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All predicted by lower loops

Falcioni, Gardi, Maher, Milloy, Vernazza: 2112.11098

The NNLL Story

https://arxiv.org/abs/2112.11098


Regge Limit as a check

check

a single 3-loop amplitude
full 2-loop

check





N3LOcontribution to 



N3LOcontribution to 
See Federico’s Talk for a second step.. 



N3LOcontribution to 

confirmation of QCD  
quadrupole radiation

See Federico’s Talk for a second step.. 



N3LOcontribution to 

confirmation of QCD  
quadrupole radiation

3-loop gluon Regge 
Trajectory

See Federico’s Talk for a second step.. 



N3LOcontribution to 

confirmation of QCD  
quadrupole radiation

3-loop gluon Regge 
Trajectory

playground for 
new ideas

See Federico’s Talk for a second step.. 



Thank you !!







Backup Slides





1-loop

2-loop

3-loop

tree level

# of Q
CD  

Feynman 

diagrams



1-loop

2-loop

3-loop

tree level

# of Q
CD  

Feynman 

diagrams

1 43



1-loop

2-loop

3-loop

tree level

# of Q
CD  

Feynman 

diagrams

81

1

9

43

3



1-loop

2-loop

3-loop

tree level

# of Q
CD  

Feynman 

diagrams

81

1

9

158

4

1771

3

3

595



1-loop

2-loop

3-loop

tree level

# of Q
CD  

Feynman 

diagrams

81

1

9

158

358

4

1771

48723

3

3

595

14971 !?!



Colour Decomposition
a1

a2 a3

a4

A =
6

∑
i=1

Ai𝒞i



Colour Decomposition

𝒞1 = Tr(Ta1Ta2Ta3Ta4)

a1

a2 a3

a4

A =
6

∑
i=1

Ai𝒞i



Colour Decomposition

𝒞1 = Tr(Ta1Ta2Ta3Ta4) + Tr(Ta4Ta3Ta2Ta1)

a1

a2 a3

a4

A =
6

∑
i=1

Ai𝒞i



Colour Decomposition

𝒞1 = Tr(Ta1Ta2Ta3Ta4)

𝒞2 = Tr(Ta1Ta2Ta4Ta3) + Tr(Ta3Ta4Ta2Ta1)

𝒞3 = Tr(Ta1Ta4Ta2Ta3) + Tr(Ta3Ta2Ta4Ta1)

+ Tr(Ta4Ta3Ta2Ta1)

a1

a2 a3

a4

A =
6

∑
i=1

Ai𝒞i



Colour Decomposition

𝒞1 = Tr(Ta1Ta2Ta3Ta4)

𝒞2 = Tr(Ta1Ta2Ta4Ta3) + Tr(Ta3Ta4Ta2Ta1)

𝒞3 = Tr(Ta1Ta4Ta2Ta3) + Tr(Ta3Ta2Ta4Ta1)

𝒞4 = Tr(Ta1Ta2) Tr(Ta3Ta4)

+ Tr(Ta4Ta3Ta2Ta1)

a1

a2 a3

a4

A =
6

∑
i=1

Ai𝒞i



Colour Decomposition

𝒞1 = Tr(Ta1Ta2Ta3Ta4)

𝒞2 = Tr(Ta1Ta2Ta4Ta3) + Tr(Ta3Ta4Ta2Ta1)

𝒞3 = Tr(Ta1Ta4Ta2Ta3) + Tr(Ta3Ta2Ta4Ta1)

𝒞4 = Tr(Ta1Ta2) Tr(Ta3Ta4)

𝒞5 = Tr(Ta1Ta3) Tr(Ta2Ta4)

𝒞6 = Tr(Ta1Ta4) Tr(Ta2Ta3)

+ Tr(Ta4Ta3Ta2Ta1)

a1

a2 a3

a4

A =
6

∑
i=1

Ai𝒞i



Colour Decomposition

𝒞1 = Tr(Ta1Ta2Ta3Ta4)

