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Three-gluon vertex 

Purely non-Abelian (no QED analogue)

Crucial for asymptotic freedom

Host of a plethora of tightly interwoven nonperturbative effects

=

↵, a

gfabcI�↵µ⌫(q, r, p)



Emergent mass in the gauge sector
“Saturation”                        “dynamical gluon mass generation”

Existence of “massive” solutions depends crucially
on the presence of massless poles in

Glueballs

=

J. M. Cornwall, Phys. Rev. D, 1453 (1982) 

I�
A. C. Aguilar, D. Binosi,  J. P. , Phys. Rev. D 78, 025010 (2008)

I�The infrared suppression of 
seems crucial for getting “correct” 
glueball masses from the BSE
J. Meyers, E.S. Swanson, Phys. Rev. D 87, 036009 (2013)

et al, Phys.Rev. D92, 034001 (2015).H.Sanchis-Alepuz, C. S. Fischer,

Hybrids and Exotics

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

their appearance in the spectrumThe infrared behavior of           affectsI�

Systems with a “valence”  gluon G : QQ̄G, QQQG

G plays a dual role :  both force field and matter
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“Conventional” approach:  solve the SDE of the three-gluon vertex
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+...

Instead …

Reconstruct from its Slavnov-Taylor identity (STI)  I�abc
↵µ⌫

Non-perturbative aspects make the construction rather subtle



The general idea: a sophisticated version of the Gauge Technique

three-particle vertex of scalar QED 

It satisfies the Ward-Takahashi identity
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�µ(q, r, p)

qµ�µ(q, r, p) = D�1(p2)�D�1(r2)

�L
µ(q, r, p) =

(r � p)µ
p2 � r2

[D�1(p2)�D�1(r2)]

�µ(q, r, p) = �L
µ(q, r, p) + �T

µ (q, r, p)Write as

“longitudinal” “transverse”

satisfies WTI

�T
µ (q, r, p) = A(q, r, p)[(q.p)rµ � (q.p)pµ] automatically conserved

“undetermined”



i

q2

I� and the gluon mass

massless
bound-state
excitation

+... +

q

�p
↵µ⌫(q, r, p)�np

↵µ⌫(q, r, p)

�p
↵µ⌫(q, r, p) contains massless poles and triggers the Schwinger mechanism

The poles are formed dynamically

Responsible for mass generation and subsequent saturation of �(0)

Bound states satisfying a special BSE

�p
↵µ⌫(q, r, p) is longitudinally coupled :

�p
↵µ⌫(q, r, p)

P↵↵0(q)Pµµ0(r)P⌫⌫0(p)�p
↵µ⌫(q, r, p) = 0

=

✓
q↵
q2

◆
Aµ⌫(q, r, p) +

⇣rµ
r2

⌘
B↵⌫(q, r, p) +

✓
p⌫
p2

◆
C↵µ(q, r, p)

Pµ⌫(q) = gµ⌫ � qµq⌫

q2
.
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��1(q2) = ��1
0 (q2) +...

q q

��1(q2) = q2J(q2) +m2(q2)

kinetic term running mass

Substitute I� into the SDE of the gluon propagator

J(q2) = 1 +

Z

k
K1(q, k,m

2, J)
System of 
coupled
equations

+
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zero
crossing

m2(q2) =
m2(0)

1 + (q2/�2)1+p

Zero crossing “passes” from

STI

⊃

⊃

�npJ(q2) to



The STIs must be realized in part by means of  a longitudinally coupled pole term

I�↵µ⌫(q, r, p) = �np
↵µ⌫(q, r, p) + �p

↵µ⌫(q, r, p)

Full (abelianized) STI: q↵I�↵µ⌫(q, r, p) = q↵
⇥
�↵µ⌫
np (q, r, p) + �↵µ⌫

p (q, r, p)
⇤

= [p2J(p2)�m2(p2)]Pµ⌫(p)� [r2J(r2)�m2(r2)]Pµ⌫(r)

= ��1(p2)Pµ⌫(p)���1(r2)Pµ⌫(r)
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q↵I�↵µ⌫(q, r, p) = q↵
⇥
�↵µ⌫
np (q, r, p) + �↵µ⌫

p (q, r, p)
⇤

= [p2J(p2)�m2(p2)]Pµ⌫(p)� [r2J(r2)�m2(r2)]Pµ⌫(r)

= ��1(p2)Pµ⌫(p)���1(r2)Pµ⌫(r)
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q↵�np
↵µ⌫(q, r, p) = p2J(p2)Pµ⌫(p)� r2J(r2)Pµ⌫(r)

q↵�p
↵µ⌫(q, r, p) = m2(p2)Pµ⌫(p)�m2(r2)Pµ⌫(r)

��1(q2) = q2J(q2) +m2(q2)

sum by parts

vs

Note that the kinematic structure of is very different�np
↵µ⌫(q, r, p) �p

↵µ⌫(q, r, p)and

P↵↵0
(q)Pµµ0

(r)P ⌫⌫0
(p)�p

↵µ⌫(q, r, p) = 0 P↵↵0
(q)Pµµ0

(r)P ⌫⌫0
(p)�np

↵µ⌫(q, r, p) 6= 0



The Slavnov-Taylor identity of

H⌫µ(q, p, r) = gµ⌫A1 + qµq⌫A2 + rµr⌫A3 + qµr⌫A4 + rµq⌫A5

D(q) ⌘ iF (q)

q2
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ghost
dressing
function

Ghost-gluon kernel

ghost
propagator

Λµν(q) = +
µ νµ ν

µ

ν
Hνµ(q, p, r) = gµν +

r

q

p

H⌫µ(q, p, r)

q↵�↵µ⌫(q, r, p) = F (q2)
⇥
p2J(p2)P↵

⌫ (p)H↵µ(p, q, r)� r2J(r2)P↵
µ (r)H↵⌫(r, q, p)

⇤np

�np
↵µ⌫



�↵µ⌫(q, r, p) = �↵µ⌫
L (q, r, p) + �↵µ⌫

T (q, r, p)

Bose-symmetric Ball-Chiu basis

�↵µ⌫
L (q, r, p) =

10X

i=1

Xi(q, r, p)`
↵µ⌫
i

`↵µ⌫1 = (q � r)⌫g↵µ `↵µ⌫2 = �p⌫g↵µ `↵µ⌫3 = (q � r)⌫ [qµr↵ � (q · r)g↵µ]
`↵µ⌫4 = (r � p)↵gµ⌫ `↵µ⌫5 = �q↵gµ⌫ `↵µ⌫6 = (r � p)↵[r⌫pµ � (r · p)gµ⌫ ] ,
`↵µ⌫7 = (p� q)µg↵⌫ `↵µ⌫8 = �rµg↵⌫ `↵µ⌫9 = (p� q)µ[p↵q⌫ � (p · q)g↵⌫ ]
`↵µ⌫10 = q⌫r↵pµ + qµr⌫p↵
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t↵µ⌫1 =[(q · r)g↵µ � qµr↵][(r · p)q⌫ � (q · p)r⌫ ]
t↵µ⌫2 =[(r · p)gµ⌫ � r⌫pµ][(p · q)r↵ � (r · q)p↵]
t↵µ⌫3 =[(p · q)g⌫↵ � p↵q⌫ ][(q · r)pµ � (p · r)qµ]
t↵µ⌫4 =gµ⌫ [(p · q)r↵ � (r · q)p↵] + g⌫↵[(q · r)pµ � (p · r)qµ] + g↵µ[(r · p)q⌫ � (q · p)r⌫ ]

+ p↵qµr⌫ � r↵pµq⌫
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�↵µ⌫
T (q, r, p) =

