fO=120-0 fO=gi-§ F@=g

27 [_ = =
r=pt/ [‘3‘2 L %} [(q",q".p") =Tiq’,¢", p*) + fi@) Talq*. ¢°, P*)

Exploiting the following lattice
configurations

B L*/a® a(fm) confs

56 32 0236 2000 o

58 32  0.144 2000 L ‘
6.0 32* 0.096 2000 = | g

6.2 32* 0.070 2000

To calculate the required 2- and 3-point
Green'’s functions and project out the 3-g ol
form factors.

0 2 :
Planar degeneracy!! s [GeV]



3-gluon vertex: Lattice data results

Specializing for the bisectoral case:

\
XUV s - SV
4,7 (q,r,p) = lim 3,7 (q,r, p)

re—g-

\f

3
lim 5" = )" fi@ 4" (g, p)
rlog? = Y,

9 9 3 3
filz) = EE“ -2) filn = 2473 fa(z) = 32 Y

27 [_ = =
r=pt/ [‘3‘2 L %} [(q",q".p") =Tiq’,¢", p*) + fi@) Talq*. ¢°, P*)

Exploiting the following lattice
configurations

B L*/a® a(fm) confs
56 32° 0.236 2000
5.8 32° 0.144 2000
60 32 0.096 2000
6.2 32* 0.070 2000

To calculate the required 2- and 3-point
Green’s functions and project out the 3-g

form factors. 0 2 EN
Planar degeneracy!! 5 [GeV]




3-gluon vertex: planar degeneracy approximation °

prg 2

. : . . 1 =
Specializing for the symmetric case: {ﬁﬁ'“‘(qz] = lim F(¢%, ¢ p2) + = Ta(@, ¢, )

. = 3=
(@) = lim T, 4", p) - 7T, 4, 1)



3-gluon vertex: planar degeneracy approximation
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We have found that L'z is compatible with zero
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We have found that Fg Is compatible with zero and some direct, preliminary exploration also

indicates that F also is. Thus, the planar degeneracy approximation for the 3-gluon 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 (qz +r+ pz) 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 confirms the approximation.

To be continued...
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