𝒞2 = Tr(Ta1Ta2Ta4Ta3) + Tr(Ta3Ta4Ta2Ta1)

𝒞3 = Tr(Ta1Ta4Ta2Ta3) + Tr(Ta3Ta2Ta4Ta1)

𝒞4 = Tr(Ta1Ta2) Tr(Ta3Ta4)

𝒞5 = Tr(Ta1Ta3) Tr(Ta2Ta4)

𝒞6 = Tr(Ta1Ta4) Tr(Ta2Ta3)

+ Tr(Ta4Ta3Ta2Ta1)

a1

a2 a3

a4

A =
6

∑
i=1

Ai𝒞i



Colour Decomposition

𝒞1 = Tr(Ta1Ta2Ta3Ta4)

𝒞2 = Tr(Ta1Ta2Ta4Ta3) + Tr(Ta3Ta4Ta2Ta1)

𝒞3 = Tr(Ta1Ta4Ta2Ta3) + Tr(Ta3Ta2Ta4Ta1)

𝒞4 = Tr(Ta1Ta2) Tr(Ta3Ta4)

𝒞5 = Tr(Ta1Ta3) Tr(Ta2Ta4)

𝒞6 = Tr(Ta1Ta4) Tr(Ta2Ta3)

+ Tr(Ta4Ta3Ta2Ta1)

a1

a2 a3

a4

A =
6

∑
i=1

Ai𝒞i



Colour Decomposition

𝒞1 = Tr(Ta1Ta2Ta3Ta4)

𝒞2 = Tr(Ta1Ta2Ta4Ta3) + Tr(Ta3Ta4Ta2Ta1)

𝒞3 = Tr(Ta1Ta4Ta2Ta3) + Tr(Ta3Ta2Ta4Ta1)

𝒞4 = Tr(Ta1Ta2) Tr(Ta3Ta4)

𝒞5 = Tr(Ta1Ta3) Tr(Ta2Ta4)

𝒞6 = Tr(Ta1Ta4) Tr(Ta2Ta3)

+ Tr(Ta4Ta3Ta2Ta1)

a1

a2 a3

a4

A =
6

∑
i=1

Ai𝒞i



Colour Decomposition

𝒞1 = Tr(Ta1Ta2Ta3Ta4)

𝒞2 = Tr(Ta1Ta2Ta4Ta3) + Tr(Ta3Ta4Ta2Ta1)

𝒞3 = Tr(Ta1Ta4Ta2Ta3) + Tr(Ta3Ta2Ta4Ta1)

𝒞4 = Tr(Ta1Ta2) Tr(Ta3Ta4)

𝒞5 = Tr(Ta1Ta3) Tr(Ta2Ta4)

𝒞6 = Tr(Ta1Ta4) Tr(Ta2Ta3)

+ Tr(Ta4Ta3Ta2Ta1)

a1

a2 a3

a4

A =
6

∑
i=1

Ai𝒞i = A1𝒞1 + A4𝒞4 + (perms)