4X

i=1

Yi(q, r, p)t
↵µ⌫
i

Automatically conservedSaturates the STI

np



The Ball-Chiu solution

Define:

X1(q, r, p) =
1

4
[2(apqr + aprq) + p2(bqrp + brqp) + 2( q · p dprq + r · p dpqr)

+ (q2 � r2)(brpq + bpqr � bqpr � bprq)]

X2(q, r, p) =
1

4
[2(aprq � apqr)� (q2 � r2)(bqrp + brqp) + 2( q · p dprq � r · p dpqr)

+ p2(bprq � bpqr + bqpr � brpq)]

X3(q, r, p) =
1

q2 � r2
[arpq � aqpr + r · p dqpr � q · p drpq] ,

X10(q, r, p) = �1

2
[bqrp + brpq + bpqr � bqpr � brqp � bprq]
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Matching tensorial sturctures

+ an important constraint

aqpr := F (r)J(p)A1(p, r, q)

bqpr := F (r)J(p)A3(p, r, q)

dqpr := F (r)J(p)[A4(p, r, q)�A3(p, r, q)]



XAb
1 (q, r, p) =

1

2
[J(r) + J(q)]

XAb
2 (q, r, p) =

1

2
[J(q)� J(r)]

XAb
3 (q, r, p) =

[J(q)� J(r)]

q2 � r2
,

XAb
10 (q, r, p) = 0
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The “abelianized” solution

Turn off the ghost sector

F (q2) ! 1

Hµ⌫ ! gµ⌫



Collecting the ingredients of the ghost sector

1 F (q2) From lattice simulations and the SDE of the ghost propagator
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A1 A3 A4, , computed from the SDE of the ghost-gluon kernel

Λµν(q) = +
µ νµ ν

µ

ν
Hνµ(q, p, r) = gµν +

r

q

p

µ

⌫ ⌫
q q

R(q2, p2, r2) =
F (r)[A1(q, r, p) + p2A3(q, r, p) + (q · p)A4(q, r, p)]

F (p)[A1(q, p, r) + r2A3(q, p, r) + (q · r)A4(q, p, r)]
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R(q2, p2, r2) = 1
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Exact constraint

“One-loop dressed”

approximation

(from previous steps)

Non-trivial check of the trunction

⌫

µ

+

The ghost-gluon kernel
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<latexit sha1_base64="TH639hyG8h/3DIkzN5KhsfwaKyI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2AJpTNdtIu3WzC7kQooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmkOLJzLR3ZAZkEJBCwVK6KYaWBxK6ITju5nfeQJtRKIecZJCELOhEpHgDK3k+zgCZPSG+qnoV2tu3Z2DrhKvIDVSoNmvfvmDhGcxKOSSGdPz3BSDnGkUXMK04mcGUsbHbAg9SxWLwQT5/OYpPbPKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//N6GUbXQS5UmiEovlgUZZJiQmcB0IHQwFFOLGFcC3sr5SOmGUcbU8WG4C2/vEraF3XPrXsPl7XGbRFHmZyQU3JOPHJFGuSeNEmLcJKSZ/JK3pzMeXHenY9Fa8kpZo7JHzifPyV1kRY=</latexit><latexit sha1_base64="TH639hyG8h/3DIkzN5KhsfwaKyI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2AJpTNdtIu3WzC7kQooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmkOLJzLR3ZAZkEJBCwVK6KYaWBxK6ITju5nfeQJtRKIecZJCELOhEpHgDK3k+zgCZPSG+qnoV2tu3Z2DrhKvIDVSoNmvfvmDhGcxKOSSGdPz3BSDnGkUXMK04mcGUsbHbAg9SxWLwQT5/OYpPbPKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//N6GUbXQS5UmiEovlgUZZJiQmcB0IHQwFFOLGFcC3sr5SOmGUcbU8WG4C2/vEraF3XPrXsPl7XGbRFHmZyQU3JOPHJFGuSeNEmLcJKSZ/JK3pzMeXHenY9Fa8kpZo7JHzifPyV1kRY=</latexit><latexit sha1_base64="TH639hyG8h/3DIkzN5KhsfwaKyI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2AJpTNdtIu3WzC7kQooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmkOLJzLR3ZAZkEJBCwVK6KYaWBxK6ITju5nfeQJtRKIecZJCELOhEpHgDK3k+zgCZPSG+qnoV2tu3Z2DrhKvIDVSoNmvfvmDhGcxKOSSGdPz3BSDnGkUXMK04mcGUsbHbAg9SxWLwQT5/OYpPbPKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//N6GUbXQS5UmiEovlgUZZJiQmcB0IHQwFFOLGFcC3sr5SOmGUcbU8WG4C2/vEraF3XPrXsPl7XGbRFHmZyQU3JOPHJFGuSeNEmLcJKSZ/JK3pzMeXHenY9Fa8kpZo7JHzifPyV1kRY=</latexit><latexit sha1_base64="TH639hyG8h/3DIkzN5KhsfwaKyI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2AJpTNdtIu3WzC7kQooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmkOLJzLR3ZAZkEJBCwVK6KYaWBxK6ITju5nfeQJtRKIecZJCELOhEpHgDK3k+zgCZPSG+qnoV2tu3Z2DrhKvIDVSoNmvfvmDhGcxKOSSGdPz3BSDnGkUXMK04mcGUsbHbAg9SxWLwQT5/OYpPbPKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//N6GUbXQS5UmiEovlgUZZJiQmcB0IHQwFFOLGFcC3sr5SOmGUcbU8WG4C2/vEraF3XPrXsPl7XGbRFHmZyQU3JOPHJFGuSeNEmLcJKSZ/JK3pzMeXHenY9Fa8kpZo7JHzifPyV1kRY=</latexit>



H⌫µ(q, p, r) = gµ⌫A1 + qµq⌫A2 + rµr⌫A3 + qµr⌫A4 + rµq⌫A5
<latexit sha1_base64="8Xn1uwiEooLvGYiIJ0s6WThE+qM="></latexit><latexit sha1_base64="8Xn1uwiEooLvGYiIJ0s6WThE+qM="></latexit><latexit sha1_base64="8Xn1uwiEooLvGYiIJ0s6WThE+qM="></latexit><latexit sha1_base64="8Xn1uwiEooLvGYiIJ0s6WThE+qM="></latexit>

