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Three-gluon vertex

— gfabclraw/ (CL r, p)

® Purely non-Abelian (no QED analogue)

® Crucial for asymptotic freedom

® Host of a plethora of tightly interwoven nonperturbative effects



Emergent mass in the gauge sector

“Saturation” e “dynamical gluon mass generation”

J. M. Cornwall, Phys. Rev. D, 1453 (1982)
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Existence of “massive” solutions depends crucially
on the presence of massless poles in || |

A. C. Aguilar, D. Binosi, J. P., Phys. Rev. D 78, 025010 (2008)
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The infrared suppression of [[° — A(a)
seems crucial for getting “correct” VAV

glueball masses from the BSE

J. Meyers, E.S. Swanson, Phys. Rev. D 87, 036009 (2013)
H.Sanchis-Alepuz, C. S. Fischer, et al, Phys.Rev. D92, 034001 (2015).
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Hybrids and Exotics
Systems with a “valence” gluon G': QQG7 QQOG

(G playsadualrole: both force field and matter

The infrared behavior of E affects their appearance in the spectrum

S.S.Xu, Z.F.Cui, L.Chang, J.P., C.D.Roberts, H.S.Zong, arXiv:1805.06430



“Conventional” approach: solve the SDE of the three-gluon vertex
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A. Blum, M.Q. Huber, M. Mitter, L. von Smekal, Phys. Rev. D 89, 061703(R) (2014)
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Instead ...

Reconstruct T2, from its Slavnov-Taylor identity (STI)

apy

Non-perturbative aspects make the construction rather subtle



The general idea: a sophisticated version of the Gauge Technique

Prototype: three-particle vertex of scalar QED Mi
q

. Fu(qa r, p)
rd A
D o

It satisfies the Ward-Takahashi identity

¢"T(q,r,p) =D (p?) = D™ (r?)

Write as F,LL(Q) r, p) FL(Q? r p) + FT(Q7 r p)

”Iongltudlnal” transverse

r—p . B
Fﬁ(q, T, p) p— (pz — 7“); [D 1(p2) — D 1(7“2)] satisfies WTI

T
F,u (C-I7 T, p) — "fl(% T p)][(q’p)r,u o (q‘p)pﬂ] automatically conserved

“undetermined”




' and the gluon mass

lq
i massless
— «— bound-state

2
q excitation

Ianu( q, r,p) aW(q,r p)

O FEW(CL ,P)  contains massless poles and triggers the Schwinger mechanism
® Responsible for mass generation and subsequent saturation of A(O)

® The poles are formed dynamically ESS55)  Bound states satisfying a special BSE

O I‘gw(q, rp) s longitudinally coupled :

Qo r Py
I8 (g p) = (—Z)Aw(q,r,p) + (T—Q)Bau(q,r,p) + (F)Cau(q,r,p)
\

B
P (q) = g"" — ¢ p
q2 POéOé’ <Q)P,u,u’ <T)P ( > Fa/u/ <Q7 r p) 0



mssss)  Substitute ]P into the SDE of the gluon propagator
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® The STIs must be realized in part by means of alongitudinally coupled pole term

IFa,uv(Q; T p) — Fgﬁy(% T, p) + Fg,uz/ (Q7 T p)

¢“TeP (q,7,p) = p*J(p°) P (p) — r°J (r*) Puu (1)

¢°T® ,,(q,7,p) = m*(p*) P (p) — m*(r*) Py, (r)

sum by parts

Full (abelianized) ST ¢“Iaun(q,7,p) = A7 (PP (p) — A7) Py (1)

Note that the kinematic structure of I'2F (q,7,p) and T%  (q,r,p) isvery different

apuy

P’ (q)P* (r)P™ (p) TR, (¢, 7,p) =0 vs P (q)P* (r)P"" (p)T™® (q,7,p) # 0

opy



The Slavnov-Taylor identity of T'hP

v

"I (q,r,p) = F(q°) [p* T (p*) P

W
— Y
ghost Ghost-gluon kernel
dressing
function
iF(q) ¢
Y

J
14
ghost q
propagator HVM(Q)Z?? '7’) = 9w + ; VH
\«\\ //{,
ﬂ > @

Hy,u((Lpa T) — g,uVAl =+ Q,LLQVAZ =+ TILLTI/AB + Q,LLTI/AZL =+ T,LLQVA5

S () Hop(pa,7) - r?J(r*)PS(r)Haw (r, q,p)



Bose-symmetric Ball-Chiu basis

Lot (q,rp) =17 (q, 7, p) + T (q, 7, p)

L ] )
I I

Saturates the STI Automatically conserved
10
F([:E,’LW (Q7 r, p) : Z Xz(Qa r, p)gzoqw
1=1
Of?’u’/ — (q . ,r)ugoz,u, Egﬂl/ — _pugau ggé,ul/ _ (q . T)y[q'uroz L (q . r)ga,u]
apuv «Q 1 v «Q v auv A,V 1
06" = (r—p)gt (" = —qg" LM = (r—p)*[r'pt — (r-p)g"],
06" = (p—q)'g™ (" = —rtg 4" = (p—a)"[p7q" — (P 9)9™"]

t =[(q- )9 — ¢"r)[(r - p)g” — (q - p)r"]
to" =[(r-p)g" —r"p|[(p- @) — (- q)p
ts" =[p-0)g"* — ¢ l(q- r)p" — (- 7)q"
ta" =g"(p-)r* — (r-@)p*] + g"*[(q-7)p" — (p-7)g¢"] + g**[(r - p)g” — (q-p)r”]
+ p%gtr” —rptq”




Define: -—=

The Ball-Chiu solution

agpr := F(1)J(p)A1(p,7,q)
bgpr := F'(1)J(p)As(p, 7, q)

g

— dqpr ‘= F(T)J(p) [A4(p7 T, Q) o AS(pa r, Q)]