Spin
ϵ1

ϵ2 ϵ3

ϵ4



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

pμ1
1 pμ2

2 pμ3
3 pμ4

3



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

pμ1
1 pμ2

2 pμ3
3 pμ4

3

81

pμ1
2 pμ2

2 pμ3
3 pμ4

2

pμ1
2 pμ2

1 pμ3
3 pμ4

2
pμ1

3 pμ2
2 pμ3

1 pμ4
2

pμ1
3 pμ2

1 pμ3
1 pμ4

2



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

pμ1
1 pμ2

2 pμ3
3 pμ4

3 pμ1
3 pμ2

3 gμ3μ4

81

pμ1
2 pμ2

2 pμ3
3 pμ4

2

pμ1
2 pμ2

1 pμ3
3 pμ4

2
pμ1

3 pμ2
2 pμ3

1 pμ4
2

pμ1
3 pμ2

1 pμ3
1 pμ4

2



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

pμ1
1 pμ2

2 pμ3
3 pμ4

3 pμ1
3 pμ2

3 gμ3μ4

gμ1μ2pμ3
1 pμ4

1
gμ1μ3pμ2

1 pμ4
2

54

81

pμ1
2 pμ2

2 pμ3
3 pμ4

2

pμ1
2 pμ2

1 pμ3
3 pμ4

2
pμ1

3 pμ2
2 pμ3

1 pμ4
2

pμ1
3 pμ2

1 pμ3
1 pμ4

2



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

pμ1
1 pμ2

2 pμ3
3 pμ4

3 pμ1
3 pμ2

3 gμ3μ4

gμ1μ2pμ3
1 pμ4

1
gμ1μ3pμ2

1 pμ4
2

54

81

pμ1
2 pμ2

2 pμ3
3 pμ4

2

pμ1
2 pμ2

1 pμ3
3 pμ4

2
pμ1

3 pμ2
2 pμ3

1 pμ4
2

pμ1
3 pμ2

1 pμ3
1 pμ4

2

gμ1μ2gμ3μ4

gμ1μ3gμ2μ4

gμ1μ4gμ2μ3

3



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

pμ1
1 pμ2

2 pμ3
3 pμ4

3 pμ1
3 pμ2

3 gμ3μ4

gμ1μ2pμ3
1 pμ4

1
gμ1μ3pμ2

1 pμ4
2

54

81

pμ1
2 pμ2

2 pμ3
3 pμ4

2

pμ1
2 pμ2

1 pμ3
3 pμ4

2
pμ1

3 pμ2
2 pμ3

1 pμ4
2

pμ1
3 pμ2

1 pμ3
1 pμ4

2

gμ1μ2gμ3μ4

gμ1μ3gμ2μ4

gμ1μ4gμ2μ3

3

138



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

pμ1
1 pμ2

2 pμ3
3 pμ4

3 pμ1
3 pμ2

3 gμ3μ4

gμ1μ2pμ3
1 pμ4

1
gμ1μ3pμ2

1 pμ4
2

54

81

pμ1
2 pμ2

2 pμ3
3 pμ4

2

pμ1
2 pμ2

1 pμ3
3 pμ4

2
pμ1

3 pμ2
2 pμ3

1 pμ4
2

pμ1
3 pμ2

1 pμ3
1 pμ4

2

gμ1μ2gμ3μ4

gμ1μ3gμ2μ4

gμ1μ4gμ2μ3

3

ϵi ⋅ pi = 0Transversality

138



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

pμ1
1 pμ2

2 pμ3
3 pμ4

3 pμ1
3 pμ2

3 gμ3μ4

gμ1μ2pμ3
1 pμ4

1
gμ1μ3pμ2

1 pμ4
2

54

81

pμ1
2 pμ2

2 pμ3
3 pμ4

2

pμ1
2 pμ2

1 pμ3
3 pμ4

2
pμ1

3 pμ2
2 pμ3

1 pμ4
2

pμ1
3 pμ2

1 pμ3
1 pμ4

2

gμ1μ2gμ3μ4

gμ1μ3gμ2μ4

gμ1μ4gμ2μ3

3

ϵi ⋅ pi = 0Transversality

138



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

pμ1
1 pμ2

2 pμ3
3 pμ4

3 pμ1
3 pμ2

3 gμ3μ4

gμ1μ2pμ3
1 pμ4

1
gμ1μ3pμ2

1 pμ4
2

54

81

pμ1
2 pμ2

2 pμ3
3 pμ4