✓ = 0
<latexit sha1_base64="SC/OAISu7JOCnk4iPCzXfKLU+fU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBODSQizk95kyOzsMtMrhJC/8OJBEa/+jTf/xsnjoIkFDUVVN91dYaqkJd//9nIrq2vrG/nNwtb2zu5ecf+gbpPMCKyJRCWmEXKLSmqskSSFjdQgj0OFD+HgZuI/PKGxMtH3NEyxHfOelpEUnJz02KI+EmdXzO8US37Zn4Itk2BOSjBHtVP8anUTkcWoSShubTPwU2qPuCEpFI4LrcxiysWA97DpqOYx2vZoevGYnTily6LEuNLEpurviRGPrR3GoeuMOfXtojcR//OaGUWX7ZHUaUaoxWxRlClGCZu8z7rSoCA1dIQLI92tTPS54YJcSAUXQrD48jKpn5UDvxzcnZcq1/M48nAEx3AKAVxABW6hCjUQoOEZXuHNs96L9+59zFpz3nzmEP7A+/wBSM+P/Q==</latexit><latexit sha1_base64="SC/OAISu7JOCnk4iPCzXfKLU+fU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBODSQizk95kyOzsMtMrhJC/8OJBEa/+jTf/xsnjoIkFDUVVN91dYaqkJd//9nIrq2vrG/nNwtb2zu5ecf+gbpPMCKyJRCWmEXKLSmqskSSFjdQgj0OFD+HgZuI/PKGxMtH3NEyxHfOelpEUnJz02KI+EmdXzO8US37Zn4Itk2BOSjBHtVP8anUTkcWoSShubTPwU2qPuCEpFI4LrcxiysWA97DpqOYx2vZoevGYnTily6LEuNLEpurviRGPrR3GoeuMOfXtojcR//OaGUWX7ZHUaUaoxWxRlClGCZu8z7rSoCA1dIQLI92tTPS54YJcSAUXQrD48jKpn5UDvxzcnZcq1/M48nAEx3AKAVxABW6hCjUQoOEZXuHNs96L9+59zFpz3nzmEP7A+/wBSM+P/Q==</latexit><latexit sha1_base64="SC/OAISu7JOCnk4iPCzXfKLU+fU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBODSQizk95kyOzsMtMrhJC/8OJBEa/+jTf/xsnjoIkFDUVVN91dYaqkJd//9nIrq2vrG/nNwtb2zu5ecf+gbpPMCKyJRCWmEXKLSmqskSSFjdQgj0OFD+HgZuI/PKGxMtH3NEyxHfOelpEUnJz02KI+EmdXzO8US37Zn4Itk2BOSjBHtVP8anUTkcWoSShubTPwU2qPuCEpFI4LrcxiysWA97DpqOYx2vZoevGYnTily6LEuNLEpurviRGPrR3GoeuMOfXtojcR//OaGUWX7ZHUaUaoxWxRlClGCZu8z7rSoCA1dIQLI92tTPS54YJcSAUXQrD48jKpn5UDvxzcnZcq1/M48nAEx3AKAVxABW6hCjUQoOEZXuHNs96L9+59zFpz3nzmEP7A+/wBSM+P/Q==</latexit><latexit sha1_base64="SC/OAISu7JOCnk4iPCzXfKLU+fU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBODSQizk95kyOzsMtMrhJC/8OJBEa/+jTf/xsnjoIkFDUVVN91dYaqkJd//9nIrq2vrG/nNwtb2zu5ecf+gbpPMCKyJRCWmEXKLSmqskSSFjdQgj0OFD+HgZuI/PKGxMtH3NEyxHfOelpEUnJz02KI+EmdXzO8US37Zn4Itk2BOSjBHtVP8anUTkcWoSShubTPwU2qPuCEpFI4LrcxiysWA97DpqOYx2vZoevGYnTily6LEuNLEpurviRGPrR3GoeuMOfXtojcR//OaGUWX7ZHUaUaoxWxRlClGCZu8z7rSoCA1dIQLI92tTPS54YJcSAUXQrD48jKpn5UDvxzcnZcq1/M48nAEx3AKAVxABW6hCjUQoOEZXuHNs96L9+59zFpz3nzmEP7A+/wBSM+P/Q==</latexit>

✓ = ⇡
<latexit sha1_base64="TH639hyG8h/3DIkzN5KhsfwaKyI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2AJpTNdtIu3WzC7kQooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmkOLJzLR3ZAZkEJBCwVK6KYaWBxK6ITju5nfeQJtRKIecZJCELOhEpHgDK3k+zgCZPSG+qnoV2tu3Z2DrhKvIDVSoNmvfvmDhGcxKOSSGdPz3BSDnGkUXMK04mcGUsbHbAg9SxWLwQT5/OYpPbPKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//N6GUbXQS5UmiEovlgUZZJiQmcB0IHQwFFOLGFcC3sr5SOmGUcbU8WG4C2/vEraF3XPrXsPl7XGbRFHmZyQU3JOPHJFGuSeNEmLcJKSZ/JK3pzMeXHenY9Fa8kpZo7JHzifPyV1kRY=</latexit><latexit sha1_base64="TH639hyG8h/3DIkzN5KhsfwaKyI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2AJpTNdtIu3WzC7kQooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmkOLJzLR3ZAZkEJBCwVK6KYaWBxK6ITju5nfeQJtRKIecZJCELOhEpHgDK3k+zgCZPSG+qnoV2tu3Z2DrhKvIDVSoNmvfvmDhGcxKOSSGdPz3BSDnGkUXMK04mcGUsbHbAg9SxWLwQT5/OYpPbPKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//N6GUbXQS5UmiEovlgUZZJiQmcB0IHQwFFOLGFcC3sr5SOmGUcbU8WG4C2/vEraF3XPrXsPl7XGbRFHmZyQU3JOPHJFGuSeNEmLcJKSZ/JK3pzMeXHenY9Fa8kpZo7JHzifPyV1kRY=</latexit><latexit sha1_base64="TH639hyG8h/3DIkzN5KhsfwaKyI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2AJpTNdtIu3WzC7kQooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmkOLJzLR3ZAZkEJBCwVK6KYaWBxK6ITju5nfeQJtRKIecZJCELOhEpHgDK3k+zgCZPSG+qnoV2tu3Z2DrhKvIDVSoNmvfvmDhGcxKOSSGdPz3BSDnGkUXMK04mcGUsbHbAg9SxWLwQT5/OYpPbPKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//N6GUbXQS5UmiEovlgUZZJiQmcB0IHQwFFOLGFcC3sr5SOmGUcbU8WG4C2/vEraF3XPrXsPl7XGbRFHmZyQU3JOPHJFGuSeNEmLcJKSZ/JK3pzMeXHenY9Fa8kpZo7JHzifPyV1kRY=</latexit><latexit sha1_base64="TH639hyG8h/3DIkzN5KhsfwaKyI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2AJpTNdtIu3WzC7kQooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmkOLJzLR3ZAZkEJBCwVK6KYaWBxK6ITju5nfeQJtRKIecZJCELOhEpHgDK3k+zgCZPSG+qnoV2tu3Z2DrhKvIDVSoNmvfvmDhGcxKOSSGdPz3BSDnGkUXMK04mcGUsbHbAg9SxWLwQT5/OYpPbPKgEaJtqWQztXfEzmLjZnEoe2MGY7MsjcT//N6GUbXQS5UmiEovlgUZZJiQmcB0IHQwFFOLGFcC3sr5SOmGUcbU8WG4C2/vEraF3XPrXsPl7XGbRFHmZyQU3JOPHJFGuSeNEmLcJKSZ/JK3pzMeXHenY9Fa8kpZo7JHzifPyV1kRY=</latexit>