Matching tensorial sturctures
+ an important constraint ——

X2 (CL r, p) —

X3<Q7 r, p) —

1
Xi(q,m,p) = Z[Z(Cbpq’r’ + Aprq) +p2(bq’r’p + brgp) +2(q - pdprqg + 7 pdpgr)

T (q2 - r2>(brpq + bpgr — bgpr — bp?“q)]

| =

+ pQ(bpfrq — bpgr + bgpr — brpq)]
1

—q2 2 [Qrpg = qpr + 7 Pdgpr — q - Pdyrpg]

1
XlO(Qa r, p) — 5 [bqrp + b?“pq + bpqr - bqpr - brqp — bprq]

2

2(aprq — pgr) — (q2 - T2)(bqrp +brgp) +2(q - Ddprg — 7 Ddpgr)




The “abelianized” solution

Turn off the ghost sector

F(g*) =1
(g, m,p) = %[J(T‘) + J(q)]
X3 (¢.r.p) = 51J(a) — J(r)]
X3"(q,7,p) [‘](jﬁ ) iQ(T)]
(g, rp) =0



Collecting the ingredients of the ghost sector

@ _[F(QQ) } From lattice simulations and the SDE of the ghost propagator

|

Lattice V = 64* \

10 9 Lattice V = 80* I S
. —Fit with UV logs
| - - Fit tree level in the UV
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The ghost-gluon kernel

O {Al, As, A4]~ computed from the SDE of the ghost-gluon kernel

p o'
o gt
“One-loop dressed” . |
< approximation Ou\.'v\q, v

P P 4 pyg q

(from previous steps) :{> Fxact constraint

R<q2 p2 T2) — F(r)[Al (CL ik p) +p2A3(Q’ " p) + (q . p>A4(Q7 r, p)]
o F(p)Ai(q,p,r) +12A3(q,p,7) + (q-7)As(q,p,7)]

R(qQ : pz, 7“2) =1 Non-trivial check of the trunction
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Hu,u(%pa T) — g/u/Al - Q,uquZ =+ TILLTI/AB =+ qMTVAZL =+ r,uqu5

q* [GeV?] 100 10 p? [GeV?] ¢ [GeV?] 103 107 p* [GeV?]



Hu,u(%pa 7a) — g,LLI/Al + Q,uquZ =+ T,urz/A?) =+ Q,uTZ/AZL =+ T,uqu5

=0 0=
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What about the constraint ?

Computed in the kinematic configuration where p2 — C]2 and r2 — 3q2
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Looks rather “controlled”...



Numerical results
for the three g[uon vertex



v The angular dependence is weak and barely visible in the 3D plots
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v’ Display the strong angular dependence
v" Recovers the perturbative behavior

v Very suppressed
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A. |. Davydychey, P. Osland, O. V. Tarasov, Phys. Rev. D54, 4087 (1996)

J. S. Ball and T. W. Chiu, Phys. Rev. D 22, 2550 (1980)
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Comparison with the lattice

Wa’,u’l/’ (Q7 T p)Pao/ (q)P,u,u’ (T)PW/ (p) IPOé,LW(q’ T p)

L —
<Q7p7 ,r) WO‘,UJV<q7p, T)Wauy(Q7p7 ,r)

W wior (g, 7, p) P (q) PH (r) P*"' (p) roe (q,7,p) + TR, (q,7,p)]

- Wa'u“y(q,rp p)WauV(Qapa T)

But, the pole term of the vertex s paa’ () pri () prv’ () TP o) — 0
longitudinally coupled (a) (7) (p) auv(% D)



Comparison with the lattice

Wa’,u’l/’ (Q7 T p)Pao/ (q)P,u,u’ (T)PW/ (p) IPOé,LW(q’ T p)

L —
<Q7p7 ,r) WO‘,UJV<q7p, T)Wauy(Q7p7 ,r)

/ / / 0
Warwwr (a,7,9) PO (q) PP (r) P (p) TR0, (q, 7, ) + LB tT, 7, )]

- Wa'u“y(q,rp p)WauV(Qapa T)

But, the pole term of the vertex is poc’ (q)P”“/ (r)PW/ () TP (q.7.p) =0
longitudinally coupled apy

L(q,p,r) depends only on the form factors of T'2P

oY n%



Comparison with the lattice
* Inthe totally symmetric configuration:
2 2 2 2 L2
¢ =p =r"=Q C]'p:CI'TZP'T:—§Q

* Lattice has access to the following combination of form factors

2

2X1(Q) - @°X5(Q)] + =~ [@(Q) + 2Y4(Q)]

DO | —

LR =

* Our approach does not determine the transverse form factors

We will set Y;(Q) =0

A. Athenodorou, D. Binosi, P. Boucaud, F. De Soto, J.P, J. Rodriguez-Quintero and S.Zafeiropoulos,
Phys. Lett. B761, 444 (2016)



1.5

-1.5




What if we had applied the Ball-Chiu procedure naively ?
¢“Lapn(q,m.0) = F(q°) [AT (0°) P (p) Hap(ps g, 7) — A7) P (r)Haw (r, 4, p) ]

Donotset  A~'(¢?) = ¢>J(¢?) + m3(¢?)

Instead, interpret Ball-Chiu literally

_ A—l 2
AHq%) = ¢* Tue(q?) Joc(q?) = qQ(q )
sutit -~ AT1(0) = m?(0) O Varous attiees
oy "JBC((]) 1
S S — Jue(q), F(q), and H,,
JBC(O)%OO SR (9), F(a) 7
@ 6 \\\
: o4
~
]Faw/(q,’l“,p) has massless poles °
O;
but :

of the wrong kind !