2

pμ1
2 pμ2

1 pμ3
3 pμ4

2
pμ1

3 pμ2
2 pμ3

1 pμ4
2

pμ1
3 pμ2

1 pμ3
1 pμ4

2

gμ1μ2gμ3μ4

gμ1μ3gμ2μ4

gμ1μ4gμ2μ3

3

ϵi ⋅ pi = 0Transversality

138



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

pμ1
1 pμ2

2 pμ3
3 pμ4

3 pμ1
3 pμ2

3 gμ3μ4

gμ1μ2pμ3
1 pμ4

1
gμ1μ3pμ2

1 pμ4
2

54

81

pμ1
2 pμ2

2 pμ3
3 pμ4

2

pμ1
2 pμ2

1 pμ3
3 pμ4

2
pμ1

3 pμ2
2 pμ3

1 pμ4
2

pμ1
3 pμ2

1 pμ3
1 pμ4

2

gμ1μ2gμ3μ4

gμ1μ3gμ2μ4

gμ1μ4gμ2μ3

3

ϵi ⋅ pi = 0Transversality

ϵi ⋅ pi+1 = 0Reference choice138



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

pμ1
1 pμ2

2 pμ3
3 pμ4

3 pμ1
3 pμ2

3 gμ3μ4

gμ1μ2pμ3
1 pμ4

1
gμ1μ3pμ2

1 pμ4
2

54

81

pμ1
2 pμ2

2 pμ3
3 pμ4

2

pμ1
2 pμ2

1 pμ3
3 pμ4

2
pμ1

3 pμ2
2 pμ3

1 pμ4
2

pμ1
3 pμ2

1 pμ3
1 pμ4

2

gμ1μ2gμ3μ4

gμ1μ3gμ2μ4

gμ1μ4gμ2μ3

3

ϵi ⋅ pi = 0Transversality

ϵi ⋅ pi+1 = 0Reference choice138



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

pμ1
1 pμ2

2 pμ3
3 pμ4

3 pμ1
3 pμ2

3 gμ3μ4

gμ1μ2pμ3
1 pμ4

1
gμ1μ3pμ2

1 pμ4
2

54

81

pμ1
2 pμ2

2 pμ3
3 pμ4

2

pμ1
2 pμ2

1 pμ3
3 pμ4

2
pμ1

3 pμ2
2 pμ3

1 pμ4
2

pμ1
3 pμ2

1 pμ3
1 pμ4

2

gμ1μ2gμ3μ4

gμ1μ3gμ2μ4

gμ1μ4gμ2μ3

3

ϵi ⋅ pi = 0Transversality

ϵi ⋅ pi+1 = 0Reference choice138



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

pμ1
1 pμ2

2 pμ3
3 pμ4

3 pμ1
3 pμ2

3 gμ3μ4

gμ1μ2pμ3
1 pμ4

1
gμ1μ3pμ2

1 pμ4
2

54

81

pμ1
2 pμ2

2 pμ3
3 pμ4

2

pμ1
2 pμ2

1 pμ3
3 pμ4

2
pμ1

3 pμ2
2 pμ3

1 pμ4
2

pμ1
3 pμ2

1 pμ3
1 pμ4

2

gμ1μ2gμ3μ4

gμ1μ3gμ2μ4

gμ1μ4gμ2μ3

3

ϵi ⋅ pi = 0Transversality

ϵi ⋅ pi+1 = 0Reference choice138 10



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

138 10

gμ1μ2gμ3μ4 gμ1μ3gμ2μ4 gμ1μ4gμ2μ3

pμ1
3 pμ2

1 pμ3
1 pμ4

2

pμ1
3 pμ2

1 gμ3μ4

pμ1
3 pμ3

1 gμ2μ4

pμ1
3 pμ4

2 gμ2μ3 pμ2
1 pμ3

1 gμ1μ4

pμ2
1 pμ4

2 gμ1μ3 pμ3
1 pμ4

3 gμ1μ2



Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

138 10 Tancredi, Peraro: 1906.03298, 2012.00820

gμ1μ2gμ3μ4 gμ1μ3gμ2μ4 gμ1μ4gμ2μ3

pμ1
3 pμ2

1 pμ3
1 pμ4

2

pμ1
3 pμ2

1 gμ3μ4

pμ1
3 pμ3

1 gμ2μ4

pμ1
3 pμ4

2 gμ2μ3 pμ2
1 pμ3

1 gμ1μ4

pμ2
1 pμ4

2 gμ1μ3 pμ3
1 pμ4

3 gμ1μ2

https://arxiv.org/abs/1906.03298
https://arxiv.org/abs/2012.00820


Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

138 10 Tancredi, Peraro: 1906.03298, 2012.00820

gμ1μ2gμ3μ4 gμ1μ3gμ2μ4 gμ1μ4gμ2μ3

pμ1
3 pμ2

1 pμ3
1 pμ4

2

pμ1
3 pμ2

1 gμ3μ4

pμ1
3 pμ3

1 gμ2μ4

pμ1
3 pμ4

2 gμ2μ3 pμ2
1 pμ3

1 gμ1μ4

pμ2
1 pμ4

2 gμ1μ3 pμ3
1 pμ4

3 gμ1μ2

+ +

https://arxiv.org/abs/1906.03298
https://arxiv.org/abs/2012.00820


Spin
ϵ1

ϵ2 ϵ3

ϵ4 Ac = Aμ1μ2μ3μ4
c ϵμ1

ϵμ2
ϵμ3

ϵμ4

= ∑
j

Fj
c Tμ1μ2μ3μ4

j ϵμ1
ϵμ2

ϵμ3
ϵμ4

138 10 Tancredi, Peraro: 1906.03298, 2012.00820

gμ1μ2gμ3μ4 gμ1μ3gμ2μ4 gμ1μ4gμ2μ3

pμ1
3 pμ2

1 pμ3
1 pμ4

2

pμ1
3 pμ2

1 gμ3μ4

pμ1
3 pμ3

1 gμ2μ4

pμ1
3 pμ4

2 gμ2μ3 pμ2
1 pμ3

1 gμ1μ4

pμ2
1 pμ4

2 gμ1μ3 pμ3
1 pμ4

3 gμ1μ2

+ +

8

https://arxiv.org/abs/1906.03298
https://arxiv.org/abs/2012.00820


Ta Xc = − i f a
cc′ 

Xc′ 

Ta =
c

a

c



Dipole
Ta Xc = − i f a

cc′ 
Xc′ 

Ta =
c

a

c



Dipole

c1 c2

c3c4

Ta Xc = − i f a
cc′ 

Xc′ 

Ta =
c

a

c

Ta
1 Ta

2



Dipole

c1 c2

c3c4 c3c4

a ac1 c2

Ta Xc = − i f a
cc′ 

Xc′ 

Ta =
c

a

c

Ta
1 Ta

2



Dipole

c1 c2

c3c4 c3c4

Ta Xc = − i f a
cc′ 

Xc′ 

Ta =
c

a

c

c1 c2

Ta
1 Ta

2



∼ log# (−t
s ) = L#

Divergent Logarithms

Fi
c = ∑ ϵ−n ri 𝕋i



∼ log# (−t
s ) = L#

Divergent Logarithms

Spoiled expansion

Fi
c = ∑ ϵ−n ri 𝕋i



A(0) = #
A(1) = # L + #
A(2) = # L2 + # L + #
A(3) = # L3 + # L2 + # L + #

∼ log# (−t
s ) = L#

Divergent Logarithms

Spoiled expansion

Fi
c = ∑ ϵ−n ri 𝕋i



A(0) = #
A(1) = # L + #
A(2) = # L2 + # L + #
A(3) = # L3 + # L2 + # L + #

∼ log# (−t
s ) = L#

Divergent Logarithms

LL

Spoiled expansion

Fi
c = ∑ ϵ−n ri 𝕋i



A(0) = #
A(1) = # L + #
A(2) = # L2 + # L + #
A(3) = # L3 + # L2 + # L + #

∼ log# (−t
s ) = L#

Divergent Logarithms

LL
NLL

Spoiled expansion

Fi
c = ∑ ϵ−n ri 𝕋i



A(0) = #
A(1) = # L + #
A(2) = # L2 + # L + #
A(3) = # L3 + # L2 + # L + #

∼ log# (−t
s ) = L#

Divergent Logarithms

LL
NLL

NNLL

Spoiled expansion

Fi
c = ∑ ϵ−n ri 𝕋i



A±,(0) = #

A±,(1) = # L + #

A±,(2) = # L2 + # L + #

A±,(3) = # L3 + # L2 + # L + #



A±
LL = ( s

−t )
CAτg

A±,treeA±,(0) = #

A±,(1) = # L + #

A±,(2) = # L2 + # L + #

A±,(3) = # L3 + # L2 + # L + #

Reggeized 
Gluon

LL



A±
LL = ( s

−t )
CAτg

A±,treeA±,(0) = #