Computed in the  kinematic configuration where and         p2 = q2
<latexit sha1_base64="dwTAn0QUS9Pn8EyB0hTZ2raAgzU=">AAAB83icbVBNSwMxEJ31s65fVY9egkXwVHaLoBeh6MVjBfsB7bZk02wbms3GJCuUpX/DiwdFvPpnvPlvzLZFtPXBwOO9GWbmhZIzbTzvy1lZXVvf2Cxsuds7u3v7xYPDhk5SRWidJDxRrRBrypmgdcMMpy2pKI5DTpvh6Cb3m49UaZaIezOWNIjxQLCIEWys1JHdCrpCD92K67q9Yskre1OgH+IvkhLMUesVPzv9hKQxFYZwrHXb96QJMqwMI5xO3E6qqcRkhAe0banAMdVBNr15gk6t0kdRomwJg6bq74kMx1qP49B2xtgM9aKXi/957dREl0HGhEwNFWS2KEo5MgnKA0B9pigxfGwJJorZWxEZYoWJsTHlISy9vEwalbLvlf2781L1eh5HAY7hBM7Ahwuowi3UoA4EJDzBC7w6qfPsvDnvs9YVZz5zBH/gfHwDzsaPjw==</latexit><latexit sha1_base64="dwTAn0QUS9Pn8EyB0hTZ2raAgzU=">AAAB83icbVBNSwMxEJ31s65fVY9egkXwVHaLoBeh6MVjBfsB7bZk02wbms3GJCuUpX/DiwdFvPpnvPlvzLZFtPXBwOO9GWbmhZIzbTzvy1lZXVvf2Cxsuds7u3v7xYPDhk5SRWidJDxRrRBrypmgdcMMpy2pKI5DTpvh6Cb3m49UaZaIezOWNIjxQLCIEWys1JHdCrpCD92K67q9Yskre1OgH+IvkhLMUesVPzv9hKQxFYZwrHXb96QJMqwMI5xO3E6qqcRkhAe0banAMdVBNr15gk6t0kdRomwJg6bq74kMx1qP49B2xtgM9aKXi/957dREl0HGhEwNFWS2KEo5MgnKA0B9pigxfGwJJorZWxEZYoWJsTHlISy9vEwalbLvlf2781L1eh5HAY7hBM7Ahwuowi3UoA4EJDzBC7w6qfPsvDnvs9YVZz5zBH/gfHwDzsaPjw==</latexit><latexit sha1_base64="dwTAn0QUS9Pn8EyB0hTZ2raAgzU=">AAAB83icbVBNSwMxEJ31s65fVY9egkXwVHaLoBeh6MVjBfsB7bZk02wbms3GJCuUpX/DiwdFvPpnvPlvzLZFtPXBwOO9GWbmhZIzbTzvy1lZXVvf2Cxsuds7u3v7xYPDhk5SRWidJDxRrRBrypmgdcMMpy2pKI5DTpvh6Cb3m49UaZaIezOWNIjxQLCIEWys1JHdCrpCD92K67q9Yskre1OgH+IvkhLMUesVPzv9hKQxFYZwrHXb96QJMqwMI5xO3E6qqcRkhAe0banAMdVBNr15gk6t0kdRomwJg6bq74kMx1qP49B2xtgM9aKXi/957dREl0HGhEwNFWS2KEo5MgnKA0B9pigxfGwJJorZWxEZYoWJsTHlISy9vEwalbLvlf2781L1eh5HAY7hBM7Ahwuowi3UoA4EJDzBC7w6qfPsvDnvs9YVZz5zBH/gfHwDzsaPjw==</latexit><latexit sha1_base64="dwTAn0QUS9Pn8EyB0hTZ2raAgzU=">AAAB83icbVBNSwMxEJ31s65fVY9egkXwVHaLoBeh6MVjBfsB7bZk02wbms3GJCuUpX/DiwdFvPpnvPlvzLZFtPXBwOO9GWbmhZIzbTzvy1lZXVvf2Cxsuds7u3v7xYPDhk5SRWidJDxRrRBrypmgdcMMpy2pKI5DTpvh6Cb3m49UaZaIezOWNIjxQLCIEWys1JHdCrpCD92K67q9Yskre1OgH+IvkhLMUesVPzv9hKQxFYZwrHXb96QJMqwMI5xO3E6qqcRkhAe0banAMdVBNr15gk6t0kdRomwJg6bq74kMx1qP49B2xtgM9aKXi/957dREl0HGhEwNFWS2KEo5MgnKA0B9pigxfGwJJorZWxEZYoWJsTHlISy9vEwalbLvlf2781L1eh5HAY7hBM7Ahwuowi3UoA4EJDzBC7w6qfPsvDnvs9YVZz5zBH/gfHwDzsaPjw==</latexit>

r2 = 3q2
<latexit sha1_base64="tLFUgu86ov2d6uS7JMifodW5etk=">AAAB9XicbVBNS8NAEJ3Urxq/qh69LBbBU0lqQS9C0YvHCvYD2rRstpt26WYTdzdKCf0fXjwo4tX/4s1/46Ytoq0PBh7vzTAzz485U9pxvqzcyura+kZ+097a3tndK+wfNFSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57Tpj64zv/lApWKRuNPjmHohHggWMIK1kbpIdsvoEp3dd8u2bfcKRafkTIF+iLtIijBHrVf47PQjkoRUaMKxUm3XibWXYqkZ4XRidxJFY0xGeEDbhgocUuWl06sn6MQofRRE0pTQaKr+nkhxqNQ49E1niPVQLXqZ+J/XTnRw4aVMxImmgswWBQlHOkJZBKjPJCWajw3BRDJzKyJDLDHRJqgshKWXl0mjXHKdkntbKVav5nHk4QiO4RRcOIcq3EAN6kBAwhO8wKv1aD1bb9b7rDVnzWcO4Q+sj2+eBo/4</latexit><latexit sha1_base64="tLFUgu86ov2d6uS7JMifodW5etk=">AAAB9XicbVBNS8NAEJ3Urxq/qh69LBbBU0lqQS9C0YvHCvYD2rRstpt26WYTdzdKCf0fXjwo4tX/4s1/46Ytoq0PBh7vzTAzz485U9pxvqzcyura+kZ+097a3tndK+wfNFSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57Tpj64zv/lApWKRuNPjmHohHggWMIK1kbpIdsvoEp3dd8u2bfcKRafkTIF+iLtIijBHrVf47PQjkoRUaMKxUm3XibWXYqkZ4XRidxJFY0xGeEDbhgocUuWl06sn6MQofRRE0pTQaKr+nkhxqNQ49E1niPVQLXqZ+J/XTnRw4aVMxImmgswWBQlHOkJZBKjPJCWajw3BRDJzKyJDLDHRJqgshKWXl0mjXHKdkntbKVav5nHk4QiO4RRcOIcq3EAN6kBAwhO8wKv1aD1bb9b7rDVnzWcO4Q+sj2+eBo/4</latexit><latexit sha1_base64="tLFUgu86ov2d6uS7JMifodW5etk=">AAAB9XicbVBNS8NAEJ3Urxq/qh69LBbBU0lqQS9C0YvHCvYD2rRstpt26WYTdzdKCf0fXjwo4tX/4s1/46Ytoq0PBh7vzTAzz485U9pxvqzcyura+kZ+097a3tndK+wfNFSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57Tpj64zv/lApWKRuNPjmHohHggWMIK1kbpIdsvoEp3dd8u2bfcKRafkTIF+iLtIijBHrVf47PQjkoRUaMKxUm3XibWXYqkZ4XRidxJFY0xGeEDbhgocUuWl06sn6MQofRRE0pTQaKr+nkhxqNQ49E1niPVQLXqZ+J/XTnRw4aVMxImmgswWBQlHOkJZBKjPJCWajw3BRDJzKyJDLDHRJqgshKWXl0mjXHKdkntbKVav5nHk4QiO4RRcOIcq3EAN6kBAwhO8wKv1aD1bb9b7rDVnzWcO4Q+sj2+eBo/4</latexit><latexit sha1_base64="tLFUgu86ov2d6uS7JMifodW5etk=">AAAB9XicbVBNS8NAEJ3Urxq/qh69LBbBU0lqQS9C0YvHCvYD2rRstpt26WYTdzdKCf0fXjwo4tX/4s1/46Ytoq0PBh7vzTAzz485U9pxvqzcyura+kZ+097a3tndK+wfNFSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57Tpj64zv/lApWKRuNPjmHohHggWMIK1kbpIdsvoEp3dd8u2bfcKRafkTIF+iLtIijBHrVf47PQjkoRUaMKxUm3XibWXYqkZ4XRidxJFY0xGeEDbhgocUuWl06sn6MQofRRE0pTQaKr+nkhxqNQ49E1niPVQLXqZ+J/XTnRw4aVMxImmgswWBQlHOkJZBKjPJCWajw3BRDJzKyJDLDHRJqgshKWXl0mjXHKdkntbKVav5nHk4QiO4RRcOIcq3EAN6kBAwhO8wKv1aD1bb9b7rDVnzWcO4Q+sj2+eBo/4</latexit>
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What about the constraint ? 

Looks rather “controlled”…



Numerical results 
for the three gluon vertex



ü The angular dependence is weak and barely visible in the 3D plots

X1(q
2, r2, ✓ = 0�)

<latexit sha1_base64="LJzDZ7NZbr420S6z1nw+ZahZ7WQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57CRahgpSkCHoRil48VrAf0KZhs920SzebuDsRSujBi3/FiwdFvPojvPlv3LY5aOuDgcd7M8zM82POFNj2t5FbWV1b38hvFra2d3b3zP2DpooSSWiDRDySbR8rypmgDWDAaTuWFIc+py1/dD31Ww9UKhaJOxjH1A3xQLCAEQxa8sxi23PK973qqdTVhSEFfGn3uoRJcuKZJbtiz2AtEycjJZSh7plf3X5EkpAKIBwr1XHsGNwUS2CE00mhmygaYzLCA9rRVOCQKjedPTGxjrXSt4JI6hJgzdTfEykOlRqHvu4MMQzVojcV//M6CQQXbspEnAAVZL4oSLgFkTVNxOozSQnwsSaYSKZvtcgQS0xA51bQITiLLy+TZrXi2BXn9qxUu8riyKMiOkJl5KBzVEM3qI4aiKBH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8yyZaH</latexit><latexit sha1_base64="LJzDZ7NZbr420S6z1nw+ZahZ7WQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57CRahgpSkCHoRil48VrAf0KZhs920SzebuDsRSujBi3/FiwdFvPojvPlv3LY5aOuDgcd7M8zM82POFNj2t5FbWV1b38hvFra2d3b3zP2DpooSSWiDRDySbR8rypmgDWDAaTuWFIc+py1/dD31Ww9UKhaJOxjH1A3xQLCAEQxa8sxi23PK973qqdTVhSEFfGn3uoRJcuKZJbtiz2AtEycjJZSh7plf3X5EkpAKIBwr1XHsGNwUS2CE00mhmygaYzLCA9rRVOCQKjedPTGxjrXSt4JI6hJgzdTfEykOlRqHvu4MMQzVojcV//M6CQQXbspEnAAVZL4oSLgFkTVNxOozSQnwsSaYSKZvtcgQS0xA51bQITiLLy+TZrXi2BXn9qxUu8riyKMiOkJl5KBzVEM3qI4aiKBH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8yyZaH</latexit><latexit sha1_base64="LJzDZ7NZbr420S6z1nw+ZahZ7WQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57CRahgpSkCHoRil48VrAf0KZhs920SzebuDsRSujBi3/FiwdFvPojvPlv3LY5aOuDgcd7M8zM82POFNj2t5FbWV1b38hvFra2d3b3zP2DpooSSWiDRDySbR8rypmgDWDAaTuWFIc+py1/dD31Ww9UKhaJOxjH1A3xQLCAEQxa8sxi23PK973qqdTVhSEFfGn3uoRJcuKZJbtiz2AtEycjJZSh7plf3X5EkpAKIBwr1XHsGNwUS2CE00mhmygaYzLCA9rRVOCQKjedPTGxjrXSt4JI6hJgzdTfEykOlRqHvu4MMQzVojcV//M6CQQXbspEnAAVZL4oSLgFkTVNxOozSQnwsSaYSKZvtcgQS0xA51bQITiLLy+TZrXi2BXn9qxUu8riyKMiOkJl5KBzVEM3qI4aiKBH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8yyZaH</latexit><latexit sha1_base64="LJzDZ7NZbr420S6z1nw+ZahZ7WQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57CRahgpSkCHoRil48VrAf0KZhs920SzebuDsRSujBi3/FiwdFvPojvPlv3LY5aOuDgcd7M8zM82POFNj2t5FbWV1b38hvFra2d3b3zP2DpooSSWiDRDySbR8rypmgDWDAaTuWFIc+py1/dD31Ww9UKhaJOxjH1A3xQLCAEQxa8sxi23PK973qqdTVhSEFfGn3uoRJcuKZJbtiz2AtEycjJZSh7plf3X5EkpAKIBwr1XHsGNwUS2CE00mhmygaYzLCA9rRVOCQKjedPTGxjrXSt4JI6hJgzdTfEykOlRqHvu4MMQzVojcV//M6CQQXbspEnAAVZL4oSLgFkTVNxOozSQnwsSaYSKZvtcgQS0xA51bQITiLLy+TZrXi2BXn9qxUu8riyKMiOkJl5KBzVEM3qI4aiKBH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8yyZaH</latexit>

X2(q
2, r2, ✓ = 0�)

<latexit sha1_base64="nyOCIsrpEuybsCR/65Djf/7R6S8=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQxCBAm7QdCLEPTiMYJ5QLJZZiezyZDZhzO9Qlhy8OKvePGgiFc/wpt/4yTZgyYWNBRV3XR3ebHgCizr28itrK6tb+Q3C1vbO7t75v5BU0WJpKxBIxHJtkcUEzxkDeAgWDuWjASeYC1vdD31Ww9MKh6FdzCOmROQQch9TgloyTWLbbdavu9VT6WuLgwZkEur16Vc0hPXLFkVawa8TOyMlFCGumt+dfsRTQIWAhVEqY5txeCkRAKngk0K3USxmNARGbCOpiEJmHLS2RMTfKyVPvYjqSsEPFN/T6QkUGoceLozIDBUi95U/M/rJOBfOCkP4wRYSOeL/ERgiPA0EdznklEQY00IlVzfiumQSEJB51bQIdiLLy+TZrViWxX79qxUu8riyKMiOkJlZKNzVEM3qI4aiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx80ZZaI</latexit><latexit sha1_base64="nyOCIsrpEuybsCR/65Djf/7R6S8=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQxCBAm7QdCLEPTiMYJ5QLJZZiezyZDZhzO9Qlhy8OKvePGgiFc/wpt/4yTZgyYWNBRV3XR3ebHgCizr28itrK6tb+Q3C1vbO7t75v5BU0WJpKxBIxHJtkcUEzxkDeAgWDuWjASeYC1vdD31Ww9MKh6FdzCOmROQQch9TgloyTWLbbdavu9VT6WuLgwZkEur16Vc0hPXLFkVawa8TOyMlFCGumt+dfsRTQIWAhVEqY5txeCkRAKngk0K3USxmNARGbCOpiEJmHLS2RMTfKyVPvYjqSsEPFN/T6QkUGoceLozIDBUi95U/M/rJOBfOCkP4wRYSOeL/ERgiPA0EdznklEQY00IlVzfiumQSEJB51bQIdiLLy+TZrViWxX79qxUu8riyKMiOkJlZKNzVEM3qI4aiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx80ZZaI</latexit><latexit sha1_base64="nyOCIsrpEuybsCR/65Djf/7R6S8=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQxCBAm7QdCLEPTiMYJ5QLJZZiezyZDZhzO9Qlhy8OKvePGgiFc/wpt/4yTZgyYWNBRV3XR3ebHgCizr28itrK6tb+Q3C1vbO7t75v5BU0WJpKxBIxHJtkcUEzxkDeAgWDuWjASeYC1vdD31Ww9MKh6FdzCOmROQQch9TgloyTWLbbdavu9VT6WuLgwZkEur16Vc0hPXLFkVawa8TOyMlFCGumt+dfsRTQIWAhVEqY5txeCkRAKngk0K3USxmNARGbCOpiEJmHLS2RMTfKyVPvYjqSsEPFN/T6QkUGoceLozIDBUi95U/M/rJOBfOCkP4wRYSOeL/ERgiPA0EdznklEQY00IlVzfiumQSEJB51bQIdiLLy+TZrViWxX79qxUu8riyKMiOkJlZKNzVEM3qI4aiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx80ZZaI</latexit><latexit sha1_base64="nyOCIsrpEuybsCR/65Djf/7R6S8=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQxCBAm7QdCLEPTiMYJ5QLJZZiezyZDZhzO9Qlhy8OKvePGgiFc/wpt/4yTZgyYWNBRV3XR3ebHgCizr28itrK6tb+Q3C1vbO7t75v5BU0WJpKxBIxHJtkcUEzxkDeAgWDuWjASeYC1vdD31Ww9MKh6FdzCOmROQQch9TgloyTWLbbdavu9VT6WuLgwZkEur16Vc0hPXLFkVawa8TOyMlFCGumt+dfsRTQIWAhVEqY5txeCkRAKngk0K3USxmNARGbCOpiEJmHLS2RMTfKyVPvYjqSsEPFN/T6QkUGoceLozIDBUi95U/M/rJOBfOCkP4wRYSOeL/ERgiPA0EdznklEQY00IlVzfiumQSEJB51bQIdiLLy+TZrViWxX79qxUu8riyKMiOkJlZKNzVEM3qI4aiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx80ZZaI</latexit>