A±,(1) = # L + #

A±,(2) = # L2 + # L + #

A±,(3) = # L3 + # L2 + # L + #

Reggeized 
Gluon

τg(αs)
Regge Trajectory 

@2loops

Cg, Cq

Impact Factors

Regge  
Cut

LL

NLL



A±
LL = ( s

−t )
CAτg

A±,treeA±,(0) = #

A±,(1) = # L + #

A±,(2) = # L2 + # L + #

A±,(3) = # L3 + # L2 + # L + #

Reggeized 
Gluon

τg(αs)
Regge Trajectory 

@2loops

Cg, Cq

Impact Factors

Regge  
Cut

τg(αs)Regge Trajectory  
@3loops

Regge  
Cuts

Cg, Cq

Impact Factors

LL

NLL

NNLL



A±
LL = ( s

−t )
CAτg

A±,treeA±,(0) = #

A±,(1) = # L + #

A±,(2) = # L2 + # L + #

A±,(3) = # L3 + # L2 + # L + #

Reggeized 
Gluon

τg(αs)
Regge Trajectory 

@2loops

Cg, Cq

Impact Factors

Regge  
Cut

τg(αs)Regge Trajectory  
@3loops

Regge  
Cuts

Cg, Cq

Impact Factors

Falcioni, Gardi, Maher, Milloy, Vernazza: 2112.11098

LL

NLL

NNLL

https://arxiv.org/abs/2112.11098


p2

p1 p4

p3

qQ ➜ qQ



p2

p1 p4

p3

qQ ➜ qQ



p2

p1 p4

p3

qQ ➜ qQ



p2

p1 p4

p3

qQ ➜ qQ



p2

p1 p4

p3

qQ ➜ qQ



p2

p1 p4

p3

qQ ➜ qQ



p2

p1 p4

p3

qQ ➜ qQ



p2

p1 p4

p3

qQ ➜ qQ



in d=4

L. Tancredi, T. Peraro: arXiv:1906.03298, arXiv:2012.00820

p2

p1 p4

p3

qQ ➜ qQ

https://arxiv.org/abs/1906.03298
https://arxiv.org/abs/2012.00820


L. Tancredi, T. Peraro: arXiv:1906.03298, arXiv:2012.00820

p2

p1 p4

p3

qQ ➜ qQ

https://arxiv.org/abs/1906.03298
https://arxiv.org/abs/2012.00820


L. Tancredi, T. Peraro: arXiv:1906.03298, arXiv:2012.00820

p2

p1 p4

p3

qQ ➜ qQ

https://arxiv.org/abs/1906.03298
https://arxiv.org/abs/2012.00820


L. Tancredi, T. Peraro: arXiv:1906.03298, arXiv:2012.00820

p2

p1 p4

p3

qQ ➜ qQ

https://arxiv.org/abs/1906.03298
https://arxiv.org/abs/2012.00820


L. Tancredi, T. Peraro: arXiv:1906.03298, arXiv:2012.00820

+ +

- -

p2

p1 p4

p3

qQ ➜ qQ

https://arxiv.org/abs/1906.03298
https://arxiv.org/abs/2012.00820


Orthogonal 
& 

zero in d=4 !!

L. Tancredi, T. Peraro: arXiv:1906.03298, arXiv:2012.00820

+ +

- -

p2

p1 p4

p3

qQ ➜ qQ

https://arxiv.org/abs/1906.03298
https://arxiv.org/abs/2012.00820


Orthogonal 
& 

zero in d=4 !!

L. Tancredi, T. Peraro: arXiv:1906.03298, arXiv:2012.00820
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