(q2 � r2)X3(q
2, r2, ✓ = 0�)

<latexit sha1_base64="ecmYuLnmbtU40M3scikvrUyKJXE=">AAACD3icbZDLSsNAFIYn9VbrLerSTbAoLdSSVEE3QtGNywr2Am0aJtNpO3QyiTMnQgl9Aze+ihsXirh16863cXpZaOsPAx//OYcz5/cjzhTY9reRWlpeWV1Lr2c2Nre2d8zdvZoKY0lolYQ8lA0fK8qZoFVgwGkjkhQHPqd1f3A9rtcfqFQsFHcwjKgb4J5gXUYwaMszj3P37dKJbJfyDe90zAXNhRb0KeBLu520CJNklPfMrF20J7IWwZlBFs1U8cyvVickcUAFEI6Vajp2BG6CJTDC6SjTihWNMBngHm1qFDigyk0m94ysI+10rG4o9RNgTdzfEwkOlBoGvu4MMPTVfG1s/ldrxtC9cBMmohioINNF3ZhbEFrjcKwOk5QAH2rARDL9V4v0scQEdIQZHYIzf/Ii1EpFxy46t2fZ8tUsjjQ6QIcohxx0jsroBlVQFRH0iJ7RK3oznowX4934mLamjNnMPvoj4/MHed6acA==</latexit><latexit sha1_base64="ecmYuLnmbtU40M3scikvrUyKJXE=">AAACD3icbZDLSsNAFIYn9VbrLerSTbAoLdSSVEE3QtGNywr2Am0aJtNpO3QyiTMnQgl9Aze+ihsXirh16863cXpZaOsPAx//OYcz5/cjzhTY9reRWlpeWV1Lr2c2Nre2d8zdvZoKY0lolYQ8lA0fK8qZoFVgwGkjkhQHPqd1f3A9rtcfqFQsFHcwjKgb4J5gXUYwaMszj3P37dKJbJfyDe90zAXNhRb0KeBLu520CJNklPfMrF20J7IWwZlBFs1U8cyvVickcUAFEI6Vajp2BG6CJTDC6SjTihWNMBngHm1qFDigyk0m94ysI+10rG4o9RNgTdzfEwkOlBoGvu4MMPTVfG1s/ldrxtC9cBMmohioINNF3ZhbEFrjcKwOk5QAH2rARDL9V4v0scQEdIQZHYIzf/Ii1EpFxy46t2fZ8tUsjjQ6QIcohxx0jsroBlVQFRH0iJ7RK3oznowX4934mLamjNnMPvoj4/MHed6acA==</latexit><latexit sha1_base64="ecmYuLnmbtU40M3scikvrUyKJXE=">AAACD3icbZDLSsNAFIYn9VbrLerSTbAoLdSSVEE3QtGNywr2Am0aJtNpO3QyiTMnQgl9Aze+ihsXirh16863cXpZaOsPAx//OYcz5/cjzhTY9reRWlpeWV1Lr2c2Nre2d8zdvZoKY0lolYQ8lA0fK8qZoFVgwGkjkhQHPqd1f3A9rtcfqFQsFHcwjKgb4J5gXUYwaMszj3P37dKJbJfyDe90zAXNhRb0KeBLu520CJNklPfMrF20J7IWwZlBFs1U8cyvVickcUAFEI6Vajp2BG6CJTDC6SjTihWNMBngHm1qFDigyk0m94ysI+10rG4o9RNgTdzfEwkOlBoGvu4MMPTVfG1s/ldrxtC9cBMmohioINNF3ZhbEFrjcKwOk5QAH2rARDL9V4v0scQEdIQZHYIzf/Ii1EpFxy46t2fZ8tUsjjQ6QIcohxx0jsroBlVQFRH0iJ7RK3oznowX4934mLamjNnMPvoj4/MHed6acA==</latexit><latexit sha1_base64="ecmYuLnmbtU40M3scikvrUyKJXE=">AAACD3icbZDLSsNAFIYn9VbrLerSTbAoLdSSVEE3QtGNywr2Am0aJtNpO3QyiTMnQgl9Aze+ihsXirh16863cXpZaOsPAx//OYcz5/cjzhTY9reRWlpeWV1Lr2c2Nre2d8zdvZoKY0lolYQ8lA0fK8qZoFVgwGkjkhQHPqd1f3A9rtcfqFQsFHcwjKgb4J5gXUYwaMszj3P37dKJbJfyDe90zAXNhRb0KeBLu520CJNklPfMrF20J7IWwZlBFs1U8cyvVickcUAFEI6Vajp2BG6CJTDC6SjTihWNMBngHm1qFDigyk0m94ysI+10rG4o9RNgTdzfEwkOlBoGvu4MMPTVfG1s/ldrxtC9cBMmohioINNF3ZhbEFrjcKwOk5QAH2rARDL9V4v0scQEdIQZHYIzf/Ii1EpFxy46t2fZ8tUsjjQ6QIcohxx0jsroBlVQFRH0iJ7RK3oznowX4934mLamjNnMPvoj4/MHed6acA==</latexit>



X10(q
2, r2, ✓ = 0�)

<latexit sha1_base64="aIXuViZQ7lH/b+XTVZOthRGmzmk=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWoICUpgm6EohuXFewDmjRMppN26GQSZ26EErpz46+4caGIW3/BnX/j9LHQ1gMXDufcy733BAlnCmz728gtLa+sruXXCxubW9s75u5eQ8WpJLROYh7LVoAV5UzQOjDgtJVIiqOA02YwuB77zQcqFYvFHQwT6kW4J1jICAYt+eZhy88ce1S671ROpS4X+hTwpd1xCZPkxDeLdtmewFokzowU0Qw13/xyuzFJIyqAcKxU27ET8DIsgRFORwU3VTTBZIB7tK2pwBFVXjb5Y2Qda6VrhbHUJcCaqL8nMhwpNYwC3Rlh6Kt5byz+57VTCC+8jIkkBSrIdFGYcgtiaxyK1WWSEuBDTTCRTN9qkT6WmICOrqBDcOZfXiSNStmxy87tWbF6NYsjjw7QESohB52jKrpBNVRHBD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AGDGpfN</latexit><latexit sha1_base64="aIXuViZQ7lH/b+XTVZOthRGmzmk=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWoICUpgm6EohuXFewDmjRMppN26GQSZ26EErpz46+4caGIW3/BnX/j9LHQ1gMXDufcy733BAlnCmz728gtLa+sruXXCxubW9s75u5eQ8WpJLROYh7LVoAV5UzQOjDgtJVIiqOA02YwuB77zQcqFYvFHQwT6kW4J1jICAYt+eZhy88ce1S671ROpS4X+hTwpd1xCZPkxDeLdtmewFokzowU0Qw13/xyuzFJIyqAcKxU27ET8DIsgRFORwU3VTTBZIB7tK2pwBFVXjb5Y2Qda6VrhbHUJcCaqL8nMhwpNYwC3Rlh6Kt5byz+57VTCC+8jIkkBSrIdFGYcgtiaxyK1WWSEuBDTTCRTN9qkT6WmICOrqBDcOZfXiSNStmxy87tWbF6NYsjjw7QESohB52jKrpBNVRHBD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AGDGpfN</latexit><latexit sha1_base64="aIXuViZQ7lH/b+XTVZOthRGmzmk=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWoICUpgm6EohuXFewDmjRMppN26GQSZ26EErpz46+4caGIW3/BnX/j9LHQ1gMXDufcy733BAlnCmz728gtLa+sruXXCxubW9s75u5eQ8WpJLROYh7LVoAV5UzQOjDgtJVIiqOA02YwuB77zQcqFYvFHQwT6kW4J1jICAYt+eZhy88ce1S671ROpS4X+hTwpd1xCZPkxDeLdtmewFokzowU0Qw13/xyuzFJIyqAcKxU27ET8DIsgRFORwU3VTTBZIB7tK2pwBFVXjb5Y2Qda6VrhbHUJcCaqL8nMhwpNYwC3Rlh6Kt5byz+57VTCC+8jIkkBSrIdFGYcgtiaxyK1WWSEuBDTTCRTN9qkT6WmICOrqBDcOZfXiSNStmxy87tWbF6NYsjjw7QESohB52jKrpBNVRHBD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AGDGpfN</latexit><latexit sha1_base64="feYzCSbqj61LrrcowietRi1DSP8=">AAAB5HicbVDLSgNBEOz1GddX9OplMAiewq4XPQpePEYwD0hCmJ3tTYbMzi4zvUJY8gMevIh49Zu8+TdOHqAmFjQUVd10d0W5kpaC4Mvb2Nza3tmt7Pn7B/7h0XH1pGWzwghsikxlphNxi0pqbJIkhZ3cIE8jhe1ofDfz209orMz0I01y7Kd8qGUiBScnNQbVWlAP5mDrJFySGiwxqH724kwUKWoSilvbDYOc+iU3JIXCqd8rLOZcjPkQu45qnqLtl/Mzp+zCKTFLMuNKE5urvydKnlo7SSPXmXIa2VVvJv7ndQtKbvql1HlBqMViUVIoRhmb/cxiaVCQmjjChZHuViZG3HBBLhnfZRCufrxOWlf1MKiHDz9hQAXO4BwuIYRruIV7aEATBMTwDK/eyHvx3rz3ReOGt5w4hT/wPr4BGDqLAg==</latexit><latexit sha1_base64="Aab6HrtboJY3hFg5zSnuERAR9BE=">AAACB3icbVDJSgNBEK2JW4zbqEdBBoMQQcJMLnoRBC8eI5gFksnQ0+lJmvQsdtcIYcjNi7/ixYMiXv0Fb/6NnQXUxAcFj/eqqKrnJ4IrtO0vI7e0vLK6ll8vbGxube+Yu3t1FaeSshqNRSybPlFM8IjVkKNgzUQyEvqCNfzB1dhv3DOpeBzd4jBhbkh6EQ84Jaglzzxsepljj0p3ncqp1NXGPkNyYXfalEt64plFu2xPYC0SZ0aKMEPVMz/b3ZimIYuQCqJUy7ETdDMikVPBRoV2qlhC6ID0WEvTiIRMudnkj5F1rJWuFcRSV4TWRP09kZFQqWHo686QYF/Ne2PxP6+VYnDuZjxKUmQRnS4KUmFhbI1DsbpcMopiqAmhkutbLdonklDU0RV0CM78y4ukXik7dtm5+UkD8nAAR1ACB87gEq6hCjWg8ABP8AKvxqPxbLwZ79PWnDGb2Yc/MD6+AVqAl0c=</latexit><latexit sha1_base64="Aab6HrtboJY3hFg5zSnuERAR9BE=">AAACB3icbVDJSgNBEK2JW4zbqEdBBoMQQcJMLnoRBC8eI5gFksnQ0+lJmvQsdtcIYcjNi7/ixYMiXv0Fb/6NnQXUxAcFj/eqqKrnJ4IrtO0vI7e0vLK6ll8vbGxube+Yu3t1FaeSshqNRSybPlFM8IjVkKNgzUQyEvqCNfzB1dhv3DOpeBzd4jBhbkh6EQ84Jaglzzxsepljj0p3ncqp1NXGPkNyYXfalEt64plFu2xPYC0SZ0aKMEPVMz/b3ZimIYuQCqJUy7ETdDMikVPBRoV2qlhC6ID0WEvTiIRMudnkj5F1rJWuFcRSV4TWRP09kZFQqWHo686QYF/Ne2PxP6+VYnDuZjxKUmQRnS4KUmFhbI1DsbpcMopiqAmhkutbLdonklDU0RV0CM78y4ukXik7dtm5+UkD8nAAR1ACB87gEq6hCjWg8ABP8AKvxqPxbLwZ79PWnDGb2Yc/MD6+AVqAl0c=</latexit><latexit sha1_base64="K5hv1XDxGU7dtWo3AvvogpHhgqk=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAgVpEy60Y1QdOOygn1Ak4bJdNIOnTycuRFK6M6Nv+LGhSJu/QV3/o3TNgttPXDhcM693HuPnwiuAONvY2l5ZXVtvbBR3Nza3tk19/abKk4lZQ0ai1i2faKY4BFrAAfB2olkJPQFa/nD64nfemBS8Ti6g1HC3JD0Ix5wSkBLnnnU9jIbj8v33eqZ1OXAgAG5xF2HcklPPbOEK3gKa5HYOSmhHHXP/HJ6MU1DFgEVRKmOjRNwMyKBU8HGRSdVLCF0SPqso2lEQqbcbPrH2DrRSs8KYqkrAmuq/p7ISKjUKPR1Z0hgoOa9ifif10khuHAzHiUpsIjOFgWpsCC2JqFYPS4ZBTHShFDJ9a0WHRBJKOjoijoEe/7lRdKsVmxcsW9xqXaVx1FAh+gYlZGNzlEN3aA6aiCKHtEzekVvxpPxYrwbH7PWJSOfOUB/YHz+AIHal8k=</latexit><latexit sha1_base64="aIXuViZQ7lH/b+XTVZOthRGmzmk=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWoICUpgm6EohuXFewDmjRMppN26GQSZ26EErpz46+4caGIW3/BnX/j9LHQ1gMXDufcy733BAlnCmz728gtLa+sruXXCxubW9s75u5eQ8WpJLROYh7LVoAV5UzQOjDgtJVIiqOA02YwuB77zQcqFYvFHQwT6kW4J1jICAYt+eZhy88ce1S671ROpS4X+hTwpd1xCZPkxDeLdtmewFokzowU0Qw13/xyuzFJIyqAcKxU27ET8DIsgRFORwU3VTTBZIB7tK2pwBFVXjb5Y2Qda6VrhbHUJcCaqL8nMhwpNYwC3Rlh6Kt5byz+57VTCC+8jIkkBSrIdFGYcgtiaxyK1WWSEuBDTTCRTN9qkT6WmICOrqBDcOZfXiSNStmxy87tWbF6NYsjjw7QESohB52jKrpBNVRHBD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AGDGpfN</latexit><latexit sha1_base64="aIXuViZQ7lH/b+XTVZOthRGmzmk=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWoICUpgm6EohuXFewDmjRMppN26GQSZ26EErpz46+4caGIW3/BnX/j9LHQ1gMXDufcy733BAlnCmz728gtLa+sruXXCxubW9s75u5eQ8WpJLROYh7LVoAV5UzQOjDgtJVIiqOA02YwuB77zQcqFYvFHQwT6kW4J1jICAYt+eZhy88ce1S671ROpS4X+hTwpd1xCZPkxDeLdtmewFokzowU0Qw13/xyuzFJIyqAcKxU27ET8DIsgRFORwU3VTTBZIB7tK2pwBFVXjb5Y2Qda6VrhbHUJcCaqL8nMhwpNYwC3Rlh6Kt5byz+57VTCC+8jIkkBSrIdFGYcgtiaxyK1WWSEuBDTTCRTN9qkT6WmICOrqBDcOZfXiSNStmxy87tWbF6NYsjjw7QESohB52jKrpBNVRHBD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AGDGpfN</latexit><latexit sha1_base64="aIXuViZQ7lH/b+XTVZOthRGmzmk=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWoICUpgm6EohuXFewDmjRMppN26GQSZ26EErpz46+4caGIW3/BnX/j9LHQ1gMXDufcy733BAlnCmz728gtLa+sruXXCxubW9s75u5eQ8WpJLROYh7LVoAV5UzQOjDgtJVIiqOA02YwuB77zQcqFYvFHQwT6kW4J1jICAYt+eZhy88ce1S671ROpS4X+hTwpd1xCZPkxDeLdtmewFokzowU0Qw13/xyuzFJIyqAcKxU27ET8DIsgRFORwU3VTTBZIB7tK2pwBFVXjb5Y2Qda6VrhbHUJcCaqL8nMhwpNYwC3Rlh6Kt5byz+57VTCC+8jIkkBSrIdFGYcgtiaxyK1WWSEuBDTTCRTN9qkT6WmICOrqBDcOZfXiSNStmxy87tWbF6NYsjjw7QESohB52jKrpBNVRHBD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AGDGpfN</latexit><latexit sha1_base64="aIXuViZQ7lH/b+XTVZOthRGmzmk=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWoICUpgm6EohuXFewDmjRMppN26GQSZ26EErpz46+4caGIW3/BnX/j9LHQ1gMXDufcy733BAlnCmz728gtLa+sruXXCxubW9s75u5eQ8WpJLROYh7LVoAV5UzQOjDgtJVIiqOA02YwuB77zQcqFYvFHQwT6kW4J1jICAYt+eZhy88ce1S671ROpS4X+hTwpd1xCZPkxDeLdtmewFokzowU0Qw13/xyuzFJIyqAcKxU27ET8DIsgRFORwU3VTTBZIB7tK2pwBFVXjb5Y2Qda6VrhbHUJcCaqL8nMhwpNYwC3Rlh6Kt5byz+57VTCC+8jIkkBSrIdFGYcgtiaxyK1WWSEuBDTTCRTN9qkT6WmICOrqBDcOZfXiSNStmxy87tWbF6NYsjjw7QESohB52jKrpBNVRHBD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AGDGpfN</latexit><latexit sha1_base64="aIXuViZQ7lH/b+XTVZOthRGmzmk=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWoICUpgm6EohuXFewDmjRMppN26GQSZ26EErpz46+4caGIW3/BnX/j9LHQ1gMXDufcy733BAlnCmz728gtLa+sruXXCxubW9s75u5eQ8WpJLROYh7LVoAV5UzQOjDgtJVIiqOA02YwuB77zQcqFYvFHQwT6kW4J1jICAYt+eZhy88ce1S671ROpS4X+hTwpd1xCZPkxDeLdtmewFokzowU0Qw13/xyuzFJIyqAcKxU27ET8DIsgRFORwU3VTTBZIB7tK2pwBFVXjb5Y2Qda6VrhbHUJcCaqL8nMhwpNYwC3Rlh6Kt5byz+57VTCC+8jIkkBSrIdFGYcgtiaxyK1WWSEuBDTTCRTN9qkT6WmICOrqBDcOZfXiSNStmxy87tWbF6NYsjjw7QESohB52jKrpBNVRHBD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AGDGpfN</latexit><latexit sha1_base64="aIXuViZQ7lH/b+XTVZOthRGmzmk=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWoICUpgm6EohuXFewDmjRMppN26GQSZ26EErpz46+4caGIW3/BnX/j9LHQ1gMXDufcy733BAlnCmz728gtLa+sruXXCxubW9s75u5eQ8WpJLROYh7LVoAV5UzQOjDgtJVIiqOA02YwuB77zQcqFYvFHQwT6kW4J1jICAYt+eZhy88ce1S671ROpS4X+hTwpd1xCZPkxDeLdtmewFokzowU0Qw13/xyuzFJIyqAcKxU27ET8DIsgRFORwU3VTTBZIB7tK2pwBFVXjb5Y2Qda6VrhbHUJcCaqL8nMhwpNYwC3Rlh6Kt5byz+57VTCC+8jIkkBSrIdFGYcgtiaxyK1WWSEuBDTTCRTN9qkT6WmICOrqBDcOZfXiSNStmxy87tWbF6NYsjjw7QESohB52jKrpBNVRHBD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AGDGpfN</latexit>

X10(q
2, r2, ✓ = 120�)
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ü Very suppressed   
ü Display the  strong angular dependence
ü Recovers the perturbative behavior
ü vanishes in both  tree and  one loop levelsX10
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Comparison with the lattice 
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But, the pole term of the vertex is
longitudinally coupled
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0

L(q, p, r) depends only on the form factors of �np
↵µ⌫



Comparison with the lattice 

• In the  totally symmetric configuration:  

�sym(Q) =
1

2

⇥
2X1(Q)�Q2X3(Q)

⇤
+

Q2

4

⇥
Q2Y1(Q) + 2Y4(Q)

⇤
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q2 = p2 = r2 = Q2
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q · p = q · r = p · r = �1

2
Q2
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• Lattice has access to the following combination of form factors

• Our approach does not determine the transverse form factors

Yi(Q) = 0
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We will set 
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What if we had applied the Ball-Chiu procedure naively ? 
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q↵�↵µ⌫(q, r, p) = F (q2)
⇥
��1(p2)P↵

⌫ (p)H↵µ(p, q, r)���1(r2)P↵
µ (r)H↵⌫(r, q, p)

⇤
q↵I�↵µ⌫(q, r, p)

Do not set ��1(q2) = q2J(q2) +m2(q2)

Instead, interpret Ball-Chiu literally

��1(q2) = q2JBC(q
2)

But if ��1(0) = m2(0)

JBC(q
2) =

��1(q2)

q2

JBC(0) ! 1

I�↵µ⌫(q, r, p) has massless poles

but

of the wrong kind !


